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steam in the reactor tubes to form carbon monoxide (CO), carbon dioxide (CO,), and hydrogeﬁ.

In the case of reforming processes for methane or natural gas (the reformation process),
hydrogen is liberated in a catalytic steam reforming process according to the following overall
reactions:

CH;+H,O — CO+3H,

CO+H,0 — CO,+H,;

While the second reaction is slightly exothermic, the first reaction is highly endothermic and
requires an external source of heat and a steam source. The heat required is typically supplied
by the combustion of refinery fuel gas, pressure swing adsorber (PSA) purge gas, and/or other
fuel gases. Commercial steam reformers typically comprise externally heated, catalyst filled
fubes and typically have thermal efficiencies of 60% or less. However, certain stream reformers
have higher efficiencies. Exemplary high efficiency reformers are produced and sold by Davy
Powergas.

Another conventional method of reforming a gaseous or liquid hydrocarbon fuel is
partial oxidation reforming. In partial oxidation reforming, a mixtiure of the hydrocarﬁon fuel
and an oxygen containing gas are brought together within a partial oxidation chamber and
subjected to an elevated temperature, preferably in the presence of a catalyst. The catalyst used

is normally a noble metal or nickel and the high temperature is normally between about 700 °C
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Many industrial facilities, particularly in the United States, which have steam reformers
for the production of carbon monoxide and hydrogen for use in methanol production, now have
relatively inexpensive sources of methanol available. For the operator of many of these
industrial facilities, it is more economically atfractive to purchase the methanol and other
producis downstream of steam reformers from a supplier than is to produce the methanol and the
like from synthesis gases generated by steam reformers.

As such, a need exists to utilize the exiting steam reformers in a way in which the large

capital expenditures associated with these systems may be recouped, while providing a benefit
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50 wt. % of the first streamis in the formof steam
present invention, a process for generating steam comprises the steps of:

(1) supplying a first stream to a steam reformer,

wherein the first stream comprises essentially 100 wt.% water;
has a temperature of about 185 °C or greater;

a pressure of about 1150 kPa or greater; and
at least about 50 wit.% of the first stream is in the form of steam;

wherein the steam reformer comprises a reformer inlet in fluid communication with a
reformer outlet, and at least one tube arranged between, and in fluid communication with the
reformer inlet and the reformer outlet; and | _

wherein the at least one tube is in thermal communication with a furnace of the steam
reformer;

(i)  heating at least a portion of said first stream within said at least one tubes to
produce a second stream comprising essentially 100 wt.% steam at a temperature of about 760
°C or greater and at a pressure of 1150 kPa or greater such that the molecular composition of the
first stream is identical to the molecular composition of second stream; and

(iii)  removing said second stream from said outlet of said steam reformer.

In another aspect of the present invention, a process for generating steam comprises the
steps of:

1 supplying a first stream to a steam reformer,

wherein the first stream comprises essentially 100 wt.% water;
has a temperature of about 450 °C to about 550 °C;

a pressure of about 1150 kPa to about 4600 kPa; and
at least about 80 wt.% of the {irst stream 1s in the form of steam;
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(i)  heating at least a portion of said first stream within said at least one tubes to
produce a second stream comprising essentially 100 wt.% superheated steam at a temperature of
about 760 °C or greater and at a pressure of 1150 kPa or greater such that the molecular
composition of the first stream is identical to the molecular composition of second stream; and

(iif) removing said second stream from said outlet of said steam reformer.

In yet another aspect of the present invention a process for producing steam comprises
the steps of:

supplying a first stream to a steam reformer wherein the first stream comprises
essentially 100 wt.% water, has a temperature of about 185 °C or greater, and a pressure of about
1150 kPa or greater, wherein at least about 80 wt.% of the first stream is in the form. of steam;

means for heating the first stream in the steam reformer to produce a second stream
having a higher temperature than the first stream wherein the molecular composition of the first
stream is identical to the molecular composition of second stream; and

means for removing the second stream from an outlet of the steam reformer.

