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produci ng |l owtar synthesis gas from bionmass 5 The i nventi on concerns a
met'hod and a device for the thernochem cal productio is gas from
energy sources containing carbon, in E)arti cul ar fromﬂwgm’%mnmm% | ar gel y
tar-free synthesis gas 10 obtained is-particularly s hem cal
syntheses, in particular for the production of hydregen—13%Here bionass
nmeans all substances of biological origin. Synthesis gas conprises

predom nantly hydrogen (H2), .carbon nonoxi d‘tﬁg‘c,g) 15car bon di oxi de (C2)
and met hane (CH4). fothd ‘?E'o‘”'tcr‘i’eff’ﬁv’%’ﬁ‘i"%e nyAPKEte% he background of

i ncreasingly scarcer fossidydthebsstges HromoBYehss®N of biomass into an easy
to distribute gas offers an econom cal alternative. If the primary

.fsyﬁt hesis gas that results is then further converted into hydrogen, and

]gll sltri b:,llt ed to the end custoner, decentralised power generation by neans of
uel cells.is even possible. The oductiaon and use of drogen requires a
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synt hesi s gas, from hi omass essentjally three_net hods kn . 30 For the
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Here biomass means all substances of biological origin. Synthesis
gas comprises predominantly hydrogen (H,), carbon monoxide (CO),

15 carbon dioxide (CO,) and methane (CH,).

Background to the invention

Against the background of increasingly scarcer fossil fuels the

20 .conversion of biomass into an easy to distribute gas offers an
economical.alternative. If the primary’synthesis gas that results is
then further converted into hydrogen, and distributed to the end
customer, decentralised power generation by means of fuel cells is
even possible. The production and use of hydrogen requires a very

25 pure and low-nitrogen synthesis gas. These requirements also apply

for other chemical syntheses.

For the thermochemical production of synthesis gas from biomass
essentially three methods are known.

30
For the low power range, fixed bed gasifiers in a number of variants
prédominate. Fixed-bed gasifiers are reliant on a consistently high
quality of the biomass and are not suitable for the production of
high-quality synthesis gas which is suitable for further processing

35 into hydrogen.
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35 into hydrogen. 1111111111111111111111 *G00002* - 2 - The entrai ned-fl ow
gasifier is particularly well-suited to high powers of 1 GWNupwards, since
the reactor size of the entrained-flow. gasifier is relatively snmall. For
smal |l plants the entrai ned-fl ow gasi ffér is uneconomc because of the
hi gh-cost of the equipnment. 5 The entrained-flow gasifier requires
ext ensThe| §neraingidofasy FHeifiierat§ RATdRLEr lhetaisEuateRi th H&hper at ur es
the entrabpgdsd lowndashii®y, wWanks wid hreteroxygern:s The ashesi rslantesw | i ke
glass and are unsuitable for use as a mneral fertilizer. This is a problem

gi ven SRELTIRF (i F2eREIVE Y FBEOAT NEPTOTE ldx BEARE Y ¢ PENGRHBR BT 418, 10 The
f1ui di zedi bes rieAChREcEOIRS YekhQsk tSf MR hAghheo s drulhe Neistgrieak . power
range of 1 MNWto 1 GW The ash from fl ui di zed-bed reactors can be used as a

mi ner afPefRiT3 e FACY I T CEr ESTH T FotHEERS W ¥ B WP DEF reactors a
di sti nelkri Rar¢ ik JaRcRBIEpdSahirt Weeni guteiinpei-aBhrénd 1l kat hermal- flow
gasification. In autothermal gasification part of th ,gio Ss 1 s .burned in
the fl GRELZEY BT KSeYEERPES OFVET™ t He %P -Ff"n@”étrﬁfoﬁﬁ P 52406 8R%. The
aut ot hemeah t gesd flicgatibenad S @diiheoperidwdliRere Thawgdr woptsbleaadizbnt o

| ocal i SE‘?‘ oFV]er heat i ng in the fluidized bhed. Methods which use air as the

f1 ui di Z&fFo e’gral?‘lzfreé t REF HGTE R "V SERFPS VR o Fo° 8%y Gen. The use of
ai ol eadfs to dilution of the synthesis gas with nitrogen and COQ2, naking
its us or.. power neration _and further .processjng.into.products of

hydr ogaRe FEEHATE S REENERBT"Br PPGhi 25108 & Ror's it FLetrT. W ih

al | ot hemdakt gasl fdoeatri oangdheomacdEsar y1 Kdat The &sh riocme EYuidirandglebeat

transfer. This can.take place, for . f ing.rods in the
f1ui di Z8G°HRE° A& &8s EFFDeT ianmf)ﬁe]igg %%t‘;&égé‘@rg%‘sﬁﬁg%@?‘?%én's%ér medi a
ci rcul ateithgabetiwer laiburadroeandeacsynt fesiistgast ¥eaceor bareadd so known. As
a heat ,transfe uJB%%eQ%?a{p%ar 'taﬁ(%;aﬁHéH\é{l UngdsiWhicly I's heated in a second

react or by conbustion o

In autothermal gasification part of the biomass is burned in the
fluidized bed reactor to cover the expiring endothermic reactions.
The autothermal gasification is air-operated. Pure oxygen Would lead
20 to localised overheating in the fluidized bed. Methods which use air
as the fluidization gas are therefore not so easy to convert to
oxygen. The use of air leads to dilution of the synthesis gas with
'nitrogen and CO,, making its use for power generation and furfher
processing into products of hydrogen, methane, methanol or liquid

25 fuels more difficult.

With allothermal gasification the necessary heat is introduced
through heat transfer. This can take place, for example, by means of
heating rods in the fluidized bed, as described in DE 199 26 202 Ccl.

30 Heat transfer media circulating between a burner and a synthesis gas
reactor are also known. As a heat transfer medium sand is usually
used, which is heated in a second reactor by combustion of part of
the biomass. Such a gasifier with a thermal power of 8 MW can be
found in Glssing, Austria. This plant was presented at the 1°°

35 International Ukranian Conference on BIOMASS FOR ENERGY; September
23 - 27, 2002 Kyiv, Ukraine by M. Bolhar-Nordenkampf et al. under
the title: “Scale-up of a 100 KW., pilot FICFB to 8 MW, FICFB-



t he bi omass. Such a gasifier wwth a thernmal power of 8 MV can be found in
Gasing, Austria. This plant was presented at the 1st 35 International
Ukrani an Conference on BI OVASS FOR ENERGY; Septenber 23 - 27, 2002 Kyiv,
Ukr ai ne by M Bol har - Nor denkanpf et aP” under the title: "Scal e-up of a 100
KWh pilot FICFB to 8 MAh FICFB- -3- gasifier denonstration plant in
Gassi ng2EafkeyT idgronstrabint £1g8Edi ALY TE (MUY "gaStEYP thESEPnttesi s
gas reagkof)uildie iRGOYLES 8y GheStoamMaal d Yaboreait AddiThieopadvexpandet ure of
energy, in many cases reduces the efficjency and increases investnent
costs. S5eA8 AT dornan FHhEss Ry ?’é&?riqhtblrgh‘éf SIS 57 S E5EEBr |
di rect hpgubeading etf(ﬂiai&ﬁ(}y dhidghnt ada €ontientsthenauseteoar se parts of the
bi omass after a few seconds can reach the upper, part of the fluidized bed
and®the emitted gases containing tar that are forned 10 reach the synthesis
gas di mgchl yuldhire Bakessd nsafgdcasto atheexpenséyes netshodadosr renoval -of the
tar necessary. The recovery of sensible heat is qnly possible to limted
ext ent 31p8EEI%e PR PEF W %O’@rﬁfagl%%p%%ﬁ £ n%ﬁnEhe eV\C/)équISE 67t e P&ﬁ%%r at us.
The pr okl ene abidniss afecer rermdwy sthends estrestadn avizacioren gast fafcahieon of
bi omass., 13.Fr 6Q1 20 957 T2 a_pethod i ' [ ' S is
first 5&86%’%)6%%?’%%51 8p‘f’/lr“?)leyms]’ltst er%e%%%%ér Clo%l[t(%%pl%r?%w;}sﬂi g hggkggpea?c?qg;graol ysi s
gasoi n rendar thdegyrithepassgdhesectnby t oTH o @akeorid eomygeneead® on of
synthesi s gas. Th thod is tailgre ait a efore
has a Wgh ﬁh‘é%t“i‘etet;;%%f ?ﬂft]feomgoé’r?lli %Et%éé g:ya%?ﬁgglégsggsﬂ lﬂdﬁegg%&%hxy]ggsi gn and
oper at isensablé Heeqyricl ysig pesdboestqui tlemisafsexttske begehes ath&edgnt hesi s
gas reaghr. Il & CAgkseof ot 131001oY end Urky-fe0ased B0d, fAUAS c8;hi oh
tar content rnt é)syn hesis gas. The tar a nitrogen content however,
f ol | owiirg ceirmphiel weaslel ggeaPSstmswagbatle ie@idsiéhedtor @f EaABUZT on engi nes,
but1 nmeets not the requirenents for production and use of hydrogen and the
conducting of other chem cal syntheses. It is an object of the invention
to | argelop agobol tHe 9gi7sEdvameiges 30 Wexay iibethbel RiaMGg§h priimaty
Fﬁgsfas%ﬁtoﬁgﬁggal de 2 plygwllgréfs SHALREST $nRDH ML Ps Bs iR Yhel Byrsiymrery of
gas in order then to pass these two to a reactor for generation of

synthesis gas. The method is tailored to the use of air and

20 therefore has a high quantity of nitrogen in the synthesis gas. Due
to the design and operation of the pyrolysis reactors quite coarse
coke reaches the synthesis gas reactor. This coarse coke is not yet
fully degassed and causes a high tar content in the synthesis gas.
The tar and nitrogen content however, following simple washing,

25. meets the requirements for combustion engines, but meets not the
requirements for production and use of hydrogen and the conducting

of other chemical syntheses.

