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synthesis gas, synthesis gas by-products, power and steam with an
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hydrocarbons, to produce - hydrogen and car bon nonoxi de, as shown in
(1), is awdely 10 ~used commerci al process.
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CH, + H,0 ===== > CO + 3 H, (1)
PH = 206 kJ/mol

15 Due to thé presence of excess steam, some of the carbon
monoxide and steam react szmultaneously as 1nd1oated by the
water gas shift reaction (2).

CO + H,0 —==> CO, + H, | (2)
20 | o
In the refining industry, steam reforming is a major
component of most hydrogen production complexes. '
Approximatély 90% of the hydrogen from a hydrogen plant is
produced directly by steam reforming. The remalnlng 10% is
25 produced v1a the water-gas shift process which requlres Co
produced in the reformer. Steam reformlng is also an
integral component in methanol productlon from natural gas
(3) as well as in Fischer Tropsch processes (4)

30 ' CO + 2 H, =====> CH,0H (3)

CO + 2 H, ——=mm > 1/n (CH,), + H,0 (4)



30 CO+ 2 Herr] -----> CHerr] OH (3)
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- 2- In response to increasing environnental concerns, the

demand for hydrogen and net hanol are e2pected to increase, | eadi ng
to a need for additional steamreform ng capacity. Therefore, an
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cost. One ‘approach f i m nat1 ng ﬁ; f ransfer surfaces
i s througlows thermal efficienmy sakeusteam mefarmingcdy maltitubulawhi ch

coul d be gpatdy PérdouRbeAYilesed Mgthetncd®d, ffutthd®temperatures
15 are very high such that expensive heat-resistant alloys are
| required in tubular reactors. - ‘
In addition, typical multitubular steam reforming
reactors operate at a high steam to carbon ratio (S/C) of 4
to 6. A high steam to carbon ratio is needed for optimal
20 reformer conversion of the hydrocarbon feed, usually
methane, and a large'amount of excess steam is also needed
to suppress coke formation. Therefore, steam production
must bé factored into the cost. One approach for
eliminating the costly heat transfer surfaces is thrdugh
25 the use of two communicating fluid beds, either of which
could be an upflow or downflow fixed bed, a fast fluid bed
or a circulating fluid bed. In such a design, the
reforming catalyst is heated directly, via combustion of
fuel gas, in one of the fluid beds, and then the hot
30 catalyst is conveyed to the other fluid bed in which the
steam reforming reaction is carried out. In this way, the
heat gained in the bed in which the combustion is carried
out can be transferred directly to the reformer section '
supplying the required sensible heat and endothermic
35 reaction heat for reaction (1). The recycling of the
reforming catalyst to a combustion zone also regenerates
the catalyst by burning off any coke formed during the



or acisrculating fluid bed. In such a design, the g@ &@Ialyst
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combustor/regenerator, after separation from the solids, to
a turbine to produce power. The inability of conventional

20 turbines to operate at high temperatures (>1400°F) with
entraihed particulates, due to excessive turbine blade
erosion, provides a second major process obstacle.
Filtration of hot gases is an'option only if the flue gas
is first cooled to a temperature for which commercial

25 catalyst filters are available. Cooling via some external
medium entails z further reductlon in the thermal

- efficiency. At these low temperatures very little net '

energy is gained in excess'df'the'energy required for
compression which leads to a hlgh investment cost and a

30 loss in thermal efflclency.

It is an object of thls_ihvention to eliminate the
aforementioned'obsta¢1es by integratiOn of a steam
reforming process; composed of two communicating fluid
beds, with a cogeneration power plant. To achieve this

35 goal, a fluidized bed process unlt is 1ntegrated with a
.~ combined cycle power plant. This integration, in part,
involves drawing off a porﬁioh of compressed air from a



Filtration of hot gases is an option only if the flue gas is first
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Advantageously, the energy efficzency of the proposed |

fluid bed steam reformlng process is 1ncreased by
elimlnatlng the need for_a large air compressor for the

20 combustxon sectlon of the steam reformlng process, thereby
51gn1f1cant1y reduclng compression costs both in energy and
investment. Thls advantage is achieved by several
unexpected synerglstlc effects due to this combinatlon.
The lntegratlon not only ellmlnates the need for a large

25 compressor and turblne, but also allows the utillzation of
the energy of the hot combustion gases in a thermally
efficient way s1nce, by mxxlng w1th the excess cold alr;
one can filter the partlculates w1th no thermodynamlc |
efficiency loss compared to a non-lntegrated gas turblne.