Tn still another aspect of the present invention, a steam reformer for producing steam
comprises a reformer inlet in fluid communication with a reformer outlet, and a plurality of
tubes arranged between, and in fluid communication with the reformer inlet and the reformer
outlet;

wherein an inert packing material is dimensioned and arranged with each of the plurality
of tubes to provide a turbulent flow within the first stream, the packing material comprising
ceramic balls, cylinders, saddles, pellets, natural stones, natural gravel, or a combination thereof
having a diameters of about 8 mm to about 50 mm; and

wherein the tubes are in thermal communication with a furnace of the steam reformer.

The systems and processes described are particularly useful for producing steam in

facilities having a steam reformer previously used to produce synthesis gases for purposes such



wherein the steamreformer conprises a refornmer inlet in fluid
communi cawiomeoudBIvia reformer outlet, and a plurality ofcraisemcasmso
arranged between, and in fluid comunication with the reforner inlet
and the reformer outlet; wherein an inert packing material is

di mensi oned and arranged with each of the pluraljty of, tu%eﬂs to )
provi des methanplyiredictiph end il which thesed forspcls gyeliasis casrs 1HBR KNAfy present or is
mat eri al .coggéi sing ceramc balls, cylinders, saddles, pellets,
naturaia”?fuc? ', natural gravel, or a conbination thereof having a

di aneters of about 8 mmto about 50 mm and wherein the tubes are in
thermal communication with a furnace of the steamreforner;

(ii) hdixief Rlesey the IN@MIRE of said first streamwithin said at

| east one t S e, s Mrh badatié s¥80m.
w96 super haag e e O B e e
at a pressuFEGal iskhlsherkic epregematiosrofsnecmbotiment hiba redorawey Besem apparatus
conposi tion of ii’h first steamis identical to the nol ecul ar

conpos FY§igh dgger Eghﬁalnst ream and (iii) renmoving said second
stream f r ompgg! §lisitch@hated repadscht@ticdaiNah fboiRent bfia yedbrutn oy Ixan apsapaios
of the present invention a process for producing steam conprises the
st eps 6pstem describagpergimg a first streamto a steamreforner wherein
the first stream conprises essentially 100 w.% water, has a
tenperature of about 185 C or greater, and a pressure of about 1150
kPa or DpigildEDisclol@teci n at | east about 80 wt.% of the first streamis

in the Tormof steam means for, heating.the flrst streamifn.the
st eam r ef or res ¢ige %ﬁ‘%ﬁ{?éaéeﬁosgéﬂ%ﬂa‘édc P@&‘??F??gf\?f ﬂjﬁ s ﬂ?‘ﬂ Wé{?&]f@%%&_gﬁ% for
than thg, %ﬁfmﬁ fld@ EekEy TR sYREBE B Ppros@ERQREEIRA Hefeid @k hdesdf
streamis i1dentical to the nol ecul ar conposition of second steam_ and

means fstam refipwiersylesigocd fu oputhetivganpkodietion taprpete stam g a yadehor
L o Bimgstis, CtsPel st A s YRS Sep Hlsitd1 RS A6R ol Eb ARy,

eam ¢ I'ses a reforner
fluid cReHR Gabialp lods bRpehsive hnermetives uthikible fondseinfphdisaial Fagilivfes foriibs
arranged between, and in fluid communjcation '\Mhth th refor.SEtrpr jcnl et

and t heeperbpiesvctionof steam. Howsygh i fagiliiss ihwhich it Agr sPetingstpg!

di nensi | P : ddah h
e e IAPIE B SO b Bl e i e
mat er i atteagorgborirer ngy perdde an eificlent gapptaterddlage quaidities? .etkgrefore, the

natural stones, natura ravel . .or _a.conbi nationgthere } a

di anet eVECIGF %@Weﬁesrﬁ%ﬁsgﬁgﬁﬁbeﬁ?m B)Vﬁqeﬁ an, gegnomicatl ?%riaﬁ@{eﬁg&%‘g%s are

i n t herf@diGeRAINHTsGathOhaWidchide af e dEE eDbtiidh@esh afoinief torpi®tuce Sieem for

systens and processes described are particularly useful for producing

st eam i varipagindpstriakusRavi ng a st eam ref orner previously used to

roduce synt I | : : son 3

2 007/ 053 2% 1 F;@%%béﬁ%%%ﬁ S%fé%%rg ULRRSERr A cotdfg to the present invention include

tubular reformers, autothermal reformers, adiabatic reformers, cyclic reformers, and the like.