It is an object of the invention to largely avoid the disadvantages
30 described and through primary measures to provide a low-tar

synthesis gas with a high yield.

Summary of the invention

35 According to the invention a method for producing low-tar synthesis

gas from biomass is provided in which



- 4 - a) the biomass in at |east one first fluidized bed reactor is
deconposed into at | east the conponents pyrolysis gas and pyrol ysis coke,

b) 'the gas generated in the first fluidized bed reactor is fed as

5fl uidizing gas to at |east one subsefuent fluidized bed . reactor, c) the
pyrolysis coke is withdrawn in fine particles with the gas and fed to the
subsequem) fthgi biowabshda peakeant ong Abvehtdyésised RsHiniteRtst ofS t he nmet hod

accordi ng t QetBeobIMENLBNa Al fo RS Chi DeGhidhetldl PPrarffislasThes i nvention
al so concerns a device for carrying out the nethod according to the

i nventi on wPYKoLlYels €&®%@res of claims 13 to 18. 15 The production net hod

accor di ngb)t%tehsaé Y @B deh I R $18¥Pt AASIS ZgaSbed heddbrcoat et @f which
is considerably |l ower than that of the synthesis gas produced according to

“con¥ent i onalf P8 e ¥ dAelOndt HERST CEBWETRACIUEFht hESI S 2g4s PGt hin the
meani ng of thgctpvention is understood to be in particular synt he5| S gas
with a tar content 20 of |ess than 1, 000 . The s thesl r oduced
usi ng t he hétRoBYERLEHE RGXE ot T HE HATEHRE | 1 %8?55?%//13%?15 qpa(?vver tar

content, howRMeEed!tb paet EGUb@dudrte Flatdcont erid etather synt hesi s gas
produced using the nmethod according to the invention is preferably | ower
than 500 ng/ nB, nore preferably | ower than 200 ng/ n8. The 25 net hod

acaor dind@ahagdrnd RWBBELMENE S oal sbe sue ttraddl ectordide tor otdactiemtgbnsynt hesi s

gas with a tar ntent of, | ess lﬂb artlcul [ of | ess than
50 ny/ AES ﬂﬁﬁ%’?ﬁ?er‘?g ot gajd%ﬁ t4 58I Z?I y rg%é’?%doré odl 7en g ®the invention
usi ng tdeeiret he @&&Qﬁdgn@;ﬁ (thtehaethmch@mdsyglthJY& gasen151q9T odabed

havi ng tar 30 conten n 10 ng/nB8, in particular of |less than 2
ny/ n8, % geﬁF‘élfeesr é%lff é‘%% ]’féh tiEglrrg/rrB Synthesis gas with a tar content
of <1 ng/nB is suitable for dlrect use in chem cal syntheses, in

r&%m I‘Hglﬁr Pfor Lhe Praduction gdpro -&0@@5&%&9@95déﬁ&hteglghe

heretore suita ucti on essentially 35tar-free
synt hesjass ,gage tar Tont®he qafoduchl o8 mmwrabénr?d@vrﬁ} tdanhehdthwdnthen

nter al royi des that (Dot el
:/\“h thsé’l 185 %\rliﬁﬁ‘st profn (%1%;) gﬁ%gdé K %eh%ﬂ%éfdﬁrl%‘&"& Loafide particles

gas 'Fs reactor and fed to the subsequent
f1 ui di zedthodd . r tawt-orr”" Fym@lq)arSt ek eslthiint fiba reenHAMinghefinveation

is understood to be in particular synthesis gas with a tar content

20 of less than 1,000 mg/m®. The synthesis gas produced using the
method according to the invention preferably has a much lower tar
content, however. In particular the tar content of the synthesis gas
produced using the method according to the invention is preferably
lower than 500 mg/m’, more preferably lower than 200 mg/m3. The

25 method according to the invenﬁion is also suitable for the
production of synthesis gas with a tar content of less than 100
mg/m®, in particular of less than 50 mg/m’. According to a
particularly preferred embodiment of the invention using the method
according to the invention synthesis gas is produced having a tar

30 content of less than 10 mg/m’, in particular of less than 2 mg/m’,
more préferably less than 1 mg/m’. Synthesis gas with a tar content
of <1 mg/m?® is suitable for direct use in chemical syntheses, in
particular for the production of hydrogen. The method according to
the invention is therefore suitable for production of essentially

35 tar-free synthesis gas.



5 invention are understood to be particles which because of their size or
their 'mass under the conditions prevailing in the reactor are capable of be
wi thdrawn with the gas fromthe first reactor. Suitable pyrolysis coke
particles preferably have an average particle size of less than 5 nm in
particular of less than 2 nm 10 nore preferably of less than 1 nmm The
advant §gespréditctian betldd dasedding HQ Hde ApERrt B0 dréer n2 b tHXCUFafS based

on the daet £ had, Wit B § heowetiRod: acealdl N9 E9nt heardvventi et heet gascont ent
in the synthesi's gas conpared with the 15 prior ‘art can be very greatly

reducedroy pré¢ fdrptnéasifieed Pre 593ARISa8dga8d pkd dliCe dURFEH S e net hod

accor digig; 59,4 gdanyeREESN. I'ihur bheri Charagt erisathdheant &y 4 tthegen
content. The synthesis gas is thus suitable for subordinate syntheses. The

ext BnsilvEenhERT Gfret HPA8ETERCT 58t Py R eEfleS WPl ek ReST s SnéScostly

cl eani ng 20 0f MBS Gn¥eE eFLHL haNt Nei L bR 18ag . iTh@esessttde dieat of the
synthesis gas can be usefully enployed for heati ng_ the i ngoi ng materi al

: y.
fl ows, BEERURLT Pet HATREERWbXEANGRT IHD el EAR ef§8°“W il i sation of
the sengiibhe1b6dir198ibecsidartietedypidteransgamhng of albragh zed bed
reactors and/or jint e?rati on .of bionmass dr ing. As a 5 regHIt of the
pr edomiBREREFYE eV Prcaf Shedtdhg BF tHe pp‘?rl((t):éL giar of REF WiAa

EF WAst & é“é“ées nor
wasbe garyel pssesrapagubt Thes retahod ther ef ore has a very high efficiency.
Unli ke fixed bed gasifiers or entrained-flow gasifiers, the ash of the
bi omass can be used as mneral fertilizer. For increasingly scarcer
phosphoneuadtimisadess ahagreat R0 obikgiméd cainde thBetawse ioh the Irow ng

i mportance  of _prqviding ener fr ren e soQ s t I i is
descri %téﬁﬁ}%l%atsﬁg gac%&? g%’r?& gg]a% ‘B]?t\glqarrtégg- nglég sa&claargdflﬁ§%%etﬁlgeconony.
35 Det aidvedtdes cilieptria@ncohtdiite innvbat $prchesi® gas| eoepargduvetisdiar hydr ogen
ecqonony hydrogen wi Ll be_predom,na i JGust . As a

slgl t Qﬁlolrhgg‘ﬁicgaﬁl E},‘Dfef VEr %rearpflydgélié{ &4 Q)%/dgg?rél%ggtn?é}% GHst OREL

re i Crencty o ecentrali’s ricity generation from
hydr ogesyrithebuel goeldroduhed ewitit thhenarh@k cesordingpowerthgt 1pvertudr ySal |

end USEL S: Ll LS 3 healsconty q.lolﬂegiEPc%é}y L5080y BleGhife PONRIasand heat
power . wi'tT - thus Have the sa val ue. Because a heat-controlled energy
economnyis rehpsi seitpld ehdornoubostoatet AEnwse s ofhpr FENP gt FFK Here
bi OMasS, Wlslalvegrggtélgfalbllgaé?g#mo% tﬁgaggﬁéhéﬂss gQgcglgCi g bher dseiRf
el ectrical energy to-provide the reaction enthal py for the 10 production of
symoheso’s wasei watds coatenontted withl Fie. afthepreesenble thidtusé Bfc el ectri cal
energy {3 t%%tsi?5§%)§|c{aatrle%e\’\krs@fdl({§/3%§1plg{)§d e HCHELE &g &R G¥igbsng ef | ected in
t he eneryg%/ content of the hydrogén generated and is converted al nost
Wi t houtnarprilkdssbevat beicbupat bn ke PeahdeFmnISPSr 1O o2 IF@"p6RRIETE t hen
used f%t%lqesagﬁggu&f'tq{% sensible heat can be simplified by the cascading
of fluidized bed reactors and/or integration of biomass drying. As a
25 result of the predominantly electrical heating-of the process,
neither waste gases nor waste gas losses occur. The method therefore
has a very high efficiency. Unlike fixed bed gasifiers or entrained-
flow gasifiers, the ash of the biomass can be used as mineral
fertilizer. For increasingly scarcer phosphorous this is of great
30 significance. Because of the growing importance of providing energy
from renewable sources the invention is described against the

background of a biomass-based solar hydrogen economy.