30 Another advantage is that the need to malntaln very low
single pass coke production is reduced since the catalyst
is continuously regenerated, allow1ng a reductlon 1n excess
steam to the reformer. _

Yet another advantage is that comblned cycle power

35 plant compression and combustlon costs can be reduced
through the 1ntroductlon of hot, compressed gases from the
fluidized bed_regenerator.




Advant age e energy efficiency of the proposed

st eam r ef rocess i s increased by ellnlnatlng t e nee for a
| arge air conpressor for the 20 conmbustion section of the steam
reform ng process, thereby siggkficantly Teduci ng conpression costs
both in energy and I nvestment. This advantage is achi eved by

sever al The Drawdnaact ed synergistic effects due to this conbination.

The integration not only elimnates the need for a |large. 25 conpr essor
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hot conbustion Figusre 1 dst kedimgrpmmatic fogwshest: afthe nintegratedi ng

with the e#?%&ﬁsﬁohgi@ r, one can filter the particulates with no
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In this |n@%ﬁ?FoﬁlugdsP§§n1FBFoFﬁFﬂﬁmEﬁlFeaﬁ&°§' ure ff gas
t ur bi ne pmwemndgﬂﬁokmdwiﬂqesﬁpﬁrxtldﬁmfﬁﬁm the steformetogasr i s conposed

of two COWEH&hﬁéééPge Lgfg Qeggcond fluid bed combustor/regenerator
15 at T,, such that T, > T,.

The types of fluidized bed processes contemplated for
use herein include fast fluid beds, fixed fluid beds and
circulating fluid beds. All of these applications can be
utilized in either the upflow or downflow modes. A fixed

20 fluid bed is a fluid bed in which the gas VGlOCltY is above
that requ1red for minimum fluldizatlon but below that
necessary to achieve pneumatlc transport. The bed surface,
although it could be highly irregular, is fairly well
defined. Examples of fixed fluid beds include bubbling and

25 turbulent fluid beds. A circulating fluid bed is a fluid
bed process whereby catalyst is continuousiy removed from
the bed (whether in upflow or downflow orientation) and is
then re-introduced into the bed to replenish the supply of
solids. At high velocities'(>50ft/sed) the solid density

30 in the reactors is low, i.e. below 2 lb/ft’, and, in upward
flow, one calls this_type'of fluid bed a riser reactor. At
lower velocities, while the catalyst is still entrained in
the gas stream, a relatively dense bed is formed in the

. reactor. This type of bed is often called a fast fluid

35 bed. There is no clear dividihg line between these types
of reactors and, for the pqrposé of the invention, it is
sufficient that we deal with catalyst particles in such a



such that the reform ng catal yst continuously exits the- first fluid
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foll owi ng separation fromthe reforner gas products, .enters a-
second fluid bed conbustor/regenerator 15 at T[err] such that T[err] >
Tlerr]. The types of f6mi di zed bed processes contenpl ated for
use herein include fast fluid beds, fixed fluid beds and
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react ogg gﬂaanéﬁawbt‘Mﬁ¥é%§J¥iéEﬁ“gé@@é"%thﬁ at@ then expanded
and cooled to produce power and steam, respectively. An
amount of air far in excess of that stoichiometrically
20 required (150-200%) for combustion of fuel 1n the power
plant comhustor, is initially compressed to the desired gas
turbine inlet presser (e.g., 200-400 psig) This large
excess air is needed to serve as a heat sink in the power
plant combustor to moderate the combustion exotherm and
25 maintain the combustor temperature within the constraints :
set by the associated hardware. Since the compressed air
is available in excess, a portion of the compressed air
exiting the cogeneration power plant gas turbine compressor
is borrowed for use in the combustor/regenerator. The
30 diluent air, prev1ously used to control the temperature in
the power plant combustor is replaced by hot pressurized
off gases from the combustor/regenerator which are fed back
to the combined cycle power plant and’ mixed with the
remaining airflow as gas flow for the power plant
35 combustor. Such 1ntegration reduces the operation and
capital costs otherw1se associated with a fluid ‘bed steam

