PROCESS AND SYSTEM FOR PRODUCI NG SYNTHESI S GAS FROM BI OVASS BY PYROLYSI S

FI ELD OF THE | NVENTI ON [ 0001] The invention relates to the production of
synthetic gas, and nore particularly to a method and a system for producing
synthetic gas from bi omass by pyrolysis. The nethod bel ongs to the
technical field of producing synthetic gas or conbustible gas by using

bi omass. The synthetic gas is a mxture gas which contains CO H2, and a

vari ety of ;ﬁqg%dr §al gen. The

synt hetic g pro é@@?%yg ﬁ@ﬂﬁ@ﬂ%@ﬁﬂgﬁﬁgiﬁfﬁgﬁ¥ﬁiﬁﬁﬁeﬁ%@ﬁﬂ?«ﬁﬁ can be used

for gas turbine power gener .cells, synthetic oi

nmet al | urgi cal and ot her sysF%Q@gAgﬁéhéggﬁﬁgﬂgésTHE INVENTICN [ 0002] As

dwi ndling of traditional fossil fuels (coal, oil, and natural gas) reserves

and the environnental pollution problens caused by the use of fossil fuels

directly threaten human survival and devel opnent, attaching inportance to

devel opngity ofor epevwaliey gk environnental friendly energy has becone a

consensus of governnents of all countries. Biomass, an organic nmatter

generated b | ants t hrough photosynt hesis, has w de sources and | arge

avai | abl & Qg’jéﬁgwquxqm@ cse ﬂti@r@zﬁélﬁféwﬁ@cﬁ%mmc@aeaindgwomumﬂquw fuel for
i ndustrj al terials and chem cal

t d
P oauct s Adelingrgy efape 1 &%ﬂuaﬂa Syribrest é“oe”ﬁwﬁrba rHTESHORCof car bon
di oxi de ﬁ{&ﬂxo\ﬁ' ﬁcyl]o Q?(htﬁ)lgkccqgw% ﬁéla o 10(%(51% Qynf c?tc éldi: 0 %%]PRLF,I glg%df SOOg}N Ther e

energy resource

are minyb?%%;*ﬂ@@ﬁmfxﬁg TieaDRihefidh NG Q'n‘ﬁ% eS s%lﬁ’ci% nsg?é ar, Anyquid fuel,

anong whicth bromass gasification technolo y can a varlety of

speci es atethascabad dexpanal ddntdid Yarbdh @y@aséd, 'aﬁ@ﬁ)kﬂ{énof hdyRIRES chs @

t hernochem cal process, i.e., bi omass feacts with a gasi fication agent
(such aspaﬂmuxﬂmmgenmUMMpmbmdﬁqnbmm>mNQXKﬂeanetGxﬁibmgﬁnuﬂmmﬁpﬁﬁmperature
to produce a m xed gas consisting of carbohydrate containing carbon,

hydr ogengergriionsygens. fiblecchsadthgas oitsnetalimdicslynt! ndter sysgass. The conponent s
of the synthetic gas are decided by the species of used biomass, the type
of the gasification agent, the reaction conditions, and the structure of a
gasi fier used therein. The objectives of gasification is, on the one hand,
to mnimze the consunption of materials and the gaS|f|cat|on agent, as

vel | as PASCKRGROEBH? et THR INVENLIMMhesi s gas, and on the other hand, to

maxi m ze the gasification efficiency and the efficiency of carbon

conver si pmo2aas Wekidd 1%@ ob RBABE hAIMSEssi) rl%l@@&ﬁt‘h (a‘ﬁ@ tﬂﬂgdl]g%%)lc {/"(Fsea% in the
synthesi s gas. The objectives are decided by the type o e use gasifier,
t he typethefenthengasifpotatidroprodRentcauiddeypps tde@lf €0sSil 7&:198irddne bi omass, the
gasi fication pressure and tenperature, and noisture and ash of the blonass
et c. [ 000@falesmgamsiufvieatand defaiopmace, asedng mpdrengasi develapmom qfr ocess can
be divided into three classes: fixed bed, fluidized bed, and entrained flow
bed. The'*PPWakic Badicnawnacsiafficadlaaicrdydus bewmsta eesenses oEonveni ence
operation, flexible operatlaﬁ node, a higher rate of carbon conversion, a

wi de r angt CHITne: U‘WBH@S Peh“bdﬁOH@“béPﬁé%ﬁuﬁﬁwﬁ%hﬂ phmtghosell t he sol i d

f uel
o nonund TarfkiEs AR il "é‘é‘*s T3 PR e Sl IR SR e P Bt ng

val ue of ) i.S.gas contains a
| ar ge aﬁ€&ﬂ§6%¥&%gf%h$ﬁe |UI |zeéﬁg&3§|%ac %@%ﬂﬁgﬁ¥&§$ﬁﬁﬁ%?erlal addi tion

and ash melegals @nd RshitAGrb MR NAHERY iiSs IRk Qfd%%ﬂak@@@ﬁh Qo adj ust ment .
However, it is sensitive to the characteristics of raw materials. If the
adhesi ommﬂsdﬂem nhtarsdradivkide ynd mhshcupﬁemimt(ﬁmly r@lacdgbssirgliéls aga poivnt of raw
mat eri al s changes, the operation will becone abnormal. Furthernore, in

or der tGJ@HSUE@RW@NN@b1hhmhdnzarnmnnmfﬁnhécgaSHéscatlon furnace, it needs
to keep | ower tenperature, and the synthetic gas has a | arge anmount of tar.

