1 Production of process gas by heat recovery from low-temperature waste heat [0001]The invention
relates to a process for the steam reforming of hydrocarbonaceous feedstocks, focussing in particular
on the production of process gas by heat recovery from low-temperature waste heat. The invention
aims at a greater efficiency in exploiting the energy of a hydrogen- and steam-containing process gas

produced in a Btedoctiinrofiptppessagss byatkditi esc duery fiemti dowealarigsetaimimeappstatsator running
the process according to the invention. [0002]The steam reforming process serves to convert a

reaction mixtufgof pteamr e chHEFFERABEES QY3 SesdSIoct IRt Ny¥RNRRRG-Gnriched process gas.

This process r%as is obtained from the steam reforming process at a temperature above 100 C. In most

cases, this te ks%fr%&a@%@%@&%&?%@%asm@ Earfm]%tgﬁWQHBQ@ﬂGEHE%ssmg of
the process gams\wipibbafoe@xanydlenmay-tonpsthiora trastriendt aNdéonamiiocr emse difdlyedayeirogen

portion by pressyie Ry G SRR, & APEAIANAAIGFE55 518 b6 ARIRG pAdDStggses. the
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temperature required for subsequent proce smg r efween 20 and 50C etween'the individual
cooling steps, H[ﬁ%ﬁ%ﬁ(ﬁléﬁ?%@%&ﬁ%érﬁ%\%éﬂ %ﬂW@ﬁ”fé’ﬂ%&@[ﬁHl@” ARIFHIRIAR the reaction of

carbon monoxigariinyvatetinigly thepidensdiaxsiitedrngtb yasaarshti®®04]From the patent literature
various different approaches are known to exploit the amount of heat contained in the process gas for

heating substapges)involygd é?e%ﬂ?' 9o ﬁg’ﬁré'&‘és‘%r‘é’&%% o GBI RS ATHR L&E‘bﬁ’@ tained is

specifically used to preheat the boiler feed Water for the steam reforming process by way of heat
exchange. and hydrocarbonaceous feedstocks into a hydrogen-enriched process gas. This

process gas is obtained from the steam reforming process at a temperature above
100 °C. In most cases, this temperature ranges between 700 and 1000 °C.

[0003] To allow subsequent processing of the process gas, which, for example,
may consist in a treatment and/or an increase of the hydrogen portion by pressure-
swing adsorption or a membrane process, it is to be cooled. In most cases, the
temperature required for subsequent processing ranges between 20° and 50 °C.
Between the individual cooling steps, further reaction steps may be provided which, for
example, may include the reaction of carbon monoxide with water to give carbon

dioxide and hydrogen.

[0004] From the patent literature various different approaches are known to exploit
the amount of heat contained in the process gas for heating substances involved in
and/or outside the process. Frequently the amount of heat contained is specifically
used to preheat the boiler feed water for the steam reforming process by way of heat
exchange.

[0005] In a typical conventional heat recovery process integrated into a syngas
production plant, the amount of heat in the process gas is normally used by generating
a high-pressure steam in a waste-heat boiler in a first step and converting the process
gas in a CO conversion unit into carbon dioxide and hydrogen. Subsequently passage
through various different heat exchangers is provided in order to heat, for example, the
hydrocarbonaceous feedstock, the boiler feed water and/or the make-up water. In most
cases, the residual heat of the process gas is dissipated to the atmosphere via a
cooling section. The condensate obtained in the cooling section is fed to a water
treatment unit, where the make-up water is added, and then directed to the boiler feed
water preheater, from where the heated flow is conveyed to the steam generation

system.



[0005]In a typical conventional heat recovery process integrated into a syngas production plant, the
amount of heat in the process gas is normally used byzgenerating a high-pressure steam in a
waste-heat boiler in a first step and converting the process gas in a CO conversion unit into carbon
dioxide and hydrogen. Subsequently passage through various different heat exchangers is provided in
order to heat, foo@jamplEhtheidaentagednasiest infetsi stosientimbidilert feed watenathddos the

make-up Watefhelﬂﬁ%‘;rﬁéf%ar}eaﬁt H??hreiﬁiadatf%g *ﬂ“r‘é‘k?&t&% ﬁ%%cﬁﬁ%ﬁ?esa'\fegiﬁ%‘%f’éegomé%o%tmﬁphere via

a cooling section. ensate obtained In the coolifig section Is fed to a water treatment unit,

where the malk&ti Weatdias adneis! spadensaiiredbis fomaensslionfssyegbiordtireheifdtdm where

the heated flove iz Eag RYRAUEHEICSHAG) @RRAMAERRSESEMdiRdOPRSIdbs sisag vantamedmadved in
this conventionﬁl heat recov rE}/ Fpert]hoc(ij.is thﬁ%@{a npla'oi rﬁ)art r(])frthe. hﬁ%t] of th © process gas which
leaves the COacgna{/g' IOFURNPRE1RR RERTRSTS %Bl CORaRNEEIBA. THiIPROMUBRER BN %%’ubject toa
pinch effect rei@lthimshreffeatiisdefinedlipytheriphraxiketion wéipeliffiopkrasuessfdwthelreamaityd heat

and a significapkippigndmpisatpaiemia dheAimpsrhare Yimb BraAming saion tigrgisthe pinch effect

is defined by the approximation of the temperatures of two streams, by which the temperature
difference betMWEMHRING YA oIs YR apl R gt iimy Fheed Al RIS 7610 ¥ Bheat

exchange. In thiscesy gadgets lentogeipioitetie process gas gets lost unexploited. [0007]A proposal to
avoid this problem is disclosed in US 2006/0231463 Al. Here, water is heated and fed to a water

treatment unitydhfypt wWalg PSR fomdRisbbRire LW IS B Rigpm gRAErator and a
second water stream to a first boiler ]:%ed water preheater. Proc,es/% gas for heat excgliagrrsqgg]is passed
[

through both JAHE: HREl/3RPLRE ANCJBELIR B isTh TRRIRR ML YL WRRY SheaiR Sibdivided
into two partialisireanirsciad toentaw-twes auidi Stesah lpeiter deecndhtes qua@itbatees  stheafirdo af fire two,

hereinalter efeyes iSRRG BRANAEIRRIeAE T IS REAAARSABPIRGESA B3R O heat

exchange, and the second, hereinafter referred o as boiler feed water preheater 2, being passed by
flue gas for he#tiExdREntRICTRESRID AR EIME B BEsiRodaT dps It HRlTBRER® ntioned boiler feed
water preheatetddivddtiteintoanegyatdostreasieantgenetatvwo additifna0BhTbefckshtisrmntage involved in

thi tem i h h [ ler f t th h whi [
passed s Subleel S i AL TR e g et e .

The general n#lsappissParfeth By Hgepshdasiounedf peanese aVddhe $RESIAgeIRINethis unit, the
higher the usefsicheattyialdpdike Rdbdidtpprehtgnateerigerssbelioye ragaiingigh boiler feed

water preheater 1, howeyer, results in a limited amoupni of boiler feed water passing through the unit so
tnat 2 notable SOHBID8Y HE AR SN CH DR pLaE B T e e R e RIS R v the
cooling sectiowatespagiyciatere s thest edneeyterto-thagdieans gaetsrdistnuikploited. In addition, part of
the heat of the flue gas is used to heat the boiler feed water. This heat portion of the flue gas is thus no

longer availabfgdesithe aThidisteARNERREFAIMNB in this system is that the heat exchange in boiler
feed water preheater 1 through which process gas is passed is subject to a pinch
effect, thus restricting the desired heat transfer to a very limited degree. The general
rule applies that the larger the amount of boiler feed water passing through this unit,
the higher the useful heat yield. The subdivision of the water stream before passing
through boiler feed water preheater 1, however, results in a limited amount of boiler
feed water passing through the unit so that a notable portion of the heat contained in
the process gas is dissipated to the atmosphere via the cooling section - usually in the
form of air coolers — and thus gets lost unexploited. In addition, part of the heat of the
flue gas is used to heat the boiler feed water. This heat portion of the flue gas is thus
no longer available for the actual steam generation.

[0009] A further disadvantage involved in the interconnection of the individual units
in US 2006/0231463 A1 is that the water to be heated and then sent to the water
treatment unit is to be heated via the amount of heat contained in the process gas. The
water treatment unit usually consists in a degasifier, which is mostly operated at
approximately atmospheric pressure or slight overpressure, typically below 5 bar



[0009]A further disadvantage involved in the interconnection of the individual units in US
2006/0231463 Al is that the water to be heated and then sent to the water treatment unit is to be
heated via the amount of heat contained in the process gas. The water treatment unit usually consists
in a degasifier, which is mostly operated at approximately atmospheric pressure or slight overpressure,
typically belowdbbdyrin ¢adis. joiremisier 46 neuob\ewyaemaah akyggasasdrothéiegases opoisdater as

possible. Con¢ept e f f.ihi ter ir it is
Coneany e EEUe S FRME S oL by Siea LA AN,
heated by the iBigaty At darbeheasib8Bs anfhead-a teppigalturthanmier 0oy PHeasforeUth additional
control deviceripwstHe FENEdRA I8 ensheatitahtbpdampapiseekthessdrpPli¥misantodbe water

treatment unit t exceed the Jimit of 95C. In this wa e heat.of the proces cannot be
orloted comitS Phererae s arem L et dhV el e Eiged 1 BORSE EA s e
atmosphere. [EMP§THErprefdbatsvveiititiedad hewitercigadt enjains ttes batkytoad dheflimi
above-describgystate, Hiﬁﬂev\?a@; Wishthe &iméw@é@% @‘é@i@a@iﬁo@% QEBRSHER 68&#5@&9%%1 of

process gas which does not involve the afore-mentioned problems related to the heat recovery from
the amount of A8 &PELIEEA LFIAUR pRb LAY JisFiRaIe g HRS BRI AL L PBE\RIRORPEE S gned even

more efficiently. It is also the subject matter of the invention to disclose an apparatus to run the
process accorfifl0b the Thedrgeen ouen)phivas henedevtippedmeiipighethaskaseonesf frecess in

the steam ref(&ﬂ?ﬁ@dﬁé&)’i@@&ﬁ@%@Wﬂ?@ﬁﬁ,‘fﬁ/ﬁﬂfi%% meROaRfigka p%d@?%ﬁl%ea_m reformer
generates a process ig?SBﬁlhICh contains a first amount of heat, and a flue gas Whl%h contains a

second amouft ST YRESE BHRIBFRTAGET IASE JRRRSNAER I A HARPUPREHREAR'EIE a cooling
section, a highdiatepdoatiadeaimeensieny tmit) Hitd @astuniophess aoataoestinghmpncaskegss and