reforming process.
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reforming reaction. Since the reforning reaction generally
operated at el evated pressures, the conbust or/ regenerat or requires
a supply of conmbustion air 10 ak7a pressure equal to the reforner
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gngﬁggéAGﬂiyﬁonal ad&g%éggegqgger the traditionally used
multitubular reactors. Ordinary steam reforming requires a
large amount of excess steam which is needed to suppress

20 coke formation to extend'cycle'life in fixed bed steam
reforming operations. In the fluidized bed, the need to
maintain low single pass coke production is reduced since
the catalyst is continuously regenerated in the
regenerator. | .

25 The steam reforming processes contemplated to be used
herein are those which require a pressure above about 100
psi. The preferred pressure range is from about 100 psi to
about 1600 psi: more preferably about 150 psi to about 600
psi; and most preferably about 150 psi to about 450 psi.

30 The preferred temperature :ahée of the steam reforming
reactor is from about 1350°F to about 2000°F, most
preferably about 1500°F to 1650°F. Steam refo:ming
typically requires a temperafure of about 1600°F to about
1650°F. _ : |

35 As is known in the art, steam reforming processes
generally utilize a nickel catalyst on an alumina support.
For use in a fluidized be&, the solid catalet particle
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i uni e SuBgeETing now s Y 13 %smmaeaime FhoSeStAancA al yst
parti shews a steam reforming process unit. A pressurlzed,
gaseous feedstream for steam reformlng,'COntainlng stean
and methane at a steam/carhon (s8/C) ratio, in this example
of 4:1, and which can be in a range of about 2:1 to 6:1,
for example, 28.25 MMSCFD (million standard cubic feet per
day) methane and 113 MMSCFD steam, is introduced through
line 1 into reformer reactor 2, which in this example is a
fixed fluid bed.. The feed inlet temperature is about
500°F. The reformer reaetor 2 contains a bed of fluidized,
solid, particulate catalyst (net showh) which is at a
temperature suff1c1ent to effect steam reformlng, in this
example, 1650°F. This temperature ‘can be in a range of
about 1350°F to 2000°F, preferably above_lsoo F. The
pressurized feedstream is introduced“intoﬁthe reformer at a
pressure of about 300 psig. The'reforming'bede can operate
at a pressure of about 150 to 450 psig. The steam
reforming in the reformer reactor results in an energy
requirement of 68 1MW (megawatts) to produce 100 MMSCFD H,

at 93% CH, conversion.
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- 8- sizes are generally in the range of 2 to 150 m crons, '
preferabl’'y with a nagjority of particles at about 40 to 120 m crons,
nmore preferably, about 90 microns. Th®=catal yst is preferably
attrition-resistant. The feed for steam 5 reform ng conprises steam
together with a hydrocarbon, generally a light paraffin, preferably
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be added as @ co or ime Iow The .
product steenventicnal ssteanygefgtmer ls the garmakispnef carbom car bon

di oxide, 3!y O?ﬁ%nwéeﬁféeshéﬁt with! €0 &wféwdré&ﬁéé)ﬁéd with

The integration pover process

unjt w reformn
unit i s eShRAMS| e'@‘?ﬁ“wmg’élﬁ carbons 5.1m§t§e§gpr VAyigdwstsame C&%ws heet
i n Fi gure and aRsthawe Aratios hshév\lseansbamculateam(ngyngasefarunl t. A