Since a fapger ZQ:EDMmmef?tfy tﬁ&l’loc'lssiop[t?géf&%gn%Qlottﬁgs mtc?(figahfgc@ ogniQutdqﬁcf lui di zed

bed, a tar cracking unrt and purification equlp Irnstafl ed,

whi ch r embidrigSwihith BioRRRPbASERLEHN KDESIS Sy cabhRlafinNb hakned Jrkpwiled has a hi gh
and uni f orm operating

has good expansibility. The gasification of biomass is a thermochemical process, i.c.,
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tenperature, good anplification characteristics, and particularly suitable
for large-scale industrialization. Tar is cracked conpletely. However, the
entrained fl ow bed has a strict requirenent on particle size of raw
materials. Based on current grinding technology, there is no way to grind
bi omass having much cellulose to a size suitable for the entrained fl ow
bed. So the entrained flow bed cannot be used for gasification of bionass.
Nowaday's, bigmpssapatkiviy 2 gndiigntion ngatt fewh aofirhixygas sapei orbeodigaige f i cat i on
are tough p OQJ for the devel opnent. of bi omass gasification. 100051

Chi nese ﬁﬁi%ﬂfchggﬁlﬁﬁP@éﬁl P“%b@%&@@&%@%@ﬁeﬂﬁﬂgéﬁdééﬁméY®ékhod and a

d f | f bi Th t hod | ud I d
gast 11 carBR b Bheanfiop 3. aR OB S Rnbs Pt e romred T w%ﬁni‘ Kot o gas
cont ai ni an{ BWe 8 lﬁ@gylﬂfx i&%aq dlei&*&?%W&[ 1%@12%’5101%5{;:1310[}% tgcglg@hgggoﬁgr

experience |nco
i's crackeg &éﬂq{ﬂﬂlcﬁiz(ﬂhatkﬁmﬁf 1%5@"!?0% cotAtlleQI%u%H fl@%hh@t[m QU £0ic| §efeCr eased
greatly, a ot of charcoal is consuned, resu ting in a low content of CO
pr oduced thdarei:nEhsol)syest gaseducsd Bnod @acht @l dilighneontent of CO2 in
t he synthetic gas. Secondly, due to a | ow tenperature in the conbustion
react i on contventtioné natariaés atl thhgnsfubsequent, s edlictitontabeans®sn lhewer , and

t he average tenperature in the reduction zone is |less than 700C, and

t her eby tHEISHBE. §1d @ e eilicy bansy it matimizaghe petaiod cfidyncy sndider eased
5|gn|f|caﬁ1&% g g & 30%9. Thirdly, the ash and unreacted carbon residue
from t he SHEHUEY iCO [ 8%&?‘6W“F§aﬁV?%é%1Vfﬁﬂﬁcﬁaﬁéé@i“ﬂé@ﬂ@ﬂkh@mﬂﬁla | ow
carbon c I t e.... Fi.nal |l used. in the od is in the
Formof o Freapub e RO RHY: biiBerBRby LB PER b st HS MERe™ t ho
tenperat e Siehd sﬁﬂ:ﬁ&np c\ﬁ?e(‘lﬁ'b %&%EE 91 Ze gﬂﬁ’letb npigttﬁ] g}xs(lﬁvﬁmglop. I s about

| 000C and the bottomis a i'ch is an

i nher ent pwsﬁﬁgﬁﬂ@tc@gﬁiﬂtﬁmfdﬁ@%@ﬂ%dﬂhQ{QQ@] tlbiomadsade, No. 6, 863, 878B2

di scl oses a nmethod and a deV|ce of producing synthetic gas with

car bon- cg (g Eﬁ ter| The et hod i ncl udes carboni zation (or

pyr ol ysi §H hd DG E&THGEAE Hﬁﬂﬁdﬁgﬁé %ﬁﬁ$9&“WH¥¥%€SW%WH@thﬁﬁbmbarbonlzatlon

t t || t I t t t
oanr T ot b B B8 S A i R BB SRR & At 3 T o
product sgaf . Q&é‘i!l&&@b’@lﬁg&m’c L()IIR/81101¥CLE)B§IBQ[)%,Im i@ oécggugn ?8%03 n coils of the

gasifier, which he spee egree o ion reaction.
Secondl yhightnee: dihart@asbhi@abh anyviieagil on hapReRsd Mthflem %@@&Wu&rﬂ coil, a
| arge anount of transport gas is needed, but the transport gas will take
away a | ab%ofhdheéal. dul thagolid Anspoyrstii ng: boﬂﬁdl 4 hewebyol beiigasiidweat,i on
efficiency is low, the tenperature is nonuniform and the subsequent wast e
heat rec@Wé@yp@y%u@vasumﬁsgnméliEthdLywﬂﬂmyw$aammwﬁﬁmg@nmwhbhﬁ@

new y qucep synthetic gas is used to provide heat for gasification and
car bon| z’éff Font Hﬁémltwwl‘aelb%@et Plomndihe duitthesiy gasicanipinc@dagadmbamo) ar e
directly S utilized, resulting in |ow gasification

h d t full
efficien%tiiélggﬁﬁgﬂ% T%%ﬁwgwamdﬂk@é@ﬁéﬁ“@&ﬁﬁbﬁ“F@%N&ﬁ%%ﬁﬁﬁ3ﬁe synt hetic