35

Detailed description of the invention




15 according to the invention of synthesis gas. The heat can al ways be
used. On top of this, heating with electrical energy has the advantage that
no flue gases result and thus the nethod is extensively waste gas-free. The
nmet hod according to the invention is & so suitable for recycling of pure
oxygen fromthe water 20 el ectrolysis. The w nni .ngl-of oxygen from
deconpdsi &i B wie gokar shyyHiogeac AR BAINYEEPIoR YA 1laP§ePBE 2T dNever .

Met hods; pi § e & 1 edizgdobadheachor f@é{ﬁtaotsypﬁ@aflml anti sigfobrbet ween 1
MV and 1" GWN preferably of between 20 MW and 500 Wi | st_ being nore
econoniBeaentyarige dprAnt s BTiten IeBRR tirTadacRs by FenRpced Feafush fildsS A 25

hydr 0g@Re € ORONY HeS aft £G4 LNRr aneﬂ%ctemi_rr@hiamd £Anekgy esonwMrn Thes pl ant's
shoul d therefore be able to work under raised pressure of between_ 5 and 50

bar5 s&ephatortieldsd GRPEPAICEETEEY B TAT POLPRATE "aAE PR Edt Iy into
the reghooahaf@AHATSAMESSAINE: 088 cREEM KeatOEohhiE Sl Ve@asabr & deRbhod
according to the invention 30 agaj nst the background of a plant for
gener atPnBr RySRIGeRafi PP IRESr ably BREDPEraPed Mt l‘?nﬁﬁg?’ng?ﬁrepressure of
20 - 4Qibakss] Nvipar Gravt ada Wiyt Redlicd NAYa iRIs@SSHI € WickappuoXitrat elsy 30 bar.
Wth the nethod accordi n(g to tlég iglgventi on the g%%)lduc ion_of the 35

a

synt heSit8CHELC I LIGRE TGV ake BIPVA QAT BTGP FRESHRYSOFI Y zed bed
reagt onsoahBridie di yhthést digaedibedl s @ anicmont bel biwnmags &s mpdsent, - 7- into

pyrol ysis gas and pyrolysjs coke. . Through an.ipert .hed i such as
DG ¥ ieeniee) o R RetTL TRy g o REST 1T 288 Bk e

st at i orakytilcddierrdgpeds ord flelcitndl yn grivarchecgk ecaarentead et eyfdrggdin zed
bed reactor together, with the ol ysis. gas., A b stationar l.uj.di zed bed
i's thergc?PSF@t%cgtatrbdr SuFPRETt oedtoéém 'fh“(')ldg’é%%o?a?’ngo%gst %g %{%%ellr#tt_‘l%on than a
ci rcul aloweg &hdildiazed Phed, of nthehipohesahsl tdred vead skyr ¢bkepPpedudtclods are

w t hdrawn. Fi nel round coke parti antain Wi hdct bem yifdpakly no
prillrg'rar VERG5RE o odgcrh)? arc telcoe{ﬁgéf'tc’ egﬁn%%g?%g'h&ég% t-Hte;“!ljaingger j|'n smal |

parti clhesdlOohstaterof hhgh, Hdrtsingokétioagladieriehbrendrgydésertped as

essential ly tar-free. This._i condi {{on §qk . th Laki o of tar-free
synt hesa}aéé’a\éggge T%%aetpfroo%é? sgab%ss ??ﬁg%%% a&x{ %hb‘;%rgﬁ‘%%? coke reaches the
subor dienateesibe iy vicditeedabefirqeeadheor meThed Racolrisng tgadhes IEHEH Sy éSt he
fluidizi,ng ga t ' e Lhibdizribedoneasd Qacebn this fluidized
bed reaac]IS%r g’ﬁ;?% y%i%%gggp égitrg‘aa i n%l y gr ouné1 ho? coke, av\,ﬁi ch splits the
tar® caritegitmedlysis t Mepyiohing oigesyperdbreThascPyrestElopt PEafty ishto H2,

O, CxxgﬁyadegtﬁOmiéafIy%rfLgigif&y%ebﬁga£€§PtHHweb§rtrﬁ%ﬁﬂd@%lwith

fluidized bed reactors have a typical plant size of between 1 MW and
1 GW, preferably of between 20 MW and 500 MW. Whilst being more
economical, large plants often come up against logistical limits. A

25 hydrogen economy is a regional and decentralised energy economy. The
plants should therefore be able to work under raised pressure of
between 5 and 50 bar, so that the gas generated can be easily
cleaned and fed directly into the regional medium-pressure gas
network. For this reason the method according to the invention

30 against the background of a plant for generating hydrogen will
preferably be operated with an input pressure of 20 - 40 bar, in

particular with an input pressure of approximately 30 bar.

With the method aécording to the invention the production of the
35 synthesis gas takes place in a cascade of at least two fluidized bed

reactors. In the first fluidized bed reactor the biomass is split



20 fluidized bed reactor in a cascade of several fluidized bed. reactors,
then it 'is here that the biomass used is ultimately converted into '
synthesis gas. The ternms "pyrolysis reactor” and "reformer” are no | onger
used for nore than two fluidi zed bed Féactors. Rather it is a case of

reactors whose tenperatures in 25 subordinate reactors increase and whose
tar corfEAtPYFPLYRE SsaRSrMhAYECLBEET T e PEALES ATHESF T 3D MAGREF2d bed

react oyl hbesdmi hed s@b1yalisabbkeventSnebe §esurRd ia tRyrolyisiiseaeact or”.
In order to convert the coke ggantltatlvely as a rule tenperatures of 850C

to 1, 0008 afe het@ddapyry AddrdrRg B 1Y) AVBMY FTOUS8E FHET 130 €°37R i s

pr ef er ahby £ pr Oyi Aed vbhate Adt Jreasye oner flithdiBedojped yiseacyas . izs heated, for

exanpl e using electrical resjstance heating in the form of heat égg rods,

. $ > I ;
whi eh &tetianersdduiAteed Res i HRS e B P B R 55Ps £0f PR (18 bed
I eact Ol cleBrai faSAd@eOl neanaoal thequd reircanbyisd i fghtidaddatbed, dh heat,
because the splitting of the biomass, into rolysis gas_an yrol ysi s coke
has vi PGSR §97d AEaCORT $RCtCOre- Pér‘-:l‘f]ress&g rﬂé’gﬁ‘% eﬁh?%s’p@s%&@s t he
f1 ui di ziorg gast Widy pbatheatdnhhomass tihitsal Bactid @rimarg abdost by itsel f.
Nevert hel es it _is advantageous to_introduce_sopne. heat t hat .t
pyr ol yss|e§°8§§’éyitsaralb§8a8%%\i\g} 8&°5t a?%ahsetaqi %r%%?gsr £ nggl vé%/rttéﬁqgs
extiensiisekygri anidit .eahbscodles icnobharebord e thecsilzar disnateerdtiwldiyzed bed
reactor, i ch ipproves_the ality of the synthesis ) i'ntroducti-on
of heattair\r,i\ﬁgirﬁ%' py 16l y§i § ?%réct{lrontg estiH ggélglr%bhnn aoﬁg%faggg;eus manner by
nmeans afynphpessignd.he fl ui di zed bed, through which the hot synthesis gas is
passed. The tangi bl e heat of the synthesis gas can al so be 10 used for
generating and superheating the steam which serves as the fluidizing gas
for t haheypekysysis gast bpadet cdrtdi pyroby s advanterdmss teabadharsinasge t he
i nventigon.the LRl ngmtar,, | ange. wi Ly Hleak AL 251 G2 Rggheat ed
pr;igr tfgufgléﬁ%??&ng&%gggt'sg%%e%?#?ﬁléfd%%% éedtreact or?. In this v%/aygt he '
tar cormgeentornthhesumsdéantde nddieed. barheehreartd Fashédofsutdirissghethe
endot eI oL CROLI QLW Lo GRKE PILLEE) Crdubdt RSt StbiarAuBBEN! 8301 crihi ch
is known as ch cal quénch. The heating can for exanple take place by
means dfarancehbaindddin hbatPyrplvedssyas Pradorhnpatly t33¢d1ybigret edRtPwo

f1uidized pgd seaghers; ang: takes1L,hg; 104 MRl r8atubsliay cheatiexchanger. |f
the pyrdlysis gas contai ns coke particles, the wall tenperature of this
he&0i nof Indgiigedr bedtrmrohesdin 2 weegadnoed coyeerer AbtiAiFSE 8kdeed the ash

WE|tir“ké%@t%&s9ftﬂeéu¥y:is here that the biomass used is ultimately
converted into synthesis gas. The terms “pyrolysis reactor” and
“reformer” are no longer used for more than two fluidized bed

" reactors. Rather it is a case of reactors whose temperatures in

25 subordinate reactors increase and whose tar content in the
subordinate reactors decreases. The first fluidized bed reactor in
the method can, at all events, be termed a "pyrolysis reactor”. In
order to convert the coke quantitatively as a rule temperatures of
850°C to 1,000°C are necessary. Acéording to the invention,

30 therefore, it is preferably provided that at least one fluidized bed
reactor is heated, for example using electrical resistance heating

in the form of heating rods, which are immersed into the fluidized

bed.