consumer and, e a0 oS PREOEEh ARSI OLIARING BEBTRSS AR e generated

process gas containing the first amount of heat passes the high-temperature conversion unit, where it
is, for the mosTBHR! oedrENifG 15610 AIRPBRAGHY dPdYBHN S REPSRRTRCANDRE IRk
heat-containingyaietzess gas is directed into a first heat exchanger for subsequent heat transfer, and
afterwards into at least two more heat exchangers which are operated as boiler feed water preheaters,

product condejgpAte heakgiChaRgRES S B URERSHICNER5RIRES IGCRLS FPPRSSIRgHN series in any

sequence desired, the process gas resulting from the low-pressure evaporator being first fed into a
further boiler &AM MRS PHRYARLRPNREFRYTISCERORY R FarRIS LRSS R JAMBICEASIRABY the boiler
feed water frorefthenevajendreisrepidseis giierwiiubizoheaproadsst gasohtaineshpasees flne gavling

section, where,jlis, fter %%oé%@cﬂ@f&?otﬂ?ﬂ & ﬁ8QEﬁ%%?§§%ﬁ¥¥ﬁ?@é’sf@&'l¥e de%%g%‘?&% one unit for

subsequent processing of the resulting process gas ermore, a deionised water stream is

sent to a seconatReteaiReringd: AHENING IRsHRTH aTHehdepRrel P AR \GHEamMURBnitRASEMOhd heat
exchanger is gjresiacbipo siaipgssing it He oMatesiseaigreniduile e dilenitgetsusdesséi@am from

processing of the resulting process gas. The generated process gas containing the first
amount of heat passes the high-temperature conversion unit, where it is, for the most
part, converted into carbon dioxide and hydrogen, after which the resulting heat-
containing process gas is directed into a first heat exchanger for subsequent heat
transfer, and afterwards into at least two more heat exchangers which are operated as
boiler feed water preheaters, product condensate heat exchangers or low-pressure
evaporators, and are connected in series in any sequence desired, the process gas
resulting from the low-pressure evaporator being first fed into a further boiler feed water
preheater, where heat energy is transferred to a partial stream of the boiler feed water
from the water treatment unit, after which the process gas obtained passes the cooling
section, where it is further cooled generating a condensate flow, and finally fed into at
least one unit for subsequent processing of the resulting process gas.

[0012] Furthermore, a deionised water stream is sent to a second heat exchanger
for being heated. The deionised water stream from the second heat exchanger is
directed for degassing into the water treatment unit, the boiler feed water stream from



4 the water treatment unit passes a pressure boosting unit and is subdivided, a first part of the boiler
feed water stream being sent to the low-pressure evaporator, where a low-pressure steam is
generated, and the generated low-pressure steam is subdivided and a first partial low-pressure stream
is directed for heat transfer to the water treatment unit and a second partial low-pressure stream is
sent to at leastheneateniseanaent bisitgecsod parbdabsicasuosthipunipLarsisreutidiaiaenayfadspdre used for

preheating Otho‘?rtﬁ’éoocg‘?%? 5 bﬁa?%gﬂé%jf@géﬂ\% esee%?%ct'ﬁé’iom?g@s%éﬁﬁg%?}%ﬁ? £prhupe Pidipide

battery limit. A'second part of the ter stream IS passed through the second heat

exchanger forRFRSPHIHBISaBIiIE AERYaiRthsfed HifdosmssaigddowpirSUthsirRTbIS Hide Hened @fbd water

preheaters forgisipherieshbyie ieaiamausuresiadted iBdhedpsesstaasard fieatyegenveyed to

the steam gener?tiora unit. [0013]In the deaerator of the water treat{nent unit, the deioni.?ﬁd water is
ni rc1) 81 rt ! [

degassed from & r%réjo? f)%cr 'c?xy%vtve'rﬁ) 'S HE%&H%%W%E?QF E?oilﬁegaﬁh?cqlse ﬁ%'lnf bEHdded as, for
example, amnsenfdopaitipistiegthef [sw\RikssUThelgaaduey relsalbiadgseshiomhipseleatirgathisreferred to
as boiler feed waterJAAMHNIGA RESRRIIGRRRIENLHRiby R FandeRsAIf v drstisaaaling section

is passed to the product condensate heat exchanger for being heated by the heat amount contained in

the process gdTbALFSAANhARE Udhadrlstd st VR Heteam SRt sRse BN IRSRePgd 8 m the first
heat exchangextinsingensqoribde paiobp serolgreegfinstside afeeslbssgu@rdhtateghromainiveat energy is

ansferred to pigjeLdged AL URA SURSFOMENI A PIRYELFRERPAIR ReRL KClgnaer, where

heat energy is transferred to a condensate flow, and from’there the resulting process gas is directed to
the low-pressi@EAFFa R AN AP RLPYEedN SRR $89aHeRBH from a boiler feed water

stream by means of the heat amount contained, from where it is sent to the subsequent steps of the
defined proce$80di33in. [0016¢i deawsther driieodatee iteattieninvintienddienisedesgayas from the first
heat degassed from a major part of the oxygen. Subsequently other dosing fluids may be
added as, for example, ammonia for adjusting the pH value. The product resulting from

this treatment is referred to as boiler feed water.

[0014] Via a pressure boosting unit, the condensate flow from the cooling section
is passed to the product condensate heat exchanger for being heated by the heat
amount contained in the process gas, after which the condensate flow is heated again.

[0015] The process gas from the first heat exchanger first runs preferably through
a first boiler feed water preheater, in which heat energy is transferred to a boiler feed
water stream, subsequently a product condensate heat exchanger, where heat energy
is transferred to a condensate flow, and from there the resulting process gas is directed
to the low-pressure evaporator, in which low-pressure steam is generated from a boiler
feed water stream by means of the heat amount contained, from where it is sent to the
subsequent steps of the defined process chain.

[0016] In another embodiment of the invention the process gas from the first heat
exchanger first runs through a first boiler feed water preheater, in which heat energy is
transferred to a boiler feed water stream, subsequently it is sent to a low-pressure
evaporator, in which low-pressure steam is generated from a boiler feed water stream
by means of the heat amount contained, and from there the resulting process gas is
directed into the product condensate heat exchanger, where heat energy is transferred
to a condensate flow, from where it is sent to the subsequent steps of the defined
process chain.



exchanger first runs through a first boiler feed water preheater, in which heat energy is transferred to a
boiler feed water stream, subsequently it is sent to a lQw-pressure evaporator, in which low-pressure
steam is generated from a boiler feed water stream by means of the heat amount contained, and from
there the resulting process gas is directed into the product condensate heat exchanger, where heat
energy is trangfeep to aAcvadrigesisiane paesdgae ftomshatiiettheas elhskagpntiste psnef the defined

process chain h?ol%%? ﬁ%&@??&%‘éﬁ%éﬁ%g{ Engar ?Eo\ﬁhF&?tﬁEsﬁgﬁaén%’?ﬁg@ﬁgﬁiiéﬁefb‘”S

through a product condensate heat exchanger, in w the heat energy Is trarisferred to a condensate
flow, from ther® R F@RSEAPSIRYHOM B thBIR 1 e NEREYIbHaR EEREROIIRREhVRIEE RiSBRRAJGS thansferred

to a boiler feeghMigheicsir eABrgRRFtARNdESIRBSEBEIEY Rt WRIGSSHERRVARPEALRY it ¢ eieskMppressure
steam is generated from a boiler feed water s}rea_lm by means of.the amotu%t of heaﬁrocpn inged, and
subsequently ﬁw&“r”e%ﬁﬁ%‘br%%éggé%%svi’s B QR T & LY R SPLRAS O T A& BFScess
chain as desctilater alseee. by meanbeof theboriondef bedgisintaintidrattbsphsegssibstifiiom the product

condensate hegl sl ARSEIsL s estAbianab the dISRRIeH GBWRIRE RETRREroug AR energy

is transferred to a boiler feed water stream, and then through another product condensate heat

exchanger, betSi2SRGERAFERRBYGNS FE TBR-praRtirecal ahBiatBrefinn RdYEseRs FasdEmiisugh the
subsequent stppsioditbendefinaie peatessiamger (00 Biniotheypibssiinde Eitdyddedevdtef the invention is

that the process,gas loq b HsheRL &/ ShRAYBL IS IEShUNR AR A IBRUFL EANARATALG heat

exchanger, where heat energy is trans 0 a condensate flow and to a partial stream of the boiler

feed water stréHRHINARAKIRER RALCHSQBERNERIAEF3)LKFE3BARE OFEYEAIS RIS IR IPPS¥re steam

is generated figraseuboiespeestonaiorsiveard ibls ames airtighes ssigyuenntaspedchians the resulting
process gas is dtef?%ré a)arsosee% to rt]he;1 subsequent steps of the defined process chain. [0019]Optionally,

the process gas Ieaviﬁg e Tirst heat exchanger is sent for subsequent heat transfer to a further boiler
feed water preheater, which is fed with another partial stream resulting from a further subdivision of the

second part ol ¥4 &oiler fERRREF SRR RAFERSRAS T H dR oM AR B RIGRESHHRRHE Bessure
boosting unit ahel fihg isesond hnigsrfeed Yirstenpie/teaigndiad dsritessticheahealeshger, where

heat energy is transferred to a condensate flow and to a partial stream of the boiler
feed water stream, from where it is passed to the low-pressure evaporator, where low-
pressure steam is generated from a boiler feed water stream by means of the heat
energy contained, and the resulting process gas is then passed to the subsequent
steps of the defined process chain.

[0019] Optionally, the process gas leaving the first heat exchanger is sent for
subsequent heat transfer to a further boiler feed water preheater, which is fed with
another partial stream resulting from a further subdivision of the second part of the
boiler feed water stream which has passed the water treatment unit, the pressure
boosting unit and the second boiler feed water preheater, and is thus further heated.

[0020] The process gas leaving the first heat exchanger and/or the further boiler
feed water preheater is preferably fed into a low-temperature conversion unit, in which
carbon dioxide and hydrogen are formed, from where it is passed to one of the
downstream heat exchangers of the defined process chain.

[0021] In a further embodiment of the invention the process gas which has run
through a heat exchanger is subsequently passed to a separator, and a resulting liquid
stream is separated from the heat-containing process gas and united with the
condensate flow from the cooling section and from other separators, and this mixture is
passed via the pressure boosting unit and afterwards through a product condensate
heat exchanger for being heated by the heat contained in the process gas.



