Met hod and device for producing | owtar 5synthesis gas from bi omass The

i nvention concerns a nethod and a device for the thernochem cal production
of synthesis gas from energy sources containing carbon, 10 in particul ar
from bi onass. The largely tar-free synthesis gas obtained is particularly
suitable for chem cal syntheses, in particular for the production of

hydr ogen. Here bi omass neans all substances of biological origin.

Synt hesi s 15gas conprises predonm nantly hydrogen (H2), carbon nonoxi de
(00), carbon dioxide (002) and nethane (CHJ. Background to the invention 20
Agai nst the backgr ound¥eshornerd alsivige yE et A CERLBE I &8l s t he conversion
of bignass into an easy to q5§&£g§&ge&dgagr@mfggahgag econoni cal alternative.
If the primary synthesis gas that results is then further converted into
hydr ogen, and distributed to the end custoner, decentralised power
generation by neans of fuel cells is 25 even possible. The production and
use of hydrogen requires a very re and | ow nitrogen .synt hesi as. . These
requirenﬁﬁ@sg%Y§HﬁéﬁpF?uﬁﬁpsoFHgg&gﬁeﬁP%af §?ﬁfﬁegg§gjmyt%eﬁ%?éF%%%al

t her nochembaakt PIOAUCE i 0ih <6 s Sysd esins egasgf momrbeonassa30iegsentical | y

t hree_met hods are known. For the |l.ow e i : jfiersin a
numbéf oF“vE?f%HFgﬁﬁrﬁg%ﬁfﬁgngsFﬁ%@dgggﬁélagggig?éégﬁgmgg fgn on a

consi st eabkyihégh squakitoulefly hebizbfassoandicarieahotysdiesabl et or t he
production of : JbigQ'QHQ%k%%Uéyﬂﬁp%§iﬁygﬁiﬁMhiCh is suitable for further
processi R§-T AT G Hydrogen. e entrained-flow'gasifier is particularly
well -suited to high powers of 1 GWNupwards, since the reactor size of the
entral ne%égko%{éﬁ%%hthﬁné SafebatdvgloksSHBld o 1beE csMeddi sphant gndthe is

entrai ne ow gasifier is uneconom c because of the hi h-ggst 8[ t he
equi@hen@ﬁs comprises predominantly hydrogen (H:), carbon monoxide (CO),

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

Background to the invention

20 Against the background of increasingly scarcer fossil fuels the
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 generétion by means of fuel cells is
25 even posgsible. The production and use of hydrogen regulires a very
pure and low-nitrogen synthesis gas. These requirements also apply

for other chemical syntheses.

For the thermochemical production of synthesis gas from biomass

30 essentially three methods are known.

For the low power range, fixed bed gasifiers in a number of variants
predominate. Fixed-bed gasifiers are reliant on a consistently high
quality of the biomass and are not suitable for the production of

35 high-quality synthesis gas which is suitable for further processing

inte hydrogen.



5 The entrained-flow gasifier requires extensively dry biomass or primary
products, because at high tenperatures the entrai ned-fl ow gasifier works

wi th pure oxygen. The ashes sinter |ike glass and are unsuitable for use as
a mneral fertilizer. This is a problemgiven that fertilizers are becon ng
nore expensive and nore scarce. 10 The fhui di zed bed reactor conmes into its
own in the nediumindustrial power range of 1 MWto 1 ON The ash from
fluidized-bed reactors can be used as a mneral fertilizer in agriculture.
| n met hods mniet nfairgiiz etbvbeds T Bact of scartdicsibney ived Leani ts€ hade o5 bet ween

aut ot her mal_ and. alJ ot heryml. gasification. Lo.aut otherpalngasifi gatiencpart
of the biorass Is burned in the fluidized bed reactor to cover the expiring
endot her ni @areatty drisreiffe valt ctRer nel O ga8PRfi cRtion F8° & opeiated” Pure
oxygen woul,dskead- 2Q te-doeal ¢ srdzoverdeatieng: yn-dhe & uindi zedi hed:-. Met hods
which use air as the fluidization gas are therefare,not so.easy tQ convert
to oxygén. TFReSUSE G ar e 83us to difuti on~of “the synthesis gas with

ni trogen apd:i@P; preking. bscuse borhijpiweerngenerateisonhandtfyitavert low
Processi ng 5”%91% 9«999% S,:@f hydragen,, methane, . methanol;@e Ligul d,25{uels
more difficart. th allothernal gasification the necessary heat is

i nt r oduced uthebtigh ehéat wSeansfeflnTH s f€anit Bk plfacd, st 6r PPl £V %Y
means of heati ng-#0ds.in the fduidigedhedipassidesend bedei scddE199 26 202
Cl. 30 Heat transfer nedia circulating between a burner and a synthesis gas
reactoflare al so known. As a heat transfer nedium sand is usually used,

whi ch i s heatetldiniassecandea@act ormdyy iconbust iom of Yhar redfunt he bi omass.

Such a gasifier with a th oy v foundein GJssimg;
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between autothermal and allothermal gasification.

In autothermal gasification part of the biomass is burned in the
Fluidized bed reactor to cover the expiring endcthermic 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 sc easy to convert to
oxygen. The use of air leads to dilution of the synthesis gas with
nitrogen and C0O;, making its use for power ganeration and further

processing into products of hydrogen, methane, methancl or liguid

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 Cl.

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 Gissing, Austria. This plant was presented at the 1=t

25 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-



-3- gasifier denonstration plant in Gussing (Austria)". Steamis used as
the fluidizing gas for the synthesis gas reactor. The provision of steam
calls for an additional expenditure of energy, in many cases reduces the
efficiency and increases investnent costs. 5 As a rule the biomass is fed
into the synthesis gas reactor directly3-leading to a very high tar

content, because coarse parts of the bionmass after a few seconds can reach
the upper part of the fluidized bed and the emtted._gas ont ai ni_ng. tar
that are ﬁﬁ@ﬁéﬂeﬁdmp8%@ﬁﬁﬁﬁ8n§%ﬁf e%?ggﬁ§§n3ig%%?ﬁﬁégThﬁge%%kéﬁL%ﬁgaﬁi case
an expensione Bethod:iforgasemovalneot vthestiar cnecessary: Mive brecoviery of

sensi bl e heat.i s, a0l ¥, Passible 0,2 Lijhted.gxlantnebegausenaly bakow 350C
tar deposits on %%e wal I's of the apparatus. The problemof tar is currently
t he great estiudeawbackt1irigasy farcat P o6 Sbi BRasE e 5% dm DE 601 20 957 T2
a methgd is known in which biomass is first deconposed in a pyrolysis
reactor into pyrolysis coke andf§¥rﬂh¥§gﬁegas i.n ordensthen to pass these

two to a PéadtTt e 6r° gerndfation Y YES ST et

synt hesi 5°°gas. méthRod is tailored to
t he use okiakftandi2fiit-hereforerhasice herghcouaatt. t yeofuspi crogenPEAtLE he

synthesis gas, Due to the design and operalion of .ihe,pyrolysissreactors
qui te coarSe coké reaches the synthesis gas reactor. This coarse coke is

not yet fdlhididegabsedrdntieAT$E8eA HFisGh CRRTTonPEntes AREhed Y APABYT s gas.
The tap and,nitrQgen.centendzNavevery.f ohl owingssinple washiang, 25 meets

the requirenents for conmbustion engines ut neets_not .the r%g%&rqunts for

product i of*RFE 11&€e™ BT Ky dr g4 (?hén%og%ﬂcé¥ﬁas%?“oF ér Chem ta

synt hesessensidie hsatansobjectroebilthre tonyehiniord extartgebycansei dt tirlow

di sadvant ages. 30 descri.bed and _t hrough.primayry neasures.t.o. preyi de a

| ow-t ar 53% ﬁ%gﬁé %ﬁ?mﬁfsﬁmhqﬁfdg field._Sunﬁ%ﬁy of,theeiﬁaention 35r

Accor di ngit ocdrhent hiv anei oread erbt HGdPREK PP oRIEEREE HoW: PArc SYiRfResi s gas
from bionmass is provided in which a) the bionmass in at |east one first
fluidized bed reactor is_deconposed i.nto at |east, the.conponents rolysis
gas and p§Fot y&i §0tdile 7 Tz&ﬁgeiﬁm%ﬁé 6%@“@&&e?5i%bg?ﬁm¥%%lfi%§?£¥Iuidized

bed react@fcdrpobed as abpiutildiszb ng::gasrtnat pveastsionecsubsequentlfdiai di zed
bed gas in order then to pass these two to a reactor for generation of
synthesis gas. The method is tailered to the use of air and
20 therefore has a high guantity of nitrogen in the synthesis gas. Due
to the design and operation of the pyrolysis reactors quite ccarse
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 reguirements for combustion engines, but meets not the

requirements for production and use of hydrogen and the conducting

of cother chemical syntheses.