35 The first fluidized bed reactor in a cascade of several requires
only slight addition of héat, because the splitting of the biomass

into pyrolysis gas and pyrolysis coke has virtually no heat effect.



25 According to a further enbodi nent of the invention for biomass wth a
| ow ash ‘mel ting point, according to claim3 it is better to separate the
pyrol ysis coke from the pyrolysis gas_and to heat only the dust-free
pyrol ysis gas. The tenperature can t hh be rai sed much further. Localised
strong heating through the addition of pure 30 oxygen is then possible at '
this pdfnsupskhsarefcetedn ysebfedtds &NtefhBddi BN 86 By HhPHeal rE®4ccor di ng
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ar eo kn@%dasoplwmaew@rdders&peﬂmur@ethansmrrpa&sed sémraglasbyhpeart of
t he 106:%%8[ Si sggas or g car bo?%free Jas s such as steam Hydrocarbons are

deconp r EFa H yro cﬁogen and carbon (cracking soot). Both

products can be converted dlrectly or in the subsequent .fluidized bed -

" reactor, int theS| S.aa Ac i. 0 t. E@r‘? t ;according
to cl alAl%g g%rl% Supér f d‘gafnscé"g;eg)gsco&%%lﬁ%ﬁ% gr&(lr:%nh‘beengasse %r ough a
cat al ytcoatbéingd rratrhi $nwegccr deedectign dlaimhe, tean é@nbeﬁte@\mnoait to

relatively | 19¥V tes”%@%\ ME5 115 gRPO8S I £ rHeKE! -PaSed sCAL Rl MRt $aRave proven
t hémselVeS  het e cording to claim6 the effectiveness of a catalyst
can be congant i bartheyghapraovds reduped gddiecbaabedhi IR €APLS betuueh £hes

brothtndg ReﬁﬁQ%§%gcw&5£l&ll %@k@l Eldfésrﬁg éﬂeEgdbsgaﬁ@ﬁénré%%ngances

in partlcu ar ogeni des and/o alis. | phurisation is also
parti cwharchyiefireom ge. ciirl qeh gupmfpo@ehbﬁaga%g desulfprueTaERicofake
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in m xtures %t other metal oxides are stitable for this. Sonme of these
oxi2bles teameahswo dladRiseddrid resrpotmdndoftakpe e fivaP QR it PdgEn (CoS,

HCN) . NEBX g?&ﬁgné@g.d§§ the pyrolysis gas contains coke particles, the

wall temperature of this heating register, when wood is used should

preferably not exceed the ash melting point of 1,200°C.

25 According to a further embodiment of the invention for biomass with
a low ash melting point, according to claim 3 it is better to
separate the pyrolysis coke from the pyrélysis gas and to heat only
the dust-free pyrolysis gas. The temperature can then be raised much
further. Localised strong heating through the addition of pure

30 oxygen is then possible at this point.

A partiéularly effective method for destroying tar is according to
claim 4 the creation of a plasma through electrical discharges. The
plasma also destroys the circular molecules which have a '

35 particularly strong bond. The plasma can for example be created by
arcing between at least two electrodes. An arrangement of several

electrodes between which discharges are triggered alternately is



30 can be regenerated with air or steam The gas containing tar nust if
possi bl e be cooled to 600C. This does not have any effect on the efficiency
of ‘the process, however, because the heat rel eased can be introduced into
the process stages upstream Al so suiPable is dry cleaning with consunptive
chem cal s such as for exanple cal cium 35 hydroxide (CA(OH)2). Such a
sol ut i GAVRBtagemIsy BRoWhls Mty Pheh ga¥r TIl6RCSAR TR PVedbst dhEe§3F enpved

by fil el Pus & nt8n- réad@idd cHlardy idhrecars@naamenbraéd f Iacdi sed bed
reactors is obtained according to claim7 in that, the flujdi sed bed
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gas i s finibt s&d foddessacosid itatedahdatents ofghvel owbiclras sodddhe-ans ek ul
potential of dry biomass is ver i

y limted, 10 howe%er. .Grﬁater oﬁ(enti al
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si | agepiktei sntherigkobetiwdmordiantldhailddteocpescesscalieoiats ows: finommss with
wat er contents of 30%to 50% The input of bio s wth _even high ter
cont ent® Pt 9?@6’85%3??/; ngbecgﬂlg%_(f b R gfc’s%(gﬁt ré)usqt(ﬁluggzﬁadrto&? ord

befior ehgrd1aatk Haspoacessactbdmifoebi ggasuch an adevant dgdoasarmmsererel n
addition a raised er _content makes the intr ct.i of, .hj omass into
a pr ess‘%’:lo%aseccgﬁtn:?ngra’é%s‘?aelrn. Y| AR dt rdeé) ce gmg%hé,aﬁ%gfo(%%%%l%fz 156. 8 and

DE 10 2008)012-ttbdrbdhieed sor des caneekirmvdiiwkcthy igr timekhei sitbmsawenform a
pl ug whi.ch .prevents backf!| oms of e direct in-feeding of wet
Vw}llulfiﬁz%g\%ads reacg?lénvrvlstgf sgﬂ@ﬁe?f&gg@

bi omass Wi er con Irgniticantly nore than 40%into the
pyrolysis reactor can lead to losses in efficiency, for the steamthat is

al needed ;as_f.l ui di-zi - nly-1avetbe effiqct ofpballast with a
ZSS'L(r?’esu TERETRGVE Se fé%?%%ga%#\ggﬁégﬂgat bal'ande.  Accor di ng toclaim8 it is
t her ef cnpeativamdgesusonbatiring rerwean Biomassednthtwighads cetrel ¥tesul t ant

exhaust e\{iap(i)Hr?hltso VJHS/eap¥é(9LLé/ts.ijO§l Egacl O AS bhbbai Zdng dasre R vengustri al
scal e pli ants it 1s expedient to dry the biomass
low temperatures is possible. Nickel-based catalysts have proven
themselves here.

20
According to claim 6 the effectiveness of a catalyst can be
significantly improved if the gas containing tar, before it is
brought into contact with the catalyst, is rid of all harmful
substances, in particular halogenides and/or alkalis.

25 Desulphurisation is also particularly effective. For this purpose
hot gas desulphurisation is sufficient. Oxides of metals such as for
example Ca, Fe and zn, including in mixtures with other metal oxides
are suitable for this. Some of these 6xides can also rcrack brganic
compounds of the sulphur and nitrogen (COS, HCN). Many metal oxides

30 can be regenerated with air or steam. The gas containing tar must if
possible be cooled to 600°C. This does not have any effect on the
efficiency of the process, however, because the heat released can be
introduced into the process stages upstream. Also suitable is dry
cleaning with consumptive chemicals such as for example calcium

35 hydroxide (CA(OH),). Such a solution is simply blown into the gas

flow and harmful substances removed by filtering.



in a.noving bed or fluidized bed. During this drying process the 30 bi omass
shoul d be heated to not nore than 280C, because otherw se an exothernic
deconposition of the bi omass begins. The drying device should al so
preferably contain an .exhaust vapour 8%circuit, conprising heat exchangers
for introducing the process heat. The exhaust vapours circuit is generated
by a cénpresienlady siPtd PraRerapry ¢f Kewidéspasted c6agEA%RIISnd heat

exchangehs;£08 4Md.QdUgi PY PrOGESSiheghar \WHeh tPEESSINd Bed s¥sérs the
tenperature level of this pre-heating is considerably |ower than the
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t wo Shedf?verARB ark? saPaPPabF &' SMFtERCRI PRW A RESEUChPEEYuse to be made of
the sensible heat fromthe process. The result is extraordinarily high
efficiency. 10 In the device for pre-heating the bionass a signjificant
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advant ageous to use for this carbon_dioxide (CO2) fromth ther 15
procesé’?erifggéf’m?fﬁ%' Syt HSEngg%%en%iégsgg(%?' gbé(sjﬂ%‘?sé 7 6’%’-’& ;?ﬁﬁ%{/ al |
Sutlgequ_ﬁﬂkv@]?ega;ﬁ@étay@bbeﬁe&ﬂ leis§ § N gl izsingas, energywdirngsf rvmdbhen
production of rogen. It js rticularly advan eo t this a
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partial_gquantity of t wat er fr.omthe bio i trai accordin
to the partiar %?%‘é%uorngéf)m?%se Wml%?‘]e?"%poiéﬁ%ﬁieﬁ ?(Iﬁrzér)eengts%eégtﬂ(ggheat thatg
can be neddsedugedoécduzet hhs g@sewiceoube. sdimezetheut ofrleh befroahdrchtanfr om

A el s i P A
t hen theaidredi mgter content makes the introduction of the biomass into a

pressurised container easier. In accordance with DE 10 2008 012
156.8 and DE 10 2008 012 154.1 feed screws are known which in their
interior form a plug which prevents backflows of gas.

