Met hod and Device for the Use of Oxygen in the Steam 5Reform ng of Bi onass
The ifwvention relates to a fluidised bed reactor for the gasification

and/ or pyrolysis of solid fuels, preferably bionmass, having a heater for
heating the fluidised bed of 10 the fluidised bed reactor, the heater
having at | east one cavity. The invention furthernore relates to a nethod
for the gasification and/or pyrolysis_qf solid fuels, preferably bionmass,
in a fluidised bed reactor, preferably of the type nentioned above. 15 The
first step in the production of synthesis gas from bi omass by neans of
steamreformng is endotherm c. Energy nust therefore be input into the
process. This can be done by partial conbustion of the bionass. The
delivery of oxygen 20 into a reactor at a tenperature |evel of about 800C
is not sinple, however, because owing to a |arge oxygen supply,
tenperatures can be reached locally which are so high that they cause
melting of the ash conponents of the biomass. For this reason, either the
oxygen nust beMgFPof RPWRSYiSCART oFR2 TS AfoJEHIEE NS S7&S® nust be
providegd as a small fraction rarbbgihdesd Hieghamaterial in the formof small
coke particles, which transmt the heat to the bed material. Fluidised bed
reactors are therefore usually operated with air.
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gasification and/or pyrolysis of solid fuels, preferably
biocmass, having a heater for heating the fluidised bed of

10 the fluidised bed reactor, the heater having at least one
cavity. The invention furthermore relates to a method for
the gasification and/or pyrolysis of solid fuels, preferably
biomass, in a fluidised bed reactor, preferably of the type
mentioned above.

15
The first step in the production of synthesgsis gas from
biomass by means of steam reforming is endothermic. Energy
must therefore be input into the process. This can be done
by partial combustion of the biomass. The delivery of oxygen

20 into a reactor at a temperature level of about 800°C is not
simple, however, because owing to a large oxygen supply,
temperatures can be reached locally which are so high that
they cause melting of the ash components of the biomass. For
this reason, either the oxygen must be diluted with steam or

25 nitrogen or the biomass must be provided as a small fraction
in the inert bed material in the form of small coke
particles, which transmit the heat to the bed material.
Fluidised bed reactors are therefore usually operated with

air. e oL
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*@00002* - 2 - The best-known industrial plant of this type is |located in
Gassifg, Austria (see: Zwei bett Wrbel schichtvergasung in Gassing mt 2
MN,1/4.5 MN,, [Two-bed fluidised bed gasification in Gassing with 2

MM/ 4.5 MAEh]; R Rauch, H 5 Hof bauer; Hol zenergi esynposi um [ Wod ener gy
synposi un] 18th October 2002, ETH Zurich, Switzerland). This plant has two
fluidised bed reactors, which are connected to one another by a sand
circuit. The reactor, referred to as a burner, is operated with air. Here,
t he coke particles are burnt and 10 the circulating sand bed is heated to
approxi mately 950C. The tenperature of the coke Particles under these

oxi di si ng eROdbddQNSARY 1 REuIDE £ 1t RARLL100G HiThiS JyRe 9bcheagt A can
t herefore be operated safely only with wood. Using biomass of the crop

type, owi ngl$®ind.s Auswrash (aef t iy ipeitht Wlm@lwqﬂssqté@efgﬁéum uHpi ng of the
sand. For ggesswised gagl ficatipn, f[%@o\@éﬁ Oleﬁd@Lgléé”Eé@eous for the

production of hydrogen, thi s type of reactor I1s less suitable. 20 In
princi pl e, 98§ Yiagddnbed G@é%%%ﬁsmﬁﬁy2am§é/be5dﬁ@ﬂdte@ adeetherial |y by

di rect del jypry,of; %ﬁ%eﬁéi‘%ﬁé‘syﬂ%s‘lﬁﬂﬁt WEEa é}?é/\%ﬂﬁ Bélé‘rﬁr f@&ll i ng point

of biomass i's exceeded In this case even If the oXygéen'is diluted to one 25
hal f with Stearrr AMOSH hEFHaFLobel atSwer zehéantd equityies Paapar R Ut v

configurat f%@i‘sédﬂ%egxxgsetw@d,wra%hdla%l 0588k i D 100 42n 594 A, and

speci al extraction for the nolten ash. This ash cannot be reused as
i norgani ¢ Pergisamgkrcircuig. vatﬁﬁﬁﬂmq§ oxggenreheia lver aabhoidier i

operation gsepf{ dd6,;ERssing LYREe N %Bk8t$§£“94h£ﬁ%&@tbQPnPYaﬂ@JeCt'ng
pure oxygen is possible w thout ‘exceedin he ash nelting point. Even an

oxygenl%ont@ﬁtCkﬁCQXEUQHQaE@?d|@ﬁ%ﬂkﬁﬂh@@é?dcto approximately 950°C.

The temperature of the coke particles under these oxidising
conditions may be more than 1100°C. This type of reactor can
therefore be operated safely only with wood. Using biomass
of the crop type, owing to its low ash melting point, would

15 lead to clumping of the sand.

For pressurised gasification, as would be advantageous for
the production of hydrogen, this type of reactor is less
suitable.
20
In principle, fluidised bed reactors may also be operated
autothermally by direct delivery of pure oxygen. In
practice, however, the ash melting point of biomass is
exceeded in this case even i1f the oxygen is diluted to one
25 half with steam. Autothermal operation then requires a
particular configuration of the oxygen feed, as disclosed in
DE 102 42 594 Al, and special extraction for the molten ash.

This ash cannot be reused as inorganic fertiliser.



5 1t is therefore an object of the invention to avoid the aforenmenti oned

di sadvantages and to pernit the use of oxygen for the gasification of

bi omass in fluidised bed reactors. In particular, the intention is to nmake
pure oxygen usable 10 for the steamreform ng of biomass with a | ow ash
mel ting point. This object is achieved by the features of Clains 1 and
16. Cains 2 to 15 and 17 to 25 relate to further advantageous 15
configurations of the invention. According to the invention, the heater

t hus has an oxygen feed for delivering a gas containing oxygen into the
cavity of the heater, and the cavity adjoins a porous, gas- 20 perneable
section of i he NEAl ere, olhi so8l Lows qantrabhed gildatian.yopeans of the
oxygen of a gas contai i ng oxygen. It may, for 1nstance, be alr.

Techni cal | gipsireg oxvpgenorhaweversricd preferied. byTHejgotous awde

gas- per meap| cid I achi 2_effect th he _gas. cont ai ni ng
oxygen 25 g}éﬁ%gﬁilns %ﬁgggtlgwé?% a c%ﬁ%&%@?%gedge;sagahn%E%%ﬁggqﬁczlnt y oxi di ses
it, wthouEvenke pantderl esnoént hef fAl% dieded bedrwsibheireaneously being abl e
to react directly with the oxygen. The coke particles are consequently in
any event predom nantly kept away fromthe oxidation zone. - 4 - The

heat er mayIbei$ orimectfioreaan del eer it yhef inwagsti@witeyg aveittheheor ous
configurati however., . f.or [ tihcularl y:-p bl e for
t he heat era??)r%%en%rﬁoggdatd? %(g\g%ﬁtoa[@geasts%g@, Itén%é?ﬁﬁ{oatrhtl 5:1% a?gfa&g}f%rgl ity of
t ubes. For fohete swee fofcasiapl PTitycmaser ehy flubdssqpebese rapttopd t en be
nment i oned I W\ ut p: Y. ti.anj i a I ive to the
tubes it i ggaﬁ%&tl\g)@%%bl gﬁttgo?%%%géll enrrg*r%l ;980#@9? Lf%)uereoﬁjﬁgseﬁa%g%%r native or
in additi ofpr atik ffmreentreConhigurat itopmekst Wetheatlew akb Aetorming to the
met hod, the gas cont ai ning oxygen is delivered to a cavity of a heater and
t he gas cohtal ni ng oxygen and/or a conbusti ble gas flows through the

por ous, gas-permneable section of the heater. The conbustible gas is

This object is achieved by the features of Claims 1 and 16.
Claims 2 to 15 and 17 to 25 relate to further advantageous

15 configurations of the invention.

According to the invention, the heater thus has an oxygen
feed for delivering a gas containing oxygen into the cavity
of the heater, and the cavity adjoins a porous, gas-

20 permeable section of the heater. This allows contrclled
oxidation by means of the oxygen of a gas containing oxygen.
It may, for instance, be air. Technically pure oxygen,
however, is preferred. The porous and gas-permeable section
can also achieve the effect that the gas containing oxygen

25 comes in contact with a combustible gas and consequently
oxidises it, without coke particles of the fluidised bed
simultaneously being able to react directly with the oxygen.
The coke particles are consequently in any event
predominantly kept away from the oxidation zone.

30



15 oxidised at |least partially by the gas containing oxygen while rel easing
heat .” The heat of oxidation is then transferred to the fluidised bed of the
fluidised bed reactor. 20 For the sake of sinplicity, further refinenents
of the device and the nmethod will be described together bel ow, the person
skilled in the art will respectively recogni se the special device features
and nethod features of the refinenents. 25 In a first preferred
configuration of the fluidised bed reactor, the tubes are preferably
provided in the fluidised bed reactor, at |east various tubes being forned
as at least partially porous, gas-perneable tubes. This allows suitable 30
guiding of _th ses_involved, 1 .is_t qgﬁpl ut - A oy ecessary
for every ?lﬁ :he?ao femsgr %ﬁsg%rn"&fe%alsn- Sewnégtr;?%r,lh d% hg’%}}/’a[ s%é‘nnegecf%not be
cont i nuoustye porous apdfdgsrperareablogeven, at parddsgulrarkbynpr ef ers ed
f1uidised begtlfceu%ftr‘if’ the 2. peater %R@FE%@& accp'c%ﬁn%k'&&%! of Jfégpsecs ar r anged
concentrlc%“flTy W th 8nE anot her . plural Tty of groups of at Teast two
t ubes are thestyireoviatied inwbechi@rler a padchatase @ cwbded Eoncgmrical ly
with one another. Here, of course, an .exactly caoncentric nufual arrangenent
is not %SS%%}E? art *t0%An Sinher "t ube %ﬁl&egnp%trjtsé? ‘flue'Leogrténg}rs%vi ded in each
group of tubesjoradd lbedstv.t Hechaowterrepgbeedilyt henwidrdmat dbe deiang forned so
that it is_porous .and _gas:perneabl.e. .I.n LS W sah _an pace, in
whi ch furtfier® Iilaiftlﬁfreeggrr%“bteu persovll déﬁ, aﬁgoo%@lnbe% lggt g\géﬁi?ﬁe&fl ner tube
and the outee tulye.orTheslbnanhdraratspacermay dddiusied,as diffetdrer fl ow
channel forog#litarb_l g fI%\%/ ﬁé aenacteerof t he gases involved. Wth such an
arrangemanf: of “{'He T dbes, the oxygen feed nmay be formed so as to deliver
t he gasocontai ning oxygen to the 20 inner tube. The oxidation of the
combust i bl as.my .th t ak ace in_the nul ar s i n_the absence of
coke parti%i:e%r,dlsrll && t%ﬁgym%gtrlfg%’t q%lnet er -t ﬁggg%ﬁﬁnaqr O%gg%ré.lﬁ'he outer tube
may al so adélasesdi eladiangaafay nst a heagptri endl the sy cehevateds t enper at ur e
in the annul ar space, so that the 25 ash | 11 oint. of fh oke
particles G&nnot abnede/é)%cgeﬁgamilsnt]t & £RGi 5@3% %grdg.)uglhf “P%ep{b:%g th’sti bl e gas
does not ephefpé¢imeearirulsart spacet fuhemhtheet| uTie seohdued ibhe oggh ihe
CorreSPQndEQQéység”é uie%gg partially by the gas containing oxygen

while releasing heat. The heat of oxidation is then

transferred to the fluidised bed of the fluidised bed

reactor.