ressuri zed, 20 . aseo f eedstr gam t [ rm in

" “-lepiay iy hint ! 35  FAY 5ERaRREFLELIRG "PRRceRRY. Skl
of 4:1, aRbstiruprNielsen; MethangeCohvebsiony: Bibbys: D, M. Changf,or
exanpl e, 5 I rdecC thane
a?(]dmi13 N@é Pﬁ@gﬂ% |(lgn I%}?é’%ﬁ%@%ﬁﬁ o “Rtétf:&%) pﬁise\{:xer Sgaé%‘ormer
react or 2meqns.t )8 B@ﬁ?}l%ﬂ‘ﬂs"hspec s of CRa~RefpxmbBe. ofThe feed
Inl et tenprRitMatie™, T 2A0UtRostrup WP€IsonRatetal NBas’ €8fiveErs2onOltrai Ns a

f fluyidi I t al t whi ch
e R L TGS BT A RIS RN
exarrpl e, p@%OEs-Iﬂhl.s tPideer o rmat bom Gf carbon opl@ces a practibalit

1350[ err] i 3o n%t Q'%l%r rci}l: t?{ﬁ{ S Ao apNE %QQ% pirggessed jpPhessuri zed

feedstream | s | uce heé r et orner ressure of about
300 psi g. conventdionadi mreansretorngierin corder to amr%vgmbssneesureabout 150

to 450 pshgoplandS AMYging of rﬁi@rml n 'i‘KEFs rfiﬂf@héﬁaééeé hggul ts in

an_energy reguirenent of 68, awat ts roduce 100 MVBCFD

H2 0 e&g.sgg,m rﬂrec'iﬁﬂferdﬁ%‘rgn as th catal st 1 continuously
withdrawn from the fluid bed reformer and burned clean of

carbon in the regenerator.

A gaseous product effluent containing H,, e.g., about
25 89.27 MMSCFD; CO, e.g., about 14.41; CO,, e.g., about
11.02; H,0, e.qg., about 76.28 and CH,, e.g., about 1.98
(units herein are MMSCFD) exlts the reforming reactor
through line 3 at a temperature of about 1650°F or in a
range of about 1350°F to 2000°F and a pressure of about 300
30 psig or in a range of about 100 to 1000 psig.

Spent catalyst from the reformer reactor 2 is passed
through conduit 4 to the combustor/regenerator 5 for
reheating. The catalyst combustor/regenerator generally
operates at a temperature higher than the reformer with a

35 heat differential supplied by the burning in the
regenerator of light hydrocarbons, such as fuel gas and
coke which may have'deposited on the catalyst during the
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Car bon VP 9639%€ nay be added as a co-feed to the RGI/GS96OT667 N
addition to steam as has been practiced in the i ndustry as a -
mechanismto | ower the H[err]Olcq_grYr_] rati o. The 5 limtation on the
gquantity of CJerr] that can be fe to a conventional steam

reforme t f c b ch |s nore prevalent with
Ccq err]étéé ngégﬁg% gQ s etxagml { RIS linmits
for varagdthecfuel Copethe Combustcma'mqmt i (ﬂlehaxmpmttmé cul ated

(" Syngaéiff’éreﬂelal o@lc%ﬁsﬁbr%'regbh@ﬂa%o‘if ot‘)& 1{“% rocess”,

Jens Rostrup-N el son hane Conversion,.:.

C.D. Hf¥Ample 15,159 F buk can }PEdPFSFGFaEF-Xe§P9PtS@|°eﬁ'C &o about
Bubl i s'E0G0° B ke DreteidsDecabont SO2F ReboaBbaY 2bo° F° and ngéane" J.

ove, - AREECRAR T nott 80 e TRIIE 260, Fhe Samperatimbe Lhor mi i on
gf car mﬂiqﬁaﬁ,e}maeqnmnenelrestnctlbnmt Fort lae givan lh‘esatof Q02 t hat c?n
e ro%ﬁq. 0 er reven
pregsure dafbrt rj'n %r#\ed p ggllﬂ%geo?é?ﬁis?ﬂbesg %ﬁ%g&; a&‘?odge_s not