The primary difference between these reformers is the manner in which heat is supplied for the
endothermic reforming reaction. In a ﬁ.lbular reformer, heat is supplied through the walls of a
cylinder to the catalyst material (see for example U.S. Pat. No. 4,098,589.) In an autothermal
reformer, heat is supplied to the catalyst bed directly by the heated gases entering the reformer
(see for example, U.S. Pat. No. 3,976,507.) In a cyclic reformer, a plurality of reformers are
operated simultaneously with one set of reformers operating under a combustion phase (reacting
fuel and air) to provide the ne.cessary heat for the hydrogen production phase, while another set
of reformets is operated under the hydrogen production phase (reacting hydrocarbon and steam),

with a switching of phases when the temperature of the reformers in the hydrogen production
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This is in contrast to streams directed to a conventional steam reformer, which may

contain from about 74 % water to about 77 wt.% water in the form of steam. Of course, some of
the steam in the conventional reformer stream is consumed in the conversion of the hydrocarbon
stream within the reformer. However, generally the stream exiting a steam reformer operated in
the production of synthesis gas contains from about 45 wt.% to about 53 wt.% of excess steam.
This steam is typically recovered from the synthesis gas produced in the steam reformer ina
later purification step.

In the systems and processes described herein, the reformer apparatus is used to convert
a first streamn at a temperature of about 185 °C to about 350 °C and a pressure of about 1,150
Pa to about 4,600 kPa containing essentially 100 wt.% water, wherein from about 80 wt.% to
about 100 wt.% of the water is in the form of steam, with any non-steam portion including free

water, to a second stream comprising essentially 100 wt.% steam at a temperature of abowut 760
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wherein from about 80 V\?.%to about I00 ﬁ%@% the water is in the
form of st darfp emihofinagn) ofi the pPeesertrinpurtichonpropess deli segeinestprin eprptisesghe
seconcgt%tsrg_am conprising essentially 100 wt.% steam at a tenperature
of aboUt 760 WD 2007/ 053261PCT/ US2006/ 039150 7 C to about 900 C and
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proportion to the anmount of heat theoretically possible fromthe fuel
reformer inlet and the reformer outlet; and



However, even if the existing steamreformer apparatus is incapable
of producwogostesaasiat a high efficiency rate, the presePCTHEWBHIZOF0
remains a viable alternative as such ag apparatus retrofitted and/ or
operated as described herein nmay present a source of reliable steam
at capital cqst of |ess than expandi ng.or bui| ding sfeam generation
faci |11 es. Wherein i 25 eagh e diiean n profah ogpRAton Wik AtigAce of the ewss
for gengnatd,ng steam conprises the steps of: supplying a first stream
to a steamrefornmer, wherein the first stream conprises

essenti al | y(io0o heatigwhieasta fratomof seidhfstdtttenae withinbaidtat 8§ ofe tubeabout

350 ' C, ressure of about .1150 kPa about 4600 ] cPa:  and
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r ef or Mafud dUr@thetell Yifh 4 GhHRF 5@&%&&%}1& étﬁélﬁta&%l' e}g%§s wikdf gfién?a %evice such
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which may be positioned within an exhaust gas 20 of steam reformer 2 produced in furnace 3.

Mixed steam 16 is heated to produce a preheated stream 22. The molar ratio of steam (i.e., H;O)
to carbon in preheated stream 22 typically ranges from 2.6 to 3.2. Accordingly, the water
present in preheated stream 22 typically ranges from 74 wt.% to 77 wt.%, based on the total
weight of mixed stream 16. Preheated stream 22 fnay then be directed through reformer inlet 9,
and through catalyst filled tubes 4, wherein mixed stream 16 is heated within reformer 2 and the
above described reformation reaction takes place to produce synthesis gas.