20 For the sake of simplicity, further refinements of the
device and the method will be described together below; the
person skilled in the art will respectively recognise the
special device features and method features of the
refinements.

25
In a first preferred configuration of the fluidised bed
reactor, the tubes are preferably provided in the fluidised
bed reactor, at least various tubes being formed as at least
partially porous, gas-permeable tubes. This allows suitable

30 guiding of the gases involved. It is thus not absolutely



30 gas-perneabl e outer tube, but is delivered directly to the - 6 -
annular gap fromthe outside, then the gas contai ning oxygen nmay al so be
delivered to the annul ar space between the outer tube and the inner tube.
The oxygen can then be kept further away fromthe outer tube, so that
undesired reactions can be 5 avoidéd or at |east reduced. The conbustible
gas feed for delivering conbustible gas nay be provided so that the
conbustible gas is delivered to the innér tube or to the annul ar space

bet ween the outer tube 10 and/or the inner tube. In this way, it is

possi ble to ensure that the conbustible gas can be delivered to the heater

according to the preferred pethod nmanagenent order r_jpstance to be
able to deP?%é?s%éiﬂﬁigtFHngg%%éigx%anggﬁ%u?l%ﬁ%iEédpggge?%ﬂ$hgﬂﬁ§ater, or
in order tonbe a@bde Heeddebiviee oxygemnonshyaporogs amdxiad-pedngesid.r om t he
heater to the fluidised bed, both the respective inner tube and the
respective outer tube may be fornmed so as to be porous and gas- perneabl e.
20 At | eastinoaepdutritdugnrlpr pfefablted gauddssaddogas-peraeabteet ube and/ or at
| east ope 0 t%gpalh%ng%%éper abl & .heat. protection §¥%eld may optionally be

. ! 1 f .
provi ded betweeh THE outer “thibe Andt f6é i nner tube.o fhis may, for exanpl e,

be 25 usedcboreieatcaghivelvdihgona areltatsironat plthel Sokepgrdips est iat t he
G oec Bt ord MR 0oLl LS008 L, LIRPRL o Khblepsts of the
by at | easpronedghszdmpeearntabl by casimgneTheother. Here, of course,

an exactly concentric mutual arrangement is not essential.

10 An inner tube and an outer tube are proviced in each group

of tubes, at least the inner tube or the outer tube being

formed so that it is porous and gas-permeable. In this way,

an annular space, in which further fixtures may be provided,

is obtained between the inner tube and the outer tube. The

15 annular space may be used as a further flow channel for

suitable flow guidance of the gases involved.

With such an arrangement of the tubes, the oxygen feed may
be formed so as to deliver the gas containing oxygen to the
20 inner tube. The oxidation of the combustible gas may then
take place in the annular space in the absence of coke
particles, since they cannot enter the annular space. The
outer tube may also act as shielding against the optionally
very elevated temperature in the annular space, so that the
25 ash melting point of the coke particles cannot be exceeded

in the fluidised bed.

If the combustible gas does not enter the annular space from
the fluidised bed through the correspondingly porous and

30 gas-permeable outer tube, but is delivered directly to the



- 7 - casing is then, so to speak, heated fromthe inside by the oxidation
of tHe conbustible gas and transfers the corresponding heat to the
fluidised bed. The casing may itself be forned as a concentric tube. 5 1In
a fluidised bed reactor which is forned sinply in design ternms, the oxygen
feed may conprise a nozzle floor for delivering gas containing oxygen to
the cavity and sinultaneously for delivering fluidisation gas to the 10
fluidised bed of the fluidised bed reactéor. The conbusti bl e gas feed may
| i kewi se be integrated into the nozzle floor, in order sinultaneously to
deliver the gas containing oxygen and the conbustible gas to the cavity of
15 the heater and the Eluidisation, as to the fluidised bed of the
f1uidised BEGYSAcEDP. B HEaLEFSTLe pr 8t &by IBF oF PR 1A% C&¥ af  onar y
flui di sed hed andbobe adel ineitledt ktBgthé Lhthsed Bepdce Thefwserd Ra1cheat <20

' better than outside the

transfer i articularly goo nd sjgnificantl

f1 ui di sed Etélg’.e The ﬁ%i%’r@e&d%ﬁ@a-nﬁb c%’ﬁiﬁ%éaﬁntbﬁ%r‘?e BeP &L EFRar. This
may, howevemayaEsombehohvitatreduse, t Batshforunexampke, réhe: fdi disedebed is
f or med Qy %pke ggrticleZHEThis i.s referred to as a coke cloud. The coke 25
particl s Canhestpptt efdRel FeHERheat by neans of the heater, for

i nstance for steamreform ng. I f the porous, gas-perneable section of
the heater,.preferably the at |east one porous, gas-perneable tube, at 30
| east | ocally 88%%??%%&9%33§5tgﬁﬁgtEﬂ%li%%%ﬂeﬁéﬁalS?m?%§§ﬁ§ﬁ§ gas may

be provided so that the combustible gas is delivered to the
inner tube or to the annular space between the outer tube

10 and/or the inner tube. In this way, it is possible to ensure
that the combustible gas can be delivered to the heater

according to the preferred method management.

In order for instance to be able to deliver combustible gas

15 from the fluidised bed to the heater, or in order to be able
to deliver oxygen-containing or oxidised gas from the heater
to the fluidised bed, both the respective inner tube and the
respective outer tube may be formed so as to be porous and
gas-permeable.

20
At least one further, preferably porous and gas-permeable
tube and/or at least one optionally gas-permeable heat
protection shield may optionally be provided between the
outer tube and the inner tube. This may, for exampie, be

25 used for heat shielding in relation to the coke particles in

the fluidised bed.

If mixing of the gas of the heater with the gas of the
fluidised bed is intended to be avoided, the outer tube may

30  be enclosed by at least one gas-impermeable casing. The



- 8 - of acatalyst material, then catal ytic conversion of tars can take
'placé. To this end, a pyrolysis gas containina tar is preferably used as
t he conbustible gas, which is formed in a pyrolysis reactor in a nethod
step upstreamof the 5 fluidised bed reactor. The conbusti ble gas may then,
preferably after partial oxidation of it, flow through the porous,
gas- per neabl e section and thereby conme in contact with the catalyst. 10
Wt hout |osing the advantages descri bed 7above, the effectiveness of the
heater can be increased if the porous, gas-perneable section, in particular
a porous, gas-perneable tube, is forned so that it can be heated
electricall% ln th| case, %he§$onou as- eerneable section, in

5%

particul ar thet po? GasCpeY et e Mptini&E PYbehtised as a

heat i ng resmsﬁatlomtoﬂSﬂkhe@mpﬁeffﬁrﬁﬂghé(yhdtBeaﬂgmﬂﬂﬁnjﬁﬁs per meabl e
section, in Qargl é%%_pgrousé erneable tube, to be fornmed froma
metal lic, e6ttrig %ﬁ GubPi v %ﬁ Tged ped rsTWﬁnC%%é€€s§éVy however,

for every p(tllseﬂls,béO‘cgﬁSeq)el’sneabb@cérﬁcﬂllcOf&u@é.every porous, gas-pernmeable
tube to_be electrically heatable. Particularly in the case of tubes
arrangea concentrically with one another, it may be sufficient for an inner
t ube and/ ornaa ﬁm:eilstaslbeDéﬁOrb&cﬂd)ﬁ@ttf:lld}ﬁh'syfhﬁﬂé@-b{!lenplg’S1Br Qu¥E8don My

al so be nage for the heatlng8e sistor to be segnented over the hei ght of

the fluidi Sed bed tedctEEn NERY (HEESIEEL Pi BRF 2 HedtlioRg peher of the

heat er candbeladrUQ;Qﬁmamﬂmﬁalﬁcm@rdﬂygﬁi its the @Qﬁﬁ@sa@adlng segnents 30

|ndependentl f one not_her egnent ed._heaters, may - 9 - particular,
be expedlentlxwﬁh)tan £ P a|§8§'% IF%&EF%?*F§t5W§6ﬁ§h68|9PIed i nto

di fferent secidomsy Heﬂ'drnshanﬁeui@QSﬂﬂIm&dp@éé@iﬁﬁed met al sheets. The
perforated netal sheets may then, for exanple, be used for the voltage
supply of the

The combustible gas feed may likewise be integrated into the

nozzle floor, in order simultaneocusly to deliver the gas

containing oxygen and the combustible gas to the cavity of
15 the heater and the fluidisation gas to the fluidised bed of

the fluidised bed reactor.

The heater is preferably provided in a stationary fluidised
bed and/or a circulating fluidised bed. There, the heat

20 transfer is particularly good and significantly better than
outside the fluidised bed. The fluidised bed may comprise an
inert bed material. This may, however, also be obviated so
that, for example, the fluidised bed is formed by coke
particles. This is referred to as a coke cloud. The coke

25 particles can be supplied well with heat by means of the

heater, for instance for steam reforming.

If the porous, gas-permeable section of the heater,
preferably the at least one porous, gas-permeable tube, at

30 least locally comprises a catalyst material and/or is made



5 individual electrical segnents of the heater. According to the nethod, in
a particularly preferred exenplary enbodi nent, the gas containing oxygen
fl ows through the porous, gas-perneable section of the heater in 10 the
direction of the fluidised bed of the fluidised bed reactor, and oxi di ses
t he conbustible gas in the fluidised bed in the porous, gas-perneable
section and/or imediately next to the side of the porous, gas-perneable
section facing the fluidised bed. This &chieves spatial separation of the
15 oxidation and the coke particles, so that exceeding of the ash nelting
tenperature can be avoided. Furthernore, the porous, gas-perneable section
of the heatoecr i(s:at(__jeii bter Qttel ég?eat ed by the oxidation and then transfers
the correspondi Ay Peat" 6 TREFT uFdfise dE N CRAYET Tmartt harEoke
particles, c28 fekeexem e Thy cheansndf 4 kel siadiat i @heaAniakt expative,
the combusti_bl e, g;sabalf the fluidised bed of the fluidised bed reactor may
f1 ow t hrough FhE poTous,  gas Pet ieabl e BEdtiEnIor - tHe Heatef OFicE he
direction oh they25lead trpaatothen heatdihodardepeusxi dised sbynthe gas

cont ai ngngc xygen %nbt e pogous,Tlgas- rmeabl e section of the heater and/or
in the Bavity of the’Hedfer - The %\Féﬁ&#ﬁé&bﬁﬁng?%ﬁw dh6%e are al so

achi eved i prehesalchgseafter plreidh anotdEonmethod, af 16f natkowen the gas

cont ai ni ng o;xgsen 1s deli veggd to at |east gne i nner_parous and

gas- per neabl & Fibe?* T RE TJEE Lot aF i Hy VXY GERTEPOVEMY tifir 66§R2€he pore
system of whehi nmercdudiesicn an annul ar space between the 5 inner tube and a
porous, gas-perneable outer tube, and the conbustible gas being delivered
to the annul ar space between the inner tube and the outer tube. The
conbustd bl @ighsut sldding kyeoxtidisetydy dekergasdcaniai nich@ oxygen in the
annul ar space Cthen t he at k‘e?ﬁt é)arti al |l yoxi di sed gas energes from 10 the
heat er t hr SUGRCThE P01 Sy SPEMTE " Fh & 30ulsr *PGhe2Serhe Tt PFeBS OWar ti al | y
oxi di sed gassprefreraliley skkbowsni Nt ghe if-hubdi segohad r ?&%tgérméébm der to
heat it. I@u grtic ar, the g% | east partially oxidised gas flows into the
f1ui di sed bed®of T HEFIH GPsbtPbett G O6r PeRhet e 19 Heat Lof The at 15

| east partkabbycasd ditsedpgasuss ¢aansfrernedet gedheocoke partiches: In this
contexi, thﬁeatoloeuasstgpar_ti al I%bfloxi di sed gas_nay fl.ow t hrough a porous,
gas- pefrreabl’® PUBE S ASFPST g e tube, may optionally be uséd as a

heating resistor. It is then preferable for the porous, gas-
permeable section, in particular the porous, gas-permeable
tube, to be formed from a metallic, electrically conductive
material. It is not necessary, however, for every porous,

20 gas-permeable section or every porous, gas-permeable tube to
be electrically heatable. Particularly in the case of tubes
arranged concentrically with one another, it may be
sufficient for an inner tube and/or an outer tube to be
electrically heatable.