[0020]The process gas leaving the first heat exchanger and/or the further boiler feed water preheater
is preferably fed into a low-temperature conversion unjt, in which carbon dioxide and hydrogen are
formed, from where it is passed to one of the downstream heat exchangers of the defined process
chain. [0021]In a further embodiment of the invention the process gas which has run through a heat
exchanger is §0032puentppassaoits dusepataivsadioe pess tiegphopasssierdor subepauated from the

heat- CO”ta'”'”QeBWFa g %@&ﬂ%%‘ﬁ&éﬁ? SRR S‘%t%ﬁ) QY Jrer a‘%88'f é@%%t d from

other separators, an |s mixture 1S passe Via fhe pre sure boosting u tand afterw rough a
product condéﬂ%ﬁf@%&ﬂ@ﬂ%ﬂﬁé@afﬁ%H?ﬁd%ﬁf@%ﬁb;ﬁtﬁéaﬁéﬁtt@bntalned in the process gas. 6
[0022]Optionally it is further advisable to pass the process gas for subsequent heat transfer through
additional hea[(maﬁjange‘r‘he/\rbiateamohramguat&ﬂl #artheforodegotipgireaanband@ownstream of the

low-pressure quapqIR b AeahEng g?éam%as?ﬂa@w?ufé?ayﬁ%&éeieémmgg%w&mqwbonaceous

feedstocks by means of steam Is suited to run a process according to claim 1, consisting of a
sequence of egRNBIFHES ‘Pﬁe@ﬁ@%ﬁeﬂf@ Bfi@%@@“éﬂb‘l‘@ﬁ&@@&@ Qﬁ?@ﬂ%ﬁfg’@?ﬁéﬁ@éﬁqperature

conversion ungomblesisd @urghaahwbmm@emv@r@wwIngtsaﬁtéy'staedraﬁelﬁa@tdh@agm fecsvgequent

processing of the resultlng RIOCESS | yvher in conve gellnes ap?hprowdhad to mterconnect the
t one St Qr subsequent Processing of the resu r%%process

individual devices wae}?]elr gasou 813 an gas inlets convey € Process g

wherein conveying lines are provided to interconnect the individual devices via their

gas outlets and gas inlets to convey the process gas.

[0024] The apparatus for steam reforming further comprises another heat
exchanger, a water treatment unit, at least two pressure boosting units, at least one
consumer, a device for the inlet of a deionised water stream into the subsequent heat
exchanger, a device for transferring the deionised water stream from the before-
mentioned heat exchanger into the water treatment unit, a device for transferring the
boiler feed water stream leaving the water treatment unit into the pressure boosting
unit, a device for subdividing the boiler feed water stream leaving the pressure boosting
unit, a first feed line being provided to transport a first part of the boiler feed water
stream to the low-pressure evaporator and a discharge line for removing the generated
low-pressure steam from the low-pressure evaporator, comprising a device for
transferring a first partial stream of the generated low-pressure steam to the water
treatment unit and a further device for transferring a second partial stream of the
generated low-pressure steam into the subsequent consumers, and providing a second
feed line for the transport of the second part of the boiler feed water stream to a
subsequent heat exchanger, and from there discharging a feed to the second boiler
feed water preheater and from there providing a discharge line to the first boiler feed
water preheater or to a product condensate heat exchanger and/or directly to the
subsequent steam generation, and providing a device for transferring the condensate
flow from the cooling section via a pressure boosting unit into one or more product
condensate heat exchangers.

[0025] It is of advantage to arrange the sequence of equipment items for the
passage of process gas in a series connection of a high-temperature conversion unit, a
first heat exchanger, a first boiler feed water preheater, a product condensate heat
exchanger, a low-pressure evaporator, a second boiler feed water preheater, a cooling
section and at least one unit for processing the resulting process gas, in the given

sequence.



[0024]The apparatus for steam reforming further comprises another heat exchanger, a water treatment
unit, at least two pressure boosting units, at least onedgonsumer, a device for the inlet of a deionised
water stream into the subsequent heat exchanger, a device for transferring the deionised water stream
from the before-mentioned heat exchanger into the water treatment unit, a device for transferring the
boiler feed wajeo2sieam leavinghtreadiaiemnteainenbodimeto shitherggsieguspirtisgnusicaslevice for

subdividing th%@?ﬂ#ﬁr fﬁ‘?t%ﬁﬁ’ﬂSF %«5}1%%%]5%@9 g&?g%‘c?egé HEB Qe W% s 2t d8fd e, being

provided to transport a first part o d Wate stream to the low-pressure evaporator and a

discharge line W@hr@m@iﬁ@@fﬁé@@%ﬁﬂé& nwagtissSers exchandrsnd tetiballgriesslina®aporator,

comprising a geyiteaier, Hanwipresd R R fRHial, Siiseauel dbedanpgiaeHeuRrasBdshatBaiIerto the
water treatme?t unit %nd aeert er deCV|cEnfor tr sfeF]r setcgr?ed r |a}l %ream of ne generated
low-pressure Steam o fhe 'S5 eau8?1 Boigt rﬂer% wdmbpa <8l 8?3%8q|ne for the transport

of the second rmnlmgrmd@@ﬂemmﬂm@mmu@r@%ubsequent heat exchanger, and from there
discharging a feed to the second boiler feed water preheater and from there providing a discharge line

to the first boilpoiegd waBselIRaies Sédeend ofuglipansieneaie fwaﬁ@mbwaa@dlﬁ@di@@@tly to the
subsequent steam SC{eneratlon and royldlrgjg a dewge for trtansferrln the coqdense%tﬁ? low from the

g seriés con Jigh afUre conversion g e
cooling sectiofi Vi3 & pressuré BOOSting dni Ne or mote product condensate Lxchangers.

[0025]1t is of aeXxeiraagRs.te awdngecmg@@:ﬁi@ﬂ@@tcﬁ@q@m@mﬂféhb@w@r ferdpraisagecbepieicess gas in
a series conngsHAsadighaisirner; 3&%&696\&%%%88Wa%é‘#@?éﬁ%@%&xﬁf&w% goétisheler feed

water preheater, a product co densate hea er, a low-pressure evaporator, a second boiler
foodt water predSAl SR BOG SLOuErP AAd 1o 1ES00 Ghe GRAD PR eoG A B PR, procees oas,

in the given sequence. 7 [0026]in a further advantageous embodiment of the apparatus, the
sequence of el@gBhent iReigrrtHibeRetRNE PheaCENBRM dVBALKIMRASIAISsE BPR_SfoN of a

high-temperatyeg eoRsiefSian Walied 6ahBemseychangeten dbritbRilesioad wripfideneptata
low-pressure orator, a duct co densa@ reh ater a second boiler feed Water\gereheater, a
cooling sectiof A ATk AP B4 G 78P Rre S REit 5 HHRAE i D RrBIESSY L AR i sequence.
[0027]Optionasigotre dmijae fess ofateiuipehentdatemsof@inghecotiss ayd of leartase gad twnsists in a series
connection of ?r@é%@s‘iﬁﬁ%%@é&‘uﬁuﬁ&BY&S@&%’”QHQ'ﬁn%ﬁgﬂ\%%@d@ﬁé&g%&&ﬁo%%eeWS‘P“Sﬁte heat

exchanger, a first boiler feed water preheater, a low-pressure evaporator, a second boiler feed water
preheater, a cHBﬂﬁ@@@@ﬂ%ﬂréhﬂaélﬁbgé?%ﬁé’tlm'%F?J‘?Bd’@?fnﬂrﬁ?é"}ggmmﬁ BRI fiPthe given

sequence.  water preheater into a product condensate heat exchanger is provided as well as a
further device for transferring the second partial stream of boiler feed water stream
from the second boiler feed water preheater directly to the steam generation.

[0029] Another possible embodiment of the invention provides for an additional
third boiler feed water preheater in the sequence of equipment items for the passage of
process gas, the gas inlet of which is connected to the gas outlet of the first heat
exchanger and the gas outlet of which is connected to the gas inlet of an optional low-
temperature conversion unit or a subsequent heat exchanger, and where a device for
transferring another partial stream of boiler feed water from the water treatment unit
and the second boiler feed water preheater ends.

[0030] In a further embodiment of the apparatus, a low-temperature conversion
unit is integrated into the sequence of equipment items for the passage of process gas,
the gas inlet of which is connected to the gas outlet of the first heat exchanger or the
additional third boiler feed water preheater and the gas outlet of which is connected to
a subsequent heat exchanger.

[0031] It is of advantage that additional separators are integrated into the
sequence of equipment items for the passage of process gas, the gas inlets of which



[0028]Preferably the sequence of equipment items for the passage of process gas consists in a series
connection of a high-temperature conversion unit, a first heat exchanger, a product condensate heat
exchanger, a low-pressure evaporator, a second boiler feed water preheater, a cooling section and at
least one unit for processing the resulting process gas, in the given sequence, wherein a device for
transferring a tirstqoarisiisty eameod dxodetidace! Wetasspiseivs inostidhe seadogchailgefead water

sferting iscars | .
ansforng tha e o T s S ey e AT A s A0 SN R arer

preheater direBtRERSIE L BRCQRERAISEI00 PHBthuIth s shftsaEIRvaifAE e @9 ntion

provides for ancalitipine Bhod bedenderdivaier RiabrRatag héhe resnnnse el aarmpmessdipgs for the

passage of process gas, ghergglscinlgrt] é‘ r\]/vh{gq"ias concrhe(%]tedr tongme r8as %t\l}lat of tpe S1"ir|'rs,t heat
exchanger andthe gas o atREPBF WAV R égnnec?(teﬁ)&o ﬁug%a% higEran op igr%lelsovld-?emperature

conversion unitaestinguidiequent heat exchanger, and where a device for transferring another partial
stream of boiler feed water from the water treatment unit and the second boiler feed water preheater

ends. [0030]IneoBzther amhagtimasrabdasrripparatesndciasriendpesatlcikayessieagnit is integrated
into the sequence of equiprpent items for the passa eRf. rocess gas, the s.'%nlet 8|ftiWhi?h IS
e

connected to e g%%%d%é %Qrtﬁtgqi'rrs] AT RXE %rnge'F orne g@&'t'o%%'l“ﬁﬁr %.F‘e‘?‘? ed Water

preheater andiftRegis angdiet prowigh indavinetiedneyided vsbcpidischemedinshiangenvio®l jhes of

advantage thag aditie @%W@ﬁ%@@éﬁaiﬂ%g@%%ﬁ@fm%%%%tﬁé REHIRIMEAL HRW S f the
passage of pr(t)cess as, the gas inlets of which

he cooling section into a product conc?ensate heat exchanger.

[0033] A further embodiment of the apparatus according to the invention is to
integrate further additional heat exchangers into the sequence of equipment items for
the passage of process gas.

[0034] It is of advantage to use an air preheating unit as a consumer which is
designed for the passage of low-pressure steam in order to preheat ambient air.