Accordingly, under typical steam reformer operation, within catalyst filled tubes 4,
methane, and smaller amounts of other hydrocarbons, and water delivered in preheated stream
22 are converted to carbon monoxide, carbon dioxide, and hydrogen in accordance with the
formula set forth above to produce a wet synthesis gas steam 24 containing excess steam. The
excess steam may then be recovered from the wet synthesis gas stream 24 by conventional
means, typically by condensing the steam out as water into a water recycle stream 26. Water
recycle stream 26 may then be reused in the reformer process or other processes (e.g., recycled
back to water stream 12.) The resulting concenirated synthesis gas 28 may then be used in the

various processes, as described above, including methanol production.



Iln a typical operation, a hydrocarbon gas stream 10 such as a net hane
fuel gas wWDreemssx1m xed and heated with a water streanPCOTSHIONDIVYSO
st eam and/ or excess water 12 in a devigce such as a noisturizer 14.
The m xture is then renoved from noisturizer 14 as n xed stream 16.

M xed strea 6. is then typically preheated as it trayels through
heat exchang&;’[s?ilﬁ%’idﬁba JEiemFHE arr%ﬁva%@%%rmewt‘ﬂw dffpdeskariuist

gas 20 aadiRL of R resel’ dﬁ?éhﬁ%ﬂ rrﬂet ?pmdxtgégqes%hgarmér@urlﬁ
heated to produce preheat ed stream 22. e m)l ar ratio of steam
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m xed gtde@iditak®. Preheat ed stream 22 may then be directed through
refornmer inlet 9, and through catalyst filled tubes 4, wherein m xed

stream 16 i b théaméadwephrh@%ﬂmmﬁedzemet #bis showe herdeg ¢ fighex or furnace
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resulting concentrated synthesis gas 28 may then he used in the
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to produce preheat ed stream 54, Preheated stream54 is preferably
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an amount sufficient to produce up to 20 wt.%free water in first

st r eam/8%- Preferably, the amobunt of water provided by water stream
56 may be apisiaiRantssptiAted © reronhaaﬁret h@prerétsb@my@tenﬁﬁ%ae%xvé 985°C,

provide 20 wt. % free water in first stream
preferably first stream 58 has a temperature of about 185°C to about 550°C more preferably

first stream 58 has a temperature of about 450°C to about 550°C.




10 First stream 58 preferably has a pressure of at |east about

1150 kPa,wprebémsatsity first stream 58 has a pressure of noowS2004858180Pa
to about 4600 kPa, wth a pressure of ;about 1,825 kPa to about 2,170
kPa bei ng nore preferred. At | east a portion of first stream 58,

ferably all of first st 58 i s then direct h_ref
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syst ens scri erein, tubes 42 in nodified reforfer 40 provide a
r esi deago shage, ¥idorkIaihegtg moeanefe58l.t o absorb t he heat energy

gener at ed thin furnace 43 of ifiegd.reformer 40 to.produce a
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conduchidtRer Bl Bibiidh refiR8Softt 81.e preferably conprised of iron alloys
(steel), preferably so called super alloys which inhibit corrosion
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conposition of first stream58 is identical to the nol ecul ar
conposiia teabet 4800d4@- st r eam 60. The only process which takes pl ace
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tubes 42) and first stream 58._ I n an enbodi nent, packing material 45

may i nareidny aveiyde fiosnlpngasers id, Melboumg r thepileki ng materi al 45 may

t hus provi I i &t 4 C .t at t
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the like tq inprove .the efficie f. heat transfer between finnace
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arranged wthin tubes 42 to provide turbulent flow, and thus to

ensure evenniragther Wobodorno 58264 PRy WSR2 VBT kEE matetialddsthich provides a
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tubes 42) and first stream 58. In an embodiment, packing material 45 may include conventional
reformer catalyst. Packing material 45 may thus provide flow characteristics within tubes 42
that function to ensure mixing and even heating of first stream 58. Tubes 42 may also be
modified to increase surface area, to impart turbulent flow, or the like to improve the efficiency
of heat transfer between furnace 43 and first stream 58.