25
Provision may also be made for the heating resistor to be
segmented over the height of the fluidised bed reactor, so
that the electrical heating power of the heater can be
adjusted and/or controlled in the corresponding segments

30 independently of one another. Segmented heaters may, in



20 protection shield between the inner tube and the outer tube, preferably
into‘the fluidised bed reactor, nore preferably into the fluidised bed of
the fluidised bed reactor. Better heat shielding in relation to the coke
particles is achieved in this way. An excessive tenperature increase, which
| eads 25 to nelting of the ash contained in the coke particles, can thus be
avoi ded. In a preferred nethod alternative, the gas containing oxygen is
delivered to at | east one inner porous amd gas-perneabl e 30 tube, from
‘where it flows through the pore systemof the inner tube into an annul ar
space between the inner tube and an outer tube. The annul ar space is
furthernore su i ed th conbusti bl e gas, oxi dised there by the
gas cont ai Ath PC(E; \geTﬁﬁp@gge?étt Y Edst nﬁafﬁh&r?ﬁ%ﬁ >(§]l $EACFR 5" his way is
extract ed M@cﬁn §1hﬁilfvlld|ed| sato betk Taaeioseyt foms di sehamgeanasdoypiot directly
i ntroduced into the fluidised ﬁ g of thehfIU|d sed bed re ctor.
Cor r espondFighei 56 g éafbBe bt EF i APENPST %@ﬂﬂ n=BFE%E nati ve,
t he conmbushiadl engas oray chemgded | Vﬁ;‘ﬂ’ etedo rat {:le@.S\troDﬁEgel @n@plp%@uﬁq@nd
gas- per meabl ge an flom/tfr h the pore systemof the inner tube into
an annutar? %gé%%‘“ﬂefmeéﬁrfﬁ% enFﬁb@*aﬁHea Futer tube, to which the
gas contai ni ng oxygen is dellvered. The conbustible gas 15 is therefore
oxi di sed bé t he_gas conﬁalnl xygen in the annul ar space. The at | east
partial |y OXFOrSEY §&s ?ﬁ% xtrhét BATFF oM e ATRTEFSEd bed reactor via
a di schar gexetpil ity le@@stiinene, nﬁ'ﬁéﬂ@ﬁsabbﬁtﬂﬂiiﬁ!@%xy@enﬁﬁyob@ preferabl e 20
for a pyrol Sis ga referably containing tar pyr ol SIS react or
upst ream oF tRes ttsﬂedE?@fiuﬁedg%/%a%etr&}eag&ebﬁ‘eﬁtsjecéfl %lmtt%? % UEtJ'rIbI e gas.
Such ai@astrandCensaguwedt! yhoes piiisded baddot eask | §1uisededFoed her nor e,
usi ng the r ol 5|s as can lead to unloadln of the rs_contained in
25it . Acco?é?ﬁ@ o PEEPLABE hotf VEFPRRELPE ﬁ%§“b5%FaFﬁFh%l%¥§gen is
del i ver ed bedainlwastpoebBasi NGLs- wn@asalandega&:xpedrr&y&b{ eminBea Bd1d,
subsequentl% fl ows through %h l?J:pore 30 system of the inner tube into an
annul ar spatE" bkt vidkn S PIYEr  BaBeP anteHh el L Plibe C Fite
conbust i bl engasiuioi ddde vetihernhangbhifdvews spba ot twe;falrwtdbﬁeefbﬁeb of the
fIui di sed Bedaf eASt of, o RL0UEh. 8, Q80 POLEUS:, S35 RETRERLE Lbe in

ash melting temperature can be avoided. Furthermore, the

porous, gas-permeable section of the heater is deliberately

heated by the oxidation and then transfers the corresponding

heat to the fluidised bed, in particular the coke particles,

20 for example by means of thermal radiation.

An altermnative, the combustible gas of the fluidised bed of
the fluidised bed reactor may flow through the porous, gas-
permeable section of the heater in the direction of the

25 cavity of the heater, and be oxidised by the gas containing
oxygen in the porous, gas-permeable section of the heater
and/or in the cavity of the heater. The advantages mentioned

above are also achieved in this case.



the direction of the annul ar space between the inner and 5 outer tubes. The
'‘conbdstible gas is finally oxidised by the gas containing oxygen in the
annul ar space, and the at least partially oxidised gas is extracted from
the fluidised bed reactor via a discharge. 10 In a manner which is sinple
in design ternms and for easy nethod managenent, the conbusti bl e gas and/or
the gas containing oxygen nmay be delivered via a nozzle floor of the
flui di sed bed reactor, the fluidisation gas of the fluidised bed reactor
being delivered to the fluidised bed through the 15 nozzle floor. Wth the
present invention, direct contact of oxygen with the coke particles forned

from bi omags ganhe subsbaniiallyave dede fecarditRdntagt BRyddvendion, both
al l ot hermal and 20 autothernal operation are possible. re, oxygen is

i nt ended téehierred gasaEohtafhiImF OXYGENPOBUES prief GPabPPTIeehtt cal |y pure
oxygen. A fluidised hedciscLntsnded here ot g, MRan B ghOk AL 0hod reaction

|.

zones with | oating coke particles, "vhich argﬁforned from bi omass. The
flui di sed besitemyoicomcailANERetEODd Fat ePPElar stRATaPSSHR/RED TR | nventi on
may be enpl oyed far. a gonventional st ationesy. fluidi sedebednim ¢k and

W t hout sanﬁ% a cjf%uﬁating.fluidf%ed%Béd or a coke cloud. - 13 - A coke
cloud in thPELeoHtiEe Jdos Patehdil teurcatcahlarFangéfefP26F YeF¥YeSfany coke

particles Qhét{ﬁ?&% ed e 283 988e fd oWy theepattl clGuisae et wWhkchsis so small
that the coke particles are kept at |east in suspensions by the process 5

gas, for iAstanbe dHdiedf By ntlo? Jafe PPLEEYETS Yagcrand CRSpaPEHEH ar are

transported f ULt hele by rhgr 988a A SiFUct U ek pi1aNg Juhe cheates , sy ch
preferably %as a large surface area and is at |east parti al

gas- petireabhe, ¢ater0 tarcaagetle rPeife siskedi sedtifedusent KEPP uTeF s¥d bed
reactor. Ofygen ﬁaa&ru%qlg»ssgidpye@gadoatgr%@e%pp@rﬁws Qycdathon of a gas, in

order to heat the structure which transfers its heat by thernal conduction,
convect i onfanddisrd rmgd raaraey onld graer to heat it. In particular,

the at least partially oxidised gas flows into the fluidised
bed of the fluidised bed reactor, where the heat of the at
15 least partially oxidised gas is transferred to the coke

particles.

In this context, the at least partially oxidised gas may
flow through a porous, gas-permeable tube and/or a heat

20 protection shield between the inner tube and the outer tube,
preferably into the fluidised bed reactor, more preferably
into the fluidised bed of the fluidised bed reactor. Better
heat shielding in relation to the coke particles is achieved
in this way. An excessive temperature increase, which leads

25 to melting of the ash contained in the coke particles, can

thus be avoided.

In a preferred method alternative, the gas containing oxygen
is delivered to at least one inner porous and gas-permeable

30 tube, from where it flows through the pore system of the



15 the fluidised bed. A structure for industrial application may preferably
be fdrned essentially froma plurality and/or nmultiplicity of tubes. The
tubes nmay be arranged in a large nunber in a fluidised bed of a fluidised
bed reactor. Depending on the process nanagenent, sone tubes may be gas- 20
per neabl e and others gas-tight. For exanple, sintered tubes with a
connected pore space, fabric or tubes which are perforated, are
gas- per neabl e. Advant ageous process management can be achi eved with tubes
25 whi ch have a porous structure, as are known fromcartridge filters.
Ceramc and netallic materials are suitable. The tubes may contain further
t ubes, whi Likew se. have a_gas:_pernmeable structure or may be designed so
as to be gggPF%pgg%édH}éfdnla FUla TR ATY SR the EFFﬁbFﬁF@s?ngn

parti cul ar anheubset erutauba@heotinhhastspretdiries furayeboarduped ieyt for
exanple in_the followng way. 5 The oxygen deljvered to the structure,
in ggrticuW%thgg %ggﬁgéég%Fro&gg?%r%%éﬁxg%Fngb%%ﬁfﬁ@’Fi e§%Bwing to the
appl i cat i ocootaansud fo:gicenmt.| Fhposis iae pesspretdif ferenea sebininhi ch t he
pressure ighpgewéeaféié§ 52%%%5 ngtrk fluidised bed reactor is less than in
t he porous TOStYUCtUre,  from the Thsitle PEE THT CUG heVgas? per neabl e
out er tubedwakhatrget hendinoectiipacofy tie redackionspane: aflutihesélui di sed bed
reactor. The.g tain i he fluidised bed reactor is.then oxidised in
t he pores g%dtﬁg %@?éﬁiFgggFgo%egH%a§F¥HEt%PérSFPTﬁﬁﬁﬁ%ﬁFéPEEyCﬁ%xt to the
struct ur e. b&hpseoxitdat iion theadsayo the structure being heated. In a
structure with very small pores or fine perforation, the oxidation takes
place inmediately in the vicinity of the wall, the najority of the energy
bei ng usedAtoahhel heatatilve,t the. c&fihhe iaxiedigaedmay Wparddiakkyecaxidi sed gases
t herefore

at least one inner porous and gas-permeable tube and flow
through the pore system of the inner tube into an annular
space, between the inner tube and an outer tube, to which
the gas containing oxygen is delivered. The combustible gas
15 is therefore oxidised by the gas containing oxygen in the

annular space. The at least partially oxidised gas is then

extracted from the fluidised bed reactor via a discharge.

In at least scme method alternatives, it may be preferable
20 for a pyrolysis gas, preferably containing tar, from a
pyrolysis reactor upstream of the fluidised bed reactor to
be used as the combustible gas. Such a gas can consequently
be provided and readily used. Furthermore, using the
pyrolysis gas can lead to unloading of the tars contained in

25 it.

According to another method variant, the gas containing
oxygen is delivered to at least one inner porous and gas-
permeable tube and subsequently flows through the pore

30 system of the inner tube into an annular space between the



remain in the fluidised bed reactor. The gasification is thus autothermnal
intHis case. (b) OnMng to the application of a negative pressure
25di fference, in which the pressure in the reaction space of the fluidised
bed reactor is greater than in the porous structure, the gas of the
fluidised bed reactor flows in the direction of the interior of the
structure. In the pores of the wall or in the 30structure, the gas reacts
with the oxygen delivered to - 15 - thézstructure, and specifically as a
function of the pressure difference. The oxidation preferably takes place
on the inner wall simlarly as in case (a). The oxidised or partially
oxi di sed gases, i.e. the reaction Sproducts, are extracted fromthe tube
for further tige. “¥H§ & FPh8Pt%§eUH§V,T1Src8yﬁﬁiTﬁﬁft§ﬁ§rsPniEh%aking t he
sensi bl e heahetsihl® frapwkheroemetiad £ pridcesa. bdhe-Oxind sedigespartial ly
oxi di sed ggsgs nat:alﬁgrbe rought to a higher ressure lLevel and delivered
to the 10r85¢ctToN SPacd GPILhd™ f Uit s&€F BB r CaTtRIT " CE) S PaMPF ctft ar | y when
t he structuhe dSreoiisin WEt edef £:0m0Baplspaakl byt Véepaiaus nhayessq and
preferﬁgly a Qlurq%ity f concentri.c porous tubes, any desired conbustible
y b8

, a
gas 15 “osed DT HE8t FREPHRe 1T Fefurs. Tl of r F&%t Ren~14t ef er abl y
conpri ses aghtsl| eastainimgconrgeahrie, tiporamsibubesacdhamorhustt bl€agas my be
i ntroduced_into e internedi ate, space of th orqus | ayers of_ the
structure,pﬁﬁ%f?%iheﬂﬁ%ﬁlﬁggog?ﬁel%ﬁﬁﬁFgf“§8agﬁgﬁéﬁﬁbéhuéﬁﬂﬁ%d&%ﬁ%entric

tubes, or ikBkotdheriantzedieehatgé he

10 In a manner which is simple in design terms and for easy
method management, the combustible gas and/or the gas
containing oxygen may be delivered via a nozzle floor of the
fluidised bed reactor, the fluidisation gas of the fluidised
bed reactor being delivered to the fluidised bed through the

15 nozzle floor.