o007 b R B BB B b RE 0BT B8 G0l B8os o et nod. of
pr oduci ngh$ydRBEL 6f tﬁﬁﬁni’t&?m ) @z%ﬁﬁcsﬁ% PeBial S?Jml?l(d/alhgmﬁn%aﬁﬂuﬂ Ggtion. The

met hod al so adopts combi nation of carboni zation an erature

gasi fi casshoneltifd poivelawth@erad Bo6o b2 shef Plot®ivh @Qi[@)@@&h@ﬂﬁmn{lhlr stly, heat of
t he carboni zation furnace is supplled by direct conbustion of external
conbust i Bliicgasrcaimbraxyigensurt hemiahtineituded ohilghagtiahtidnfuatennal fuel gas
greatly increases the energy consunption of the system secondly, the

adopt ed yfolopies lopsey tpopriaiird, e'eﬂllmgystjﬁswtegﬁﬂime(bznpd: ppat@df tavhen t he hi gh
tenperat re £¥rol Si s ggs iIs mxed with the om1te?€erature car bon powder
and fed Hf‘o B PERE 1sgnoduseh dr@e Tixgd bed sadiihe zqsldiil] 4/lahe condensed
to forn1t I e and influencin .operation;

finally, ?ﬂm%"mﬁ‘mcﬂ“’égﬁf‘{emg‘f‘ﬂé‘rl%%(d? THbUREY H?#\ @Ha 1c&g‘?lbgo‘ﬂlazatl on furnace
is fed i | +RL I bei.ng deconpressed
and coofgﬁﬂﬂ%g@ggﬂ%gg%égbgﬂ%ﬁﬁ%é?wE%ﬂgwmﬂqg &F%%nhgh“nml %én powder is
pressurized and fed into the gasiflcatlon furnace by the pyrolysis gas. The
whol e process is conplicated and high in energy consunption so that the
feasibility of the project is bad. [0008] Fromthe above nentioned nethods,
conventional gasification, whether from biomass or fromsolid
carbon-contai ning materials, cannot produce synthetic gas with high
efficiency and | ow cost. Although the technol ogy of independent pyrolysis
and gasification can adapt to a variety of biomass and reduce the content



[ 0010] The technical schene of the invention is described as foll ows.
[0011] A nethod for producing synthesis gas from bi omass by pyrolysis
conprises steps as follows: [0012] 1) pre-processing a bionass raw
material : crushing the biomass raw material to have particle sizes of 1-6
mm and drying the raw material till water content is 10-20 wt. % [0013] 2)
pyrol yzi ng the biomass raw material using fast bi omass pyrolysis

t echnol odgympandra eprddupliliefion chyrabygics, drdgabeiingy auimplofoysi s gas and a
carbon powder; [0014] 3) separating the pyrolysis gas fromthe carbon
powder an¥eersedf indupBalizagign fae ks qrpgked C@Sﬂ@?/t‘@ﬁ)e Hyepaeatiorenthood Spwa)
separatin fromthe solid heat carrier via a

, 19, .he, carbon powder away fromthe solid heat carri
sol i d- sol’Fth "eEhAFSHSIUIFRIG P RGIHHE W HOAY PSS B35 W BGAt powder st ock
bin for I iLhe the solid heat carrier in a.carrier. heatin
1 ui di zeﬁﬂhlé‘ﬁ‘%%%“%lg%@#h% ‘%‘h‘é"‘%& %’%P‘ﬂ’e‘%‘%““%i%“?‘i“é#‘“{CB “f%‘@oﬁy‘f’d‘l Vi s bed t hr

recycl i nguibss for GRNMEMIRM ¢ t 8o RRAL LS 8 L Qs dg. carrier
heat ing 1] g fon SRS d?%ﬁe%??n%’é@@gﬁv"%%gr"?‘gﬁ’qglf’n%‘tdg‘g‘ 1): [0016] 5)

conveyi ngaiifieat@anghaingds PYEdnst, 3a:9ascki AdGRALBRSE 81 bdHasd Riorspr ay
condensati on, condensing a condensable part in the pyrolysis gas to
gener at e ghiibtaigncad oligle prodidms for eesisrelzpmenttdi®icgeresal @aibhol ogi cal fuel
oil by a high pressure oil punp and then feeding to the gasification

furnace § Lfbed:. 4 00 ' ne part of non-condensable
pyr ol ysi iébé)gi('{tﬂgﬁg lcﬁgl d T}ﬁ%(%%tl( “éﬁd‘l"tzgﬁ)égﬁ@gg?@w?ﬁo%sﬁm‘cl_g?fi;%‘% ‘hg the ot her
part of H@\ﬁc@f?ﬁ'gﬁﬁﬂﬁlﬁg"%@bﬂa?bi%}ﬂa%liﬁfhh?negl?o?l ib&u{l}&% PYGOL Y&f 2.sRed @5 @ :
fluidizing medium “controlling the ratio of the Ho_n-conéez_hsa ['e pyrol ysis
gas to aindepadichitg ah@ R iRinShorhBE@it@syif%ic BeAtddnhb Wwicggd,bed in step
6) to nmake sure that a tenperature of the pyrolysis bed is 400-600C, and a
resi dencef i e thef meghsd, plyasesis pastdne dhyrcohlyespaidnedincsmplelr &nshusli®0dk8] The
spray condensation adopts an external circulating nmethod, the biol ogical
fuel oi | thgteasifier Horews P00t Rend dnde ngakel wdnkhipls teprressuci Akibwahdhgunped by
t he oil Bqng,,)and the biological fuel oil is returned to the condensate
tank for P pPHEISAsEFsE] psAThRletofisbpisgalds sensampys ranliéne isrdaw bi ol ogi cal
fuel oil heat e anger . .the condensable .pyrolysis gas is condensed to
gener at eL%ﬁ%}iggléga’lmgﬁ(‘é‘ld 1Eﬁila € sy ?‘r@“b’&rlf‘%%flg%/Hé%‘?‘b"?“&g’ia[liéll’ CQEN il is fed to
t he bi ol pgj, ¢al}.fUghe@l bast & ng. t.h her part . s pressurized by the oil
circul ating [pulrcrﬁ’ygtrillgt%c’f)qgl 3‘3%8% (ﬂg’ 18?101?%&%%(?% ”u“éil%%clb(fonhéﬁ{m%xchanger to
ci recul ar jeyctsd, e tbRBeddFOhotRE SutaGuent reduction becomes tower, and the average