In another embodiment, packing material 45 may comprise particles of an inert material

positioned and arranged within tubes 42 to provide turbulent flow, and thus to ensure even heat



Packi ng material 45 preferably conprises balls or pellets having

di anet er swof20atmat618 nm t o about 50 mm I n anot her enbodCmeIStotsHihss
42 may contain packing material 45 co?rgri sing natural stones or
gravel . Upon exiting nodified reformer 40 through refornmner
outlet 51, second stream 60 may then used to provide a source of
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steam for various uses throughout the industrial co ex.in ich t
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utility water stream 64, which may be a boiler feed water stream. Instead of a sensible heat

transfer mechanism as may be found in heat exchanger 62, heat exchanger 72 may be a latent
heat exchanger, a condensate heat exchanger, or the like. The non-condensed final steam 76

exiting exchanger 72 may still have sufficient heat content to be effectively used as a source of



Al t hough the various enbodi nents and their advantages have been
descri bedwpreoteisadsh, it shoul d be understood that vari opsToBzINge®150
substitutions, and alterations could 2192 made w t hout departing from
the spirit and scope of the invention as defined by the foll ow ng
clains. 13 What we claimis: process for generating steam
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the refdrmer inlet and the reformer out
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retrofbttﬁeds X r ef QLRI and
ef sized retormets will have propomonal outputs with similar rationed heat inputs.
With respect to the various ranges set forth herein, any upper limit recited may, of
course, be combined with any lower limit for selected sub-ranges.
Although the various embodiments and their advantages have been described in detail, it
should be understood that various changes, substitutions, and alterations could be made without

departing from the spirit and scope of the inventions as defined by the following claims,



wherein the at | east one tube is a reforner section of the
retrofitted steamrefornmer in which prior to being retrofitted, a
feed stock of the steamreforner, being operated to produce synthesis
gas, would have been contacted with a catalyst in the presence of
heat to effect a reformation process %ﬁch that the feed stock woul d
have been converted into a product of the steamreforner; (i)
heating a§m)€ast.f, Rortion of said first streamw thin said at |east
one tube to produce a second stream consisting essentially of steam
at a tenperature of about 760 C or greater and at a pressure of 1150
Ca or greater 1such t hat the nol ecul gr conposition of the first stream
is identical tho thé HOFES M &FICEMsLsa S RF "gecond stream and

(iii) removingjsai dusEape fisd: M for:0@trsfdddl @kl Rfor@tr, sai d
retrofitted steamreforner, _ Wwherein the only process which
takes pl ace wivthsrgin thedirptstrpasn ponsist asscaiimly ef wattier i s the increase in
t enper at y,e, RSB @g]g@o redt first streamfromliquid water
to steam 2. The process o alm érein the at |east one tube
conpr i ses: medsaztof abwit 1 AhkPaadrigosateranflhe process of Caim 1, wherein

h I be, I | i tubes. 14 4.
EI'hg Eﬁ ocgagzetag% %%In;él{)rﬁ%ﬁ’,s gﬁﬁg{aﬁ%?%r%nﬁgﬁﬁ‘ﬁgé%h?%ﬁaé’eiss di nensi oned and

arranged wi t h dieciathelre@stited BRahwbRrhe PLPYisee: Bfotédinleeint fifidl ow
within the first _stregm 5. The process of Claim4, wherein the
packi ng rReTERniation Rt ddelorBsiruHes Hitkat gt ertehe aiphgadhstween, and in

fluid communication with the reformer inlet and the reformer outlet;

wherein the at least one tube is in thermal communication with a furnace of the
retrofitted steam reformer; and

wherein the at least one tube is a reformer section of the retrofitted steam reformer
in which prior to being retrofitted, a feed stock of the steam reformer, being operated to
produce synthesis gas, would have been contacted with a catalyst in the presence of heat
to effect a reformation process such that the feed stock would have been converted into a
product of the steam reformer;

(ii)  heating at least a portion of said first stream within said at least one tube to
produce a second stream consisting essentially of steam at a temperature of about 760 °C
or greater and at a pressure of 1150 kPa or greater such that the molecular composition of
the first stream is identical to the molecular composition of second stream; and

(iii)  removing said second stream from said outlet of said retrofitted steam
reformer,

wherein the only process which takes place within the retrofitted steam reformer
is the increase in temperature and/or phase change of the first stream from liquid water to
steam.