20 the ﬁquvltarretqn axe pelatedhacearding: tos thentfiormulal y

10i t hdrawn fromthe fluid bed re&f ormer and bur ned  cl ean of - carbon in

t he regenerator. = MQPsBseous product. ef fluent containing
Herr], e.g., about 25 89 27 MVBCFD; CO, e.g., about 14. 41 cderr],

about 2: H20 ut 76,28 and CH4, e.g., about 1.98
1§un| ts herei n%re"{ﬁ%ﬁ%@rﬂ |tlt§a’?%%é’|7 ‘grﬁ‘?nbh?e’a?f-Bleng reaFl‘i-Pé‘ugh line 3
at a tenperat )1650[err] For.ina range of about

1350[err] F to,;zeoe[oama] Elowl rates efBtu mi) about 300 30 psig or in a
29 ange of about 100 to 1000 psig. ' Spent catalyst fromthe

ref orner reafpor heat gapssrity (Btu/lb, - F°) .
| AT = temperature difference ( F)

25 In combustor/regenerator 5, a fuel stream comprislng |
fuel mixed with air, in this example contalning 9.04
methane, and 20% st01chlometr1c excess air, and at about
300 psig or in a range of about 100 to 1000 p51g and at a.
temperature of 260°F or in a range of about 200°F to'SOOQF,

.30 is introduced into the combustor/regenerator through lznes
7 and 16 and the fuel and coke are burned in the
combustor/regenerator to generate heat.- The catalyst is
heated in the combustor/regenerator to a temperature of
about 1800 F or in a range of about 1500 F to 2200 F. The

35 regenerated catalyst_passes out of the | o
combustor/regenerator 5'through conduitus and'is conveYed“:
back to the reforming reactor 2 propelled by a pressure '
difference between the reformer reactor and the
combustor/regenerator. P.., > Prosi pP ~ 3-100 psi.

40 A gaseous product effluent which exits the reformer
reactor 2 through line 3 is optlonally passed to other
downstream components such as a shift reactor 42, steam
generator 44, and waste boller 45 followed by passage
through a pressure swing absorber (PSA) 47 to separate the
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cat al yst conbustor/regenerator generally operates at a tenperature
hi gher than the reforner with a 35 heat differential supplied by the

burning in the regenerat or of=&&ght hydrocarbons, such as fuel gas

- and coke whi ch may have deposited on the catal yst during the
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- 10- furthér CMBEEESEd BELSFEP. I N th| S exarrpl e, methane was chosen
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differential ofI% Qr¥r N oHhe FEeaP EFIPEBiRg process is
exanpl e i Sirtedifrated cm:rtlbea recdeneid tyich oyas 26&rbinebpawer plant.10@0F;

norg prefe 0 ] 400 ds ably
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reform ng reac t | are
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260[ err] FeK#tFntberaﬁg-@ compragsoxo i ltqszqmdpne 12. As shown in

Figure 1, section C, a portion of the compressed airflow in
15 line 12 is diverted at juncture 13 into line 14 for the
purpose of "borrow1ng" air and pressure for integration
into the steam reformlng process unit. The drawn off
portion of air can have a pressure of about 50 to 1000 _
psig, preferably 150 to 400 psig and a temperature of about
20 300° to 900°F, preferably about 400° to 700°F. The diverted
compressed air in line 14 is’ conveyed to a booster
compressor 15, which has an energy use of, e.qg., about 4.2
MW, and the pressure of the diverted compressed air in this
case is raised to about 300 psig and a temperature of about
25 307°F before it exits the booster compressor through line
16. The air (25.99 0, and 97.75 N;) in line 16 is
introduced into the gaseous fnelsﬁream 7 for the catalyst
combustor/regenerator 5.: In thls way, air and pressure for
the steam reforming process un1t are obtained from the
30 power plant. Therefore,_a_separate main compressor is not
needed for the steam reforning'process unit, only a small
booster compressor is used. |
Meanwhile, the remainder of the compressed air (about
26.84 0, and 100.85 N,;) in line'lz after juncture 13 is
35 conveyed through line 17 to 1ntersectlon 18 where hot flue
gas in line 19 at about 1800°F or in a range of about 1500°
 to 2200° F, preferably about 1650° to 1850°F, and 300 psig