temperature in the reduction zone is less than 700°C, and thereby the vield of effective

synthetic gas (CO and Hy) is decreased significantly (about 30%). Thirdly, the ash and

unreacted carbon residue from the reduction reaction is directly discharged, resulting

in a low carbon conversion rate. Finally, the gasifier used in the method is in the form

of a fixed bed, since the reduction reaction absorbs heat, the temperature difference

between the top and the bottom (the top is about 1000°C and the bottom is about

500°C) ol the bed is huge, which is an inherent disadvantage of fixed bed.

[0006] U. S. Pat. No. 6,863,878B2 discloses a method and a device of producing
synthetic gas with carbon-containing materials. The method includes carbonization
(or pyrolysis) and gasification independently. In the method, the carbonization
temperature is controlled less than 450°F so as to reduce the tar content resulted from

pyrolysis. However, during carbonization stage, solid products are not ground prior to
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[0019] A gasification systemfor producing synthetic gas from bi omass by
pyrol ysis conprises a bionass material pre-processing part, a pyrolysis
part, a condensing part, and a gasification part. The pyrolysis part
conprises a pyrolysis bed and a conbustion bed; a condensate tank of the
condensing part is connected with a non-condensabl e pyrol ysis gas
conpressor via a pipeline; an output of the non-condensable pyrolysis gas
conpr essdranpROMFRS Felbt rerelign ewnismé dteaghsiiet, whittewplalblcy iespbelthnaridgtehe
conbustion bed; a non-condensable pyrolysis gas is used as a fuel of the
conmbust i d¥ SABUCHITE 18a50n; RRCeRHY shisaitmgdsticatien pypedylsipgensdd the [ 0020] The
condensi r}_?chalrltc ZQOlpt S a Slﬂaﬁ/ .condensat i 9_%& e_>ﬁt)err_’nal circul ation. A

| oner part* 0P the tEHTEHEAPEC T HRRPTE SN AT Wit aasP Bt gaseyitldilicat i ng punp
via a pipgling,; and o TH BN oI B Yo ing. puUNp i s.connected with the external
bi ol ogi DRl At ‘g{pﬁaﬁ@g%‘@e‘i“é‘ﬁ!ﬁﬁ‘égf ?ﬁ%ﬁ%“%gr “a‘ff’”fc‘ﬁlg’o%??é‘l‘“&&%éi’| Vuel oil is
pressuri zedicipetge ™ horhliGHh. ahd 0@ SBH:fHau@lﬁdNa@%q eﬁpi'ep(}fveli"hgzsmn? ;091 cal 1 uel
oil heat exchanger, so as to circularly spray the pyrol{/ I's gas, and a

| ower pamtasefet higrdignhdensaicendainkhdi seronpeated whibiaghiohegical fuel oil
tank. [0021] The pyrolysis bed is connected with the cycl one separator and
t he sol i gvaaolld bicas épazsitiontionTnd caibbnidasel. Fdusidparattaktidsprodmnect ed with the
carbon powder stock bin and the carrier heating fluidized bed. A lower part
of the caPpindgr CReatd HgOp pgidiegtbiadiprbarded apd oot ﬁl\%@l uiiliedd, zespltipelin lev connect ed
with the pyrolysis.hed, so as to convey the heated solid carrier to the

pyr ol ysi §g%éﬂat%68r€?ﬁ‘éﬁ’§f& {S IH@)]?XHQE%J[‘ oo vpreactehearpark tesgpe tnige surthetsr heat i ng
fluidized bed is connected with ‘.dg. ing system of the bionmass nmateri al

pre- proc %ﬁ%gﬁkééﬁgﬂﬁﬁgégﬁﬁw%5%ﬁg?@=ﬁEB%TﬁﬁﬁméﬁngsﬁphﬁFine, and an upper
part of the conbustion bed is connected with an air intake pipeline. [0023]
A pi pel i he0Tdhhewse Regieaim plithietn M. 20081 123663 datkiokasel mehbd bAink and a
gasification furnace is provided with the high pressure oil punp, and the
bi ol ogi c&rodgEE synthelisegsrienss hiomastbiagh donneyio gueilicheorgdbe hiettatli on f ur nace
for gasif&cation. 1&0241 ,vanta es of the invention are summarized bel ow
[00251 FRISEALORT gomRviaRe rfargsisedcn apk high tesnReagtarcraasihisdivgiiovesspar ed wit h
t he gasi {jj.cat.i et hod. di scl.osed. i | hi nese Pat ent .Appl i cation No.