2. The process of Claim 1 wherein the at least one tube comprises a heat
resistant alloy.

3. The process of Claim 1, wherein the at least one tube comprises a plurality

of tubes.



6. The process of Claim4, wherein the packing material conprises
particles of an inert material. 7. The process of Caim4,
wherein the packing material conprises ceramc balls, cylinders,

saddl es, pellets, or a conbination th%{:eof. 8. The process of
Claim4, wherein the packing nmaterial *tonprises balls or pellets

havi ng a dianeters of about 8 in to about 50 nm 9. The process
of Claimd4, rei I I ri . hat . ,
aravel , o a conbi HF Paseenecay T wiele o GARE RS B GhRRRE,
wher ei n tdmengedrsith ik nelaast ooerube segofile mmabdedt wwvitRinttice fbiottitead0 W . %

free water carried st eam .a tenperature. of about .185 C or

greater of about z%gépﬁlﬁassafﬁﬁaé@swgg nt%i@%fkmdn%tsﬂ%{w&demo kPa.
11. The pa¢@sisndirefbinddrhtalysherein the first stream conprises from
about 20 wt.%or less free water. 12. The process of Clain!,

wherein the fi%st dJbeemsesohpidinds whpsin the peckinpgnsiegsl cpmprisga paiticles
13. The §iai m 12, wherein the first stream conprises about
5to aboﬁ{f(21 %ﬁ\?tvt@ét?re'e wat er . 14. The process of Claim,
wherein the fi%kst gheeaweisof flaia 4 ehpeisthe pakofg mivetd] cdBbiset ocratnout
550 C 15.  The ocess, of d ai.m erein the first streamis
at a tenrpé?‘}lgztcﬁa%d%sf’ Saé@i)eﬁ’tpeilgt@’%aﬁ?mpn%ﬁo . 16. The process
of Caim1l wheyei nThBerdebds S CodimeiaMheintthe PadkindSHate6al @bmpReY ballsld0

kPa to about 4600 kPa. 17. The process of Claim1 wherein the
first strisHashaving 2 diapielssefabowss mRJaEbaut 58 MePa t o about 2170 kPa.
9. The process of Claim 4, wherein the packing material comprises natural

stones, gravel, or a combination thereof.

10.  The process of Claim 1, wherein the first stream comprises from about 0
wt.% to about 20 wt.% free water carried by steam at a temperature of about 185 °C or
greater of about 230 °C and a pressure of 1150 kPa to about 2170 kPa.

11.  The process of Claim 1, wherein the first stream comprises from about 20
wt.% or less free water.

12, The process of Claim 11, wherein the first stream comprises about 5 to 15
wt% free water.

13.  The process of Claim 12, wherein the first stream comprises about 5 to
about 10 wt% free water.

14.  The process of Claim 1, wherein the first stream is at a temperature of
about 185 °C to about 550 °C.

15.  The process of Claim 1, wherein the first stream is at a temperature of
about 450 °C to about 550 °C.

16.  The process of Claim 1 wherein the first stream is at a pressure of about
1150 kPa to about 4600 kPa.

17.  The process of Claim 1 wherein the first stream is at a pressure of about
1150 kPa to about 2170 kPa.

18.  The process of Claim 1 wherein the second stream consists essentially of

superheated steam.



18. The process of Claim wherein the second stream consi sts

essentially of superheated steam 15 19. The process of Caim
1 wherein the second streamis at a tenperature of about 760 Cto
about 900 C and a pressure of 1150 kPa_to about 4600 kPa. 20.