[0035] In addition, it is recommended to provide a pressure-swing adsorption unit
or a cooling box as a unit for subsequent processing of the resulting process gas.

[0036] Optionally, another device for subdividing the second stream of low-
pressure steam may be provided in addition so to establish a feed line for air-
preheating and a feed line to further consumers.

[0037] The invention is illustrated below in more detail in an exemplary fashion by

means of seven figures, i.e.:

Fig. 1: shows a process diagram of the process according to the invention for
the recovery of heat from the steam reforming of hydrocarbonaceous
feedstocks by means of steam.

Fig. 2: shows an alternative integration of the heat exchangers represented in
Fig. 1 into the process for the recovery of heat from the steam reforming
of hydrocarbonaceous feedstocks by means of steam.

Fig. 3: shows another advantageous process variant for the recovery of heat in
the steam reforming of hydrocarbonaceous feedstocks by means of



are connected to the gas outlets of the respective upstream heat exchanger and the gas outlets of
which are connected to the respective heat exchangef downstream in the process chain, and which
are each provided with a discharge line for the produced liquid, which ends into the device for
transferring the condensate flow from the cooling section into a product condensate heat exchanger
and is passed via a pressurstdzposiinghichitp[0E32] iaa pagbey wrobgHithe ptafubiecindsnisarea second

boiler feed water preheater r%%\]/ |crﬁ=i{sﬁ ""im?)ﬁ@gﬁ‘a‘ﬂ%é. Sﬁ%i%i%é)%%%%g%%g%ﬁgﬁ r\_/vith additional

internals and/or packings a rov with a arge line for conveying the obtained
process condensate into the device for transferring the condensate flow from the cooling section into a

product conderigaie heat exsaaraaio{RSSslenipriiet aahosiime metbimenparstuscaassarding to the
invention is to integrate further additional h ﬂ excganr%ers igi%?ethe sequence of equi meqt it

s for
the passage of process gas?méﬂﬁrf'sugfe dV&hta hee {OULATET %?e calNGURT 3s 'agﬁbng%eé?er
which is designed for the pas#ajdahef towrésiheilstdaad inated erebgateneat ambient air. [0035]In
addition, it is recommended to provide a pressure-swing adsorption unit or a cooling box as a unit for

subsequent processing of the resulting process gas. LOOBG]O,ption,aIIy another device for subdividing
the second str@gn?bf lOW- supplements the representation of Fig. 1, in which various optional

elements are integrated into the process such as a third boiler feed
water preheater, a low-temperature conversion unit, an additional

optional separator and a heat exchanger.

Fig. 6: shows the additional integration of a further product condensate heat
exchanger into the process chain according to Fig. 1.

Figs. 7A to D: show the graphic representation of the temperature decrease of the
process gas (dashed line) and the heating behaviour of the individual
media (solid line) by the energy transfer involved in the process
according to the invention.

[0038] Fig. 1 shows a process diagram for the recovery of heat from the steam
reforming of hydrocarbonaceous feedstocks by means of steam, in which the produced
heat-containing process gas 1a first passes through a high-temperature conversion unit
2 where part of the carbon monoxide is converted to give carbon dioxide and hydrogen.
The resulting heat-containing process gas 1b is then directed to a first heat exchanger
3 for subsequent heat transfer. Subsequently, heat-containing process gas 1c passes
through a first boiler feed water preheater 4, where the heat contained in the process
gas is transferred to preheated boiler feed water 14e which is discharged from water
treatment unit 13 and has passed through pressure boosting unit 25, heat exchanger
16 and boiler feed water preheater 8. Deionised water 12a is heated in heat exchanger
16 and the heated deionised water 12b is sent to water treatment unit 13 for degassing.
If the deionised water is preheated, this involves the advantage that one side of the
heat exchanger need to be designed for low pressures only and part of the heat
exchanger may therefore be fabricated of low-alloy steel, which will save cost. This
results in boiler feed water 14a which is then preheated as described above. The
resulting boiler feed water stream 14f is then conveyed to the steam generation for
subsequent processing.



pressure steam may be provided in addition so to establish a feed line for air-preheating and a feed
line to further consumers. [0037]The invention is illustrated below in more detail in an exemplary
fashion by means of seven figures, i.e.: Fig. 1:shows a process diagram of the process according to
the invention for the recovery of heat from the steam reforming of hydrocarbonaceous feedstocks by
means of steafp039y. 2:shbwvscan-adietnditiyerotegeadias of die e gtexcnabgiss fieprestnted in Fig. 1

into the proce??éﬁé&%‘?é‘%&%\ﬁ%%&&&%‘ JERILING PSRN SiARING R (O RNae QMR e gstocks
by means of steam. ig. 4:

transfers heat to process condensate 15a which has passed pressure boosting unit 27

and been obtained from cooling section 10. Preheated process condensate 15b is then

used for subsequent heating.

[0040] Process condensate 15a is collected by separators of cooling section 10,
which, in this example, comprises an air cooler and a water cooler, and is reheated in a
product condensate heat exchanger 5. This process could be carried out in a reaction
vessel supplied with water, in which at least part of the steam to be separated from the
process gas condenses by direct cooling and is discharged with the water used for
cooling. If such a vessel is used, it will be possible to preheat the process condensate
even further, which would be an advantage, as the higher the preheating degree of the
process condensate the higher the amount of heat in the flue gas used for other media
and the steam generation.

[0041] Heat-containing process gas 1e resulting from product condensate heat
exchanger 5 is subsequently passed to low-pressure evaporator 6 where the heat is
transferred to part of the boiler feed water stream 14c generated in water treatment unit
13 and has been pressurised. Low-pressure steam 19a thus obtained is recycled in a
first partial stream 19b to water treatment unit 13, whereas a second partial stream of
heated boiler feed water 19c is fed into a consumer, in this example an air preheater 18
which serves to heat ambient air 17 which is subsequently used as combustion air 20.

[0042] Heat-containing process gas 1f resulting from low-pressure evaporator 6 is
subsequently fed into boiler feed water preheater 8 where partial stream 14d of the
boiler feed water generated in water treatment unit 13 is further preheated before it is
transferred to boiler feed water preheater 4. Process gas 1g resulting from boiler feed
water preheater 8 then passes cooling section 10 where the process gas is further
cooled and a condensate flow produced, and condensate flow 15a is passed into
product condensate heat exchanger 5. Finally the condensed heat-containing process
gas 1h passes through the unit for subsequent processing of the resulting process gas
11, which may, for example, be a pressure-swing adsorption unit, where the generated
hydrogen is separated from the process gas.

[0043] Fig. 2 represents a process variant of Fig. 1. The difference between Fig. 2
and Fig. 1 is that heat-containing process gas 1d which leaves boiler feed water
preheater 4 passes first through low-pressure evaporator 6 and subsequently product
condensate heat exchanger 5. The interconnection of the individual equipment items



Fig. 5: steam, in which process gas passes through the product condensate heat exchanger upstream
of the first boiler feed water preheater. shows another exemplary variant of an interconnection of the
heat exchangers used. Here, the major difference as compared to Figs. 1 to 3 is that there is no first
boiler feed water preheater. supplements the representation of Fig. 1, in which various optional
elements are integrasashiitectbe. MMaceasrgychoasanthif thbaiteiateathovaien pigheaieweer,

Iow-temperatugﬁo%q)@ggrg)i(g)fg&gg gBeaﬁil iﬁigrnal optional separator and a heat exchanger. Fig. 6:shows
the additional integration of a uri[her product condensate heat exchanger into the process chain

according to Figgl. Figs. 7A to D: show the graphic representation of the temperature decrease of the

process gas (d9%# line) SHH 8 EMRLINEBERRNBYP &F fHE-AdNI8GHIFHRAE (&I HE R the energy
transfer involveehinctiregimvcass eesogdisn ddocthetimy @ntiohe #0638 Rig)et Sipavisea throaghs diagram for

the recovery of eSO SE AT EIRATING L By arashenageoLh [adbiagis ayneans of steam.

in which the produced heat-containin _ 5 la first passes through a high-temperature
conversion un@treheater 4. The interconnection of the individual equipment items remains unaffected

and is analogous to the sequence of equipment shown in Fig. 1.

[0045] In Fig. 4 boiler feed water preheater 4 is completely omitted. Here, heat-
containing process gas 1c obtained from heat exchanger 3 is directed to product
condensate heat exchanger 5, from where the resulting heat-containing process gas 1d
passes through low-pressure evaporator 6 and subsequently boiler feed water
preheater 8. Preheated boiler feed water stream 14e generated in boiler feed water
preheater 8 is subdivided in this example and a partial stream 14f is passed via product
condensate heat exchanger 5 together with product condensate 15a, where it is
submitted to further preheating. The second partial stream 149 of the preheated boiler
feed water is conveyed to the steam generation.

[0046] The interconnection shown in Fig. 5 includes further optional equipment
items of positive effect on the process. Basis for the description and the specification of
differences is Fig.1. Heat-containing process gas 1c from heat exchanger 3 is passed
to an additional boiler feed water preheater 21 which is fed from a further partial stream
149 of the boiler feed water stream, which has been preheated in boiler feed water
preheater 8. The resulting heated boiler feed water 14h is also conveyed to the steam
generation and hence further used. According to the embodiment shown in this figure,
the process water resulting from boiler feed water preheater 21 is subsequently passed
to a low-temperature conversion unit 22 where carbon dioxide and hydrogen are
formed. The resulting heat-containing process gas 1e subsequently passes boiler feed
water preheater 4 and product condensate preheater 5 as shown in Fig. 1. Process gas
1g resulting from product condensate preheater 5 is subsequently passed into
separator 23, where the obtained process condensate 15c is separated from the
process gas and - with the other process condensate flows - directed as process
condensate 15d via a pressure boosting unit 27 to product condensate heat exchanger
5. Furthermore, the resulting heat-containing process gas 1h passes through low-
pressure evaporator 6 and separator 7. Condensate flow 15e from separator 7 is also
sent to product condensate heat exchanger 5 together with the other condensate flows
15d resulting from the overall process. Low-pressure steam 19a resulting from low-
pressure evaporator 6 is subdivided into three partial streams. Partial stream 19b of the



2 where part of the carbon monoxide is converted to give carbon dioxide and hydrogen. The resulting
heat-containing process gas Ib is then directed to a first heat exchanger 3 for subsequent heat
transfer. Subsequently, heat-containing process gas Ic passes through a first boiler feed water
preheater 4, where the heat contained in the process gas is transferred to preheated boiler feed water
14e which is deelmegedryaroanaieditenda enivardt ridamadaspasseddhocigbrghessuresmasting unit