With the present invention, direct contact of oxygen with
the coke particles formed from biomass can be substantially
avoided. According to the invention, both allothermal and

20 autothermal operation are possible. Here, oxygen is intended
to mean a gas containing oxygen, but preferably technically

pure oxygen.

A fluidised bed is intended here to mean any form of

25 reaction zones with floating coke particles, which are
formed from biomass. The Zluidised bed may contain inert bed
material, such as sand. The invention may be employed for a
conventional stationery fluidised bed with and without sand,
a circulating fluidised bed or a coke cloud.

30



structure or the interior of the respectively inner concentric tube. The
‘oxygen is then introduced into the other respective space, the internedi ate
space, annul ar space or interior, so that the conbustible gas and the
250xygen are initially separated fromone another by at |east one |ayer or

wal | . I f the oxygen is introduced for exanple into the inner
gas- perneabl e tube and the gas into the annul ar gap, 30then with a positive
pressure difference the oxygen - 16 - fiows into the annul ar space where

the gas is at |least partially oxidised. The inner tube therefore becones
hot and transmts the heat to the outer tube, which in turn transfers the
heat to the fluidised bed of the 5fluidised bed reactor. If a pyrolysis gas
cont ai ni ng*t @75 C198ed eSS THE s 1Si tFSYESi Y aBI®8 ™ 8F t he i nner tube
to reach aaztespesnaintr @rWikeh hdnascdhegbaasi pussidilstribotbli sncasgs it is
advant ageous to arrange an addi ti onal .heat protection shield in the annul ar

10space, fotof nstnEETFACtReS 3T MofMadCPol F et pitFdr 4784 hBEaf Cheet, so
that a hi ghatenperatcexepn be reached kuspbestaid espendi pgotader medi at e
space wi thout the tenperature in the reaction space increasing so greatly

that ash nBf®i ngPTaiSFARESpIRACE® THE ™h&at “PF R G 5158Fi ef S i S t herefore
provi ded bghineefuldie sreacthpgonel andrhbe putEidamgis.concentric, porous
tube. The sheet netal for formng the heat protection shield nay be
configured so that the greatest possible turbulence occurs, so that the gas

mol ecul es gogerbdr Gentraehingt the Hre diot whiibe pedderamp19f hes asipassible. In
order to assist the tar hreakdown, it is adxgntgggpus to gatalgtically coat
at |east tRBTIFTRrATF0ERIFOF BXari, PATFEkST = haFbd REATErYsts 15 om group

VI11 ofotherpesdadiic t-abl e1uni ey cva be bnekendDwedyeanieat tor .

Oxygen can be used, by oxidation or partial oxidation of a
gas, in order to heat the structure which transfers its heat
by thermal conduction, convection and thermal radiation to

15 the fluidised bed. A structure for industrial application
may preferably be formed essentially from a plurality and/or
multiplicity of tubes. The tubes may be arranged in a large
number in a fluidised bed of a fluidised bed reactor.
Depending on the process management, some tubes may be gas-

20 permeable and others gas-tight. For example, sintered tubes
with a connected pore space, fabric or tubes which are

perforated, are gas-permeable.

Advantageous process management can de achieved with tubes

25 which have a porous structure, as are known from cartridge
filters. Ceramic and metallic materials are suitable. The
tubes may contain further tubes, which likewise have a gas-
permeable structure or may be designed sc as to be gas-
impermeable.
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25are suitable for this. Doping of nickel-based catalysts with MgO, Zr02 or
Zr 02-Al 203 is al so advantageous. OM ng to the catalytic tar breakdown of
pyrolysis gas at elevated tenperatures, a substantially tar-free synthesis
gas is obtained. - 17 - If the outer tube is gas-perneable, the partially
oxi di sed pyrolysis gas, the tar content of which has substantially been
reacted catalytically and/or thermally, can flowinto the fluidised bed
reactor 5 owing to the application of & corresponding pressure difference.
The substantially tar-free pyrolysis gas nay, however, also be extracted as
synthesis gas fromthe annul ar space for further use. In this case, the

out er tUbeTheyheé%.QQS Fake £ﬁéipré£helﬁt8£fhe SQ§IEE%|08§% %?EE of the

gas with oxygen nay EAK so ace outsid ructure e sinpl est
case, the at ttleasitrpwttmcalslymwlmh sedrjgas bthenfdweatemphe sbrtuect ure when

fl ow ng th%oygh it. The 15structure then transfers the heat to the
fluidised of* T%ghe *Fl'ui di sed bed reactor. The at | east partial oxidation
of the gas nay al so take pl ace entlrely outside the fluidised bed reactor

or i medi at e el ow t he tqy_c;ur pa pcular th T onbi ni ng
200f combustib g“gas SYand %xygénrerf‘gyt 2156 tst:ftﬁegp“l1 ace | n%ﬁ%@?c legﬂjgttrcuct ure,
particul arly i nsiedeudes,t ibess thrddmseorasesoadingellineg gusnpetrdreabl e t ube

may be advant agﬁgrec}?quca use th t%rpfe%fl%tlgﬁg}gsﬁggsgrﬂ@%e rggsﬁpg axi al

direction can t e reauced yro S gas contarning tar is
used as the con@ﬁaﬂaﬂr&egasn WIhEQ!'hITIhGI pradvant agectu@ treapkovn deradre

structure, in paEtéﬁzul l%rl]gegt C(iaa Qne an%) %t b2 ?&%é‘ﬂs}’s" The
structure or ﬁ eas one % may a e Oof a ca ytic
materiab. Al ofttdrecure, from the inside outwards through the gas-
permeable outer tube wall in the direction of the
reaction space of the fluidised bed reactor. The gas
contained in the fluidised bed reactor is then oxidised
in the pores of the outer layer of the structure or
15 immediately next to the structure. This oxidation leads
to the structure being heated. In a structure with very
small pores or fine perforation, the oxidation takes
place immediately in the vicinity of the wall, the
majority of the energy being used to the heat the tube.
20 The oxidised or partially oxidised gases therefore

remain in the fluidised bed reactor. The gasification

is thus autothermal in this case.

(b) Owing to the application of a negative pressure
25 difference, in which the pressure in the reaction space
of the fluidised bed reactor is greater than in the
porous structure, the gas of the fluidised bed reactor
flows in the directiocn of the intericr of the
structure. In the pores of the wall or in the

30 structure, the gas reacts with the oxygen delivered to



- 18 - partially oxidised uyrolysis gas nust then flow through at |east one
catal'ytically active structure, so that the tar content of the pyrolysis
gas can be reduced even nore significantly than in case (c). 5 If the
conbusti bl e gas flows through the gas-perneable tube into the fluidised bed
reactor owng to the application of a correspondi ng pressure difference, in
order to be oxidised there, then this tube may al so be 10provided with a
catalyst. It is not conpulsory to put the catalytic process inside the
structure. This process nay al so be carried out in an apparatus outside the

fluidised bed reactor A prelimnary stage for the generation of
pyrol ysis gas i de cribed in 198 .07 98 plLLcati ons DE 10
2008 014 799 AI ?B §Od§gg§§mf§6‘ﬁﬁ g s% uséiﬁ¥% Ag % a'hstages in

whi ch pyronS|sp@ﬁﬁsur@nﬁaEﬁEﬂ@n¢eu The gendnated. 1&Idrbbﬂpetam®®ustlble gas,
for instance pyrf%g5|s gas contalnugg tar._ is not or not ga irgly used as

fluidisation gé% the 1 Ui di sec lpéé%fo¥ “Hut” iAST isat | east

partially deli vetii ded blrepstt ety exfidn satl @&EEE pa@tlaheZBematxhnj on,
then part of the(g9s of the f|UIdH§§p bed eact§$ e recycled and used

as fluidisati o’ gas a1 ofdsr ¥o provi dé “enstigh "sat't 6i°gas™ T or

operation of thenfd iuditsed bed mamactior. ekamphes mmnﬁistalnemaktmjatlon

bl ower may p055|bly ?%1 u red HWHS¥1 %%EUEH erll S|r as_or -
SR FOE AR e F reREPsr T o THe |nput | f

pyrol ysis gas fron1 e ou
pyrol ysis gas isxididsel ugegartuimku dmhalsbdugaswigma@hamso be

brought to a higher pressure level and delivered to the

10 reaction space of the fluidised bed reactor.

(c) Particularly when the structure is constructed from a
plurality of porous layers, and preferably a plurality
of concentric porous tubes, any desired combustible gas

15 may be used for heating the structure. The structure
then preferably comprises at least two concentric,
porous tubes. The combustible gas may be introduced
intc the intermediate space of the porous layers of the
structure, particularly into the annular space between

20 the concentric tubes, or into the interior of the
structure or the interior of the respectively inner
concentric tube. The oxygen is then introduced into the
other respective space, the intermediate space, annular
space or interior, so that the combustible gas and the

25 oxygen are initially separated from one another by at

least one layer or wall.

If the oxygen is introduced for example into the inner
gas-permeable tube and the gas into the annular gap,

30 then with a positive pressure difference the oxygen



5 it is recoomendable first to scrub this gas and optionally rid it of

cat al'yst poi sons, such as sul phur. Hot gas desul phurisation is generally
sufficient, and is known per se. Although dust can be detached fromthe
tubes by a pressure inpulse, as is conventional in the case of filter 10
cartridges, sul phur compounds can lead to the formation of |ow nelting
poi nt ashes, which becone deposited in the tubes. |If the gas which has been
introduced is to be fully oxidised 15 wth technically pure oxygen, this is
possi bly done only with a recycling bl ower. The tenperatures occurring can
be limted by recycling the partially oxidised gas, so that the structure
s protected agajnal sexeessively, .of Lemperatures, Jhe generalign of

synt hesi s gas ofien ol Tows - 20 anot hér process for treating this gas to

f orm gaseous orpditguildysobstaseds, THeorineranphiee hyidrfere betdbase, net hanol
or propellants.. \Wen nvertin nd .purifyi t hese product conbusti bl e
gasgs gnd stean%l%tr 6 ;%é:ﬁnf%f?redt,e}levmﬁgﬁ fééng e %%%ecftémﬁéayg%%% Structure
in the fluidi seduithedr2hsfeast dre ragadt canthe fseddiasda bednbisthdl e gas in
the nmanper descgj bieﬁs%%o%ea These may .alsg be fractions with a high

hydr ogen corrponen‘f ~om whi ch’ %y Total o%‘/daﬂ/on, team 1 ST 6btai ned whi ch
can be very usefart forseflheteveraliheprecesst St edayifairleeXanptiee is readily
usable as a flujdlsation gas, ;.20 - foL the flyldised bed, reactor

descri bed here, tor {(He honogeneous S{&am reaction (s |fatg) of for

mechani sati on. ddesiddwi.cénaciobds diaap t att he advenmtdarvuandot heramidod 5
according to the, inyentign, are, suilable bor pressuri sgd progess mnagement
as well as for a pressureless process. Pure oxygen Is prefleraﬁy used for

| ar ger1pr essurisgttepl dotrs inwhahes air they fhemad¥ antagdeds pkof osaedd
ressureless plants since the generati.on of small amunts of re. oxygen 10
Ps conparati vgl@&caosts-rﬁeﬁf%éng?v%}ar& Ia‘ntjntlﬁg1 g%@%?lf%%u Srethod? (r:fiar%(lﬁd co%?act
bet ween t he cokin pard icolressanadite iovpgerdistavepasd wirthatit| e@ast
significantly reduced. |nstead, the heat is transmtted to

emperature 1 reactlion space 1lcreasing so greatly
that ash melting can take place. The heat protection

15 shield is therefore provided between the reaction zone
and the outermost concentric, porous tube. The sheet
metal for forming the heat protection shield may be
configured so that the greatest possible turbulence
occurs, so that the gas molecules come in contact with

20 the hot tube wall as often as possible. In order to
assist the tar breakdown, it is advantageocus to
catalytically coat at least the inner tube. For
example, nickel-based catalysts from group VIII of the
periodic table, which can be broken down by ammonia,

25 are suitable for this. Doping of nickel-based catalysts
with MgO, Zr0O, or 2r0,-Al,0; is also advantageous. Owing
to the catalytic tar breakdown of pyrolysis gas at
elevated temperatures, a substantially tar-free
synthesis gas is obtained.