30 is introduced into the combustor/regenerator through lines 7
and 16WEHW/3088 fuel and coke are burned in the c@ﬁﬁ‘ﬂ&ﬁﬁﬁb‘&generator
to generate heat. The catalyst is heated in the
conmbustor/regenerator to a tenperat LéTe of about 1800F or in a range
of about 1500[err]F to 2200[err] F."*“The 35 ‘regenerated catal yst passes
out of S e erat gr ougl ui t nd i s conveyed
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DGRBS R e aratorh o fovay pLant Lompopesed atral can have
a preﬁbmseaotembenatﬁﬁetsuﬁﬁﬂblently lowered to allow passage '

through conventlonally avallable filters to remove catalyst
fines. Conventlonally available fllters are generally

20 limited to temperatures below 1400 F. In the absence of
additional heating or coollng of 17 and 19, settzng of a
maximum mix temperature dlctates the relatlve sizes of the
power plant (i.e., power generated) and the steam reformer
(i.e., hydrogen produced). '

25 After the mixing of gas'streams'at intersectlom 18
the mixed gas stream is conveyed through filter 21 by line
20. The mixed gas stream emerges from the filter with
catalyst fines removed and the mlxed stream at a pressure
of about 150 psig and a temperature of about 1190 F is

30 conveyed through line 22 to the power plant combustor 23.
Before the mixed gas enters ‘the combustor, fuel for
combustion, e.g., about 6.5 MMSCFD methane, at about 250°F
and 150 psig is introduced throughllineizza into line 22 to
intermix with the mixed gas stream. The ihtermixed. '

35 combustion fuel and gas stream 1n line 22b at temperature
of about 1168°F and a pressure of about 150 ps1g and
containing, e.g., 6.5 CH,, 36.44 CO,, 32.21 0,, 198.60 N,,



psSi g, Prejveregbigel50 to 400 psig and a tenperature of aboupcP@seen766¥00[ err]
to 900[err]F, preferably about 400[err] to 700[err]F. The diverted

conpressed air inline 14 is conveyed to a booster conpressor 15,
~which has an energy use of, e.g., abod3d=4. 2 MAN and the pressure of
the diverted conpressed air in this case is raised to about 300

psi g and a2lefpeHAQ 1and @refexably containingeeode,i 158%209%: RECEESSt er
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contal 1 i ol | IRt ) bife O"BUS! O EARHCLELE, Snout 7.6 |
reconblnedmbégﬂgvrémﬁQH)exﬁﬁ% Hexrougheline 26| | Rart of the PQWFKO¢Sthe

conbust Of/di%‘ﬁ@tﬂ{r&él?ﬁﬁhélszflﬂs ?ﬁﬁttﬁéeéas turb:.ne""&bﬁbr&é&oﬁresu' t
fromattrition of the fluidiz r|t|on nornally

reddlts fridm fenginder °g t%%r}?ﬁ?ezaea?ﬁﬁﬁt¥Bn23ﬁd1§rB§E up in a
quidizeddmsiwhéHu; ely., towgppbementia refineeyl7, in this case before

W oh ocours aft g XY BEd ik fhe 228 nfadan i 22af il endB® 1LY 10
resul ti ngcasegd 42.é60a0,ned 923 O c29Bt 60aNp AN 2DDHAT H,0, at 1350°F
and 10 psig, is used to produce 71.3 MW in steam generator
20 29. Gases exiting the steam generator 29 (e.g., 42.66 CO,,
19.21 0,, 198.60 N, and 34.47 H,0 at about 500°F and 10
psig) are conveyed throﬁgh-line 30 to waste boiler 31.
Gases exiting the waste boiler in line 32 are conveyed to a
knock out drum which separates, e.g., 34.47 water in line
25 35 and 42.66 CO,, 19.21 0, and 198.60 N, in line 34 which
can be conveyed to a stack.