It is an object of the invention to largely aveid 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



reactor, c) the pyrolysis coke is withdrawn in fine particles with the gas
and fed to the subsequent fluidized bed reactor. 10 Advant ageous

enbodi ments of the nethod according to the invention are described in
clainms 2 to 12. The invention also concerns a device for carrying out the
met hod according to the invention with t4he features of clains 13 to 18. 15
The production method according to the invention delivers synthesis gas,
the tar content of which is considerably Iomeg than gggt of the s%nthe5|s
gas produced actor ditAg2tD ‘Bohv et bnl® ﬁﬁﬁﬁal BY BEG methdd& =" “"Low t ar
synthesi s gas widdimothe imeaning=att the crventéon psrohdesstoodtdo be in
particul ar synthesis th a tar content 20 of |ess than 1,000 ng/ n8.
The synthesis dﬁ%‘ W g éﬁ403|ng t he met hod according to the invention
preferably has ahangeh @@w&aut@mﬂcéh@eﬁﬂsthémkv%%M*Hﬁe%dﬁﬁﬁeaFaﬁgﬂﬁé tar
content, of the synthesis (gas:Praduced ustngubhesmeehodiageending to the

i nvention is prefera I"ower than 500 ng/nB, nore preferably |ower than
200 ng/ nB. The 2HB49%wethod according to the invention is also suitable for
the production gms§Mggﬁﬁ§gsc@a§imﬁ@huauham,QmHtBnipefti®G$ whign t2e0say/ nB,
in particular of |ess than 50 ng/ rd a dcularly preferred
enbodi nent of tﬁ%i|ﬁ§eﬁ%|oﬁ u%?%&ggﬁeéﬁé?haéggé%%rafﬁgnio t he invention
synt hesi s gas |s produced having a tar 30 content of less than 10 ng/nB, in
particylar i, o ATRHLE ﬁ%ﬁﬂéa‘@QEMr& tbhawe L nigh
Synthegés A&%a g?%m%b%§$g%%%{g%toof <1 mg/nBis sﬁ?iable for _direct use in
cheni cal syﬂih@§é§lﬂ¢%lﬁa?%¥€ﬁl%ﬂ“¥&? tH536988BEf?% 6F RYHiF6gen The

met hod accgLdilagst o d:-heyinventi o inschhereforeisyitabhe frorenpiodudthon of

essential l%/neBSfteg[uJ];gse%fsgﬁnélrgngs&? t%a§8. -9

15 The production method according to the invention delivers synthesis

gas, the tar content of which is considerably lower than that of the

synthesis gas produced according to conventional fluidized bed

methods. “Low-tar” synthesis gas within the meaning of the Invention

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/m’. The

25  pethod according to the invention 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 preferably 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 ezsentially

35 tar-free syrnthesis gas.



The production nethod according to the invention inter elle provides that
the pyrolysis coke is wwthdrawn in fine particles with the gas fromthe
first fluidized bed reactor and fed to the subsequent fluidized bed
reactor. "Fine particles- within the negning of the 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 w thdrawn with

the gas from t he fd 8t rgeec%%gogccosahrtgaqloetﬁ¥r 91|n\/§r'1t510%0k1€t&a|&§i£|;&53v1 des

uctld
pr ef er abl ave” Al average particle size of less than 5 d%artl cul ar

of |ess thamuthmwwxG1n$W%CSk%ﬂérHBﬂV”&W“IégsffﬁﬁﬁmftﬁﬁﬁsTﬁét antages
that can he gbtal ned.with:the.d meentdonoar entnfarti cxd ancbasedhton the fact
that with the method according, fo the in xentlonﬂ§QetEggmegnggqﬁ;%gethe

synt hesi s ‘gasdttitpared WTh” the *18 Prior-art Can be very greatly reduced by
primary neasuheson khe &Whesw@ tgalse prodaceds witdrht hecansched Hecsr ity to

the invention is further AGLen 560 DK-8vh OW 1Y togen eeBteNntre The
synt hesi s gaE s Fﬁus‘gﬁ%tag$e for sub Sr%ﬁn;te g%%theses The extensive

| ack of tampsavesicostiitheladhi gl oftt H&SsyhtResi®s Tghst dRd°tdst Iy cl eani ng
20 of “ﬂs%ﬁlmghﬁlF??@Lﬁﬂhna&ﬁﬁpﬁkthnkarmrXBQLﬁﬁmﬁw@be‘heavaohmihe synt hesi s

gas can be usef ul oyed for heating the ingain terial, £l gws,
because |Waﬁhéﬂﬁéétz%%ﬂ%aﬁéérgaﬁogng cgn cd%Lé%%e 96?%1%satfbn of " the

sensi hbe heat wamr-bersi npl Lésedhby t her.cascadi ng of fluidized bed reactors
and/or integration of biomass drying. As a 25 result of the predom nantly
el ectrical heating of the process, neither waste gases nor waste gas | osses
occur. The%ﬁeamM@*@WQréﬁ@ﬁecﬁaéﬁaPW%¥?eﬁl@ht%f??0|Eﬁ%y“oﬁn?ﬁkéﬂflxed bed
gasifiersng - enhrai ped-f Law gashti ense thenaste ekchbe dicomass; cancibe used
as mneral fertilizer. For |ncrea5| %I sc§g§fg agosg Qr.oys jkmlghés of
great 30 $rgPRTicBaRte.tBeCatisd of " t 1 ol ﬁg ance of providi ng
enerngfr@B*éﬁQﬁ%ﬁb&@kﬁpu@eggu&belynm@nte@ﬂw;$md@scyuh@@daga|ﬁ@? t he

background of 2 ;bi omRss: Dased 5ol ar, hydeogen. Lconony co3onDelidlhedhn 1s
descrlptlﬁﬁn%ﬁe tHe?T hvi n?|§RQW§ 1]feuture sol ar hygy c%n econo derogen
will be pﬁedmﬂarnahai%pterlsed by a 1ow nitrogen conteht. The synthesi

is thus suitable for subordinate syntheses. The extensive lack of

tar saves costly cleaning of the synthesis gas and costly cleaning
20 | 0f waste water contaminated with tar. The sensible heat of the

synthesis gas can be usefully employed for heating the ingoing

+ ’ : +'
material flows, because in the heat exchangers no tar can condsense.

Utilisation of the 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 wasie gases nor waste gas losses ocour. The method therefore

has a very high efficiency. Unlike fixed bed gasifiers cor 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 bicmass-based sclar hydrogen economy.