2008 1023[3‘@‘8%?&]P%’?OPH‘\’/@mH"gbr%“%ﬂ”ﬁ?yr g‘gft‘|0$ﬁl‘*r%.‘ﬂ§’f“b-’f‘HPA’Ef‘BPr&§§b into

bi ol ogi calydi; Ebot MG B dr R QM Oh I rgy. density of the
bi omass gi&]pé) llﬁglﬁ%gh%m L}te{trﬂgﬁgbdggﬁg'g ?ég?iﬁ g(gr} bt\s(étP 1'8&%@%@%8%@%@% ;”%l}(gond%f“ (hd:a ot her

hand, hi glhenparigyexydghiduéieds 8Q%y fRRRE healdgethRlmpblish LEAPSIALNr e of
400- 600C, whi ch reduces the energy consunption and also can i1'nprove the
carbon cenvedis] oo ad@ited pfrolybie puhedvedes Y&kam system is complicated; when the

high temperature pyrolysis gas is mixed with the low temperature carbon powder and

fed into the gasification furnace, the mixture can easily be condensed to form tar,

causing blockage and influencing the normal operation; finally, the high pressure

charcoal produced in the carbonization furnace is fed into the normal pressure milling

machine after being decompressed and cooled, so as to be made into powder, and then

the carbon powder is pressurized and fed into the gasification furnace by the pyrolysis

gas. The whole process is complicated and high in energy consumption so that the

feasibility of the project is bad.

[0008] I'rom the above mentioned methods, conventional gasification, whether from

biomass or from solid carbon-containing materials, cannot produce synthetic gas with

high efficiency and low cost. Although the technology of independent pyrolysis and
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[ 0026] Second, the invention also adopts the technol ogy of heating the
cyclic solid heat carrier as heat source of the pyrolysis bed by using the
heat generated by conbustion of self-produced non-condensabl e pyrol ysis
gas. The pyrolysis bed heating technology of the invention has the
following three features: 1) the heat needed by the pyrolysis technique is
provi ded by the inner part of the systemso as to realize the thernal

equi | i briggmlisrlianfensgantdern apdetiof biamasnanbidee thx taremabol emer gythetic
fundanent al | k%% the heat for heating the cyclic solid heat carrier is
providedéﬁys%?¥ PIRHHS §tP@H"6)“PH@“WBﬂ“&oﬁﬂén@éﬁW@mﬁyﬁGHWQF@mdas and air.

That is t th h , d
the ot her ke P RS TR st e Bl 18 Bie PRnes 4T Bt 1 7 educes
the cost (:Qﬁbohfi‘,@n\y@'@)i?:c d ﬁitn‘?tgh@;'éh f(,[i'ﬁcgi??isl‘g&ﬁﬁsgiasm Catfon§ix’ 1Rfuat1t y of the

pyrol ysis bed eate Frier s ¥ect|y conveyed
to the pWanMﬁii@ tﬁh@@ it 8o eABACImdihs] fo@Wa Aed l‘n@tlnass"’(‘ﬁbﬁcm B8 Qhded NCTr eases
the heating efficiency of the pyrolysis béd but also inproves the oil yield
of the fdbtwindr ol ysis reaction. [0027] Third the invention uses the waste
heat snoke generated by conbustion of the non-condensable pyrolysis gas to
dry the raw material, which inproves the energy efficiency of the whole
system [0028] Fourth, the invention does not adopt the process of
pre-processing the raw material at the inlet of the gasification furnace.
The raw matdMALY O Tk éSVIANTIeN t o the gasification furnace after being
pressuri zed by the high pressure oil punp The process i's sinple and

tficientg 1 t hod_.di Chi
Pt ont - ASSTCa o Kot DeofsIaBkler R aT HIERAT 4R "ﬁﬁ“&m"“flﬂé}“ 'uﬂﬁiﬁt i ve

t hod ; | .ab 1 wd
and tar b ockags ahon T eeal s e &oﬁ“‘%@ﬁéi‘i’”ﬁm PR B PR T eatces

t he ener gyt honrsugptifelknof addew adset raw material and increases the
stability, reliability and feasibility of the system [0029] Fifth, the

inventio tern ay condensation. The bi ol ogi cal fue

oi | heatha@ﬁghﬁef Wsaé ‘d@d’bﬂt ﬂé 1 BRIESEBR éﬁ@@@&“tank, which is
conveni ent for cleaning and mai ntenance and al so avoi ds stopping for

mei nt enaf@¥.1] AGB3BYd Bir ptdiuciheyhivgnbioforadapiss b gybeshnehfgyeof oi | punp
pressurizing and transportation. Conpared with the gasification nmethod

di scl osedtephasthllpese Patent Application No. 200810236639.4, the inventive
nmet hod avoi ds the techni cal probleniabout pneumati ¢ conveyi ng of powder and

tar blockage ding..dr i.ncreases the
stability, vmabifﬁ?ypanagﬂéag %Bf Q%Ha bggﬁggguiTﬂ8§T "eventh, with
the fast pyr oh)&tigl beabhaphaey sidher %ﬂﬁﬁl@ﬂt@%ﬁh@ 1%9 1&9?}5&@19\2'111[% ltunear | y
does not contain coal slag, which saves the trouble of hig ash el ting

poi nt in the gmocess! (B0 making synt hesi s gas from bi onass. The fol | ow up
sl ag di schargi ng systenifor the gasification furnace is al so not needed,
whi ch preventg netal and ash .ac unulatiogfand al so

y

or asign . 1 i
i ncreases theﬁm? )Ipyt%/qyz’li’w abd )[P}fltbt}‘l‘ﬂn’a““f’lé‘ s"“‘Biva‘i"t 108¥25% HEOYYSt em [ 0032]
In short, th fiCie cy, energy
conservationemggeﬁg’ and QEH%QH g? ﬁ?%ﬁsfﬁi %%Oy%eé 9%, the

i nvention enh@ﬂgesxﬁnglgaS|fication eff|C|ency decreases the amount of
effective synthesis gas and inproves the energy conversion rate of the
system BRI | PTI ON OF THE DRAW NGS

y E['(:)O Rﬁ& separating the pyrolysis gas from the carbon powder and a solid heat

carrier via a cyclone separator;