30



15 the coke particles by radiation, convection and thermal conduction.
‘OM ng to the endotherm c reaction of the coke conversion, the coke
particles are preferably always cooler than the structure, the surrounding
gas or a nei ghbouring sand particle, if present. The tenperature difference
20 between the coke particles and the structure can be controlled through
the size of the structure surface, so that tenperature differences of
bet ween 20C and 300C can be set up. Thelfnvention is therefore also
suitable for biomasses with a low nelting point. This applies to a large 25
nunber of val uabl e bi onasses of the crop type. Despite the use of oxygen
the reform ng process can be carried out allothermally. This increases the
bore Gerit i iF

product quality hESyAL hE8T s §a¥ S ATE FA TG AH Sws t her mal |y
catal ytic reducéidfc theolgeicomentthe The &bntshised bedcheastor may be
configured for éqstgyrqlxzis of solid tfeI%, such q@/biomass. The fl uidi sed
bed reactor may AL e cokt PGt eI or S (e TP BUtct oh /S nt hesi s gas from
solid fuels, preferailly,fram alpyrolysithed rgasadied he:afenensnt i oned
pyrolysis. Optionally, tge flujdised bed reactor my. be conflgured for
st eam ref or m ng®" Tohprd SPfg*BYr bf VST i & FP?E?Q?ﬁé%Tﬁ%FﬁEFF fpyrol ysis
reactor) and syath®siehcgas Tpeoducdtiaitially secoftkd eneddryspar fa§synt hesi s
gas reactor). 18 Tha}inventioT will be exglgined in nore detail below with
15 the aid of a"dFawtFG whi cA-FBrRT yHepesents SISy 98f/boEPRents. I n
t he draw ng, Fighe lalnusirasbhotdisedietiereastorimidi 8 stsat i epary
fl ui di sed bed,in _which oxygen s intro?yced t hr ough
ocuter tube y be gas-tight.
10
(d) The at least partial oxidation of the gas with oxygen
may alsc take place outside the structure. In the
simplest case, the at least partially oxidised gas then
heats the structure when flowing through it. The
15 structure then transfers the heat to the fluidised bed
of the fluidised bed reactor. The at least partial
cxidation of the gas may alsoc take place entirely
outside the fluidised bed reactor or immediately below
the structure, in particular the tubes. The combining
20 of combustible gas and oxygen may also take place
inside the structure, particularly inside the tubes. In
these cases as well, a gas-permeable tube may be
advantageous, because the temperature differences in
the axial direction can thereby be reduced.
25
If pyrolysis gas containing tar is used as the
combustible gas, then it is advantageous to provide the
structure, in particular the at least one inner tube,

with a catalyst. The structure or the at least one tube

30 may also be made of a catalytic material. All of the



tubes with a porous wall, Fig. 2 shows a |ongitudinal section of the
‘porous tube in 20 Fig.1, Fig. 3 shows a cross section of the porous
tube in Fig. 1, '

partially oxidised pyrolysis gas must then flow through
at least one catalytically active structure, so that
the tar content of the pyrolysis gas can be reduced

even more significantly than in case (c¢).

5
If the combustible gas flows through the gas-permeable
tube into the fluidised bed reactor owing to the
application of a corresponding pressure difference, in
order to be oxidised there, then this tube may alsc be
10 provided with a catalyst. It is not compulsory to put

the catalytic process inside the structure. This
process may also be carried out in an apparatus outside

the fluidised bed reactor.

15 A preliminary stage for the generation of pyrolysis gas is
described in DE 198 07 988 Al. Patent Applications
DE 10 2008 014 799 Al and DE 10 2008 032 166 Al also use
preliminary stages in which pyrolysis gas containing tar is
generated.

20
If the combustible gas, for instance pyrolysis gas
containing tar, is not or not entirely used as fluidisation
gas for the fluidised bed reactor, but instead is at least
partially delivered to the structure for at least partial

25 oxidation, then part of the gas of the fluidised bed reactor
may be recycled and used as fluidisation gas in order to
provide enough fluidisation gas for operation of the
fluidised bed reactor. In this case, a recirculation blower

may possibly be required which returns synthesis gas cr



Fig. 4 shows a fluidised bed reactor with a circulating 25 Fig. 5
fluidised bed,in which oxygen is introduced through tubes with a porous
wal I, shows a fluidised bed reactor with externally | ocated oxidation,

22 - Fig. 6

10

15

20

25

pyrolysis gas from the output of the fliuidised bed reactor

to the input.

I

th

pyrclysis gas is to be used to heat the structure, then
it is recommendable first to scrub this gas and optionally
rid it of catalyst poisons, such as sulphur. Hot gas
desulphurisation is generally sufficient, and is known per
se. Although dust can be detached from the tubes by a
pressure impulse, as is conventional in the case of filter
cartridges, sulphur compounds can lead to the formation of
low melting point ashes, which become deposited in the

tubes.

If the gas which has been introduced is to be fully oxidised
with technically pure oxygen, this is possibly done only
with a recycling blower. The temperatures occurring can be
limited by recycling the partially oxidised gas, so that the
structure is protected against excessively high
temperatures. The generation of synthesis gas often follows
another process for treating this gas to form gaseous or
liquid substances, for example hydrogen, methane, methanol
or propellants. When converting and purifying these
products, combustible gases and steam are often formed,
which can be used to heat the structure in the fluidised bed
reactoxr, and can be used as a combustible gas in the manner
described above. These may also be fractions with a high
hydrogen component from which, by total oxidation, steam is
obtained which can be very useful for the overall process.

Steam, for example, is readily usable as a fluidisation gas



shows a fluidised bed reactor with two concentrically arranged

gas- pernmeabl e tubes, Fig. 7 shows a |ongitudinal section of the
gas-perneable 5 tubes in Fig.6, Fig. 8 shows a cross section of the
gas- perneabl e tubes in 10 Fig. 9 :

- 20 -

for the fluidised bed reactor described here, for the

homogeneous steam reaction (shift) or for methanisation.

The device according to the invention and the method

5 according to the invention are suitable for pressurised
process management as well as for a pressureless process.
Pure oxygen is preferably used for larger pressurised
plants, while air may be advantageous for small pressureless
plants since the generation of small amounts of pure oxygen

10 is comparatively cost-intensive.

In the described method, direct contact between the coke
particles and the oxygen is avoided or at least
significantly reduced. Instead, the heat is transmitted to

15 the coke particles by radiation, convection and thermal
conducticn. Owing to the endothermic reaction of the coke
conversion, the coke particles are preferably always cooler
than the structure, the surrounding gas or a neighbouring
sand particle, if present. The temperature difference

20 Dbetween the coke particles and the structure can be
controlled through the size of the structure surface, so
that temperature differences of between 20°C and 300°C can
be set up. The invention is therefore also suitable for
biomasses with a low melting point. This applies to a large

25 number of valuable biomasses of the crop type. Despite the
use of oxygen, the reforming process can be carried out
aliothermally. This increases the product quality of the
synthesis gas. The invention also allows thermally catalytic
reduction of the tar content.

30



Fig. 6, shows a cross section of the gas-perneable tubes in Fig. 10 Fig.6
Wi th'a heat protection shield, shows a cascaded fluidised bed reactor wth
two concentrically arranged tubes, only the inner tube 15 bei ng
gas-perneable, Fig. 11 shows a |ongitudinal section of the tubes in Fig.
20 '

- 27 -

The fluidised bed reactor may be configured for the
pyrolysis of solid fuels, such as biomass. The fluidised bed
reactor may also be configured for the production of
synthesis gas from solid fuels, preferably from a pyrclysis
5 gas of the aforementioned pyrolysis. Optionally, the
fluidised bed reactor may be configured for steam reforming,
comprising pyrolysis in a first reactor part (pyrolysis
reactor) and synthesis gas production in a second reactor
part (synthesis gas reactor).
10
The invention will be explained in more detail below with
the aid of a drawing which merely represents exemplary

embodiments. In the drawing,

15 Fig. 1 shows a fluidised bed reactor with a stationary
fluidised bed, in which oxygen is introduced through

tubes with a porous wall,

Fig. 2 shows a longitudinal section of the porous tube in

20 Fig. 1,
Fig. 3 shows a cross section of the porous tube in Fig. 1,

Fig. 4 shows a fluidised bed reactor with a circulating
25 fluidised bed, in which oxygen is introduced through

tubes with a porous wall,

Fig. 5 shows a fluidised bed reactor with externally
located oxidation,

30



Fig. 12 10, shows a cross section of the tubes in Fig.10,and Fig. 13 shows
‘a fluidised bed reactor in which the oxidation of a gas takes place on the
i nside of a porous tube. 25 Fig. 1 shows a fluidised bed reactor 9a with a
stationary fluidised bed 10 between a nozzle floor 12 and an upper end 16.
In order to assist size reduction of the biomass, the fluidised bed may
contain sand. The fluidised bed is fluidised by a fluidisation gas 13, for

exanpl e steam and/ or 30 pyrolysis gas. Biomass 14 is delivered to the
flui di sed bed

Fig. 6 shows a fluidised bed reactor with two

concentrically arranged gas-permeable tubes,

Fig. 7 shows a longitudinal section of the gas-permeable

5 tubes in Fig. 6,

Fig. 8 shows a cross section of the gas-permeable tubes in

Fig. 6,

10 Fig. 9 shows a cross section of the gas-permeable tubes in

Fig. 6 with a heat protection shield,

Fig. 10 shows a cascaded fluidised bed reactor with two
concentrically arranged tubes, only the inner tube

15 being gas-permeable,

Fig. 11 shows a longitudinal section of the tubes in Fig.

10,
20 Fig. 12 shows a cross section of the tubes in Fig. 10, and

Fig. 13 shows a fluidised bed reactor in which the oxidation

of a gas takes place on the inside of a porous tube.