25, heat h ' t ioni ' | t
exehanger 16 uTThe e S O A RS T g
the deionised #hEPSPREIRSARE sEiiehirsInaditihan GnaraddE@nsiar oheespiecepHROMERSSxchanger

need to be desgighirdiigrioinasrRsSBEEEHIMY 8 Rt TG E heahsxahg e ebisaietpkefiere be
fabricated of Iow-ﬁll%y séeel which will s% e cqst. This results in boilﬁ: feed v;{gflt(?rr] 4a which is then
| ) 10 % ,

preheated as HEst ey aggggn%%cpggu nabn &rlg‘?sf'éréadsvv\\fgl%lagﬁ%r A0 theh o'rs'nveyed to the
steam generatiorbéstinsahis dguenepracesiitignal 0§a03gjTang e iscomdisd deireesoges eed

discharged frop ReilpEfeatMlpRIGHRRISEdilh sipsequently passed to product condensate heat

exchanger 5 where it transfers heat to process condensate 15a which has passed pressure boosting

unit 27 and b ZP}itaine | fr coolin ction 10, Preheat rocess cpndensate 15b s then used
P Bttt <A i e Rt e S e Bl
10, which, in tRBOENGAAEIQTTHRBrEses A aipresslse ndsingatelt edsied ahdtheratdiietin a product

condensate h%@d@@ﬂﬁ@h@a@@éﬁ@&ﬁ%ﬁg@%@ bersartigs pidsihanieagHqtHRRIQ0PdRRYS R V‘(ith
water, in which at least gart of t?.% stearrvto bBe separated fhom the%{pr cess g%s condenses by direct

cooling and is Hi8ERXFERRORAR thuSVRYRIVESd q‘@ra%%r(’)tﬁ%.t Al 1R R QAL H9E9REBE1SARRPERS possible to
preheat the precassoonteatatbidveantbehsgdiybidreatmg dtheramealiby amitagy sylosethehtighersthe
preheating degfegs.af therocess condensate the higher the amount of heat in the flue gas used for
other media and the steam generation. [0041]Heat-containing process gas le resulting from product

condensate h changer 5 is subsequently passed to low-pressure evaporator 6 where the heat is
ransterrod to DRASK the LoNEAHRROULI SAC QA SHEVARER I ke DEMPEARUIR £2 and has
been pressurisemb_jmﬁmsresahwstéaﬁigl%thm_aaytmmed ietegw@éasiﬁrwiﬁi@mapmmbsneghm 19p to
water treatmenhyiiel 3R RAR GoBESRRG RETPLGLRAT R AR PeLDO AL fRwaler bagisdpd into &

consumer, in this example an air preheater 18 which serves to heat' ambient air 17 which
subsequently Seehy euiRsrs Bl Eiepr aippfut all figures can be used as a basis for the integration.
This shows that the process involves many options to adapt the respective process to

the individual requirements of a plant operator and also to integrate the appurtenant
plant sections into existing plants. Furthermore, it is possible to implement these

process variants in new plants.

[0049] In the case of favourable dimensions, the low-pressure evaporator could be
provided with a safety reserve and, in the event of a shutdown, cool the process gas by
generating and blowing off low-pressure steam. In addition to air-preheating and water
treatment as described above, the generated low-pressure steam may just as well be
used to boil out CO, in a CO, process-gas scrubbing process. The maximum
temperature of the generated low-pressure steam in such case is 200°C.

[0050] Some calculation examples below are used to illustrate the improvement of
energy recovery represented as a total from low-pressure steam, boiler feed water and
condensate flows. They are based on a typical interconnection according to the state of
the art, using a minimum number of equipment items employed in conventional
processes according to the state of the art. Based on Fig. 1, low-pressure evaporator 6
is omitted as well as boiler feed water preheater 8 so that boiler feed water stream 14d
is directly sent into boiler feed water preheater 4. The below tables serve to show how
drastically the present invention positively influences the energy recovery in



[0042]Heat-containing process gas if resulting from low-pressure evaporator 6 is subsequently fed into
boiler feed water preheater 8 where partial stream 14d of the boiler feed water generated in water
treatment unit 13 is further preheated before it is transferred to boiler feed water preheater 4. Process
gas lg resulting from boiler feed water preheater 8 then passes cooling section 10 where the process
gas is further coalpdrand @ caindgsisatinftove precimedsand clandenrsate-deserideal ikgpasskavito product
condensate hgat pxehander 8, binallibe sendansaibeatisaniaing Bretess.gag lpasses through
the unit for subsequent processing of the resulting process gas 11, which may, for example, be a
pressure-swin8osHieABre LR, stdpertaergsrrazneated Hesyenabanssss Al erepAURBCSBLess gas.
[0043]Fig. 2 repepaiyst adfrIesMeasiRRheE bihrdcdstegdifferrnerdrabipre baidiactiacthdg. 1 is that
heat-containing grocess %fas r‘ld which '?%éefs (?\illeg /Lee water preheater 4 passes first through
low-pressure & Egr%rt]oe} EL c?%%%cs',gqoue ty-product Condeneaty neat exchanger S. The
interconnection of the individual equipment items 11 remains unaffected. The energy recovery of the
variant shown in Fig. 1, however, should be expected to be higher. [0044]A further embodiment is
shown in Fig. 3. The difference to Fig. 1 is that heat-containing process gas Ic resulting from heat
exchanger 3 passes through product condensate heat exchanger 5 first and then through boiler feed
water preheater 4. The interconnection of the individual equipment items remains unaffected and is
analogous to the Jaei{eBRACEIRSHIRINGAE Shown in Fig. 1. [@dplp feidodeppiler feed water preheater 4
is completely omitted. Here, heat-
Total from:
steam + boiler feed water +
product condensate

[kW]
Typical interconnection 10,480
Fig. 2 12,670
Fig. 3 13,760
Fig. 6 13,760
As Fig. 3; + integral boiler feed 13,760

water preheater in separator

From this results that the interconnection variant of the invention reflected by Fig. 3 and
Fig. 6 involves a very high level of energy recovery as compared to the typical
interconnection according to the state of the art. Consequently, an increase in the total
of heat recovery of approx. 3270 kW can be expected, which would be unused and lost
in the typical interconnection variant according to the state of the art.

The basic conditions for the calculations are shown in Figs. 7A to D as a graphic
function of temperature and energy recovery. The dashed line represents the
temperature decrease of the process gas depending on the energy contained, whereas
the solid line represents the heating behaviour of the individual media used in the
process. The individual process steps represented in the graphs are reflected by the
inserted reference numbers which are also used in the other figures 1 to 6.



containing process gas Ic obtained from heat exchanger 3 is directed to product condensate heat
exchangers, from where the resulting heat-containinglgrocess gas 1d passes through low-pressure
evaporator 6 and subsequently boiler feed water preheater 8. Preheated boiler feed water stream 14e
generated in boiler feed water preheater 8 is subdivided in this example and a partial stream 14f is
passed via product condensate heat exchanger 5 together with product condensate 15a, where it is
submitted to fli@®ft]preh&dtiiagtaghe resobing fraridhstre@ntiddy of the preheated boiler feed water is
conveyed to the steam generation. [0046]The interconnection shown in Fig. 5 includes further optional
equipment items of positivepasieet ot e rRsess [Basiadanbertesedatieontnaddmspecification of
differences is Fig.1. Heat-containing process gas Ic from heat exchanger 3 is passed to an additional
boiler feed water preheatoerlQ 995 Afh is fed from a further partial stream 14g of the boiler feed water
stream, which has been preheated in boiler feed water preheater 8. The resulting heated boiler feed
water 14h is also tonveyBdHy AR BreARRtIhet D ArAFRERSARESTFRIR MIBRIOML SRIIABNRRRe
embodiment shown in thisehigekentiig@reress watenseseliagfeomhndaiiegdsiatenpipleater 21 is
subsequently passed to a Igwﬁtegﬂpeerr%tgé% %%lavcee{gigg &fga %OerSvtheFﬁ cgﬁg%ni éﬁoxide and hydrogen are
formed. The resulting hea?—corﬁalnlng process gas le su%sequen y pgsses Eoﬂér feed water preheater
4 and product condensate preheater 5 as shown in Fig. 1. Process gas 19 resulting from product

condensate preheater 5 RCSOFEBG IR HIF Falssid 6B EHISPEREPSECWRERS AR B HI R GO 88k
condensate 15c¢ is separai@etiontcdnarnmecsisngBs priheaniiy the ntrspasrimsaedgnsate flows -
directed as process condensate 15d via a Pressyre boostinlgouni{ 27 10 éokg?dyc con entsate heat
[ofess gas ds bro |cf<_a r,}/helnven N[ s Dogeible 10 do wilho )
exchanger S. Furthermon%, e resul m&hea. containing process gas In passes through low-pressure
evaporator 6 and separaf@nyettionabheaitediovinesbieroas skishratieh7wdl griyrdunetd product
condensate heat exchanggigrfiesiRiher wishhroeeathsseeptensate flows 15d resulting from the overall
process. Low-pressure steam 19a resulting from low-pressure evaporator 6 is subdivided into three

partial streams. Partial st f . 5 team is difec t ent unit 13,
19c to air preheater 18 a@gﬁé?gsgu%%gaéﬁéﬁévéﬁé’siﬁr?%@o g%@ﬁéh%éaggt@%%ﬁgﬁ% further
heat exchanger 24 is corfifeifiedaledl sep akervaeidninaL anerghieaavithod peeessiodentinues

according to the processraasuiasseMana migst hetenaisitieoaf Railaptery wiplesdarehreasas. 8, cooling
section 10 and pressure-swing adsorption unit 11. In this embodiment, however, an additional heat

exchanger 9 is provided '?ﬁ'e"‘f@ﬁ%@r%‘c'&fefﬁﬁ&’ gb@é@&@ﬁ&‘ﬁ&}i@"n@ ﬁﬂ%&?&#&%ﬁg&i‘% %&1&98%5‘9- 6
shows another variant of Fig. 1. Process condensate flow 15a from cooling séction 10 Is sent via a
pressure boosting unit 27¢hel tRaAThEARMBIRWAIPSalERER R HeiBrieweBREhahger 28 before it is
passed through product gpaetgrsateshrat exchanger 5. This involves the advantage that the product
condensate absorbs even more heat, which can be used for heating other media in the subsequent
course of the process. [0048]The equipment items additionally integrated in Fig. 5 may be used in a
combination as shown in Fig. 5 but may also be integrated as individual components into the
respective process chains. In addition, not only Fig. 1 may serve as a basis for such equipment
integration but all figures can be used as a basis for the integration. This shows that the process
involves many options to adapt the respective process to the individual requirements of a plant
operator and also to integrate the appurtenant plant sections into existing plants. Furthermore, it is
possible to implement these process variants in new plants.