[0015] 4) separating the carbon powder away from the solid heat carrier via a
solid-solid separator, feeding the carbon powder to a carbon powder stock bin
for collection, heating the solid heat carrier in a carrier heating fluidized bed
and conveying the solid heat carrier to the pyrolysis bed for recycling use;

5



[0033] FIG 1 is a schematic diagramof a method and a system for producing
synthetic gas from bi onass by pyrolysis according to one enbodi nent of the
i nvention. DETAILED DESCRI PTI ON CE f HE EMBODI MENTS [00341 The preferred
exanpl es, the nethod, and the system | ayout structure according to the
invention, are described with the acconpanying drawi ng. [0035] As shown in
FIG 1, a gasification systemfor produci ng synthesis gas from bi onass
conprises a bWQﬁﬁQ@QWBMGWPh&ﬂpﬁ@k®g®mesgimgh@anhwlaapmgﬁhM&mdbpaut a
condensi ng part, a gasification part. Specifically, the gasification
systen1conpr|§%%”“23%P6ﬁﬁ§%IW%WV#@&%?HB] 1, a crushing system2, a drying
system 3, a biomass stock bin 4, a pyronS|s bed 5, a cyclone separator 6,
a solid-solid i§@IMIS§L@1’£VL?HWQz@ﬁﬂl@%ﬂ g}{\@i%s 8506k QhBeBac3afkopbysih) on bed
9-1, a carrier heating f ui di zed bed 2, an air intake pipeline 10 | eadi ng
to t he conbustbmirniethn, eonvasdiey heatdeandlegmke dpi peblyme eddo @nwagt € heat
snmoke outlet of the drying systemha, a condensate f ank 12, an oi
circul ating pbigiogigl fuclilopsgiucaingfivegenoidedsalbexchangkby 14icha
non- condensabl e pyrol ysis gas conpressor 15, a biological fuel oil tank 16,
a hi gh pr essuPESHITE ofipiPind thengseding todhe apsifigatnadenpenrinde cagliecdn oxygen
"pipeline 19 |leading to the gasification furnace burner, a gasification
furnace 20, a“Water cooling water of gasification fur nace 21, a synthesis
gas pipeline 22, a coal slag pipeline 23, a desalted and deoxi di zed water
pi pel i ne 24, HEA] 6y bedingane pavapem-pindehdabie Rolyangaxbardalbufasl pi peline
Ni, an air pipeline N2 | eading to the conmbustion bed, and an enptying
plpellne N3. E@b@ﬁimﬁhéiWyh@hy@nywmaxﬁC©Gpru$eﬁﬂmhmngynmhwﬂﬂs bed 5, the
conmbustion bed 9-1, and the carrier heating fluidized bed 9-2. The
pyrol ysis bedpg"ﬂﬁibcébﬁr‘l‘é&céﬂlwﬁ%bq{% ac@‘é‘ﬂ*éﬁ’é P atairoBingribe e
solid-solid sep rato d- sol |d .separator 7 is connected with the

car bon powder s %6@“6”Hd%“§ﬁﬁpv SEé??‘b?‘ﬁ' WFH§m$¥%Pﬁﬂ%@ﬂ‘%%ﬂm9 2. The
| owner part of héﬂﬁégﬁﬁcﬁvﬁ&? %ﬁltsch% o c'bszugedglgF%teégspL{% ‘88},@“ ded with a

pi pel i ne connect ‘e pyf o SIS ¥y the heated
solid carrierpyQ| ﬂ%cﬁﬂ@d)()lé@@(,b%gi5 EREndARNELE D8 MS& inlRORTLyThe top part
of the carrleﬁyhgétlng fluidi zed bed H:- n%é connect 3§“P584g%éwépying
system 3 of tbheal Biggdmass material pre-processing part through the waste heat
and snoke pipeline 11. The upper part of the conbustion bed 9-11is
connecte ne 10. .[0038] The ensate tank 12 of

i h L1
t he condgﬁﬁgLélggyggE@%QBﬁW8EEQ “VWIH“VHQ‘W%H“EB&HE' ‘@”ﬁy?@PVS|s gas

conpr ess . I Jhe.Qutput 2 -con able pyrol ysis
gas conpg%éé@EyTgbgu&thukﬂ%Mdu %Lg%hne 3”“%$HB€H@“EVﬂ' V&4 ped 5 and

t he conbyshhomdbedbidickical MR | & S used as the
fuel of hebconbustlé% bed QQQBEE%n?ﬁ2§?QU| F%Fﬁﬁxﬁédbgﬁﬁ the pyrolysis
bed 5. [Q0@Bhsalibe afpriayncantersanl QrradORisyiad BXLENMa oxehfigil-ahd ng net hod.
The | ower part of the condensate tank 12 is connected with the oi