In an optional embodiment, in the steam reforming
process unit in section A, after the gaseous product
effluent exits the steam reformer reactor through line 3,

30 the effluent is optionally circulated to a shift reactor
42. Water can be introduced into line 3 to produce steanm
and thus cool the effluent to an acceptable level for
filtration. The effluent is cooled to about 700°F for high
temperature gas shift reaction. The reformer effluent can

35 be also cooled by passing through steam generator 41 to
produce about 53.5 MW of steam energy and the temperaturé
of the effluent in line 4la is reduced to about 700°F. The




or in the range of about 700 to 1600[err]F, preferably about 15
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In a preferred embodiment, the shift reactor is
eliminated and the CO, CO, and methane by-products from the
20 PSA complex containing, e.g., 1.98 methane, are fed
directly to the catalyst combustor/regenerator to serve as
additionallfuel.(not shown). 1In anotherlembodiment,_the
shift reactor remains in the hYdrogen.plant_design'and,.
similarly to the preferred embodiment, the by-products from
25 PSA, e.g., about 3.67 CO, 22.04 CO, and 1.98 methane from
the PSA 47 at about 100°F are sent. to the _
combustor/regenerator. following compression. to . the
combustor/regenerator operating pressure (not shown). 1In
both cases, to facilitate reduction in the rate of steam to
30 the reformer, and hence to reduce utiiity_cqsts,.steam can
be added to the reformer effluent 3 prior to entering the
shift reactor 42. 1In this way, the steam can serve the
dual purpose of cooling the reactor effluent and
supplementing whatever reformer steam is in the refcrmer
15 effluent to maximize conversion 1n,the_shift reactor,
further reducing utility costs. |
In this heat integrated design shown in Figure 1,




range of aowé3dseP0 to 2800F, pref er abl y about 2000[err] t®CTNIS96/07667

2400[err]F. Pressure reduction drives the inpeller of the t ur bi ne.
Pressure ‘energy is converted to velocity energy and used to
generate.power, e.g. in this case, abolfi=76.6 MN power which exits
through line 26. Part of the power is diverted through line 27 to
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compressed air from a power plant gas turbine air

compressor compressed air stream; introducing the drawn off
compressed air to the combustor/regenerator; mixing the hot
20 flue gas from the combustor/regenerator with the remainder
of the power plant compressed air stream to. produce a
recombined gas stream and feeding this recombined gas

stream to the combustor of the cogeneration gas turbine
power plant.

25 2. The process of claim 1, wherein either of the two
fluid beds is selected from the group consisting of a riser
reactor, downflow reactor, circulating fluid bed, fast
fluid bed and a fixed fluid bed.

3. The process of claim 2, wherein the integration of the
30 power plant and the steam reforming unit further comprises
filtering the recombined gas stream. '
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stream has a temperature of about 700° to 1600°F and the
15 inlet temperature of the gas turbine is about 1700° to
2800°F.

6. The process of claim 1, wherein the drawn off portion
of compressed air has a pressure of about 150 to 400 psig
and a temperature of about 400° to 700°F; the

20 combustor/regenerator and reformer fluid beds operate at a
pressure of about 150 to 450 psig; the synthesis gas from
the reformer has a temperature of about 1500°F to 1650°F;
the hot flue gas from the combustor/regenerator has a
temperature of about 1650° to 1850°F; the recombined gas

25 stream has a temperature of about 1000° to 1400°F and the
inlet temperature of the gas turbine is about 2000° to
2400°F.

7. The process of claim 1, wherein the integrated steam
reforming unit and cogeneration power plant are further

30 integrated with a methanol plant so that the synthesis gas
produced in the reformer is reacted to produce methancl and
a portion of power required in the methanol plant is
supplied from power generated in the cogeneration gas

turbine power plant.
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(54) Title: INTEGRATION OF STEAM REFORMING UNIT AND

COGENERATION POWER PLANT

48

| 57 Abstract
-] two communicating fluid beds. The first fluid bed. comprises a

drawn off compressed air to the combustor/regenerator.

A process for integration of a steam reforming unit and a cogeneration power plant in which the steam reforming unit comprises

combustor/regenerator which receives spent catalyst and provide heat to heat the catalyst. The integration of the two units is brought
about by drawing off a portion of compressed air from the power plant gas turbine equipped with an air compressor and introducing the

31
32

reformer containing catalyst; the second fluid bed comprises a

e