35

retailed description of the invention




piped to the end custoner. As a result of the high efficiency of
decentralised electricity generation fromhydrogen in fuel cells 5 there
will be an excess of power at virtually all end users. In this

heat-control | ed energy econony electric _power and heat power will thus have
the sanme val ue. Because a heat-control I'8d energy econony in principle has
no | osses, the need for prinmary energy, here bionmass, will drastically
reduce. Against this background the use of 10 electrical energy to provide
the reaction enthal py for the production of synthesis gas is also

econoni calin bnkike catopresentsoarhecousuofveFeger ivcall BReTGYOPSaétY

assoc at e, Y.l asses,q Thecehact bboal-enaroysi end efibeciadchmdhezener gy
content of the Tﬁy [rogen generated and is caonverted al nost WiLhOLPE] any

| osses at dHAEni¥RIGSES PORSF ahd HERET2PaFt ToP™t W& 56GRr1 £ Eher "uged f or

t he prgduciy.eR @CQOkdi g dxecthefi pyent izan voktsynthesil sergasseThe theatiscan

al ways be used. On of this, heati i_t. r.i n has, t he
advant age hteﬁéfc%‘"‘rigﬁggd GRSEEY (ST aerr}%c}tgﬁgg I?%f'ge n@%ﬁ?ﬁeaﬁsgé‘g%re%i vel y

wast e gas-thueehavEhehaetdred vaboor 8EAg 0 2t Re2F nveniticohed $12090156678T t abl e
for recycling, ofc:RL e, AXYgeN,ILOM LAe AL 8! SOlioLYSickgyThee M nning of
oxygen from deconposition of air is only econonical_ for very I.ar?e plfants,
however. Nirhoths With $1adtdrzed BEG Teacf6rsshave Sa”t i ealr pi*ant °%i%e of
bet weaep 1 MM-afd-:1 EWrpr ebefmabliye ofhdetneeno?GriviMbamd HEOLMN Wi | st bei ng
nore 25 economcal, |ar | ants_often_co agai nst, .09l st imts. A
hydr ogen &C6AdMY Fsa Sryg’gihg?\laﬁ gﬁﬁdl%eaé"es%t gg %Icg%lgﬁghﬁ%lylkgc%ﬁgﬁggér}réh'e pl ants
shoul d t henefare clies kblte itel work sunde nof apseetprreéssure epPspet-wéeh 5 and 50
bar, so t Qafgcgﬁgagagn&%@eﬁétﬁe%géaecbeme@ﬁeI ¥r&lganed: andofegh«dhp@eddey into
the regi onal nedi um pressure gas 30 network. For this reason . the nethod
accor di ngoevetdiedi pverti 6ATEFARAST HITE BALKYodRd 0735 pF Attt 6P *Gener atii ng
hydroggn ﬁkkér and heat. Part of the power is then used for the production

according to the invention of synthesis gas. The heat can always be
used. On top of this, heating with electrical energy has the

advantage that no flue gases result and thus the method is

extensively waste gas-free. The method according to the invention is

20 also suitable for recycling of pure oxygen from the water

electrolysis. The winning of oxygen from decomposition of air is

only economical for Ver§ large plants, however. Methods with
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

25 economical, large plants often come up against logistical limits. A

nydrogen economy is a reglonal and decentralized energy sconomy. The

plants should therefore be able to work under raised pressure ot

betwean 5 and 50 bhar, so that the gas gesnerated can be easily

cleaned and fed directly into the regional medium-pressure gas
30 network. For this reason the method according to the invention

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.

35 With the method according to the invention the production of the

synthesis gas takes place in a cascade of at least two fluidized bed

reactors. In the first fluidized bed reactor the biomass 1s split



preferably be operated with an input pressure of 20 - 40 bar, in particular
with an i nput pressure of approximately 30 bar. 35 Wth the nethod
according to the invention the production of the synthesis gas takes place
in a cascade of at least two fluidized bed reactors. In the first fluidized
bed reactor the biomass is split into-gyrolysis gas and pyrolysis coke.
Through an inert bed material such as sand the pyrolysis coke is finely
groundlntheflwdlzedbd In a1stat|on ary.n i zed. nly. f.i

ground cok¥CaR?FeEavet¥e FIhi dized “bed eact%%&%1 ogé?hlel%%\j\n PRk ateg%%l ysis
gas. A Sstatdronaryaril vidizzedlpets icokeher éfioréybetter suitted ftlélfilﬁédrret hod
according to the invenfion than a.curcil alhngrildidized.bedyei pumbieh sand
and coarser- Coke partl cl'es”are vvlth rawn. Finely ground coke particles
contai n withi fiekeimedi veLaRRY o THEF ATy Yand s%%é’ﬁ&&r%’/s‘[ faf®because the nass
and heat tyansterrj nisi@lleapasdicl eseddicsveeychi ghitdhite cokenaand
therefore be described as essentia tar-free.. Thi. C i t.ion for the
generati orFGPrERTe fPed Sy Rt kst € g!’gfsX al'ﬁe”ﬁﬁ%?“s% §§1§%1d:lzl%ga g% WlEn h

pyrol ysi s «eake ﬁaaclaes dchessuboridi mareicles bfeiwitzddaped Fleatt orovThe

pyrol ysis C%%S Qeggc%re &h%fé»}%dt@éﬁm&@@aiw b hersubor dipat e 1 ui di zed
bed reactor. I'ui di zed bed r eact or yrolysis gas neets finel

gr ound hotse@gkéarwﬁﬁér?%ﬁpﬁ? s“l”t@rlélaﬁér@dc‘ﬁ‘ﬁ?g WS AT the SW?%I%ltéCJgay
predonpnantd y.eatakyt igall Moké‘ltcﬁn HQere%;ceOﬂQ @ndrChbd s theeR0aflwi di zed
bed reactor in a react Qrs, then it g conevreaggglg fnttg Synthesis
"ref or mer "2 & Ho Fbhger © §Y “2°ed the final cascade of
several flsyhdhzed bed that the bionmass used |s uI t| mat el y

The pyrolysis gas loaded with pyrolysis coke reaches the subordinate

15 fluidized bed reactor. The pyrolysis gas is therefore the fluidizing

gas for the subordinate fluldized bed reactor.

reactor pyrolysis gas meets finely ground hot coke, which splits the

In this fluidized bhed

tars contained in the pyrolysis gas predominantly catalytically into

H,, CO, CO, and CH;. If the fluidized bed reactor is the final

20 Flpidized bed reactor in a cascade of several fluidized hed

reactors, then it 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 guantitatively as a rule temperatures ol
850°C *o 1,000°C are necessary. According to the invention,

therefore, it is preferably provided that at least one fluidized bed

30
resctor 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 resactor in a cascade of several requires

only slight addition of heat, bescause the spiitting of the bilomass

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



reactors. Rather it is a case of reactors whose tenperatures in

25subordi nate reactors increase and whose tar content in the subordinate
reactors decreases. The first fluidized bed reactor in the nethod can, at
all events, be termed a "pyrolysis reactor”. In order to convert the coke
gquantitatively as a rule tenperatures 6f"850C to 1,000C are necessary.
According to the invention, 30therefore, it is preferably provided that at
| east one fluidized bed reactor J.S d.::f,05; exanple using-elegteical
resi st ancer hédPfh e‘"“ﬁﬁgt%téﬁ'afno%%hosji‘e%hggﬁh%g Irjfgd&sj whi chgg_vsrph?hi rgrrre,rse,d into the
f1ui di zed ihiechas35The Feration| W 2édoHed>r éagtor IKVarduscade of ‘Several
requires only, slight, additien.of -heats-hecausest heesping efist hebiiomass | f
superheated steamis used as the fluidi iag‘gas_ with_pre-heated higppss
this reactdlow FERSAFATEL 6°T t'SePF " Neverthel €8s 715 "advant ageous to

i ntroduce sqneibeat:ase-d At the pyrolysits cokedizdabsd worrert ediiat | east
in part. Inthis y an_.extensi.vel -fre oke; i i hed,# geot he
subor di nat:‘é“pfrPﬁ??jyggdq%ael& Lr"’e%ét"\(gl%, ¥ ?{ceﬁaisn%%%\/ggl%t ﬁfé@rqcﬁ%fc?%gﬁof t he

synt hesi s igashe Thecilat rodaetion tGkeneatzcen 1T e pyiFoF V&€ W eBt 6 Phkes
place in %n%a%gvﬁ@tp%g@gwﬁ RBDNEr, by - B®ans, Of nphpes whick he.sf hut diyzedebed,

t hrough which the "hot synthesis gas IS aSﬁed. he_tangi bl e heat g% t he
synt hesi s djas e amedFdo torued Fott generatifig an perhieating the steam
whi ch (ger vesqasot hentlati:diyzing sgasrfortinbetpyrolepsi ghidactores Ascording to
an advant ageqous enbodi nent . of the.jnv ' he gas containing tar, in
accordancefg%ﬁlfihzﬂga?ﬁ’? O EN grﬁé glesgq%r%?gcrﬁ’to 15 entering a subsequent
fluidized bed reactor. In this way the tar content in the gas can be

reduced. The,Deated, gas 0ok, dbrough.hacendot heer o areask ian with coke

particles in the 'subsequent reactor, which js known .as chge' cal, quench. The

heating cawrfainiewanphe FaReSHIOZEES BY Hednd b ah*eIecFFcal Heati ng
regi stigr, Makehd s fitdede20 fietiaees two fhadtdirzed: bedsreactdrestand t akes

the formof a tubular heat exchanger...f ol ysi s..gas Ggont.akns,.coke
particl es SOPh& wat “’J‘E%r%f'ilgrC:iﬁmur%éB ég%f(fﬁds' E%gﬁ%e?e%i ster, when \%ood Ts used

shoul d pr efasabiyninoteexéeedithe cakh oML FheF poi e oTPEe2RBE Teactor,
which is known as chemical guench. The heating can for example take

place by means of an electrical heating register, which is fitted

20 between two fiuidized bed reactors and takes the form of a tubular

heat exchangexr. If 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
4 low ash melting point, according to claim 3 it is better to

separate the pyrolysis coke from the pyrolysis gas and to heat only
the dust-frese 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 particularly effectlve method for destroying tar is according to
~laim 4 the creation of a plasma through electrical discharges. The
plasma also destroys the circular molecules which have a