ci rcul at toglepuahiy ry8olysia gas ipicpelchnel. to Theerai Ibidogicall fadliongomupat di3hé S
connected with the external biological fuel oil heat exchanger 14. One part
of the bblél%gidlzaid piliey feditg thcéncﬁwsd&mlpédalﬂyanchémcmhozqnamumasqungupurrp 13
and cool y.the |oIo ical fu oi | heat exchanger 14 so as to circularly
spray th g?ﬁ@ﬁ%§?‘“@é§”“?ﬁédF%-' bbﬁFﬁM@Pgﬁﬁéu@dﬁHéﬁé@ﬁémﬁﬁhK>12 is

connecte LQ o ical fuel oil tank 16. [0040] The pipeline
connectlﬁbYth;éd?wgfp5¥’Sﬁéﬁﬁlologlcal fuel oil tank 16 and the
gasification furnace 20 is provided with the high pressure oil punmp 17. The
bi ol ogi cB019ukkaofitatios spstemdor rpéutigngndenv eye ttomdbidhessgasiyiéledt i on furnace
20 for gasification.

comprises a biomass material pre-processing part, a pyrolysis part, a condensing pait,

and a gasification part. The pyrolysis part comprises a pyrolysis bed and a combustion
bed; a condensate tank of the condensing part is connected with a non-condensable

pyrolysis gas compressor via a pipeline; an output of the non-condensable pyrolysis



[0041] A nethod for producing synthesis gas from bi omass by pyrolysis
conprises steps as follows: [0042] 1) pre-processing the biomass raw
material : crushing the bionass raw naterial to have particle sizes of 1-6
mm and drying the raw material till water content is 10-20 wt. % [0043]
2) pyrolyzing the biomass raw material using fast biomass pyrolysis

technol ogy, guaranteeing that the tenperature of the pyrolysis bed is at
400- 6000éﬁycﬁﬂPﬁ§$¥ﬁgbﬁﬁéUY@Yp@“@$wﬂh@fﬁbﬁpwwhd&ﬁSQMhéHwyrmﬂysmmlgas to air
and controllln the te erature of, the carrier heating fluidized bed, the

resi dencedfi i b?mﬁ%E“1 é@%pVH*Eﬁﬁbﬁyﬁbe§Wé(Hé@/%§n@b5m5b@i®hhithe pr oduct
of the p%ﬂﬁ%lﬁW?n&ﬁxng?g%éégly ‘ﬁvgas and carbon powder; [0044] 3)
[

separating "he carbon powder and the solid heat
carrier via the cyclone separator; [0045] 4) separating the carbon powder
away frorttHY Beolchaldneap pedrdoms avpay chedcaadtion s okiethabgpatabars feeding the
carbon powder to the carbon powder stock bin for collection, heating the
solid heé@w@dﬁﬂﬁéﬁhq%”@WéﬂﬁaﬁMiéﬁoh@aﬁﬂngﬂimuﬂﬁpz@dabednmndwahen conveyi ng
the solid.heat carrier to the pyrolysis bed for recycling use; [0046] 5)
conveylnénmﬁ‘ aéWdPLH‘ 9@6%#%@3’@é@“%ﬁ“@ﬁ@ﬁﬁéhééﬁﬁﬁi@Ogﬁhk'ﬂ@PO%pray

d t] d bI t t gas to
gener at o 5SS CPUBN Bt 1o PBeLsan T g vaas'tﬁ% e 5By Teal fuel
oil by t h’%nﬁJ 0 B! & ﬁym% lgbiloigggfr@l]e@ghtfd@gg 11"? ?cql 29,549 11(:1.1?@1 ﬁSZ)IrE]; } cation

furnace to be gasi |ed and ohe par

non- condelﬁtslagbb%mgacpw&h%\Q@%thnRi&%&@@ﬂ%&i@tthﬁ&'@81@!1&6&(1%{19&1“ wth air,
conveying the other part of the non-condensable pyrolysis gas to the

pyr ol ysi diddegdcasudlbd thdkui di zi ng nedium [ 0048] The spray condensati on
adopts an external circulating nmethod. The bi ol ogi cal fuel oiI at the

bott om of ondensat.e .tank is d and , e oil punp and
t he bi ol (g%ngillﬁ? e bedds ?‘%‘c‘lﬁ?iﬁ@ %PCE %?Qf}?ﬁﬂ%g@{r&dt B ROlf ?Of’éipr ay
condensation.&f T sot?%' L9160 Jtﬁg r o tﬂe%tc%ﬁlﬁ ha! Cdl%l()q 89/(161 s&oc&%e%gbd " Oheat

exchanger. One part of the condensable pyrolysis gas
gener at e (ki @hegihe@nof UeHi 8 bed. MNBwWRAKdr &f thi b?m@t‘ %aﬂg%ﬁgﬂdlgeﬁ%lcdgl b Is fed to
y

t he bi ol ogical fuel oil tank and the other part ressurize t he oi

ci rcul at pryidudnpttenpipeldnd @dndyed Wath hohyeglvsighed, Welas @ donkeaiheexghanger to
circularly spray the pyrolysis gas.
solid carrier to the pyrolysis bed for recycling use.

[0022] A top part of the carrier heating fluidized bed is connected with a drying
system of the biomass material pre-processing part through a waste heat and smoke
pipeline, and an upper part of the combustion bed is connected with an air intake

pipeline.