25 Fig. 1 shows a fluidised bed reactor 9%9a with a stationary
fluidised bed 10 between a nozzle floor 12 and an upper end
16. In order to assist size reduction of the biomass, the
fluidised bed may contain sand. The fluidised bed is
fluidised by a fluidisation gas 13, for example steam and/or

30 pyrolysis gas. Biomass 14 is delivered tc the fluidised bed



- 23 - reactor via a supply conponent. The synthesis gas 15 generated in
the fluidised bed reactor 9a passes through the space over the fluidised
bed 11 (freeboard) and | eaves the fluidised bed reactor 9a at the head end.
The fluidised bed 5 contains a heater 28 conprising a nultiplicity of
porous tubes la having a cavity 29, to which oxygen 6 is delivered via an
oxygen feed 30 in the formof lines 5. The oxygen 6 flows through a porous,
gas- per neabl e section 31 of the heater 28, formed by the porous tubes |a,
in the direction 10 of the fluidised bed 10. The conbustible gas fromthe
fluidised bed 10 penetrates into the outer |ayer of the porous tubes |a by
di ffusion and convection, and is _oxidise her th xygen 6. The tube
15 la is theferore fedt Sa?pa%dccfmrpgﬁlse?%r’sglll%sgwgta%jéls‘tlos gﬁg ??ui di sed bed 10
by t her mal g¢narsmds Snonhe Theutdkeedaretli ckestoheod Insisdiese dhbedgtardie

predom nant|ly heat ed indirect| the L i f nd gas.

Si nce the a%%? i Cati 5&1&0 “¢o %agelcg%éer?dd‘taﬂgﬁ‘lg%? t C%a) %g’lge&%g%%?c eez arg t he
cool est 20fpatdisdedeidnrehetdt uiadissedhbededd. effhhe Por st gised Yk e si ze of
the tubes |la are expediently_selected so_th . Ar, r of the
oxygen 1s neh gtedt %Fat%ﬁﬁné(% he”"pressi eadtlnﬁ%%%lﬁlc%%?%tghgo%%%%r and | ower
ends of theubési i SedribgdalBavilpprasxi et ehycndfrean beati Aglivendrer eby 25
achieved. At _the sane tine e. Si a e sz tubes | a
are sel ect 84%s%" t%xa?'tgetnhé‘ceggkégpﬁrgﬁhc éfg@aﬁgo%%ens{)g' tTﬁlg gﬁ?%ergﬁtem of the
tubes | a aftlogonehraughonat actows t hpasheeaxyggbhe 6s¢dtera 31- o24the Fi g. 4 shows
a fluidised bed reactor 9h with a ci | at ui.di his type
of reactorge?ﬁ%* gzggg’ sf%éfgl 9i Eysgh%ip& o%%’a?&gggtg iol%lar{?/l%f Pg?%ﬁ:%{elo(ﬁ bed is not
set upilo Thetbele nttwerdisledobetheo f |1 ui di sed bed 10 is constantly circul ated
in 5 a manner known per se by neans of a cyclone 27 and a siphon operated
wi th siphon gas 8. The porous tubes |la can therefore fill alnbst the entire
reacti on spaeeconhestn@dzl gatl doeom thecdisiigt sedf bad daulpleaetkraoes f or ned by

(e 1oL o A1, 200, 16 IS, 400 11 G5, VABEL1 0, L MLEL Iy 10

convection, and is oxidised there by the oxygen 6. The tube

15 1la 1is therefore heated, and transfers its heat to the
fluidised bed 10 by thermal transmission. The coke particles
the fluidised bed are predominantly heated indirectly by
thermal conduction from sand and gas. Since the gasification
of coke is endothermic, the coke particles are the coolest

20 particles in the fluidised bed 10. The porosity and pore
size of the tubes la are expediently selected so that the
pressure loss of the oxygen is much greater than the
pressure difference of the upper and lower ends of the
fluidised bed 10. Approximately uniform heating is thereby

25 achieved. At the same time, the porosity and the pore size
of the tubes la are selected so that the coke particles
cannot enter the pore system of the tubes la and come in

contact with the oxygen 6 there.



According to experience, the heat transferred to the tubes la in the first
centi‘netres on the nozzle floor is not as great as in the central part of
the fluidised bed reactor 15 9b. For this reason, it is expedient not to
heat the tube la in the | ower region, and not to nake it porous there. This
may be done by inserting or an encasing the tube la with a protective tube
4 in the formof a short gas-tight tube. OnMng to the double floor, the
fluidisation gas 13 is fed 20 through afiltiplicity of tube nozzles 20,
whi ch extend through the double floor fornmed by the plates 17 and 18. A
plate is provided as a check valve 21. Besides the tubes la, the
fluidisati gas 4s fe ) yi.di sed-bed fieacter ,98:.29 Fig,g 5 shows a
fluidised gg% ?425&%&5 gaEfv)ﬁl%%esastt é% oﬁa?y&gl uhlegfjsed ®bed 10, In gvvhi ch any
desired cofbustidsidebgds Tndetiseanmd Pronethecnutsicdgashepagh & conbusti bl e
gas feed 32.i,s 9xidised a t- part ial! i { ygen §.i npan apparatus 22
provi ded f%}gl? htﬁ'ls"‘.t ‘?hgg e%?ﬁéﬁnr&aggr‘lts% ¥3w0§%151?9s%e% gasp30 r?{ows t hrough a
doubl e fl| obatemsnldescrhbedluindHay d andis-c@Btantivogghcalandd iiplicity of
porous tubes la into the flujdi . Jurber ;of ¢t la is
| ar ge, he®heat 1's k|E)1ro£evao eha%l%léﬁ:?nre%%gmét?taéd%%@h% fl u?lai se ed by
radi ati on, opérertred wichdacphon garl scoAecrporis Wulkdesa lenakh nunber of 5
tubes la, the heat isS- tr 4t : i Y xi.di sgd gas.-idself. In
bot h cases,Eh?ﬂ%?oc% eﬁ%ér ?P@%é 0 %ttgggrrggi{#%oﬁnt%%?ew tﬁgoxygen. Thi s
design i s papter cld acnpisaetable daoblehd logr daeitmd dvwy tDepatefad 10xi dation
of pyrolysis.gase nt.aj i ng whieh shoul d..oref erabl y - dust ed
bef ore thegﬁ?(ig%t ?rgl%% Eﬁﬁlelﬂfé?e%%?gerd lterrperature 0 ltkllleeparti{'%Firéyié?noxi di sed
pyrol ysb s @gasTicarmygens édchdold thiesx dealysicilbwteak dowanetheareay This can be
done by providing the tubes la with a catalyst, or arranging 15 a catal ytic
reactor outside the fluidised bed reactor. In the event of strong
over heat i ngcobrdires gas ebyepaendal tdye dabicohranstanrdd ttioc theatihons, it
shoul d be ensured, far ex e | tipl]cl t la, that the
t enper at urg‘_’lofntthee t“uggg ?ggj%%m%%ﬁe%sgﬂhittég %ﬁ%%y? ﬁﬁfeloggﬁg?’n t he %]I ui di sed
great as in the central part of the fluidised bed reactor

15 9b. For this reason, it is expedient not to heat the tube la
in the lower region, and not to make it porous there. This
may be done by inserting or an encasing the tube la with a
protective tube 4 in the form of a short gas-tight tube.
Owing to the double floor, the fluidisation gas 13 is fed

20 through a multiplicity of tube nozzles 20, which extend
through the double floor formed by the plates 17 and 18. A
plate is provided as a check valve 21. Besides the tubes la,
the fluidisation gas is fed to the fluidised bed reactor 9a.

25 Fig. 5 shows a fluidised bed reactor 9a with a stationary
fluidised bed 10, in which any desired combustible gas 7
delivered from the outside through a combustible gas £feed 32
is oxidised at least partially with oxygen 6 in an apparatus
22 provided for this. The heated and partially oxidised gas

30 flows through a double floor, as described in Fig. 4, and



20 bed 10 nelts. Fig. 6 shows a fluidised bed reactor 9a with a stationary
fluidised bed 10, in which the tubes la contain a further concentrically
arranged porous tube 2a whose porosity is 25 selected so that coke
particles cannot enter the pore systemof the tubes, or at |east cannot
pass through the tube. The concentrically arranged tubes la, 2a form an
annul ar space 33 and al | ow stronger overheating of the conbustible gas 7,
because the oxidation or partial oxidatfon with oxygen 6 30 takes place at
the inner tube 2a which transfers the heat - 26 - predom nantly as
radiation to the outer tube la. The tenperature increase can be reinforced

L an addi oo g%%a%nlﬁ%r geaple, lubhtds @gég sal1anged Jhn Ehe; anoul ar
space. The exanp forme a ro d metal sheet, in 5
whi ch t he bpénl@gsitamebeuwbanpeﬁ13@%¥hab.sheé@rmataMEI@gstrEﬁaln as flow

baf fles on %Fs?ﬁﬂ?%t 1PL LoD Sl G refelagwéﬂ Sdd) PALLLEU ALy for the

thernal/ca?a own of fars. e inner tube 2a
shoul d haveharmalakykncahby an¢|wgnkayepnorwbehnadﬂMéﬁtmmebyro®fa 10

catal ytic U%g%;,fﬂ' E efot gtiy wﬁb &4 shoul d &grecfledrﬁ |y, bg;Lopger in

this case so he entry o tube’ 3, The pyrolysis gas which is
still coI dgaadltsh@]r%f mneb@@ht afess t drhec anet pweiamllemeiOf mi:dpgle@ bed

react or M. nol ecul es shoul d be given the opportunity to
ent er |nto ggégﬁt%é%p%m&ﬁéthe hot inner tube 2a. Instead of a netal sheet,

the heat protection shield 3 may in this case also be forned as a porous

tube with t c II c f a r shown by
Figs 6 to SFQ?hﬁé%i#%?Seﬁ 12 EE%??%ggﬁiug%f %sédpdggk gﬂ%at%e f% eased into
the fluddi sedtbed dXLdaHape othYIhﬂY&MH)ga@ESth@nzﬁmﬂihgamdrthehDRWgen 6

t akes pl ac h o) S ich are
formed by %HE i? f?gﬁfs anéglé é%%igg&cggo ﬁgﬁggggécagﬁg fluidised
bed reactoeleaaVWdft&mRﬂnmtuonao§ ¢Haughnﬂaalbed031ﬁlﬂﬁﬂ(ﬂwreémsabnga%n i nert
bed materi al n r..f.l ed

% dé%d%ﬁ) th% gaE¥PCO %ak owﬁ q%u%b %h%% cg dgfron1the

fl ui di sed Seﬁs 3 con5|st onl e c ou are ral se
fluidi sed bedeldy ﬁkﬂwmﬂamgthhefﬂmbm@rla with a catalyst or arranging

15 a catalytic reactor outside the fluidised bed reactor. In
the event of strong overheating of the gas by partial
oxidation or catalytic reactions, it should be ensured, for
example by a multiplicity of tubes 1la, that the temperature
of the tubes la is not so high that the ash in the fluidised

20 bed 10 melts.