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

electrodes between which discharges are triggered alternately 1s



25 According to a further enbodi nent of the invention for biomass wth a

| ow ash nelting point, according to claim3 it is better to separate the
pyrol ysis coke fromthe pyrolysis gas and to heat only the dust-free
pyrolysis gas. The tenperature can then be raised much further. Localised
strong heating through the addition of "pure 30 oxygen is then possible at
this point. A particularly effective nmethod for destroying tar is according
to claim4 the creation of .a plasna, throu ctrl s dischar qadne

pl asma al s FESEFTYE 't he %ﬁlﬁc"ﬂfl‘yar‘qqgrr%l éuggfgls%ng ?c%’"%h%\%lé %}%g lgal?j?igtiillarl y
strong bongha Thes pl asea cantior rexanpl dhbe fepeatad By SafTits§ - betheen at

| east two el H%ngogsesa-mAgn&f angenent. of.csever al.eleebrodes thes weenowhi ch

di scharges are i ggered alternately is -9. advant %geouqs. _l n.t hc! S Jway hi gh
t ur bul ences:cadés ariticevethd F2F he §asCAHTet Rud® a” fi-gh “raateti 6R°rate “6f “t he
free r a—gﬁi cal s Lordmd oA e 1dbsehapgessaredkhusn nieh crer epeff eetiae than

sinpl e heating. Through arc discharges t as,ls of .coursa.alsg tully
heat ed. | nSt'eddzet =4n Be%cr“tgéﬁgaenn@ﬁfgqogfemgp%l gasl%élt*v(\)% ef’:ect rodes in the gas

space between tweorfdodbtized bedreeact Grssandarfarfgérenti OhaRsy Gwke

el ectrodes can be us 9@ abce%%ggpdcqrr@glairn cAcSepadiad e shetsidg.cekes e thewn

di schargesplts’léjl?emplaaggL I'n a pipe between circular electrodes. u%l} glgaevi ces
are known s ppkasarEoconverter ¢ The® fidfePBan® bt hassee firotyh By part of
t he 1010I0yg§§r)6§' S; 9a$ 05 & carbonsieeeagasusuces asestedindrHydriogar bons are

deconposed “in the arc mainly into hydroge carb racking,soot). Both
products CHRFOBROTGhvEr tEd a&%r%aéfl?%} %n(rjml ny?ﬁ(g?%ﬁggqggrn%&f Iqui di zé% bed
reactor i @tsyndesbsogass df Aecordieagetodbrdauiivher Eniodi Fierit daeor di ng

to claim5, the perheated gas contaisakng.4ar can be passed through a
catal ytic fl}éld.l‘feng#’ﬁlgsrv%y a reduction in the tar content eVen at
relatively |ow tenperatures is possible. N ckel-based catalysts have proven

thensellSve%%c::QSE&':ng to a further embodiment according to claim 5, the
superheated gas containing tar can be passed through a catalytic
bed. Tn this way a reduction in the tar content even at relatively

low temperatures is possible. Nickel~based catalysts have proven

themselves here.

20
According to claim & the effectiveness of a catalyst can be

significantly improved if the gas containing tar, before it is
brought inte contact with the catalyst, 1s rid of all harmful
substances, in particular halogenides and/or alkalis.

25 Desulphurisation is also particularly effective. For this purposs
hot gas desulphurisation 1s sufficient. Oxides of metals such as for

example Ca, Fe and In, including in mixtures with other metal oxldes

are suitable for this. Some of these oxides can also crack organic

compounds of the sulphur and nitrogen (COS, HCN}. Many metal oxides
taini £ i
30 can be regenerated with air or steam. The ¢gas contalining tar must Lz

possible be cooled to 600°C. This does not have any effect con the

efficiency of the process, however, hecause the heat released can be

i i i+ | -
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.



20 According to claim6 the effectiveness of a catal yst can be
significantly inproved if the gas containing tar, before it is brought into
contact with the catalyst, is rid of all harnful substances, in particular
hal ogeni des and/or al kalis. are suitgble for this. Some of these oxides
can al so crack organi c conpounds of the sul phur and nitrogen (COS, HCN).
Many netal oxides 30 can be regenerated with air or steam The gas

C}?}[“ ai ni ng thi][%d%_rlfy Qgﬁﬁ%@aﬁrb}ﬁg&@@keﬁlﬂﬂlm&@.edﬁﬂécs rdeescmotishave iany .
effect on the efficiency of the, proces owever., .bec t ease
can be i nPPeRIUEEd2FFGE TR Drocess §Fa§%5§pu%i§ r“égmglsﬁ%;%ggu%%ggﬁggiarsr%dry

cl eani ng witihgeensumpitivecchem cals:csuchnas. flor téxanpive teal tiagm' 35

hydr oxi de ( CA( 2).. Such i Ls: siopl l.own, idat-9; the wgasn fl ow and
har nf ul sﬁggﬁ%%élflecﬁogédgb%g%?ﬁ g)?i hg%§£%0%/an%sparti cularly sinple

ar r angenentvaofi sblui tissedrbeid iveattGrs P oht #HE4 AcE6rdihy to claim7 in
that the fluidised bed reactors are arranged directly on top of each other.
In this way the reaction characteristics of a cascade of _stirred fanks are
obt ai ned Wh ¢1#e5°F rifal PABT3 *haE aFosFY Ve eff'éct “on the product quality.
The use of sy-:bbomessyanekdibegsepar atel psocurementomf iseenther Pridduction
of synthesis gas is inh itself > kC, 5 usi pg-wet: bt ss. The
usef ul po’f’%hﬁgﬁf“a%?‘ &?lﬁ %?%éﬁ%ség’ise}?\%gggéfi%yfgd%ﬂ% howeve}\er3 Gre%?gr.

pot entd al hexdvstrs @kddteanmuntéabragy SEF opsth IFERL| FPYRE METRT cEY BhES be
stored as_silage .I4 Jusytherebose dnpordi@nt that thesgpeseispoatso al | ows

bi omass with water contents of 30%to 50% .‘Ii'_%ewl nput Qi pionmass,wmi.t.h even
hi gh wat e?hf&)ﬁt’lén?%oci%sn%‘tsorlé(j:é%"ésa}?fmf)se%awulse {'ie“Wwater can be squeezed out
col d bef ogghandeand t5cprocessedyitnt evisi dgas: Wwatan advantageotst manner. |In
addition a raised “kéaetcgﬂsgot@ateeﬁﬁté@légﬁ fhe dntraductd on: 9fpdhe-biomass into

necessar
a ¥

15 processed into biogas in an advantageous manner. In addition a

raised water 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 feaed screws are known which in their

interior form a plug which prevents backflows of gas.

20
The direct in-feading of wet biomass with a water content of

significantly more than 40% into the pyrelysis 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

i+ is therefore. advantageous to dry the wet biomass and to pass the

resultant exhaust vapours to the pyrolysis reactor as fluidizing

cas. For industrial scale plants it is expedient to dry the biocmass

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 decomposition of the biomass begins. The drying device

should also preferably contain an exhaust vapours clrcult, .

comprising heat exchangers for introducing the process heat. The

exhaust vapours circuit is generated by a CoOmpressor.