The process of Claim1 wherein the filst streamis heated using an
exhaust gas fromthe retrofitted steamreformer furnace prior to

provi di ng the i rsty,stream t.he retrofitted eam.ref arner..
21. The pr oceslfs9' of tT&F BT Otvf\%éaruéli n" fﬁ%mfﬂiwrsse o Strtrg%nﬁﬁ ag aﬁ%rgP eeréélm}en()ft he

retrofittabdutsiceamto ebait 960 °C andi petsnee $1hig 56 RO chbstir £A0kEE. anf )
efficiency of at |east 80% . 22. The process of Claim1 fuyther
conpri si ng the?%ste 8Pr°&5§§|qfﬁ?¢aimﬂe\v§f‘é@aﬁ%e ‘5&5&%&9%% Fademesr KBt
exc hanger%ag Brofh theMRRHALUEEaRFeraRRY kAR pfol @ BHAMne 320h & &Rhh MY

renoval of the second streamfromthe rétrofitted Steamreforner.
23. The proeidtd sshmeimeR22 wherein the second streamis cooled in

the thermal h%:[ e)ﬁgg%?& OWCIIﬂmqo{krf’le?ginftﬁeeﬂr)sy@egﬁis heated i11;1 %h%rtef?b tted
process for génerating steamconprising: (i)supplying a first stream
to a r et rsofaind fefamsit e gproduet drerecond wireane htantefificiéncy i asledse 8Msconsi st s

essentially ofzzyvat The ppo%gssaéf %?aqgelr ﬁgtgéreco%fprigi%g 'fﬁe s?e?:oocf: cgcg)linagbcﬁg gecgr? G
stream in a thermal heat exchanger to a temperature of about 200 °C to about 320 °C
following remowval of the second stream from the retrofitted steam reformer.

23.  The process of Claim 22 wherein the second stream is cooled in the
thermal heat exchanger with boiler feed water.

24, A process for generating steam comprising:

@) supplying a first stream to a retrofitted steam reformer,

wherein the first stream consists essentially of water;
has a temperature of about 450 °C to about 550 °C;
a pressure of about 1150 kPa to about 4600 kPa; and
at least about 80 wt% of the first stream is in the form of steam;

wherein the retrofitted steam reformer comprises a reformer inlet in fluid
communication with a reformer outlet, and a plurality of tubes are arranged between, and
in fluid communication with the reformer inlet and the reformer outlet;

wherein an inert packing material is dimensioned and arranged with each of the
plurality of tubes to provide a turbulent flow within the first stream, the packing material
comprising ceramic balls, cylinders, saddles, pellets, natural stones, natural gravel, or a
combination thereof having a diameters of about 8 mm to about 50 mm; and wherein the
tubes are in thermal communication with a furnace of the retrofitted steam reformer;

wherein the plurality of tubes are a reformer section of the retrofitted steam
reformer in which prior to being retrofitted, a feed stock of the steam reformer, being
operated to produce synthesis gas, would have been contacted with a catalyst in the
presence of heat to effect a reformation process such that the feed stock would have been

converted into a product of the steam reformer;



a pressure of about 1150 kPa to about 4600 kPa; and at |east about 80
W% of the first streamis in the formof steam wherein the
retrofitted steamrefornmer conprises a refornmer inlet in fluid
comuni cation with a refornmer outlet,lgnd a plurality of tubes are
arranged between, and in fluid communi'Cation with the refornmer inlet
and the reforner outlet; wherein an inert packing material is
di nensi oned a arr ﬁ%%k 1 - I
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ref orner; wherein the plurality of tubes are a reforner section
of the retefFod e @deam refornmer in which prior to being
retrofitted, ajifecdodbathsalsdbfd SEMHRLANNRT oPSliftkpREALEH,  ©
produce synthesi’'s gas, would have been contacted wth a catalyst in

t he presewstsmef, heat to effect a reformation process such that the
feed stock would have been conver into a.prqoduc e Steam
ofornmer: 16 ViR S AR RREANKRI T Bl Siidbt EoBliod Sty

st ream wi i lheinsaisd ipteipataniry af/ont pHaesScHafe s fakkIGSt AredMaedial lighit ®AMr to
consisting essentially of superheated steam at a tenpei ature of about
760 C or Yr¥ater and at a pressure of 1150 klpa or greater such that
t he nol ecul ar conposition of the first streamis identical to the

nol ecul ar conposition of second stream and (tii) renoving
said second streamfromsaid outlet of said retrofitted steam
ref or ner, wherein the only process which takes place within the

retrofitted steamrefornmer is the increase in tenperature and/ or
phase change of the first streamfromliquid water to steam