Fig. 6 shows a fluidised bed reactor %9a with a stationary
fluidised bed 10, in which the tubes la contain a further
concentrically arranged porous tube 2a whose porosity is
25 selected so that coke particles cannot enter the pore system

of the tubes, or at least cannot pass through the tube. The
concentrically arranged tubes la, 2a form an annular space
33 and allow stronger overheating of the combustible gas 7,
because the oxidation or partial oxidation with oxygen 6

30 takes place at the inner tube 2a which transfers the heat



- 27 - fluidised bed 23 and the stationary fluidised bed 10, there is a
reaction space 11. As in Fig. 6, the structure is formed by a multiplicity
of tubes Ib, each of which has an additional concentrically arranged inner
tube 2a or 2b. The 5 conbustible gas 7 is introduced into the annul ar
space, which is forned by the two tubes. The oxygen 6 is delivered to the
inner tube 2a. In the region of the fluidised bed 10 containing sand, the
i nner tube 2a consists of a porous tube?2a, and in the region of the
further fluidised beds 23 and 10 the reaction space 11 it consists of a
perforated tube 2b or a tube 2b with a higher flow resistance, which lets
| ess oxygen I ou t han_t he_.por ouys e e.stationary fluidised bed
10. This igrgi%glfg%pybggaﬁggl?ﬁ%£hg§1Eﬁ?aﬁg %%n?ﬁmiﬁg's?g?ionary fluidised
bed 10 is neuopegpmateerintSethancam Heheefimfoheerdfiiiadh sedibédsal3zand t he
reaction s .. The tybe_Ib is s-inperneabl e, _The oxidised.or
partially §§fﬁﬁ%%ﬁfgggezﬁ %ﬁs?l?%égg?bﬁggbénré %éggﬁﬂﬁﬁtgp?ﬁ%'g%g%e 26,
which is forbed et fer rkempidi iz & drnedr b25a Folomd Imere]l shed¢traviel s for
further_use_ in the overal | 20 process. Fi.g. 13 shows a fluidised bed

Fenct or® Sa h Th B G S (5O PorbEe  HBes T i Chd=r 841 Dot he
fluidised bedaid),asvilolw beEf§ees mro thegadettghttd ub&Hils bdrsipe space over
the 25 fluidis bed. Each _t t ai ns urt her .concentrically
arranged p(s)g%)naggjteublen fg‘\ﬂﬁfné}ggfe%ogr gt%)r%ggnegm%}%%tiarr}ty(glfhgr%%]ﬁ%?“g} space.
The oxygenof fiioms Rdwfeughlyheadoldsdse foheoinnéorimge: 2y sheupdidtaes 17 and

18, into the_ tu 2a.,-Th ti g LS 1n.thiis case extracted from
t he 30 fluﬁdf%% %E%%f&ybgcggp ;%1532%Fé§§c£%&%r%§§ﬁ%éy ?ﬁeg - 28 -
oxi di setl orapaltiiad ImatexiidilsethgasrRectriaeetsbd of ghaoufllepraseramit he

overal | prggess, The pracess.can.be cat egor| sed.as an -l Lot herom)
gasi fi cati on nethod, becausé e syntheési's gas i's mot | adéen " With the carbon
di oxi de whitbh pwrdlorsied gas Thecloxi dissed lhydidgend drictrelierexcdinisaichscar bon
monoxi de ag, constantly fored: agalndn e LLuldi sed bed, beoguse the
reaction IS an equi iIBriumread-ion. - - i St~ of ‘Refeérentes

tar molecules should be given the opportunity to enter into

15 contact with the hot inner tube 2a. Instead of a metal
sheet, the heat protection shield 3 may in this case also be
formed as a porous tube with a catalytically active layer

for tar breakdown.

20 As shown by Figs 6 to 9, the oxidised or partially oxidised
gas 7 may be released into the fluidised bed 10. Here, the
delivery of the gas 7 and the oxygen 6 takes place through a
nczzle floor 12 that has two chambers, which are formed by
the plates 17, 18 and 19.

25
Fig. 10 shows a cascaded fluidised bed reactor 9c with a
stationary fluidised bed 10, which contains an inert bed
material such as sand, and two further fluidised beds 23.
These fluidised beds 23 consist only of coke clouds, which

30 are raised from the fiuilidised bed 10. Between the further



| a heat abl e porous or perforated tube | b heatable tube 2a porous inner tube
5 2b:perforated inner tube 3heat protection shield 4protective tube for the
sealing the inflow regi on 5feed tube 6oxygen 10 7conbusti bl e gas 8si phon
gas 9a fluidised bed reactor with stationary fluidi sed bed 9bfl ui di sed bed
reactor with circulati'ng fluidised bed 9c nultistage fluidi sed bed reactor
15 10stationary fluidi sed bed llspace over the fluidised bed (freeboard)
12nozzl e fl oor 13fluidi sation gas - 27 -

fluidised bed 23 and the stationary fluidised bed 10, there
is a reaction space 11. As in Fig. 6, the structure is
formed by a multiplicity of tubes 1b, each of which has an
additional concentrically arranged inner tube 2a or 2b. The

5 combustible gas 7 is introduced into the annular space,
which is formed by the two tubes. The oxygen 6 is delivered
to the inner tube 2a. In the region of the fluidised bed 10
containing sand, the inner tube 2a consists of a porous tube
2a, and in the region of the further fluidised beds 23 and

10 the reaction space 11 it consists of a pefforated tube 2b or
a tube 2b with a higher flow resistance, which lets less
oxygen 6 through than the pocrous tube in the stationary
fiuidised bed 10. This is expedient because the heat
transfer in the stationary fluidised bed 10 is much greater

15 than in the further fluidised beds 23 and the reaction space
11. The tube 1lb is gas-impermeable. The oxidised or
partially oxidised gas 24 must therefore be released into
the space 26, which is formed by the intermediate floor 25.
From there, it travels for further use in the overall

20 process.

Fig. 13 shows a fluidised bed reactor 9a with a multiplicity
of porous tubes la in the region of the fluidised bed 10,
which merge intoc a gas-tight tube 1b in the space over the
25 fluidised bed. Each tube la contains a further
concentrically arranged porous tube 2a which lets oxygen 6
flow into the annular space. The oxygen 6 flows through the
double floor, formed by the plates 17 and 18, into the tubes
2a. The combustible gas 7 is in this case extracted from the

30 fluidised bed 10 by applying a reduced pressure. The



14bi omass or coke (residual coke) 20 15synthesis gas or product gas l1l6upper
limt of the stationary fluidised bed 17upper plate of the nozzle floor

18l ower plate of the nozzle floor 19m ddl e plate of the nozzle floor 25
20nozzle in the nozzle floor 21check val ve over the nozzle 22burner

23fl ui di sation stages for coke 24gas for further use in the overall process

30 25internediate floor - 30 - 26
_28_

oxidised or partially oxidised gas 24 travels for further
use in the overall process. The process can be categorised
as an allothermal gasification method, because the synthesis
gas is not laden with the carbon dioxide which is formed.

5 The oxidised hydrogen and the oxidised carbon monoxide are
constantly formed again in the fluidised bed, because the

reaction is an equilibrium reaction.
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Claims 5 1. Fluidised bed reactor (9a, 9b) for the gasification and/or
pyrol'ysis of solid fuels, preferably biomass (14), having a heater (28) for
heating the fluidised bed (10) of the fluidised bed reactor (9a, 9b), the
10heater (28) having at |east one cavity (29), characterised in that the
heater (28) has an oxygen feed (29) for delivering a gas (6) containing
oxygen into the cavity (29) of the heater (28), and in that the cavity (29)
adj oi ns a porous, gas-perneable section 15(31) of the heater (28). 2.

Fl ui di sed bed reactor according to Claim1, characterised in that the
heater (28) conprises a plurality of tubes (la, Ib, 2a, 3b) provided in the
20f l ui di sed bed reactor (9a, 9b), and in that at |east various tubes (1la,
2a) are fornmed as at |least partially porous, gas-perneable tubes (la, 2a).
3. Fluidised bed reactor according to Claim2, 25characterised in that the
heater (28) conprises a plurality of tubes (la, Ib, 2a, 2b) arranged
concentrically with one another, respectively with an inner tube (la, Ib,
2a, 2b) and an outer tube (la, I b, ga:?ﬁf, and at |east the inner tube
(la, 29 or the - 32 - outer tube (la, 2a) being forned so that it is

por ous and gas gerneable 4. Fl ui di sed bed reactor accordlngtto Claim 3,

luidised bed reactor (9a, 9%b) for the gasification
and/or pyrolysis of solid fuels, preferably biomass
(14}, having a heater (28) for heating the fluidised
bed (10) of the fiuidised bed reactor (9a, 9b), the

10 heater (28) having at least one cavity (29),

characterised in that the heater (28) has an oxygen
feed (29) for delivering a gas (6) containing oxygen
into the cavity (29) of the heater (28), and in that
the cavity (29) adjoins a porous, gas-permeable section

15 (31) of the heater (28).

2. Fluidised bed reactor according to Claim 1,
characterised in that the heater (28) comprises a
plurality of tubes (la, 1b, 2a, 3b) provided in the

20 fluidised bed reactor (9a, 9b), and in that at least
various tubes (la, 2a) are formed as at least partially

porous, gas-permeable tubes (la, 2a).

3. Fluidised bed reactor according to Claim 2,

25 characterised in that the heater (28) comprises a
plurality of tubes (la, 1b, 2a, 2b) arranged
concentrically with one another, respectively with an
inner tube (la, 1b, 2a, 2b) and an outer tube (ia, 1lb,

2a, 2b), and at least the inner tube (la, 2a) or the



5characterised in that the oxygen feed (30) is fornmed so as to deliver the
gas (6) containing oxygen to the annul ar space (33) between the outer tube
(la, I'b, 2a, 2b) and the inner tube (la, |Ib, 2a, 2b). 10 5. Fl ui di sed bed
reactor according to one of Clainms 2 to 4, characterised in that the
oxygen feed (30) is forned so as to deliver the gas (6) containing oxygen
to the inner tube (la, |Ib, 2a, 2b). 153§:Fluidised bed reactor according to
one of Clains 3 to 5, characterised in"that a conbustible gas feed (32)
for delivering conbustible gas (7) is provided in order to deliver the
conbustible gas (7) to the inner tube (la, Ib, 2a, 2b) or to the annul ar
space (33) between 20the ouyter tube (la,_ b, 2a, 2b) and/or the inner tube
(la, Ib, 2a, 2b?¥19$? b= ol diligedzﬁggb‘?leré%tﬁrmﬁécﬁ?dﬁ?\%t t'> e PGF¢Fains 3 to
5, characteri sedndngddraterhebbithe respective inner tube 25(la, 2a) and the
respective outer tube (la, 2a) are forned so as to be porous and

gas- perneabl e. 8. Fluidised bed reactor according to one of Cains 3 to 7,
characteri ged i Althatseat Hedastaoner farddiering30eptionaldy porous and

gas- per peabl e, tube and/.or at - 33 - |least one optionall as- per neabl e
heat prgfection“gﬁ{%ﬁkfiﬁffdiéon%%?cﬁﬂfiQ¥yﬁﬁ8 gﬁﬁ%lé%oki §%(§9§ Bt ween
the inner tube &kajoldyliZer 2by gmd tde comtrainitudeottssn Ida, tBa, 2b). 5

annular space (33) between the outer tube (la, 1lb, 2a,

2b) and the inner tube (la, 1lb, 2a, 2b).

10 5. Fluidised bed reactor according to one of Claims 2 to
4, characterised in that the oxygen feed (30) is formed
so as to deliver the gas (6) containing oxygen to the

inner tube (la, 1b, 2a, 2b).

15 6. Fluidised bed reactor according to one of Claims 3 to
5, characterised in that a combustible gas feed (32)
for delivering combustible gas (7) is provided in order
to deliver the combustible gas (7) to the inner tube
(la, 1b, 2a, 2b) or to the annular space (33) between

20 the outer tube (la, 1b, 2a, 2b) and/or the inner tube
(la, 1b, 2a, 2b).

7. Fluidised bed reactor according to one of Claims 3 to
5, characterised in that both the respective inner tube
25 (la, 2a) and the respective outer tube (la, 2a) are

formed so as to be porous and gas-permeable.