35

According to claims 10 and 11 the device for drying the biomass can

alsoc be praceded by a similar device for pre-heating the biomass



pressurised contai ner 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 forma
pl ug which prevents backfl ows of gas. 20 The direct in-feeding of wet

bi omass with a water content ofsignificgntly nore than 40%into the
pyrolysis reactor can lead to losses inefficiency, for the steamthat is
al so needed as fluidizing gas would only have the effect of ballast with a
25 resul tant adverse.offect.pnd |ﬂ§s@%q&%b@@ﬁ%w&&@@f@;{t@ah@e&l abm8 it is
t herefore a vantageous to dry the wet biomass % ass Lhe Jr%%H!:% ant
exhaust vapoupPStiEst REPBYEOPSRT s ' EAdt or 4 F T SCVS gas industri al
scal e pl antgeltod Snexpadi-anicimg dsycctmsedbrehmssmwratmlthg TbcerJegﬁuuLe
fluidized bed, Duri this dryi S 0 ;i epmss. e heated
to not noré&’tharf ’Z_%ﬁéievﬁésgau%% %?ﬁgé\%ﬁgegaﬁgﬁgt ﬁgr% c degggr:)go%agl on of the
bi omass begknsursThe fryiengnuleyi2éd ShdbdParsee PrigPef abtyiscehtai’ivan exhaust
vapours ci.r %}ﬂ;a eoﬁg)ngpma%nglél%ataﬁea(%aﬁgeésuﬁ@n elvlallr@ﬂtwmgr tlhse pr acess
heat. The ‘exhaust vapours circuit is generathe a_conp 3§ whi ch
pref er abl ¥2Ef Kewi s8° H%tasb%”n?jé‘%e?vaaﬁd%éaf’ Je%ﬁaﬁ@%r GOn Foduci ng
process heat. tmhmw@wuth@&&myslen&athérbrentp@r atoresd. eWJedE wiut hiss
pre-heating is conS| n the tenperature | evel of the device
for dryi nﬁyF’ﬁ%Mﬁf Jgjé' %R \égrg %{};ei steam 5 pressure is for exanple 234C.
The prne-heating in this case woul d advant ageously take place at a
tenperatu&% lev%@v?équg:nvéﬁggtlﬁﬁ @@'§a@ﬁ&é§%@sh@@{J&EHk&nﬁﬁﬁlﬁyaﬁiab|e
whi ch aIIowa nost conplete use to be nad t he sensibl e heat féomthe
process. Thee} esgl £19% PExE HEG i ﬁ%r‘iqnﬁleﬁ?aﬂ Je‘f fal EF%‘%&%} 920 1"t he devi ce
for pre-heatdng: %h@lxtuuaﬁaszsccaarang@nfd caat mquantd ty mfrtimtesrlgan al so be

al ready be condensed if a p t S i it Gh,L.C Accordi ng
to clai m 1231 49&°Ppart tuf aé ylégjd%/gal%t géiogls&?gieuggg @kﬂl ggcfa{%%gr? di oxi de
(OOZ)lj|'oﬂ}&&ﬁssLugt¢ﬁ3mne synthesis gas. Excess €O, results from virtually

211 subsequent chemical syntheses from synthesis gas, including from

the production of hydrogen. It is particularly advantagsous to use

fraction which still contains combustible components
With the

for this a CG;
which would otherwise have to be disposed of by combustion.

co, fed in a partial guantity of the water from the biomass is also

20
entrained according to the partial pressure of the water vapour.
This increases the heat that can be introduced into this gas
cireuit. Thus the condensation heat from the water contained in the
synthesis gas can also be used in 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 synthesls 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 bicmass. The electrical energy as a proportion of the useful

energy merely drops slightly, 1f the feeding of CO» is not
exaggerated. For example, the ratic of current/heat drops from 52/48

£o 47/53 if instead of the external sourcing of energy the

electrical energy for the method according to the invention is

4 3 i m + 9 o o
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



15 processing of the synthesis gas. Excess 002 results fromvirtually all
subsequent chem cal syntheses fromsynthesis gas, including fromthe
production of hydrogen. It is particularly advantageous to use for this a
CO2 fraction which still contains conbustible conmponents whi ch woul d

ot herwi se have to be di sposed of by conbustion. Wth the 20CQ2 fed in a
partial quantity of the water fromthe biomass is also entrained according
to the partial pressure of the water vapour. This increases tSQe heat t hat
can be intiwdisadei e thPs g erreli® .‘“"#ﬁu%ott K& & ondensation'heat from
the water gont:akned.-d-nsthersynthesisegasacanhal sosecdsed ratparss|f this
002-contai nin as 25 i ssed on Vi HQr yid e. i, Ss,
then the dt% %ég? ﬂé‘“gwpﬁo ce a yéwalyo%\é?ret%gn q%fa%ﬁr%%l égge%/.%%ﬁgﬂow A

i nt r oducedialsonser tesans: assdurdie 267 ¢ arbdr rer The 8yt FE8iseyas. il e
this cag I sajquagr§ﬁsggoﬁ_e of electrical energy, in the production and use
of hydriogen 1t "has no I nfluence on the avail abl e useful energy per unit 30
of biomass. The electrical energy as a proportion of the useful energy
merely drops +ski ghtiloyind friehenfeediongi ofex@0R1insd not mexagygerat etdh.thFor
exanple, the ratio of current/heat fror / A1l53 i f instead of
t he exter nl’aelfe§(‘°ﬁ‘ﬁ%i“r?gF%)Cf”reeﬁe?L 9y t%hle‘géﬁ;%txre?“gg%géneghr%&%g?%l}st he met hod
according to the invention is 35 procured fromthe hydrogen client who have
fuel oglls with a el ectrical, of fighency:al:00% Thiss appliesan thout the

f eedi ng of into the device for pre- h_eatl,ng t he bi onmss.. TQ; rcriodgg_ate
-12- feedifiguet TR int oSt HE Broedde ghoutd Mt helfe Yany derffouslys"

di sadvant ageeus, effeetsifyy evi tled that the cuteoemts:heat ratio does not drop
bel ow 30/ 70. By way of exanple, in.th | .epeygy..e N, y today
aratio ofFlﬁﬁf%03 i's foun%}.‘orr“?shiag EéﬁLs%gg%% |g§%go£thi§*%g€§%geg h%%gﬁgl d. In
t he foll owiragitheyrianeentdteavisc éxplained in nore detail with reference to
Figures 1 1.0 5 using exenplaty.emodipents.»:110-Fi gurien lshowsoaasigapl e
enbodient’ “6f" t he invention, Figure 2shows a desjgn of the invention with
i nt egr at edupk 8icdidani P End driA R§EHFY tiebi onmassP S

Figure b5 shows an arrangement in which the tars are destroyed

through the creation of a plasma.

20 According to Figure 1 the device according te the invention consists
of the two fluidized bed reactors 3 and 11, which preferaply have a
stationary fluidized bed. The fluidized bed reactors in each case
have a nozzle plate 4, a fluidized bed 5 and & Iree 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
internal heating 7. In this example the heating comprises pipes,
which have the hot synthesis gas 152 passing through them. In order
to achieve a higher product guality, 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
fad 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 1s used.

35 Ta the fiuidized 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



Fi gure 3shows an arrangenent with 4 fluidized bed reactors and integrated
catalytic bed; 15 Figure 4is a nodification of Figure 3 with additional gas
purification prior to the catal yticbed; Figure 5shows an arrangenent in
which the tars are destroyed through the creation of apl asma. 20 According
to Figure 1 the device according to thetimvention consists of the two
fluidized bed reactors 3 and 11, which preferably have a stationary

fluidi zed bed. The fluidized. bed re ctors a e e le plate
4, a flui dFLSFHRYH Bafitd £ a8 sf;agee 6 a 6‘\%% Ibd % dﬁg\eédzg%%%%he

b| omass 1 isedi0r+ excappheiblet roducede byt resnsu25i of Wﬁ%%éﬂ“é’c?%‘w 2 into the

f1 ui di zed bedc reactor, 3 and_ heated. by.an icpternal aheatidg rZactdr tihisin