20
The direct in-feeding of wet biomass with a water content of
significantly more than 40% into the pyrolysis reactor can lead to
losses in efficiency, for the steam that is also needed as
fluidizing gas would only have the effect of ballast with a

25 resultant adverse effect on the heat balance. According to claim 8
it is therefore advantageous to dry the wet biomass and to pass the
resultant exhaust vapours to the pyrolysis reactor as fluidizing
gas. For industrial scale plants it is expedient to dry the biomass
in a moving bed or fluidized bed. During this drying process the

30 biomass should be heated to not more than 280°C, because otherwise
an exothermic decbmposition of the biomass begins. The drying device
should also preferably contain an .exhaust vapours circuit,
comprising heat exchangers for introducing the process heat. The
exhaust vapours circuit is generated by a compressor.

35
According tovclaims 10 and 11 the device for drying the biomass can

also be preceded by a similar device for pre-heating the biomass



takes place at a | ower tenperature |level. The CO2 introduced al so serves as
a source of carbon for the synthesis gas. Wiile this calls for greater use
of electrical energy, in the production and use of hydrogen it has no

i nfluence on the avail able useful eneddy per unit 30 of biomass. The

el ectrical energy as a proportion of the useful energy nerely drops

sl i ght Iwhidhf prhéefaleldi AgkeviGhdss angpnasagrieradedearorxadweaapre, fethe ratio
of Currﬁwcla%%&ngrgpicefsrsomgl 0 42688:1 ded @gge&q oédqet Q%mgé{ugéml
sourcing of energy the electrica eﬁergy or thé nethod acco ding to the

i nvent i Avels o35tprouced et bRy tife APpdi 8gERP Bl ileMerwhAhahe taePexiure with
a el ectydgal of thel @nEke0k POy Y $naPRLiRs I hhoyh Lhe deediog, of O
into the device for pre-heati.ng the biomass. The noderate - 12 - feeding
of GO BYRSFUKeipr belesxaghdel WG AagePERISEANGuUET ytitliss sdvanvagkbus

ef f ect s;rRMidedul D@t e peHEs et heahpb a4 @-daeseNob s R beh oy S0/140. By
way of exanple, in the real energy econony in Germany today a ratio of

20/ 80 i ¥Hed. tTRi keall S4nkPpRTRS VEd 1BRES SVIARY 4d&ONoUSEARY OmPHethe

fol | owi g the peN¥ead i N the s BiRetehd PREE tIRL girbcddd h ef eeshre i
Figures 1 to 5 using exenplary enbodi nents. 10 Figure 1shows a sinple
enmbodi N ERRTHHX dHPoRI T EF fiIIY - 2shows a design of the invention with
i ntygrated pre-heating and dryi.ng of thebiomass; Figure 3shows an
arrangenment with 4 fluidized bed reactors and integrated catal¥tic bed; 15

Fi gure W 18 F6ULFF cHT SAcoPeRT iRt €78 Ri-PTPSRId Srafat t Y FUPAREE Dat3%on
prior twatdie ceat alysimPedready be condensed if a product gas is mixed

into this circuit. According to claim 12 it is particularly
advantageous to use for this carbon dioxide (CO,) from the further

15 processing of the synthesis gas. Excess CO, results from virtually
all subsequent chemical syntheses from synthesis gas, including from
the production of hydrogen. It is particularly advantageocus to use
for this a CO, fraction which still contains combustible componehts
which would otherwise have tb be disposed of by combustion. With the

20 CO, fed in a partial quantity of the water from the biomass is also
entrained according to the paftial pressure of the water vapour.
This increases the heat that can be introduced into this gas
circuit. Thus the condensation heat from the water contained in the
synthesis gas can also be usedhin-part.'If this CO,-containing gas

25 is passed on to the device for drying the biomass, then the drying
takes place at a lower temperature level. The CO, introduced also
serves as a source of carbon for the synthesis gas. While this calls
for greater use of electrical energy, in the production and use of
hydrogen it has no influence on the available useful energy per unit

30 of biomass. The electrical energy as a proportion of the useful
energy merely drops slightly, i1f the feeding of CO; is not
exaggerated. For example, the ratio of current/heat drops from 52/48
to 47/53 if instead of the external sourcing of energy the
electrical energy for the method according to the invention is
- 35 procured from the hydrogen client who have.fuel cells with a

electrical efficiency of 60%. This applies without the feeding of

CO, into the device for pre-heating the biomass. The moderate



Fi gure 5shows an arrangenent in which the tars are destroyed through the
creation of aplasma. 20 According to Figure 1 the device according to the
invention consists of the two fluidized bed reactors 3 and 11, which
preferably have a stationary fluidizéd®bed. The fluidized bed reactors in
each case have a nozzle plate 4, a fluidized bed 5 and a free space 6 above
the flUiegidied BedO:Thetdidita®sotess Fhauldx bl B2V EIYdE8EP Y Yneans 25 of a

feed scieWadahPigedie kEdt gl 2808adar €aet Ahed cabdeEaia® bYtad dduser nal

heating 7. In this exanple the heating conprises pipes, which have the hot
synt hesia¥ &SP 152l eS8y AG- tBY oleghof N8R ™R YF ot 8eFDe oF SichiCBGEIR FYWEY

pr OdUCtirﬁ‘@%Ehﬁﬂy dddalys aadyedy ageougsb oi hedunidni snieatisd appl hesit Addet i onal
el ectrical heating, not shown here, to at 30 | east 600C - 700C. The

f1 uPdi ARFagastesEIe - hydrogen, which is fed via the line 10. The water
that enters the line 8 is evaporated in the heat exchanger 9 and
superheated. For_ this the sensihle heat of the synthesis gas 15a is used.
35 In tHe Heufar Y30 WedOF eHOYDIT 187 hE ?ﬁéﬁﬁhﬁ?%iéxsTﬁfﬁ qeﬁgbfpV% ysi s coke
and pyredfesiescgase rik@rpyr 0l 4sis ueake éogeilker wnbbdidwntpyrol ysis gas
reaches the downstream flui di zed bed reactor 11. By - 13 - selecting the
grain size of the sand used and the fluidizing gas speed it is possible to
arriove miguaesSiit uati on sirevse aoniyploleebpdlhent est athel eésgerthiam;0. 8 mm reach

the flujdized_bed reactor 11. .In. addition the ction, of. f space 6
can be%%%%%ﬁdéd in or dat° "o 5 Rat ' Back Fa%%gahgf%'pé??i%ﬁ{§§Fa%§§ coke
parti clgsMeathndauel hagithedt thel atil e conponenigmasetiensi vel y renoved, and

which arrive at the flyidiz r Ar 3 1]
splitting of the tars %O%Shg‘gpg’?%?@%%%ga? nztaoff1 g??? %(Ea;% etoﬁgtegggéfﬁan al so
be convard edteptatsy matedysigasediin the fluidized bed reactor 11 10

t enper [ f 800C -1, Q0 rall y. - f.er y 850C -
959%. %%gﬁﬁ%hging 12 d%;%h%gd?ggggggﬁbggfg%gﬁﬁisfgégg % %ﬁ%ﬁéggcgg%cally,
for exapptigiicatibe dwom o vee tdadallyyiarranged Pedis with el ectri cal

resi stapce heating. Thg hegated, pali-HentheseiQds vhe €8Pl 8tel y surrounded
by theaﬁﬁéﬁé% ged bed.nﬁhe syntﬁesis?elfngas 155Lre§Ves the fluidized bed

r eact orddstryivgdt Her dusde topacee®- 1#08€ 8ection iBIPFF-erably expanded. In
the particle separator 13 the ash 14 is separated. The sand in the reactors

3 and 11 can be continuously renewed by an in itself known conveyor device,
not20s hodgcdrayiag to Figure 1 the device according to the invention consists -

of the two fluidized bed reactors 3 and 11, which preferably have a
stationary fluidized bed. The fluidized bed reactors in each.case
have a nozzle plate 4, a fluidized bed 5 and a free space 6 above
the fluidized bed. The biomass 1 is for example introduced by means
25 of a feed screw 2 into the fluidized bed reactor 3 and heated by an
interﬁal heating 7. In this example the heating comprises pipes,
which have the hot synthesis gas 15a passing through them. In order
to achieve a higher product quality, it is advantageous to heat this
reactor with an additional electrical heating, not shown here, to at
30 least 600°C -~ 700°C. The fluidizing gas used is hydrogen, which is
fed via the line 10. The water that enters the line 8 is evaporated
in the heat exchanger 9 and superheated. For this the sensible heat

of the synthesis gas 15a is used.