8. Fluidised bed reactor according to one of Claims 3 to
7, characterised in that at least one further,

30 optionally porous and gas-permeable, tube and/or at



9. Fl ui di sed bed reactor according to one of Clains 3 to 8, characterised in
that "'the outer tube (2a) is enclosed by at |east one gas-inperneabl e
casing, preferably in the formof a tube (Ib). 10 10. Fluidised bed reactor
according to one of Clains 1 to 9, characterised in that the oxygen feed
(30) conprises a nozzle floor (12) for delivering gas (6) containing oxygen
to the cavity (29) and sinultaneously_ fpr 15delivering fluidisation gas to
the fluidised bed (10) of the fluidised bed reactor (9a, 9b). 11. Fl uidised
bed reactor according to Caim1l0, characterised in that the conbustible
gas feed (32) is 20integrated into the nozzle floor, in order to

gas (1) fo the Coutt w20y an i TS O ke Tot ReCFFGrarsed bed (10)
of the fluidi seshbed r@ctier pf8aj;dgb)in 2hel2nnklan dirsed bed)react or

according to o ) i ; characterised.i,n that. the heater (28)
is proviged inngég%géigﬁ%$§ﬁP%gié%§%dq%BdL 10?§aﬂﬁpoﬁn§'%PFca g??ng

fluidi sed bed wktibe oflan tllvoutai ngsit. bed material. -34 - 13. Fluidised bed
reactor_.according to one of Clainms 1 to 11, characterised in that the

heat er %28) is provided in a coke cloud bed without inert bed material. 5
14. Fl ui di 8ed beduidastdredcrordiry aarcone ngf tQ aiarefl Cleims 3 to

8, characterised in that the outer tube (2a) is
enclosed by at least one gas-impermeable casing,
preferably in the fcrm of a tube (1b).

10

10. Fluidised bed reactor according to one of Claims 1 to

9, characterised in that the oxygen feed (30) comprises
a nozzle floor (12) for delivering gas (6) ccntaining
oxygen to the cavity (29) and simultaneocusly for

15 delivering fluidisation gas to the fluidised bed (10)

of the fluidised bed reactor (9a, 9b).

11. Fluidised bed reactor according to Claim 10,
characterised in that the combustible gas feed (32) 1is
20 integrated into the nozzle floor, in order to
simultaneously deliver the gas (6) containing oxygen
and the combustible gas (7) to the cavity (29) and
fluidisation gas to the fluidised bed (10) of the
fluidised bed reactor (9a, 9b).
25
12. Fluidised bed reactor according to one of Claims 1 to
11, characterised in that the heater (28) is provided
in a stationary fluidised bed (i0) and/or a circulating
fluidised bed with or without inert bed material.

30



13, characterised in that the porous, gas-perneable section (31) of the
heat ér (28), preferably the at |east one porous, gas-permeable tube (Ia,
2a), at least locally conprises a catalyst material and/or is made of 10a
catalyst material. 15. Fluidised bed reactor according to one of Clains 1
to 14, characterised in that the porous, gas-permeable section (31),
in particular a porous, gas-perneable I5tube (la, 2a), is electrically

heat abl e. 16. Method for the gasification and/or pyrolysis of solid fuels,
preferably bionmass, in a fluidised bed reactor, preferably according to one
of Cainms 1 to 15, 20wherein gas containing oxygen is delivered to a cavity

of a heaten; wheig]d S.coptal ni xygen_and/ or. a..conbusti bl e gas
flows thro&éh tﬁggggﬁ%%gfggaéggeﬁﬁ%a elgg%%igﬁ 0 efﬁ%qﬂgé Sr? é%mhereln

t he conbust i bl el ascharaskiediised ém*ﬂeaswhﬁahEaaéiyuﬁw UhEp?asiaﬁﬁgalPhng t
oxygen while re i a . rei e heat .rel ease y e a
Ie;gt parti al oi?géatcir%neh%gto%xrjaﬁg e“Flrtehc?ut\M(;%flﬁggf%ﬁ?d?asteedrlﬁe_d of the .
30f | ui di sed bed reactor. - 35 - 17Method according to Cl aim 16, wherein

Lhe gassconai nkngeuaencll puecLir augh Lheporous, gagapermeable section
of the heater in the bdirection of the flurdised”bed o fturdi sed bed
13, characterised in that the porous, gas-permeable
section (31) of the heater (28), preferably the at
least one porous, gas-permeable tube (la, 2a), at least

locally comprises a catalyst material and/or is made of

10 a catalyst material.

15. Fluidised bed reactor according to one of Claims 1 to
14, characterised in that the porous, gas-permeable
section (31), in particular a porous, gas-permeable

15 tube (la, 2a), is electrically heatable.

16. Method for the gasification and/or pyrolysis of solid
fuels, preferably biomass, in a fluidised bed reactor,
preferably according to one of Claims 1 to 15,

20 wherein gas containing oxygen is delivered to a cavity
of a heater,
wherein the gas containing oxygen and/or a combustible
gas flows through the porous, gas-permeable section of
the heater,

25 wherein the combustible gas is oxidised at least
partially by the gas containing oxygen while releasing
heat, and
wherein the heat released by the at least partial
oxidation is transferred to the fluidised bed of the

30 fluidised bed reactor.



reactor, and oxidi ses the conbustible gas in the fluidised bed in the
porolis, gas-permnmeabl e section and/or inmediately next to the side of the
por ous, gas-perneable section facing the fluidised bed. 10 18. Method
according to Claim 16, wherein the conbustible gas of the fluidised bed of
the fluidised bed reactor flows through the porous, gas-perneable section
of the heater in the direction of the l5cavity of the heater, and is
oxi di sed by the gas containing oxygen in the porous, gas-perneable section
of the heater and/or in the cavity of the heater. 19. Method according to
Claim 18, 20wherein the gas containing oxygen is delivered to at |east one
i nner porous and gas-perneabl e tube, wherein the gas containi ng oxygen
fl ows through the pore systemof the inner tube in an annul ar space between
t he i nner tidbe Badthal parcousingase peEramahlce 25out er tube, wherein the
conbustible gas_is delhxgred to the annul ar sgagf%betmeen t he i nner tube

s

and the outer tUDBE SWher€i A the ottt K€ YOXIHi¥E8 byt he gas
cont ai ni ng oxygeordus t esappuhasbbpacetiandof- tB36 headidr ennthbe at | east

paral Ly ox1 o el aasf.9vs, s vl L s svst el L guler Lube

flui di sed bed ofedditAf,| windi seddbess reactombubt 201 Metddah aaeording to Caim

19, fluidised bed in the porous, gas-permeable section
and/or immediately next to the side of the porous, gas-
permeable section facing the fluidised bed.

10

18. Method according to Claim 156,

wherein the combustible gas of the fluidised bed of the
fluidised bed reactor flows through the porous, gas-
permeable section of the heater in the direction of the

15 cavity of the heater, and is oxidised by the gas
containing cxygen in the porous, gas-permeable section

of the heater and/or in the cavity of the heater.

19. Method according to Claim 18,

20 wherein the gas containing oxygen is delivered to at
least one inner porous and gas-permeable tube,
wherein the gas containing oxygen flows through the
pore system of the inner tube in an annular space
between the inner tube and a porous, gas-permeable

25 outer tube,
wherein the combustible gas is delivered to the annular
space between the inner tube and the outer tube,
wherein the combustible gas is oxidised by the gas

containing oxygen in the annular space, and



wherein the at |east partially oxidised gas fl ows through a porous,
gas- per neabl e tube and/or a heat protection shield between the inner tube
and the outer 10tube, preferably into the fluidised bed reactor, nore
preferably into the fluidised bed of the fluidised bed reactor. 21. Method
according to Caim 16, 15wherein the gas contai ning oxygen is delivered to
at least one inner porous and gas-perngabl e tube, wherein the gas
cont ai ni ng oxygen flows through the pore systemof the inner tube into an
annul ar space between the inner tube and an outer tube, 20wherein the
conbustible gas is delivered to the annul ar space bet ween the inner tube
and the outer tu rrein.the_conbust.i bl.e ga XIdIS d by the gas

cont ai ni ng oxygeﬁel%u%ﬁ%“%ﬁﬁuﬁeaSt ar“léi %ﬁ éf% 9"8ast partially
oxi di sed gas |stBBeugmamke@o&eoaystmmfdmnﬂmsedtbeduﬂﬁacka@f%mabayd|scharge.

22. Method accordin 0 m.1 EFEIn‘Jh sti bl e gas
is delivered to g ?g%st gﬁgegn%%$ BoroUe afd g d%rn%&%l Fﬁbe - 37 -

wherei n t he conbbst i bleligas bbomsfthm®u@hukheeﬁobedsmeﬁdﬁanﬁ t he inner tube
into anSannuIar space between the inner tube and an outer tube,

20. Method according to Claim 19,
wherein the at least partially oxidised gas flows
through a porous, gas-permeable tube and/or a heat
protection shield between the inner tube and the outer
10 tube, preferably into the fluidised bed reactor, more
preferably into the fluidised bed of the fluidised bed

reactor.

21. Method according to Claim 16,

15 wherein the gas containing oxygen is delivered to at
least one inner porous and gas-permeable tube,
wherein the gas containing oxygen flows through the
pore system of the inner tube into an annular space
between the inner tube and an outer tube,

20 wherein the combustible gas is delivered to the annular
space between the inner tube and the outer tube,
wherein the combustible gas is oxidised by the gas
containing oxygen in the annular space, and
wherein the at least partially oxidised gas is

25 extracted from the fluidised bed reactor via a

discharge.

22. Method according to Claim 16,
wherein the combustible gas is delivered to at least

30 one inner porous and gas-permeable tube,



wherein the gas containing oxygen is delivered to the 5annul ar space

bet ween the inner tube and the outer tube, wherein the conbustible gas is
oxi di sed by the gas containing oxygen in the annul ar space, and wherein the
at least partially oxidised gas is 1lOextracted fromthe fluidi sed bed
reactor via a discharge. 23. Method according to one of Clains 18 to 22,
wherein a pyrolysis gas, preferably co§1aining tar, 15from a pyrolysis
reactor upstream of the fluidised bed feactor is used as the conbustible
gas. 24. Method according to Caim 16, wherein the gas containing oxygen is
delivered to at 20l east one inner porous and gas-perneabl e tube, wherein

the gas containj (o} f Qu th ore systemof the inner tube
NG Y 96 céﬁﬂ?%&ﬂle ?%St GE@QS through™ the

into an annul ar space betwe e 1 nn andan outer tube, wherein
conbusti bl e gassYstows dfr giret henét uiddieseditbednofnnular space between

the inner tube and an outer tube,
wherein the gas containing oxygen is delivered to the
5 annular space between the inner tube and the outer
tube,
wherein the combustible gas is oxidised by the gas
containing oxygen in the annular space, and
wherein the at least partialily oxidised gas is
10 extracted from the fluidised bed reactor via a

discharge.

23. Method according to one of Claims 18 to 22,
wherein a pyrclysis gas, preferably containing tar,
15 from a pyrolysis reactor upstream of the fluidised bed

reactor is used as the combustible gas.

24. Method according to Claim 16,

wherein the gas containing oxygen is delivered to at

20 least one inner porous and gas-permeable tube,
wherein the gas containing oxygen flows through the
pore system of the inner tube into an annular space
between the inner tube and an outer tube,
wherein combustible gas flows from the fluidised bed of

25 the fluidised bed reactor through an outer, porous,
gas-permeable tube in the direction of the intermediate
space between the inner and outer tubes,
wherein the combustible gas is oxidised by the gas

containing oxygen, and



25t he fluidised bed reactor through an outer, porous, gas-perneable tube in
the direction of the internedi ate space between the inner and outer tubes,
wherein the conbustible gas is oxidised by the gas contai ni ng oxygen, and

- 38 - wherein the at least partially oxidised gas is extracted fromthe
flui dised bed reactor via a discharge. 5 25. Method according to one of
Clains 16 to 24, wherein the conbustip%;_gas and/ or the gas contai ni ng
oxygen is delivered to the fluidised béd reactor via a double floor, and
wherein the fluidisation gas of the fluidised bed 10reactor is delivered to
the fluidised bed through the double floor.

wherein the at least partially oxidised gas is
extracted from the fluidised bed reactor via a

discharge.

5 25. Method according to one of.Claims 16 to 24,
wherein the combustible gas and/or the gas containing
oxygen is delivered to the fluidised bed reactor via a
double floor, and
wherein the fluidisation gas of the fluidised bed
10 reactor is delivered to the fluidised bed through the
double floor.