23

exanpl e t e 'héat | ng conprises pipes, which have the hot qi,d%/gt he5| S.9as 15a
passi ng t hewtighot hém seotondef 16 aéhi 6VESE hi gher Spfoutict qual i ty™ 11 is
advant ageoys 4 9. bheat-Lhi SuepetQr-18k 1 rian caddi mzﬂ:na:lleelventcm cate hedti ng,

not shown here, to at 30 |east 600 u NG, 03s,.used. i s
hydr ogen, WHii€hvPe a8 ‘?ﬂmé’oflﬁrétﬁ if gerﬁ)wegﬁe eEIrC! t ﬁg%;}egggr%sﬁ ﬁ% |gl ne 8 is

evapor at edcid rt hediheatbexchanger 19, amck yaper ﬁ@at@&alwc R ST HE §énsi bl e

heat of ths,SyaLhes! 5,035 199,15 disecen 35ka:t bef Lubdizedbedhrmastor 3 the
bi omass is spll int o psb SI's coke and pyrol ysi S gas. The pyrolysis coke

t oget her vactrwew@ py?@lwtéle@h% 9e8acHes Che do r B3 FrPGT 8 éLd bed
react oy 11.., gratur@ sf sehbeetingobhe greabrrsirzel whethessandpusiedabhd t he

fluidizing gas speed it ossi bl e re t A5l t SonIy
coke partl%ﬁgé 1 és$ qhaﬁgoh@’“ﬁﬁ/?rfezgéﬁ th f‘TIaé di'z : %“ geéggle%wgt%%rg 11. In

addi tion tgh%cseélldoﬂilﬂl@ﬂltyhefffwr egagphic d 16 thant en @)@pé@&é@aﬁhy GrdérIto

rods with electrical resistance heating. The heated part of these

rods is completely surrounded by the fluidized bed. The synthesis

P o + b -
15 gas 15z leaves the fluidized bed reactor 11 via the free space 6

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

 f£iuidized bed reactors 3 and 11 as described above with the help of

Figure 1. In the free space 6 between the two filuldized 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

articles are heated to a temperature here wihich is higher than that
of the fluidized bed reactor 11. In this way a larger propertion 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

+he fluidized bed reactor 11 can be dispensed with.

to the extent that the heating 12 in
In the fluidized

bed reactor 11 only coarse coke pa cles are then ground and

converted. As a result of this chemical quench a lowering of the

35 temperature occures.



5 hold back | arge coke particles. The coke particles which have had their
vol ati |l e conponents extensively renoved, and which arrive at the fluidized
bed reactor 11, are used for catalytic splitting of the tars of the
pyrolysis gas. In order that the coke can al so be converted into synthesis
gas, in the fluidized bed reactor 11 10%%enperatures of 800C -1, 000C are
general ly necessary, preferably of 850C - 950C. The heating 12 of this
reactor preferably takes place electrigcally, for exanple j.n the r m of
verti cal | yiarapgedarobs® vﬁet"‘ﬁl%]leeg‘te?lgc*a“‘lmnr )eégl“s ance %g%%&ﬁg‘g 'I%eén%eat ed
part of thesentosls das vonphet ety wsabioundedcbycadre of| @i diszed bed. The

synt hesi s E}Jiiggzsedl%aedl eaves.the fplrlélfgfﬁ%nggﬁcé%tb?rﬁ)%éé%@l}é hedfree space

6 whose se is “preferably expanded. the particle separator 13 the

ash 14 i s depapated. tTheer$ande i iFehet e9dt8r §° A 11° CEA°BR°Tont T nuousl y

renewed by, an.in.itsekfknowsnconveyosp.deviees 2 nasoshown here. 20 In Figure
2 a device 1s 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 betmeenctde twos fiedi thzed bees neactdrsog-adndr 1Usirhonerer 2a heati ng
devi ce 16 e%gtsedarr%qgque;q]ehgr?— 11:0g, 25 devi cecan £9r. exapple cenprise a

u

tubul ar h ei%‘hanger, es of which can be electrically heated. The

( y. ne
pyrol ysi s «fagoamnd £he°¢ok&epapiacel eBeHr 6 ReAtEH ol temparat (€ héte which
is higher btf'?n that of ; t hepft idigzede hedpieaed:0r251dnd Imeathiscrismyen 1ar ger
proportion’o ihe tars and the coke particles iz% al ready. converted into

synt hesi s 136 gas.ciWER g6y Biomass® witR-Ai gh ash “feTting points. t he

super heat imngeCanraesoperatedo tet henexirent Thratgashesddati e TR VIAY e
f1 ui di zed bed.reactor, 11 can,be dispensed wiih bn the ibuid zed;bed

reactor 11°ofif y~"Co8re& Coke particles are then ground and converted. As a

result of erhkss cheniealpegdneira 2RoMaiing o tHe85°t SifpBratiiife bt es.

15 of steam from the line 22 the biomass is withdrawn in a controlled

manner into the next circuit. For the preheating and the subsecuent

drying it is advantageous if the biomass is formed into pieces of

uniform size using an in itself known device 17. If this circuit has

a gas mixed into it at point 27 then drying can already be achieved

20 in this circuit in which the partial pressure of the water vapour is
lower than the overall pressure. A small portion of the synthesis
gas can be used for this purpose. Particularly suitable is CO; from
a subseqguent process stage of the syntheslis gas. The excess gas from
this circuit reaches via the line 28 an additional circuilt,

25 comprising a compressor 3Z and the heat exchangers 33, 34, 35. The
superhsated 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 superhsater 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



- 14 - In order that the sensible heat fromthe nethod according to the

i nvention can be rendered usable, the cascade of at |east two fluidized bed
reactors is preferably preceded by preheating and/or drying, the
tenperature | evel of which is below the deconposition 5 tenperature of the
bi omass of approximately 280C. The bionéss 1 is fed into a pressurised
contai ner using a special feed screw 2. Here pre-heating of the bionass to
a tenperature |evel of 80C - 150C tgkes )l age. . Here the bi omass 18 is
passed t hrBtafiio10° by AtgadeCrFetntr Colpiisi ng the conpressor 25 and heat
exchanger 26:pcFbe @asuetiauipkoalso icontainmstaasepar akoend3e whircdrsfieeds
back the figehbioqggs gu%%uin%o the container. The gas reaches the noving
bed 18 of $heHi oass through the nozzle plate 19. The biomass then enters
a downpi pe 20 with an opening 21. By neans of pulsing blasts 15 of steam
fromthe 1ine,22 the.bi QmRss Ls,Mikbdiaun Jj-nea cont £ol hed smannefod nhe the

next circuit. For the preheatinqrand,thr subsgqiqpt 9r¥h¥%hgt i's

advant ageqUESEES t HE1Bi THads FEFEAMEF | Mo “Precesrof ' T &f'f si ze using an
initself knewdsgewgCeedakatbt 1hi gncs rogistsshas @rgasihiked iche ovdltvead® poi nt
27 then drying. can al ready. be. aghi 20.in this cihreuw t..ibn,which.the
parti al pﬁ%&%%?%g%%OP%%Iﬁ%FS?dvéﬁb§¥§,§%]8mgr than the overal | pressure. A
smal | portdsopcefiitire syintrh&si sragasetah: Be tis ol TG 5t S RFEPPHRE. W1ith

Particyl arl,y spitabl 6,18 002 {4:0mya. Subsequent s pl0ELss Stiagendf the
synt hesi s gas. The excess gas fromthis circuit reaches via the line 28 an

additional circuit, 25 conprising a conpressor 32 and the heat exchangers
33, 34, 35y ;ifthgisuperheatieduexhaustivapeursrreach the mowhAgsiedcofnthi onass

29 via the nozzle plate. trained Partigl : ggﬁgg-@y Lt he separat or
31 and atEﬁSVﬂfmﬁfga é&efgl?ﬁgsb?%ﬁggs.gﬁsgﬁg%%hggnt process for further
processi ngeopetdrersynt hesirsxgaseis iHdiCcafedrdii 3622 A91r301E hiese processes

are exethermc_and,can.nreyide waste.heat Lo dr ybng ofp-pEeheatd ngqt he
bionaég. E@?kfﬁls fﬁqueat %xcﬁ%ngers 4 gnd é% can be used. The preheated

and dri edrbpeniss Feaché¥Pby dtedns®of: a conveyor device 42, such as for
exanple a netering screwconveyor, in the first fluidized bed reactor 3,

the pyrolysator. The exhaust vapours . Via l.ipe 40 a
superheatéP TTHE F1idrer %CéigoFﬁé&fﬁgﬁggggﬁ" éagggggtgs’égiqutﬁgg poi nt

oxygen 41 4eans altsen berraddeassmicthoutl qmeobl epsdly Addbtd dnalk peattichg of the

fluidiged 9%&3% - 1B.c (hRASLON3 EBo PNy qRECasSAtYe, howeyerne ifiul i 4 S
react 6f for héfpurposes of further product i nprovenment nor e _extensive
conver si oredf raase o arhoh s SLESEEAL DY FFF St Bk Hitonass 3 Ed” {h Cont'ai ns nore
wat er thap.is-d1ecessanyef 5xd he psdegssint hics weanhdeineadmed veda t he

condenser 37 and the condense ing separatof. 38.,This S,d-s.gontrolled
by the vaF@%c§§?ﬁ%dq@ﬁoafﬁbﬁhfy‘b%“ﬁ%@dl?o%h‘i%é th%égaiﬁgagfonass shoul d

as far aswpassitbhey nicern tfprt pansfeitipat of tthexprivcess, nba:prépared with