35 In the fluidized bed reactor 3 the biomass is split into pyrolysis
coke and pyrolysis gas. The pyrolysis coke together with the

pyrolysis gas reaches the downstream fluidized bed reactor 11. By



20 In Figure 2 a device is shown which on the right-hand side has two
fluidized bed reactors 3 and 11 as descri bed above with the help of Figure
1. In the free space 6 between the twy_fluidized bed reactors 3 and 11,
however, a heating device 16 is arranééd This heating 25 device can for
exanpl e conprise a tubul ar heat exchanger, the tubes of which can be
el ect r iSAECy 1RGSR ITPRE E)W%I%fs|t§eg%§n%rfbs@c%én€ok%e PO PRI F3° heated to

a tenpedgldr et hes eouiiehei 6o Mixghee hbaa §halatebnt figefd Wndiyzeekdbed react or
11. In this way a_ larger g{lo(gortlon of the tars and the coke particles is
h
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net hod taﬁ,ec%tlBiL ng‘?cf) bteﬁlerﬁﬁ?/‘é‘?ﬁll&n gaf BT diderds® %qu EP-the*'thstade of at
| east twme fhibdbz ethdegroeact Orgmsi. SIpr ef@mabﬂh;atptﬁeedscé ynpaeheatd ng

and/or drying, .the te ature | evel ow the deconposition 5
t enper att J%(’g g%dtjhntom g’%&és Sof gapprom T8 V\%H %5&db}ﬁ elagﬁggsf is fed into
a Moesstanireedtoodd avmeno0asi ny, & oegeeral gérwdﬂsl&r euc@ssddgr, eppetetmdtyl ng of

the bi UBIBLe 2 I f%urﬁ Altgl%%lefo§0&us 120C, 1.k rpglsea%rag& thre the

bi omass’ i's passed ‘hr ot circuit co he conpr essor
25 and pieate eXebhangerl126. faheewlel inuthe dlem obnvertiscad 1geparatasd 23,

whi ch fee s bhack u : | ner e reaches
t he novi n(g begﬁl%f%fen{lﬁg&b?%%a%}% %r g%ah%(‘fg‘eﬁgz%g&% gjt%gtlgg i%e bi omass
then emtaiss ia downldgsd y28uni eundsad @mehhﬁgfmidilsydnba@ls Toe puhsherisl asts 15

of &t eﬁggaé nem 1 he,dd rt%eZ%l&bﬁ éadomasrbécw rw@ f:l'ﬂe & LQNLEotd e manner

into t nhext circult e preheating and the subsequent
whose section is preferably expanded. In the particle separator 13

the ash 14 is separated. The sand in the reactors 3 and 11 can be
continuously renewed by an in itself known conveyor device, not
shown here.

20
In Figure 2 a device is shown which on the right-hand side has two
fluidized bed reactors 3 and 11 as described above with the help of
Figure 1. In the free space 6 between the two fluidized bed reactors
3 and 11, however, a heating device 16 is arranged. This heating

25 device can for example comprise a tubular heat exchanger, the tubes
of which can be electrically heated. The pyrolysis gas and the coke
particles are heated to a temperature here which is higher than that
of the fluidized bed reactor 11. In this way a larger proportion of
the tars and the coke particles is already converted into synthesis

30 gas. With woody biomass with high ash melting points, the
superheating can be operated to the extent that the heating 12 in
the fluidized bed reactor 11 can be dispensed with. In the fluidized
bed reactor 11 only coarse coke particles are then ground and
converted. As a result of this chemical gquench a lowering of the

35 temperature occures.



drying it is advantageous if the biomass is forned into pieces of uniform
size usi'ng an in itself known device 17. If this circuit has a gas m xed
intoit at point 27 then drying can already be achieved 20 in this circuit
in which the partial pressure of the WAfer vapour is | ower than the overall
pressure. A small portion of the synthesis gas can be used for this

pur poseln PASercEDaF | §hes FRPabPE iReaCOE PR oh R MSTBSE qReFRT PPGcE8sT Rt age of

the synihesit3ocdasan The %6884 JanfieQMhli SaddadeUbt seaches ¥vika the line 28
an additional circuit, 25 conprising a_conpressor 32 and the heat

exchangfelrusldsl:?edSQedS@acfﬁéssh%é?%&?éﬁlexwe\?aﬁﬁuﬁ’%e%&ﬁgt MR ng bed

of biomassing? vha t&epdrezake phwatie orERhEahned Rabhi cheudcmpbeipvad by the
separator 31 and at_point 43 added to the biognmass. A subsequent process for
furt5herteﬁ‘rpc?r?é§§r"ﬁg°%ftb(er1€1§§)ﬁ??ré’sfr §P§5§Xr'§a‘ie&d’ ¢8Ped by 36. Al 30 these
processes are exotherm c and can provide waste heat for drying or

preheating the biomass. For this the heat gxchangers 34 and 35 ca% be used.
The preM¥atB@™aAd Hried 6 SHER < MIESREEIBYT M TBET QAT 8y SPe Tt ce” 42,
such asfdet sexawpbe I@eﬂ’&b&él—ﬂ@atsmgs\&fCﬁH&e}ym’masisntbh@ fanpetrat e dlelz@d bed

react or the p sa The exhaus va our reach Vi ne 40
and theoédsr?ercheaﬁ& % §Sf P z:i% %Eet e Srfr P2td Fbaesge?egg gh\,, At
t hi® pabyta @ay‘gemrdd;tca;rmm@lrmlm tardadedmprremmt 2pr ehti et Addh&ngmal%heatr ng

of the fluidized actor3|s onynecsar however,. if in
this reqtt #° F&Fc‘t”ht apltf’rppsgeéalorfs FuPtREF * v oduc grrr?)rrloj:i//e’eercrirc,%n G %
ext ensi ¥enecarivenssoduof ithe the bomtas nsoughite @sl Fetbizeditdwassviegl bed

cont ai NSg Moy €, wa er tha S ngcehss%roxé Egr ﬂ%e qrocr;ﬁ% t a%sc ﬂ'ex?e renoved -
via the condenser FF%n htr 89Condensati ngpsepar ator 8‘D I'S bypass is
cont r ol émckdyy at kiewmipﬁe 239wapud @hcm:ledxlogl 91 bedwsednf orf fouleingnblagtsThe

bi Orgass%évhﬁcrt%{?%lg§?%arheaa1888% blig Ry rnggst&btvrlac@la&grn'moa tc%ﬁtpspfeedss be

pr epar e e optinmum water content by m Xxing, pressing and
dryi ng. ndinieyr dddit tlomalexti céufeit s Foui tabl Iereﬂmatflrlﬁaan@rlsheng@ﬁ@qwﬁsequent

pre- hea&f}@qﬁ? 1583% Q%’a[%} ebgslyetugem%we AeGRUROgi 14:Qn Jienperad ure of

appr oxi me ititonal circuit 1s 15 particularly advant ageous
i f the pribiess sigeteshw gpeiat Besalf Mnghnpiesicsy a7 f 6f Eildmsiecait 3B ar .