[0049]In the case of favourable dimensions, the low-pressure evaporator could be provided with a
safety reserve and, in the event of a shutdown, cool the process gas by generating and blowing off
low-pressure steam. In addition to air-preheating and water treatment as described above, the
generated low-pressure steam may just as well be used to boil out CO2 in a CO2 process-gas
scrubbing proddssoflfeferenoprioséadmperature of the generated low-pressure steam in such case is
200C. [0050]Some calculation examples below are used to illustrate the improvement of energy
recovery represented as a total from low-pressure steam, boiler feed water and condensate flows.
They are basetRohPa tgpichllifitdfcdBineldgahetairinggrreanesstase of the art, using a minimum number
of equipment i{@ms, employed i, conventional processes according to the state of the art. Based on
Fig. 1, low-pressure evaporator 6 is onm.te}g_ as well as boiler feed water preheater 8 so that boiler feed
water stream TI4d is directly sent into N (\91\53}%rrepcr%?1vee§§éorn4yql e below tables serve to show
how drastically the present invention pdigavekchahgences the energy recovery in 13 comparison to
this typical intgrconnection. Some of thg hefaedaatabsdigaiees have been used as a basis for the
calculation. It is assumed that there is a separator downstream of the first four series-connected heat
exchangers ofthe sequence of equipmeAHSHROTEEHFR IS LA G BB ¥ ess gas. The exemplary
calculations a® based on a plant capatityqir@SsdtsbeMapdrhatof hydrogen. Interconnection
variantEnergyyecovery: Total from: steggbékré}gper feed water +

8 Boiler feed water preheater

9 Heat exchanger

10 Cooling section

11 Pressure-swing adsorption unit
12a, 12b Deionised water

13 Water treatment unit

14a, 14b, 14c, 14d, 14e,
14f, 14g, 14h, 14i
15a, 15b, 15¢, 15d, 15¢

Boiler feed water stream

Process condensate

16 Heat exchanger

17 Ambient air

18 Air preheater

19a, 19b, 19c¢, 19d Low-pressure steam

20 Combustion air

21 Boiler feed water preheater

22 Low-temperature conversion unit
23 Separator

24 Heat exchanger

25 Pressure boosting unit

26 Subsequent consumers

27 Pressure boosting unit

28 Product condensate heat exchanger



product condensate [kW] Typical interconnection 10,480 Fig. 2 12,670 Fig. 3 13,760 Fig. 6 13,760
16

Patent claims

1. Heat recovery process in the steam reforming of hydrocarbonaceous feedstocks
by means of steam, in which a steam reformer generates a process gas which
contains a first amount of heat and a flue gas which contains a second amount of
heat, comprising
e at least six heat exchangers, a water treatment unit, a cooling section, a high-

temperature conversion unit, at least two pressure boosting units, at least one

consumer and at least one unit for subsequent processing of the resulting
process gas, in which

¢ the generated process gas containing the first amount of heat passes the
high-temperature conversion unit, where it is, for the most part, converted into
carbon dioxide and hydrogen, after which the resulting heat-containing
process gas is directed into a first heat exchanger for subsequent heat
transfer, and afterwards at least two more heat exchangers which are
operated as boiler feed water preheaters, product condensate heat
exchangers or low-pressure evaporators, and are connected in series in any
sequence desired, the process gas resulting from the low-pressure evaporator
being first fed into a further boiler feed water preheater, where heat energy is
transferred to a partial stream of the boiler feed water from the water treatment
unit, after which the process gas obtained passes the cooling section, where it
is further cooled generating a condensate flow, and finally fed into at least one
unit for subsequent processing of the resulting process gas,

e adeionised water stream is sent to a second heat exchanger for being heated,
the deionised water stream from the second heat exchanger is directed for
degassing into the water treatment unit, the boiler feed water stream from the
water treatment unit passes a pressure boosting unit and is subdivided,

e afirst part of the boiler feed water stream being sent to the low-pressure
evaporator, where a low-pressure steam is generated, and the generated
low-pressure steam is subdivided and a first partial low-pressure stream is
directed for heat transfer to the water treatment unit and a second partial
low-pressure stream is sent to at least one consumer, and

e a second part of the boiler feed water stream being passed through the
second heat exchanger for the purpose of energy transfer and
subsequently through one or more boiler feed water preheaters for being



As Fig. 3; + integral boiler feed water preheater in separator 13,760 From this results that the
interconnection variant of the invention reflected by Fig. 3 and Fig. 6 involves a very high level of
energy recovery as compared to the typical interconnection according to the state of the art.
Consequently, an increase in the total of heat recovery of approx. 3270 kW can be expected, which
would be unused and lostéattkEbly fieaidatentonnectionivadantacparcing jashadstaielpf the art. The

basic conditions for the C‘?‘W‘%%ﬁ% g a@gmr%ghg'gﬁogA to D as a graphic function of temperature

and energy recovery. The das Ine represents t e_ter*npe(atu_re decrease of the process gas
depending on the etetf)§ eonriansete iiavefeus the el seqigirdspassed e BaalirfgBERaviour of the

individual media used jj3b6nBroGRsS tHd i HBIMIdHAL BROSRSAIEPR FARERT eI SRy thetrapy)s are
reflected by the inserted reference numbers whijch are also used in.the Bﬁﬁ{‘iﬁguregﬁhto 6. 14

f
(005 1]Advantages res RS A HELTOBRTE I BFRSSSas ABDICH L SRBS8RRAR: of heat

contained in the procelienwgsdieated again.

2. Process according to claim 1, characterised in that the process gas from the
first heat exchanger first runs preferably through a first boiler feed water
preheater, in which heat energy is transferred to a boiler feed water stream,
subsequently a product condensate heat exchanger, where heat energy is
transferred to a condensate flow, and from there the resulting process gas is
directed to the low-pressure evaporator, in which low-pressure steam is
generated from a boiler feed water stream by means of the heat amount
contained, from where it is passed through the subsequent steps of the defined
process chain.

3.  Process according to claim 1, characterised in that the process gas from the
first heat exchanger first runs through a first boiler feed water preheater, in which
heat energy is transferred to a boiler feed water stream, subsequently it is sent to
a low-pressure evaporator, in which low-pressure steam is generated from a
boiler feed water stream by means of the heat amount contained, and from there
the resulting process gas is directed into the product condensate heat exchanger,
where heat energy is transferred to a condensate flow, from where it is passed
through the subsequent steps of the defined process chain.

4.  Process according to claim 1, characterised in that the process gas from the
first heat exchanger first runs through a product condensate heat exchanger, in
which the heat energy is transferred to a condensate flow, from there it runs
through the first boiler feed water preheater, in which heat energy is transferred
to a boiler feed water stream, and then it is passed to a low-pressure evaporator,
where low-pressure steam is generated from a boiler feed water stream by
means of the amount of heat contained, and subsequently the resulting process
gas is passed through the subsequent steps of the defined process chain.

5.  Process according to claim 4, characterised in that the process gas from the
product condensate heat exchanger runs first through the first boiler feed water



Additional preheating of the process condensate in a product condensate heat exchanger effects that
more energy from the flue gas is available for heating gther media and can be used for steam
generation. According to the state of the art the process condensate in the flue gas duct is preheated
until boiling. By preheating the process condensate by process gas as provided by the invention, it is
possible to do withqueheateeniibeal h@ﬁtb}gaigytrgatfhlsfgasdittch wdiiehisat aandribugaig arsimplification

of the process CO“Ct%Bh Tl'Pc?urgh 5{2 e %@“QC%H%%BY&HEQ%%‘{?OA ﬁért%%f%f’é’ ﬁ“éacﬁﬁeé@ 't can be

integrated into already existi are withoUt access to l[ow=pressure steam and must
generate it from vaIlWéEbF@%l@W Bf@"s%ﬁﬁbeyﬁ}&fﬁt%ér ey aiilrs BABSEFEEOVE LBIIRIGRSIHS N at

exchanger 16 exclugtegbefrisk aémtearprbgsssngiginvhich contribute to the improvement of the
operational safety. 15 List of references used la, Ib, Ic, id, le, if, 19, Heat-containing process gas Ih, Ii,
1j, Ik, 11, Im, in 2High-temperature conversion unit 3Heat exchanger

6.  Process according to claim 1, characterised in that the process gas from the

first heat exchanger runs first through a product condensate heat exchanger,
where heat energy is transferred to a condensate flow and to a partial stream of
the boiler feed water stream, from where it is passed to the low-pressure
evaporator, where low-pressure steam is generated from a boiler feed water
stream by means of the heat energy contained, and the resulting process gas is
then passed through the subsequent steps of the defined process chain.

7.  Process according to one of claims 1 to 6, characterised in that the process gas
leaving the first heat exchanger is sent for subsequent heat transfer to a further
boiler feed water preheater, which is fed with another partial stream resulting
from a further subdivision of the second part of the boiler feed water stream
which has passed the water treatment unit, the pressure boosting unit and the
second boiler feed water preheater, and is thus further heated.

8.  Process according to one of claims 1 to 7, characterised in that the process gas
leaving the first heat exchanger and/or the further boiler feed water preheater is
fed into a low-temperature conversion unit, in which carbon dioxide and hydrogen
are formed, from where it is passed to one of the downstream heat exchangers of
the defined process chain.

9.  Process according to one of claims 1 to 8, characterised in that the process gas
which has run through a heat exchanger is subsequently passed to a separator,
and a resulting liquid stream is separated from the heat-containing process gas
and united with the condensate flow from the cooling section and from other
separators, and this mixture is passed via the pressure boosting unit and
afterwards through a product condensate heat exchanger for being heated by the
heat contained in the process gas.

10. Process according to one of claims 1 to 9, characterised in that the process gas
for subsequent heat transfer is passed through additional heat exchangers which



4Boiler feed water preheater 5Product condensate heat exchanger 6Low-pressure evaporator
7Separator 8Boiler feed water preheater 9Heat exchanger 10Cooling section 11Pressure-swing
adsorption unit 12a, 12bDeionised water 13Water treatment unit

are integrated into the process upstream and downstream of the low-pressure

evaporator.