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 36 with nozzles. With alternating

30 hlasts of steam from one of the pipes 56 refreshing during operation
is possible. In the event that the biomass is tc 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 another cool gas from a
subordinate process. Gases containing methane from a subordinate

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

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



10 the opti num wat er content by m xing, pressing and/or drying. This
additional circuit is suitable for final drying and subsequent pre-heating
of the biomass to just bel ow the deconposition tenperature of approxinmately
280C. An additional circuit is 15 particularly advantageous if the process
is to be operated at high pressure, fo?méxanple at 30 bar. In Figure 3 a
cascade of four fluidized bed reactors 45, 46, 47 and 48 is shown. This

cascadi ng al one_already .al | ows. hi preduet 20, gualsi ty. . Heke.t pr oduct
f1 ow of gégséﬁﬁbg%f%f %?fe?9¥§39398? i7ed bed reactor 46, i's diverted by
means of bakf kerplaten5z2acro ihéisepaitatof 14D, comercoke’ 9’8 Pedby |ine 50

to the fIng%éggjg%qyrﬁgpggﬁpé@mmlgg.particle-free gas in line 51 can now
be heated w thout any concern for ash nelting, for exanple by neans of the

25 electrical heating register 52. To further support the tar splitting
bel ow ghe thLuigdi zed bedineaciar b4 saitckel sbagedheatad yicvapede53tean be

arranged, for example n.the.dormol an.Ln Liseld koownhoneycomboln or der
to refresh"thé ta aly¥|c activity 1t 1s useful to arrange a nunber of pipes
56 with nezzkessm Wt higiree? natiendo8dr Blaseszot rsfeaPi 78 m' 6neof "t he pi pes
56 rEfres@EQQiQ&Q&QQcQPﬁEétﬁ&ﬂeHSWPQ§§&bhgssIﬂb&ﬁeb@weﬂﬁsthahm&he bi omass
is to be used with a very |ow ash neILing oint it is useful to mx the
heat ed gassafth tthe?&yrfFesi s "G4§"TodI¢d ng?ﬂg FPhe”B5°6F Ahdt her cool gas
from agsubgedinabe proOcessrdiGasess bortiabai gl mekhames f4comia subdbdi nate 35
process are better fed.in at ipt 94, _thus nprior.to catalytic bed, so
that the ﬁﬁ?%ﬁ%grégﬁh%%ys%?ffg% r'e the ﬁggfgﬁg égd?f%ﬂggs%gﬁfgﬁged in the
n ddl e of pbhercaseadeiPependi nygyet the, heat does1got Hgivst EPbdti 8/ hi s
station can 9' rggz@%%@ﬂ&%ﬂc@&g@@Q&ﬁﬁﬂypQﬁJHeaseIh@ma%héﬂgQﬂEﬂkr§m@Mﬂ i's
ainmed at a hig cafbon conversion at conparatjvely | ow enperatures. 5 The
cascade ofofbaiisditzed BHeduiehidt 678 Hasd tprehedte U b GHass  Fed 8 Tt "By a

conveyor deyvice 42nandrheaiedcexhsustrrvapeurss via |ine 40, as shown in
Figure 2. The lower fluidized bed reactor 45 can in

Figure 4 shows a device according to the invention, which is
virtually identical to Figure 3. The only difference is that the gas
following separation of the coke passes through a hot gas cleaning

20 stage 60. As catalysts, which have a good cleaning effect for
sulphur, metal oxides are especially suitable. In ordsr to allow
regeneration during operation as well, the gas cleaning should
preferably be provided twice. Hot gas cleaning ls advantageous for
biomass with a high sulphur content, because then the catalytic bed

25 53 even at low temperatures has a high efficlency and long lifetime.
For the hot gas cleaning the gas should preferably be cocoled to
temperatures below 600°C. This can take place by part of the exhaust
vapour from line 40 being diverted with the valve 58 to the cooler
5G. The cooling of the gas with cooler 59 has practically no

30 influence cn the efficiency. All it deoes is change the tempsrature
graduation in the cascade of fluidized bed reactors and the guantity

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 €8,
hetween which electronic discharges are triggered in alternating

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



heating device 7 be heated wth process heat, but this is not essential.
Heating is, however advantageous for putting into 10 operation. The
subordinate fluidized bed reactors 46, 47 and 48 should preferably be
heated with electrical heating 12. At the points identified by 44 oxygen
can, but does not have to, be added. |n*a hydrogen econony oxygen nerely
i ncreases the average current conponent of the useful energy at the end
customer. The oxygen has, 15 vijrtual] o.influenge. . e.afLicl

Filgure 4 STOUS A JevPen HEdof o Harer (T T Hvent| e wh oh s Vir caal
i dentical i RygtserB3onThe tonkyidhi they ervge iLstphatnehe gae FaFPBw ng
separation of the cok )pggasg\%%gye%ygm&hh% 98sn i eani nG120-st agen0. As
catal ysts, "¢h have “a good-cl eani ng effect for sulphur, tal oxides are
especi al | yswguirtiabite TLaldreger Pt *4PFoW r'dgéhBY &t i%lga?i%&gg%%%sat‘i’iaén as
wel |, the gas ¢l eani ng shoul-dnpreter pdlar=besproyi dedbt Wree. ikothegass,

cl eaning i s advant ageous, for Dbi Qmass T3’/\E/|;t naigic hass@ulighwmpggﬁ,g t,, ;because
then the cHEAfFYt3E Hed 2553 78YEN “4t T ow ¢ énperat ures has a efficiency
and | ong lifset bmncibaedtherhote gdsstd exatieng ti he, gds cBhgul ds ptefEMabf v be
cooled to t rat ur.es, bel QQC. IS +can:take plhacesy part of the
exhaust vasﬁjgglrggﬁgor%fl ?kﬁ% Z g\gbgﬁ%gpé%%}ga?te% W ?h the val ve 58 to the cooler
59. The caoslichguiof:lvhef &g ik t P Eodf er> BIRAE  pradlt | c%ﬂY‘;‘vs

y

nd" B0 hFY uence

on theef fj,ciency.: Akl t -dogscirs ehange cthe: yemperar urseageathati on in the
cascade of fluidized bed reactors and the quantity of electrical energy to
be introduced in each case. Figure 5 shows an arrangenent simlar to Figure
3. Here, howeveslzc3hethercakalatgecobethehhsdbeete rigpl ated 2bya arber of

electrodes, 68, between which gleelioni s, dhschasges.are tehagered in
al ternati g drt'ecti ons and at short intervals. As a result of trrns the gas
is - 17 <rbresight knoparkevimo fRAPIEASAECSIAUTIUThE 888t i%nt *r adi cal s
?IOI it kl%l | a@)ﬁ@ﬁé)%r ggﬁs%wnﬁagsvm:iﬁblimu@ﬁnef! ﬁr@dgeﬁtzfia@bvim ahegsiwn
crackli ng soot) an ydrogen, wnich . Is t enflnn% Iﬁthx‘ﬁ[ |%7t e
i & ; 48 WIL al.can r
subor di naweLF| 1 dizel Hedtr BHEEOF A7 CoRvartet it 5 synt hesi's gas.
example take place by means of a worm 6%. The sand, roughened by
sintering, is then separated by a sieve 64 and transferred cut via
sluices. The unused sand is then passed to the lowest fluldized bed
30 reactor 45, for example by means of pneumatic conveyoer 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
725 radial bore holes can be arranged. The sand bed management is
particularly suitable for fluidized bed reactors 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.