In Fi c f qb r 8
show:19u h?a} %&%%gdﬁgo a toneugf)}rlle&;elﬁ ;C%gomgp%{&ﬁga?o%é% f @euglz??&%dﬂler es

t he2(r odlucthifd ewrenigaly amdcBokles I%a?flrtéralt Héeqﬁqfedpfeﬁh%étﬁtreéaﬁﬁﬁ‘?umﬁs is
di verted,hy,. meanscpl Halfhe EE@ééhf%ZaAtgmghf abat oF A% sPhenceoke is fed

by line 50 to the fluidized bed reactor 47 he particle-freée gas in line
51 can @d% 5 eategd for this purpose. Particularly suitable 1s c from

a subsequent process stage of the synthesis gas. The excess gas from
this circuit reaches via the line 28 an additional circuit,

25 comprising a compressor 32 and the heat exchangers 33, 34, 35. The
superheated exhaust vapours reach the moving bed of biomass 29 via
the nozzle plate. Entrained particles are removed by the separator
31 and at point 43 added to the biomass. A subsequent process for
further processing of the synthesis gas is indicated by 36. All

30 these processes are exothermic and can provide waste heat for drying
or preheating the biomass. For this the heat exchangers 34 and 35
can be used. The preheated and dried biomass reaches by means of a
conveyor device 42, such as for example a metering screw-conveyor,
in the first fluidized bed reactor 3, the pyrolysator. The exhaust

35 vapours reach via the line 40 and the superheater 41 as fluidizing
gas the fluidized bed reactor 3. At this point oxygen 41 can also be
added without problems. Additional heating of the fluidized bed



wi t hout any concern for ash nelting, for exanple by neans of the 25

el ectrical heating register 52. To further support the tar splitting bel ow
the fluidized bed reactor 47 a nickel -based catalytic bed 53 can be '
arranged, for exanple in the formof "d8-in itself known honeyconb. In order
to refresh the catalytic activity it is useful to arrange a nunber of pipes
56 Wi t hremztdred. igVerH valneeepaging Boewksast 5f o shéanr¢adimroderothe he pi pes
56 ref rgﬁ@&gsdsklﬂgr&w 2Lbalcd SiRssbhbe: d horlee Ve Jhabntbbes Niomass
is to be used wth a very low ash nelting point it is useful to mx the
heat ed @fasthd chrbpe 8/ ONE8Fs gas cool ed by the line 55 or another cool gas
- from a subordi nate process. Gases contai ning nethane froma subordi nate 35
process are better fed in at point 54, thus prior to the catalytic bed, so
t hatd t hef rigtehddemean e 4l FPRtHere "OKE WRERY tgasedfi BFF9SS2&Yr AAHEd S n .t he

m ddl e 9fodde cageadan BrPebdbNg: QR ot Be hedderrsk®- 3di sid idpeti on, this
station can also be arranged at another point. The arrangenent shown is-

ai med atoRfeHisghindr IRARTCERYTe? &1 ol idt P¥BAPRr St iSRRIty OF b5 tSEFaltat e 2% The

cascadeai dHauindi €0, hed useacterF sriirs tpheheateR bionass diedhi1boabtrdy a
conveyor device 42 and heated exhaust vapours via |line 40, as shop in
Fi gure 2° PO 1PoRerPFiqE Pz EHBRIEY dRECOFPAPTOLTSEN RRATHGTEEVILE 7 be

heaiced yhd hogHiecassat@atconbuht Bink xisighopreassient nall/oHeatjing.i s, however

advant ageous for putting into 10 operation. The subordinate fluidized bed

reactors 46, 47 and 48 should preferably be heated with el ectrical heating
12. At thes priditsohdendircued by #dtexygenotafinahutirgdoes aiat shaveqtient be

added. In hydr oge cona oxygen nerely increases the average current
corrpone]ﬁfe%?e tﬁgguggf{he é’ﬁg%aﬁs aeo tjﬁléq'%e%ﬁ¥%vﬁ;li (%T%F SR Oy gen has 15

Vi rt ual tymperatni-k ueh ceppaxtihet el i zHoecyAn Fadilirtd odad hoinscwd tdégi ce accor di ng
to e invention, which is virtually identical to Figure 3. Th nl

di f1ft er eRte” 1S PRAY ?’%Veangtggefmdisl %)gvitr%e BEBSFAT i '0h o E?ho %%%gdpggsﬁe?lsgl%lhrough
a hot gpsesdeani igr 2&kstdgeab030 Ammat al ysts, whi ch have a good cl eani ng
effect for sul phur, nmetal oxides are especially suitable. In order to allow
regeneration during operation as well, the gas cleaning should preferably
be providetigduriece. aHusgae of eboind liug dadedrteayesastbos 45 .ormdss4Wi and a hi gh
sul phur ,cont ent, begause, t ‘1 he al_yt | 53. Low

t enpera %rless Sﬁlé)gna ﬁtl?lgi cgfg?:sgllé%c&i}c%tﬁd a?%%%d?i%fqét%?’rsreﬁlﬁféﬁoﬁgchot gas

cl ezni nguahecygasieshotibal grodhier ablgw lvd gesl anfd tapkeenpérex uites Ak diwrSDOC.

- This ca alli% l3Cgs bY; PAiLOL GeRAUShHe viapaile brom ldne «40chei ng
di vertege(\t}vit C{Eﬁg ggﬂ vleso% £o (ta%le“%ool er 59. The ec%ol ing of the gas with
cool er 5€pdmastqar 48t | Bledt Igpkgois fed by line 50 to the fluidized bed

reactor 47. The particle-free gas in line 51 can now be heated
without any concern for ash melting, for'example by means of the -

25 electrical heating register 52. To further support the tar splitting
below the fluidized bed reactor 47 a nickel-based catalytic bed 53
can be arranged, for example in.the form of an in itself known
honeycomb. In order to refresh the catalytic activity it is useful
to arrange a number of pipes 56 with nozzles. With alternating

30 blasts of.steam from one of the pipes 56 refreshing during operation'
is possible., In the event that the biomass is to be used with a very
low ash melting point it is useful to mix the heated gas with the
synthesis gas cooled by the line 55 or anéther cool gas from a
subordinate process. Gases containing methane from a subordinate

35 ©process are better fed in at point 54, thus prior to the catalytic
bed, so that the methane can be split. Here the heating section is

arranged in the middle of the cascade. Depending on the heat



30 influence on the efficiency. Al it does is change the tenperature
graduati'on in the cascade of fluidized bed reactors and the quantity of

el ectrical energy to be introduced in each case. Figure 5 shows an
arrangement simiar to Figure 3. Herel®however, 35 the catalytic bed has
been replaced by a nunber of electrodes 68, between which el ectronic

di schar@jefrabetien ggdvied stat 1n eieRakl Ag o radcingAs ahPrethsRoPe1 it er val s.
As a regld targgn%@rhétntt R&.08aS1 & Sainealt - a DE LHOR rbBn P& tvdrRtient e pl asma
state. The resultant radicals split all hydrocarbons with which they cone
i nto cofAMRAAfAYDLE A PoheTRRLERI4TS -soot ) and hydrogen, which is then

i medi ately or in the subordinate fluidized bed reactor 47 converted into
synthesis gas. 5 The "strobe |ighting" however generates high turbul ence in
t he SgasThe €&§FEAPPT if LAt gRd rRest P8Rt PET 2SARTFPRERESS éﬁowagénieeq dtUre is
al so assogyatedombd ot bevRkasim ganaeaté@rexnsisehvhpoitselit tauses a -
splitting of the tars. The plasnma heating, is therefore a particul arly
ef f ect | ¥ FOWRM bF X Gedt r{[)ilé‘? igver) Alehi sz sthyeagEP AT 0 45r C8Bnt ani nat i on,
as occurgathinghdaviad al wei aehesh Wishayobéess nEae ,r Bpt agenent ast exchange of
t he bed mater.i ?I ]gan .as.mentioned, he carried gut separ atelg for each

£l ui di 22FPBEA3F edtTBrHY 1n PRERSE FELERTINGY We 7 PE YT A 9adP5Rt ageous

sol it i opperetsoat ST siiboaddhage tfauibez bd ares seacsons | 4@mauntnaf4sand and
renovi ng the sand onl t the hottest fluidized bed.reactor 48. Wthdrawal
can forg&"gﬁppﬁeg%ﬁg@%'l %(?e{"%?/te fﬁgﬁo?iﬁc%lrcrﬁ%g?agh%g ?gzridf‘trgrﬁ%hened by
Si nt er i highntsS ibbeti Siephbgt ed dyygensicene Bde atekst nanshara ed, obe addeds| ui ces.
The unused %g, d is then %assed to thell omeg}eafsle%i gkzeéjvebredeZOugggr% or 45,
for exahpl% 9rﬂ%%rhsecoq‘n°pxeﬁﬁ‘éﬁncmé%ﬁv@y%)? SEEM T or'der to avoi d

i mpact scéupmean o¥erid lusediul| enaligyi ag bke,end dustosef ulThep okiygen heamozzl e
plate 4 with-tubes 61 which protrude.tq. extent into the free space 6
andar e’ retvué—jllltlé—:’dflo 0 al\}lﬁnﬁesg%dtkﬁ S%fﬁal%géﬁ' when the systemis at a
standstill baffle plates 62 or 25 radial bore holes can be arranged. The
-sand beg. age [ tLC ui f . 4 di b reactors
whi ch agé%ega?gg&satét(%?l%hr%ésﬁ%%dgnge;c%/eagﬂﬁgt rg;egggg#bn@%hagg circul ating
f1 ui di zedrthed.ly30ddei daivent Fosugss 3nofhei apleditfderpecexamshat yteais#®$ nent s
descri b?gllgvgtngege Qfataio%eE)?OPhékﬂJ}JeeBaeré h& Agh B MY P QRS Bhbhdigp for
variation an evel opnment w il energe in connection withthe invention. In
par2d cubeagd H@ - sdepeaflysitst evlti On hovet ReIPod ercRaAn setf&dtné@r by t he

Clains'sulphur, metal oxides are especially suitable. In order to allow’
regeneration during operation as well, the gas cleaning should
preferably be provided twice. Hot gas cleaning is advantageous for
biomass with a high sulphur content, because then the catalytic bed

25 53 even at low temperatures has a high.efficiency and long lifetime.
' For the hot gas cleaning the gas should preferably be cooled to
temperatures below 600°C. This can take place by part of the exhaust
vapouf from line 40 being diverted with the valve 58 to the cooler
59. The cooling of the gas with cooler 59 has practically no
30 influence on the ‘efficiency. All it does is change the temperature
graduation in the cascade of fluidized bed reactors and the quantity

of electrical energy to be introduced in each case.