11.  Apparatus for steam reforming of hydrocarbonaceous feedstocks by means of
steam, suited to run a process according to claim 1, consisting of a sequence of
equipment items for the passage of process gas, comprising
¢ a high-temperature conversion unit,

e at least four heat exchangers,
e a cooling section, and
e at least one unit for subsequent processing of the resulting process gas,
conveying lines being provided to interconnect the individual devices via their gas
outlets and gas inlets,
and further comprising
e another heat exchanger,
e a water treatment unit,
e at least two pressure boosting units,
e at least one more consumer,
e adevice for the inlet of a deionised water stream into the subsequent heat
exchanger,
e a device for transferring the deionised water stream from the heat exchanger
into the water treatment unit,
e a device for transferring the boiler feed water stream leaving the water
treatment unit into the pressure boosting unit,
¢ a device for subdividing the boiler feed water stream leaving the pressure
boosting unit,
¢ afirst feed line being provided to transport a first part of the boiler feed
water stream to the low-pressure evaporator and a discharge line for
removing the generated low-pressure steam from the low-pressure
evaporator, comprising a device for transferring a first partial stream of the
generated low-pressure steam to the water treatment unit and a further
device for transferring a second partial stream of the generated low-
pressure steam into the subsequent consumers, and
e a second feed line being provided for the transport of the second part of the
boiler feed water stream to a subsequent heat exchanger, and from there
discharging a feed to the second boiler feed water preheater and from there
providing a discharge line to the first boiler feed water preheater or to one



14a, 14b, 14c, 14d, 14e, Boiler feed water stream 141, 14g, 14h, 14i 15a, 15b, 15c, 15d, 15e Process
condensate 16Heat exchanger 17Ambient air 18Air preheater 19a, 19b, 19¢, 19dLow-pressure steam
20Combustion air 21Boiler feed water preheater 22Low-temperature conversion unit 23Separator

or more product condensate heat exchanger/s and/or directly to the
subsequent steam generation, and
e adevice for transferring the condensate flow from the cooling section via a

pressure boosting unit into one or more product condensate heat exchangers.

12. Apparatus according to claim 11, characterised in that the sequence of
equipment items for the passage of process gas consists in a series connection
of a high-temperature conversion unit, a first heat exchanger, a first boiler feed
water preheater, a product condensate heat exchanger, a low-pressure
evaporator, a second boiler feed water preheater, a cooling section and at least
one unit for processing the resulting process gas, in the given sequence.

13. Apparatus according to claim 11, characterised in that the sequence of
equipment items for the passage of process gas consists in a series connection
of a high-temperature conversion unit, a first heat exchanger, a first boiler feed
water preheater, a low-pressure evaporator, a product condensate preheater, a
second boiler feed water preheater, a cooling section and at least one unit for
processing the resulting process gas, in the given sequence.

14. Apparatus according to claim 11, characterised in that the sequence of
equipment items for the passage of process gas consists in a series connection
of a high-temperature conversion unit, a first heat exchanger, a product
condensate heat exchanger, a first boiler feed water preheater, a low-pressure
evaporator, a second boiler feed water preheater, a cooling section and at least
one unit for processing the resulting process gas, in the given sequence.

15.  Apparatus according to claim 11, characterised in that the sequence of
equipment items for the passage of process gas consists in a series connection
of a high-temperature conversion unit, a first heat exchanger, a product
condensate heat exchanger, a low-pressure evaporator, a second boiler feed
water preheater, a second heat exchanger, a cooling section and at least one
unit for processing the resulting process gas, in the given sequence, wherein a
device for transferring a first partial stream of boiler feed water stream from the
second boiler feed water preheater into a product condensate heat exchanger is
provided as well as a further device for transferring the second partial stream of
boiler feed water stream from the second boiler feed water preheater directly to
the subsequent steam generation.



24Heat exchanger 25Pressure boosting unit 26Subsequent consumers 27Pressure boosting unit
28Product condensate heat exchanger 16 Patent claims 1.Heat recovery process in the steam
reforming of hydrocarbonaceous feedstocks by means of steam, in which a steam reformer generates
a process gas which contains a first amount of heat and a flue gas which contains a second amount of
heat, comprising

16. Apparatus according to one of claims 11 to 15, characterised in that an
additional third boiler feed water preheater in the sequence of equipment items
for the passage of process gas is provided, the gas inlet of which is connected to
the gas outlet of the first heat exchanger and the gas outlet of which is connected
to the gas inlet of an optional low-temperature conversion unit or a subsequent
heat exchanger, and where a device for transferring another partial stream of
boiler feed water from the water treatment unit and the second boiler feed water
preheater ends.

17. Apparatus according to one of claims 11 to 16, characterised in that a low-
temperature conversion unit is integrated into the sequence of equipment items
for the passage of process gas, the gas inlet of which is connected to the gas
outlet of the first heat exchanger or the additional third boiler feed water
preheater and the gas outlet of which is connected to a subsequent heat
exchanger.

18. Apparatus according to one of claims 11 to 17, characterised in that additional
separators are integrated into the sequence of equipment items for the passage
of process gas, the gas inlets of which are connected to the gas outlets of the
respective upstream heat exchanger and the gas outlets of which are connected
to the respective heat exchanger downstream in the process chain, and which
are each provided with a discharge line for the produced liquid, which ends into
the device for transferring the condensate flow from the cooling section into a
product condensate heat exchanger and is passed via a pressure boosting unit.

19. Apparatus according to one of claims 11 to 18, characterised in that the second
boiler feed water preheater is integrated into a separator which is optionally
equipped with additional internals and/or packings and which is provided with a
discharge line for conveying the obtained process condensate into the device for
transferring the condensate flow from the cooling section into a product
condensate heat exchanger.

20. Apparatus according to one of claims 11 to 19, characterised in that further
additional heat exchangers are integrated into the sequence of equipment items
for the passage of process gas.



at least six heat exchangers, a water treatment unit, a cooling section, a high-temperature conversion
unit, at least two pressure boosting units, at least one .consumer and at least one unit for subsequent
processing of the resulting process gas, in which the generated process gas containing the first
amount of heat passes the high-temperature conversion unit, where it is, for the most part, converted
into carbon di@tide Appahytdeogsior difig tovive othtaiesulting beatteaacteisedinabas gasiis directed into
a first heat exchanggy for SHBseAUENL AL UASIer AN allonuaids AL Isasl o gl fiea fxchangers
which are operated'as boiler’feed water preheaters, product condensate hedt exchangers or
low-pressure evapoHe@iFsne@idelrtd eoppRtamMestais in any sequence desired, the process gas
resulting from the low-pressure evaporator being first fed into a further boiler feed water preheater,

where heat en%gy E transferred to,a %
C

?rtial st?e m of J['q% bﬂ'lerﬁeed ¥va.ter romht e water treatment
unit, after whichrthe &%acrg %Sgaé;g %rg{% od B%s?sé;sa{wg cooﬂng *s%c?l'barﬁ Where If i% RirthRPE30iEd
generating a condeswite fidsor it indlly fedopliogipdedsporrddedivfon suliseqgsidrmeaurtdssing of the
resulting process gas,-a8fi9ERR WRIRHIRY BAIGSs IR to a second heat exchanger for being heated,
the deionised water stream from the second heat exchanger is directed for degassing into the water
treatment unit, the boiler feed water stream from the water treatment unit passes a pressure boosting
unit and is subdivided, a first part of the boiler feed water stream being sent to the low-pressure
evaporator, where a low-pressure steam is generated, and the generated low-pressure steam is
subdivided and a first partial low-pressure stream is directed for heat transfer to the water treatment
unit and a second partial low-pressure stream is sent to at least one consumer, and a second part of
the boiler feed water stream being passed through the second heat exchanger for the purpose of
energy transfer and subsequently through one or more boiler feed water preheaters for being 17
heated by the heat amount contained in the process gas and finally conveyed to the steam generation,
the condensate flow from the cooling section is passed via a pressure boosting unit to the product
condensate heat exchanger for being heated by the heat amount contained in the process gas, after
which the condensate flow is heated again.



2. Process according to claim 1, characterised in that the process gas from the first heat exchanger
first runs preferably through a first boiler feed water mgheater, in which heat energy is transferred to a
boiler feed water stream, subsequently a product condensate heat exchanger, where heat energy is
transferred to a condensate flow, and from there the resulting process gas is directed to the
low-pressure evaporator, in which low-pressure st@dstisgenerated from a boiler feed water stream by

means of the megam?og%ﬁgp&&esd%ﬁg ‘44@‘3{%%@18?\2?-%%WB%%HS@%%HS{E RS Of the

defined process chain cess according to c haracterise that the process gas from the
first heat exchanger first runs through a first boiler feed water preheater, in which heat energy is

transferred to ANGoMYPRUGR (GRIES IRk IRSOMEIRIR e/ adnt RIeaMIRIBraNes Y evaporator, in which
low-pressure stgdotisigeraesaied firedstockeoitgr fean svatsteatre anmwhicime ateaof tiferheat amount

ainod . g . neat
exchanger. v e B B A Rl rouan the
subsequent stePHYPRGEARERPRIEESE bAalirCOMPIYeR RashalitpRd XaiANDSEhaA @S sed in that

the process gasitamrihenfirst faingxdvoges hiigh lensoirauehcarvedioat Gandensataeat exchanger,

in which the heat energ@/ is transf rreq Fo a.condensate flow fr?mt ereitru Fthr us%h the first boiler
ressure: oo%tmﬁ Hnits, & east.on[e [o]0) um%han %I aston um{1 or %u guent -
feed water prehéater, in whici heat’energy is transrerred (0 a boller feed water stream, and then it is

passed to a loprqeessiigetingremtiinopesess aaprdsogensieded Werassraastoiaininpdilefifeed water

stream byymeansahtlie remokrat Béih%%ttﬁ@%iﬁl?&néé'ﬁw%ﬁmmhtbﬁtf%ﬁé‘g iBIasFEe9as FS
passed through the subsequent steps of the efl,%e%gléocegs chain, 5. Process aCC(ir,dln to claim 4,

characterised ‘iﬂoﬁ{éﬂrﬁecﬁ%(%t&g Q FRSRPBE G QoA TR MU e rRsHHiRG TR&k through
the first boiler festhivageprd&psajedtedjradieddriie at fesehnggtisxcaasimméd tolasbgilentfbedt water stream,

and then throygly gapthRy QF%‘?MEP&?M‘?Q?%%P% RO HIGPEBRENSIL IRIER SHRLIEAIBES as

low-pressure evaporator, from where it is passed through the subsequent steps of the defined process

chain. 6. ProcB8eA e BINARIERARR IS T IRAPILIL FOBEGASRIS TRR! Fr5E8B8 YL FOM BRESAFEE heat
exchanges runs/éstrdises) gihd preochiricoadenseiediealrg aiprges odsreahbairoessy ¢asransferred
to a condensafefipw ApALIGA ﬁ’ﬁvat-'é"‘ %‘éﬁ?e"é&’é&*o‘%t%?%%Hg%gsw%ei%g&fsff‘mh%%i\%hFef d"iN'%tBﬁssed to
the Iow-pressure eva%orator, where low-pressure steam IS generate from a boller feed water stream

by means of tiseheatesnehgyecorrhRnadg uitditesiersedifpradiBs steramPinen hrilesderthaigh the
subsequent stepg @hdReadaitnad REAEERE, dMRiINVIicR 1BegFBReeEiEhia AEE siissainme kéoifg

characterised in that the proces s leaving the first heat exchanger is sent for sequent heat
ransier to & (AR DONRT A DAL GHEERER RUIGE RN AR s SR AL S 16 aing from
a further ubdleasibonsf whi os sohdeoarnbitieedssiley okt wetteltisg earnashigshbsriesgwdet® water
treatment unit 4iher ISR RQRSIAG WAt ARt e sRAMRARIIRLIRRA MipLRI Ty ARsRIgrTAR is thus

further heated. 8. Process according to one of claims 1 to 7, characterised in that the process gas

leaving the firdaRUE e RIRIGRFeaT B THE S HERa D ORaH FEEhaAREEE IS TEREER: 96 dagRRREIG Nt
low-temperatuties czatee tszatmaenit umtythechaileriieeddimtates meahhird ro e veaie fareagde ftamiwvhere it is

passed to one AL dAMIRABL MGG ARI R S BdNfidE R PERRSTIHH B Ner feed water

25  stream being sent to the low-pressure evaporator, where a low-pressure steam is
generated, and the generated low-pressure steam is subdivided and a first partial low-
pressure stream is directed for heat transfer to the water treatment unit and a second
partial low-pressure stream is sent to at least one consumer. A second part of the
boiler feed water stream is passed through the second heat exchanger for the purpose