5 The "strobe |ighting” however generates high turbul ence in the gas,
resulting in a high reaction rate. An increase in tenperature is al so

associated with the plasma generation, which in itself causes a sp.§ #;g
of the tars. The plasnma heating is therefore a Particularly effectl 8"form
of tar destruction. In this way agei ngf810 or contanination, as occurs with

a catalytic bed, is avoided. The repl acenent or exchange of t he bed
material can, as nentioned, be carri€®imst separately for each fluidized
bed reactor by in themsel ves known devices. An advant ageous sol ution
consists of 15 adding to the biomass a snmall anobunt of sand and renoving
the sand dnlMeabdtfheprbatidieglow-taukditiats e drohebidhaiss 48 witichhdr awal can for
exanpl e take place by nmeans 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 pa§5@9b§&n§3t§%gﬂw@%nérhéa&éa'%dﬂm&eage&% Pls cﬂé@omé@sredexa”pl e

by means of pneumatic conveyor system In order to avoid inpacts from an
overfilled fIU|dnmknglbﬁdﬂmﬂgwﬂﬂgmugmﬂanﬁpwnﬁﬁmscmﬁﬁxonqmnhﬁ&plate 4 with

bevel | od. " To. albi ' SRR H Goiengebatie e e gt bEFrRBBER 2 yiliha

baffle plates 62 @k 25t leadiont sxﬂﬁécﬁleﬁpﬁ@@}z@@'ﬂe@ﬁsa@fo&anged The sand bed
managenment is particularly suitable for fluidized bed reactors which are

operated at theé tthe esiodise ereevewrhdmende 0¢ oardicies and b priolests gng afd iddi zed
bed. 30 The inveng fﬂ%’é‘sdb& 10k ﬂlﬁlg%ﬁ?ﬁe&dl%a&mt H%er{wywms mhadi ment s

descri bed, rather rson ny ’possibilities for

vari ation and deuat ppﬂasm’siq vkt lan@ g eoliydis gannechh@newii syitedinygnti on. I'n
particular the scope of %ectlon of the invention is defined by the
clainms. MCSLLP -ga! ingpag W§ e subsequent fluidized bed reactor.

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 any one of the above claims, characterised in that the gas is

converted by electrical energy at least in part into a plasma state,

4. Method according to any one of the above claims, characterised in that the gas

flows through a catalytic bed.

5. Method according to claim 3 or 4, characterised in that the gas is essentially rid of

all harmful substances.

6. Method according to any one of the above claims, characterised in that at least two

fluidized bed reactors are arranged one on top of the other.

7. Method according to any one of the above claims, characterised in that the biomass

is dried prior to entering the first fluidised bed reactor.



1. Method for producing lowtar synthesis gas from biomass, in which a) the
bi omass in at |east one heated first fluidized bed reactor is dggompgsed
into at |least the pyrolysis gas and pyrol ysis coke conponents, 16

pyrol ysis gas generated in the first fluidized bed reactor is fed as
fluidizing gas to at |east one subseqﬂ@ht fluidized bed reactor, c) the
pyrol ysis coke is withdrawn in fine particles with the ronS|s as and
fed to thd sifisdequestrdimgp glarad. paaragesisedin thiag thy dfwlﬂtéke@méace In QARG t he

pyrolysis coke .and Eiéeanpé&ﬁﬁus\f%ﬁ f& ertad,bat o synhhesi g 9as at
h SR APENE bxRnbel Ayt e

| east in part 'in the subsequent react accordlng
to claln1wagnmamad%@ﬁuﬁedﬁndhmhaﬁlkﬂeagasasﬁuhh&hg@apr|or to entering the
subsequent fl uidized bed reactor. 3. Method according to any one of the
above clainms, characterised in that the gas is converted by electrical

energy at ol eggtholl RcRAfgtOERIA 7RI RS PR AL RESed th MR UNONRGEAE gféagazé@ any one
of the above cl ai ns, ﬁaracterlsed in that the gas flows through a

catalytlc?beﬁwigwngbthod according to claim3 or 4, characterised in that
the gas is essentially rid of all harnful substances. 6. Method according
to any one of the above clainms, characterised in that at |east two

f1ui di zed 1bedidtigRicicon:SimaN © oaaefm@)gﬁﬁlr@m;s@a i gtahe pREeAINRIT thel bioMkishod
according to any one of the above clains, characterised in that the bionass
is dried prEbPlaEQINEHERsagedREice high e gisas sEatbeth heaerehangenrshyran. 19-

8. thhodﬂﬁgggﬁgk@gaﬁgC&&@bgkwcecharacterlsed in that the drying takes
place in a ying device, Which has an exhaust vapours circuit w th heat

exchangers, wherein the exhaust vapours are fed to the first fluidized bed

t d . 9. Nethod t 7
Char act er 1 et oE Rk g il e R EER L L ko b gPie T

carbon dioxide (CO,) from a process for further processing of the synthesis gas.

12. Device for production of synthesis gas using a method according to one of claims 1
to 11, characterised in that the device has at least one first fluidized bed reactor and at
least one subsequent fluidized bed reactor, wherein the subsequent fluidized bed reactor
has a nozzle plate and wherein the fluidized bed reactors are designed so that (a) in the
first fluidized bed reactor pyrolysis coke and at least one pyrolysis gas is generated from
the biomass while heat is introduced into the reactor, which is fed to the subsequent
fluidized bed reactor as fluidizing gas and (b} from the first fluidizing bed reactor
pyrolysis coke is withdrawn in fine particles with the pyrolysis gas and fed together to the
subsequent fluidized bed reactor via the nozzle plate and (¢) the pyrolysis coke and the
pyrolysis gas are converted into synthesis gas at least in part in the subsequent fluidized

bed reactor.

13. Device according to claim 12, characterised in that the device comprises a means

for heating the gas prior to entering the subsequent fiuidized bed reactor.

14. Device according to claim 12 or 13, characterised in that the first fluidized bed

reactor is preceded by a device for drying the biomass.



10. Method according to claim9, characterised in that the preheating of
the bi omass takes place in a preheating device which has a gas circuit with
heat exchangers, wherein the gas is fed to the drying device. 11. thhod
according to claim 10, characterised in that the preheating deV|cg“|i %
carbon di oxide (CO2) froma process f8P further processing of the %i thesis
gas. 12. Device for production of synthesis gas using a method according
to one of 1&] ewise acqopding fo elgin ddtdvaracserised ‘Pﬁgﬂt Eh@iéhﬂéﬁldé‘éc%héb @t | east one
first fluidiz t one subsequent fluidized bed
reactor, ﬁﬁé?%tzggﬁgcgu éghﬁgﬁgt$%h£ §ed bed reactor has a nozzle plate
and wherein the fluidized bed reactors are deS|gned so that (a) in the
first fIU|d|zed bed r act or s, coke an east, ane rol ysis gas

i s generat 18d DeYisRPEdes Bgmgﬁ\kﬁfﬁ% (fbaragigrise WJBGE@‘H dm’ﬂ%d%éc Peactor,
which is Led.j e%ﬁhﬁd&%sﬁﬂg@ﬂéaﬁ yhdhizgesbed reactor as fluidizing gas and
(b) fromthe flrgt fluidizing be§ reactor pyrolysis coke is withdrawn in
fine particles with the pyrolysis gas and fed together to the subsequent
fluidized react or .vi z .a oke and

t he pyrol&2'@°§ﬁ§a%W5h8%ﬁbgFW%&g E?Ba Vﬁ?ﬁegggagﬁ%fﬂ$wﬁpﬁigz(ﬁfﬁgrﬁdsn t he
subsequenbu&huwghggﬁegggmg@@ctor 13. Device according to claim 12,
characterised in that the device conprises a neans for heating the gas
prior to entering the subsequent fluidized bed reactor. 14. Device
according to claim12 or 13, characterised in that the first fluidized bed
reactor is preceded by a device for drying the biomss. -20-!\/1CSLLP 15.
Device according to claim 14, characterised in that the drying device has
an exhaust vapours circuit with heat exchangers. 16. Device according to
claim14 or 15, characterised in that the drying device is preceded by a
device for preheating the biomass. 17. Device according to claim 16,
characterised in that the preheating device has a gas circuit with heat
exchangers.