Figure 5 shows an arrangement similar to Figure 3. Here, however,
35 the catalytic bed has been replaced by a number of electrodes 68,
between which electronic discharges are triggered in alternating

directions and at short intervals. As a result of this the gas is



-18-.C ai ns 1. Method for producing lowtar synthesis gas from
bi omass, 5characterised in that a) the biomass in at |east one first
fluidized bed reactor is deconposed into at |east the conponents pyrolysis
gas and pyrolysis coke, 10b) the gas génerated in the first fluidized bed
reactor is fed as fluidizing gas to at |east one subsequent f| uidi zed bed
react orer@PhEhen BAH LS BlokPieS™Ri & RaFawTen TRPRECFHr FREL 831 % $H Ifthe gas
and f ed;1t10 nt,hecsabssaueRtnf ki @i z8dybedné eatiobonddcr?. idvet hagbaecor ding to
claiml1, characterised in that the gas is heated prior to entering the
subsequiEKiDy dF¥d Bad hydkeasn v lc§.1$kﬁh%8dlﬁg%§ﬁ%ﬁ%ﬁ§ P5 BB the

above chajorBingbharaGlitizedbéd rAlchat Lhecsitkecpar intd esnahesseppisat ed from
the gas and fed to the subsequent fluidized bed reactor on separate paths.

4, 'I%t NG aSLBPRE N Is188e BIWGYsE 9BBGEALIIMER ENEPHASS <BdYh 998Fat t he
gas is eywenhgdibya elieht Fegadi@Nerngy . akn | Rasteaks 25 padriper-At ars hiss pl asma

state. 5. Method, according to ane of the above clainms, ch terised_i
Uhat t o S5a8 SPPOYR 4 hrlGn ES GRraT PERBEY: 36 I RER HBH *4S80f oTHY o one of

cl ai ms Spliethngcharacd enrsedrid dihahat heagasy iis essestdral y rid of all
harnfu'pé%%%%%?Q%f?'effective form of tar destruction. In this way ageing

10 or contamination, as occurs with a catalytic bed, 1is avoided.

The replacement or exchange of the bed material can, as mentioned,
be carried out separately for each fluidized bed reactor by in
themselves kno&n devices! An advantageous solution consists of

15 adding to the biomass a small amount of sand and removing the sand
only at the hottest fluidized bed reactor 48. Withdrawal can for
example take place by means of a worm 69. The sand, roughened by
sintering, is then separated by a sieve 64 and transferred out via
sluices. The unused sand is then passed to the lowest fluidized bed

20 reactor 45, for example by means of pneumatic conveyor system. In
order to avoid impacts from an overfilled fluidizing bed, it is

. useful to fit the nozzle plate 4 with tubes 61 which protrude to

some extent into the free space 6 and are bevelled. To avoid sand
flowing back when the system is at a standstill baffle plates 62 or

25 radial bore holes can be arranged. The sand bed management is
parficularly suitable for fluidized bed reactofs which are operated
at the threshold between the stationary and circulating fluidized

bed.

30 The invention is not limited to the exemplary embodiments described,
rather for a person skilled in the art many possibilities for
variation and development will emerge in connection with the
invention. In particular the scope of protection of the invention is -

defined by the claims.



7. Method according to one of the above clains, characterised in that at

| east two fluidized bed reactors are arranged one on 35top of the other.
-19- 8. Method according to one of the above clains, characterised in that
the biomass is dried prior to enteringgthe first fluidised bed reactor. 5
9. Method according to claim@8, characterised in that the drying takes
place in-a drying device, which has an exhaust vapours circuit with an heat
exchanger, wherein the exhaust vapo§td8iBfe fed to the first fluidized bed
reactor as fluidizing gas. 10 10. Method according to claim8 or 9,

char act er i segkdndat het pheiuliagassytarpisghent etk pfaisOErbw Idironarg, 11. Met hod
accqrding to .claimlp, %hargﬁteri sed in that the 15preheating of the

bi ortass t akeP3FPEEETTRA Py &ABYt i ng device which has a gas circuit with an
heat exchanger, wherein the gas is fed to the drying device. 12. Method
accordi ng to clkaithel biomhas aot éti dedst nonhdiinshel PoiticecabrAgrersid®e is fed

gj;bon di oxi de (CR)aonBbaed9aesatl Qadtirthietonbosass Rgroiydie gynt hesis

and pyrolysis coke, _

10 b) the gas generated in the first fluidized bed reactor is
fed as fluidizing gasvto at least one subsequent
fluidized bed reactor,

c) the pyrolysis coke is withdrawn in fine particles with
the gas and fed to the subsequent fluidized bed reactor.

15

2. Method according to claim 1, characterised in that the gas is

heated prior to entering the subsequent fluidized bed reactor.

3. Method according to one of the above claims, characterised in
20 that the coke particles are separated from the gas and fed to

the subsequent fluidized bed reactor on separate paths.

4. Method according to one of the above claims, characterised in
that the gas is converted by electrical energy at least in

25 part into the plasma state.

5. Method according to one of the above claims, characterised in

that the gas flows through a catalytic bed.

30 6. Method according to one of claims 3 to 5, characterised in

that the gas is essentially rid of all harmful substances.

7. Method according to one of the above claims, characterised in
that at least two fluidized bed reactors -are arranged one on

35 . ltop of the other.



13. Device for production of synthesis gas using a nethod according to one
of .claims 1 to 12, characterised in that the 25device has at |east one
first fluidized bed reactor and at | east one subsequent fluidized bed
reactor, wherein the fluidized bed reggtors are designed so that (a) in the
first fluidized bed reactor at |east one gas is generated, which is fed to
t he subsequent fluidized bed reactor as fluidizing gas 30and (b) in the
first fl uisdiMathgdbadceedictdotopgre|gisitdiec gkave sclpdmer acbaraghiartispd # t hdr awn

in fine partipliesnwi fhodde 92saand figd J0chhenslbsgavaDt £ f144 di zed bed

reactor. 14. Device according to claim13, characterised in that the
35devi ce conpriisidsed prreacéPrheating the gas prior to entering the
subsequent fluidized bed reactor. -20- 15. Device according to claim 13 or
14, characterised in that the first fluidized bed reactor is preceded by a
devi ce forP-dfgineg PRECHIGRSS. CEAH Bevicd@TaEEdF Ny iPotRI G el grying

charact eri seghddy bhate tHe HiarlNdg demice hagian i austxNapauUrspelEsUit wWith
heat an exchanger. 17. Device according to claim15 or 16, characterised in

that 10t he dFyiTgtdBitleen SopteEchRANISY avBevs e W6 SpRaneatidrgut fie

are fed to the first fluidized bed reactor as fluidizing gas.
10
10. Method according to claim 8 or 9, characterised in that

the biomass is preheated prior to drying.

11. - Method according to claim 10, characterised in that the
15 preheating of the biomass takes place in a preheating device
which has a gas circuit with an heat exchanger, wherein the

gas is fed to the drying device.

12, Method according to claim 11, characterised in that the
20 preheating device is fed carbon dioxide (CO,) from a process

for further processing of the synthesis gas.

13. Device for production of synthesis gas using a method
according to one of claims 1 to 12, characterised in that the
25 device has at least one first fluidized bed reactor and at
least one subsequent fluidized bed reactor, wherein the
fluidized bed reactors are designed so that (a) in the first
fluidized bed reactor at least one gas is generated, which is
fed to the subsequent fluidized bed reactor as fluidizing gas
30 and (b) in the first fluidizing bed reactor pyrolysis coke is
generated which is withdrawn in fine particles with the gas

and fed to the subsequent fluidized bed reactor.

14. Device éccording to claim 13, characterised in that the
35 device comprises a means for heating the gas prior to entering

the subsequent fluidized bed reactor.



"bi omass. 18. Device accor di ng to claim17, characterised in that the
preheati'ng device has a gas circuit with an heat exchanger.

10

-20-

15. Device according to claim 13 or 14, characterised in that
the first fluidized bed reactor is preceded by a device for

drying the biomass.

16. Device according to claim 15, characterised in that the
drying device has an exhaust vapours circuit with heat an

exchanger.

17. Device according to claim 15 or 16, characterised in that
the drying device is preceded by a device for preheating the

biomass.

18. Device according to claim 17, characterised in that the

preheating device has a gas circuit with an heat exchanger.