30  of energy transfer and subsequently through one or more boiler feed water preheaters
for being heated by the heat amount contained in the process gas and finally conveyed
to the steam generation. Via a pressure boosting unit, the condensate flow from the
cooling section is passed to the product condensate heat exchanger for being heated
by the heat amount contained in the process gas, after which the condensate flow is

35 heated again.



9. Process according to one of claims 1 to 8, characterised in that the process gas which has run
through a heat exchanger is subsequently passed to aigeparator, and a resulting liquid stream is
separated from the heat-containing process gas and united with the condensate flow from the cooling
section and from other separators, and this mixture is passed via the pressure boosting unit and
afterwards through a product condensate heat exchanger for being heated by the heat contained in
the process gas. 10. Process according to one of claims 1 to 9, characterised in that the process gas
for subsequent heat transfer is passed through additional heat exchangers which 19 are integrated
into the process upstream and downstream of the low-pressure evaporator. 11. Apparatus for steam
reforming of hydrocarbonaceous feedstocks by means of steam, suited to run a process according to
claim 1, consisting of a ﬁ(gl_eﬂce of equipment items for the passage of process gas, comprising a
high-temperature conversion unit, at least four heat exchangers, a cooling section, and at least one
unit for subsequent processing of the tesulting process gas, conveying lines being provided to
interconnect the individual devicesl@ their gas outlets and gas inlets,
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and further comprising another heat exchanger, a water treatment unit, at least two pressure
boosting units, at least one more consumer, a device for the inlet of a deionised water stream into the
subsequent heat exchanger, a device for transferring the deionised water stream from the heat
exchanger into the water treatment unit, a device for transferring the boiler feed water stream leaving
the water treatment unit into the pressure boosting unit, a device for subdividing the boiler feed water
stream leaving the pressure boosting unit, a first feed line being provided to transport a first part of the
boiler feed water stream to the low-pressure evaporator and a discharge line for removing the
generated low-pressure steam from the low-pressure evaporator, comprising a device for transferring
a first partial stream of the qgrrq ratgd low-pressure steam to the water treatment unit and a further
device for transferring a second partial stream of the generated low-pressure steam into the
subsequent consumers, and 1a
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a second feed line being provided for the transport of the second part of the boiler feed water stream
to a subsequent heat exchanger, and from there discharging a feed to the second boiler feed water
preheater and from there providing a discharge line to fffe first boiler feed water preheater or to one

20 or more product condensate heat exchanger/s and/or directly to the subsequent steam generation,
and a device for transferring the condensate flow from the cooling section via a pressure boosting unit
into one or more product condensate heat exchangers. 12. Apparatus according to claim 11,
characterised in that the sequence of equipment items for the passage of process gas consists in a
series connection of a hid‘l_ﬂ}@n{ﬂerature conversion unit, a first heat exchanger, a first boiler feed
water preheater, a product condensatigc‘eat exchanger, a low-pressure evaporator, a second boiler
feed water preheater, a cooling sectj nd at least one unit for processing the resulting process gas,
in the given sequence. 13. Apparal( accopding to claim 11, characterised in that the sequence of
equipment items for the passage-gfprocess gas consists in a series connection of a high-temperature
conversion unit, a first heat exgchanger,|d first boiler feed water preheater, a low-pressure evaporator, a
product condensate prejgpter, asgconddoiler feed water preheater, a cooling section and at least
one unit for processing the re uI QCess gas, in the given sequence. 14. Apparatus according to

claim 11, characterised in that t ence of equipment iteyg for the passage of process gas
consists in a series conngection 4f 3 ﬁ emperature 1:%ver ion unit, a first heat exchanger, a product
fer feed water pr eatzqa low-pressure evaporator, a second
boiler feed water preheater, & @ egtion and at le it for pé@:essing the resulting process
acterised in that the sequence of
I ?f a high-temperature
heat exch r,ri ow-pressure
] eheater, & ondteate el:ﬁnilgg, a cooling section and at
in'the given sequence, WI=| in a device for
: am frg mjfhj 4 on:LbBTIe?%éed water
preheater into a product conden ghea exchanger is prpvided ags lv)eﬂgs a further device for
transferring the second partial stregm of boiler feed V\)a{qr stream fiom the gecond boiler feed water
preheater directly to the squb&a'(/y@ ht steam genergtion.{4¢c 3 14b
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21 16. Apparatus according to one of claims 11 to 15, characterised in that an additional third boiler
feed water preheater in the sequence of equipment items for the passage of process gas is provided,
the gas inlet of which is connected to the gas outlet of the first heat exchanger and the gas outlet of
which is connected to the gas inlet of an optional low-temperature conversion unit or a subsequent
heat exchanger, and where a device for transferring another partial stream of boiler feed water from
the water treatment unit and the second boiler feed water preheater ends. 17. Apparatus according to
one of claims 11 to 16, characterised in that a low-temperature conversion unit is integrated into the
sequence of equipment iterFsngr41e passage of process gas, the gas inlet of which is connected to
the gas outlet of the first heat exchangggor the additional third boiler feed water preheater and the gas
outlet of which is connected to a subsequent heat exchanger. 18. Apparatus according to one of
claims 11 to 17, characterised in that'additi@nal separators are integrated into the sequence of
equipment items for the passage of progess gas, the gas inlets of which are connected to the gas
outlets of the respective upstream heat Exchanger and the gas outlets of which are connected to the
respective heat exchangé%d@mﬂ%tram in the process chain, and which are each provided with a
discharge line for the produced lig

ich ends ififo the e for transferring the condensate flow
from the cooling section into a pr condensate heat exchad@er and is passed via a pressure
boosting unit. 19. Apparaius according tasone gfgflaims| 9tto I8, characterised in that the second
boiler feed water preheat pié\'ﬂaﬁe\g ated into @’separator, Whica](va optionally equipped with additional
internals and/or packingﬁ ﬁgld wh provided with a disghafgeXine fop.conveying the obtained
process condensate into the d r transferring|the ¢ond .‘é

product condensate heat exchanger. 20. Apparatus accot&iBg fo-enee air{silL 7o 19, characterised
in that further additional hggt exeh egs|are integrf@f? iEt uéﬁa@of equipment items for the
passage of process gas. 22 2T. Apparatys accordin c_ofm:ﬂffﬂ_lﬁ 20, characterised in that
an air preheating unit is used as a gofisumer designegff]or the pasfa é%f low-pressure steam in order
ording to pne’of ¢laimst4 to 21 characterised in that a

ofi lg_tmxiispm—v'd\/e?' as a uni|t\f.egr\ sequent processing of the
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23 Abstract Production of process gas by heat recovery from low-temperature waste heat The
invention relates to a heat recovery process in the steansmeforming of hydrocarbonaceous feedstocks
by means of steam, in which a steam reformer 5generates a process gas which contains a first
amount of heat and a flue gas which contains a second amount of heat, comprising at least six heat
exchangers, a water treatment unit, a cooling section, a high-temperature conversion unit, at least two
pressure boosting units, mgag one consumer and at least one unit for subsequent processing of the
resulting process gas. The génerated b&cess gas containing the first 10amount of heat first passes
the high-temperature conversion upif; where it is, for the most part, converted into carbon dioxide and
hydrogen, after which the resultingl at-S 2
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containing process gas is directed into a first heat exchanger for subsequent heat transfer, and
afterwards into at least two more heat exchangers whiels are operated as boiler feed water preheaters,
product condensate heat exchangers or low-pressure 15evaporators, and are connected in series in
any sequence desired, the process gas resulting from the low-pressure evaporator being first fed into
a further boiler feed watqt preheater, where heat energy is transferred to a partial stream of the boiler
feed water from the water treatment ufli@ after which the process gas obtained passes the cooling
section, where it is further cooled gehgerating a condensate flow, and finally fed into at 20least one unit
for subsequent processing of the rgsultin ;%ocess gas. Furthermore, a deionised water stream is sent
to a second heat exchanger fof being heated. The deionised water stream from the second heat
exchanger is directed for,degassing-into the water treatment unit, the boiler feed water stream from the
water treatment unit pasg -a_pfessure bBosting unit and is subdivided, a first part of the boiler feed
water 25stream being sent to the/foy ssure evaporator, where a low-pressure steam is generated,
and the generated low-pressure ¢ |355ubdivided and a first partial low-pressure stream is directed
for heat transfer to the w gatnjentunit and a second pap}igl low-pressure stream is sent to at least
one consumer. A second Bgy [

g'r‘-;g piler feed water gjteam jis passed through the second heat
exchanger for the purpose 300f eyt angfer and s qu‘-:uc}tly through one or more boiler feed
water preheaters 1d__~

S 20
14f ¢ 19b 0 17
e g% = 754\ 12b
a _|n
27 J° (25
6 19a
S L7 é\/\ 14b
: = )\/\ (512a
1f - A
~ 14c| 16
8 ™M
S |15a| *®
<> )
14d
1i I~ 10
1) ~J > 11




for being heated by the heat amount contained in the process gas and finally conveyed to the steam
generation. Via a pressure boosting unit, the condensatg flow from the cooling section is passed to the
product condensate heat exchanger for being heated by the heat amount contained in the process
gas, after WhichlgkeJ COf1densate flow is 35heated again. 1/8 2/8
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