[0023] A pipeline connecting an outlet of the biological fuel oil tank and a
gasification furnace is provided with the high pressure oil pump, and the biological

fuel oil is pressurized and conveyed to the gasification furnace for gasification.
[0024] Advantages of the invention are summarized below:

|0025] First, the invention adopts fast pyrolysis technology. Compared with
the gasification method disclosed in Chinese Patent Application No.
200810236639.4, the invention can directly transform biomass into biological

fuel oil, which improves the volume energy density of the biomass and makes

7



[0049] The waste heat snmpke generated in the carrier heating fluidized bed
in step 2) is used to dry the biomass raw naterial in step |) for
pre-processi ng bionmass raw naterial. [0050] Working process: [0051] 1.
System start-up process: [0052] I|) opening the control valve V3 on the
enptyi ng pipeline N3, keeping the control valve V2 leading to the
condensate tank 12 and the control valve V9 on the pipeline between the
condensat e taﬁwﬂﬂ2nﬁﬁﬂﬂ@héﬂﬂbﬁcc@n@emsabhéupyh©1y@dﬁﬁgaaumgonE?SO{ 15

cl osed; [0053 open the control valve VI on the external fue
pipeline[NI k@g%ﬂ%géﬁh gbﬁ‘#&f@@“??“@ﬂaWHéo%ﬂx)@ﬁbélWh@ermpgﬂ?png t?hthe
conbusti on bed al ve on the pipeline between e
non- condensablgubﬁFgP?gﬂ%maéggégﬂﬁnggﬁ?wi © SHGOR FREINY S € thed 5 ¢l osed
so as to feeda$pﬁdggg% snoke generated by conbustion of fuel and air in the
conmbusti on be to the carrier heating fluidized bed 9-2 to heat the
solid heat carrier; [0054] 3) opening the control valve V5 on the waste
heat snoke p|ﬁ@ﬁ%ﬁét@éKMé@nnwm€0@3ﬁ®a@ﬂﬁ$@aﬁmmgomgundh%mdgﬁedy@h@ and the
pyrol ysis bed 5 d t he control valve V6 on the g Qllne_betmeen t he

bi onass stockSWWﬁ o sHECt eyl surspsl shappgolysis ed E@mp&ﬁﬁﬂéﬁimaste heat

i d t bi al , feedlng
T T B Nt
separating sol gﬁi) snotwﬁitln:gmm f&@lqzoﬁ)(yr 0013([% 1?1v I(m 1atsﬁ ?{t @?\glé 6111513??1;' gﬂt I gf t Pﬁe

pyrol ysis bed e cycl one séparato

system t hr ougifeafhigs: QP Ag! Heﬁ?m%?t@d Wﬁﬁcbg%%@l nﬂi?ﬁﬂ's ﬁlg)vtuﬂ% KR [n?m val ve V2

after inplenenting steps 1), ) 10- 20 nutes,” cool1ng the

pyrol ysi s gaSpmnaIﬁmm@yumgoaﬁuiﬁ@1&Qﬁ@ﬂﬂﬁﬁ&&mha%&u%&ﬂWHQ%kﬁﬁﬁhﬂ@ the
bi ol ogi cal fuel oil; after running for 15-30 min, opening the control valve

V9, closing thet toontodice valenngbeivigy MBdanamahl N7 2) cme]romrrgl hdrengantrol val ves
V4 and V8 at the sane tine; the systembegins to normally run in the
ci r cunst ance. cyclic solid heat carrier is provided by direct combustion of the

non-condensable pyrolysis gas and air. That is (o say, the chemical energy of

the pyrolysis gas is used, and on the other hand, air, instead of pure oxygen, is

used, which greatly reduces the cost of the whole system and increases the use

flexibility of the pyrolysis bed; 3) the heated cyclic solid heat carrier is directly

conveyed to the pyrolysis bed to contact the raw material, which not only

increases the heating efficiency of the pyrolysis bed but also improves the oil

yield of the fast pyrolysis reaction.

[0027] Third, the invention uses the waste heat smoke generated by
combustion of the non-condensable pyrolysis gas to dry the raw material,

which improves the energy cfficiency of the whole system.

[0028] Fourth, the invention does not adopt the process of pre-processing the

raw material at the inlet of the gasification furnace. The raw material is

directly fed to the gasification furnace after being pressurized by the high

pressure oil pump. The process is simple and efficient. Compared with the

gasification method disclosed in Chinese Patent Application No.

200810236639.4 for feeding at infet, the inventive method avoids the technical
8



[ 0056] 2. Nornmal operation process of system [0057] The bi onmass raw
material is fed to the drying system 3 via the crushing system 2. The

bi omass raw material is dried and dehydrated by the heat snoke in the
system and then is conveyed to the bionmass stock bin 4 for storage. It also
can be conveyed to the pyrolysis bed 5 by a feeder. [0058] The product of
the pyrolysis bed 5 conprises pyrolysis gas and carbon powder containing
008142, COO, Imehlergphant pagrenatay convheng obpesedgpyndlay dlskgrsvie fsapar at ed by
the cycl one se.aragor 6 and then the solid heat carrier and carbon powder
particles in tHecd %ﬂ%%Wﬁ@%ﬁl a5 gyepdlydedises Mernersy sprsgnysiop @f $8par at or 7

via the ash di.scharging.port. [0059] The primarily separated pyrolysis gas
is fed to thelgg H&ﬂ%@%&ﬁﬁaﬁE“&%ﬁﬁﬁkbéwﬁﬂﬁ%aﬂ§¢ﬁ9¥§%f§vﬁgﬁ%&°@ﬁb bi ol ogi ca

fuel oil. The ;ngn;condensable pyrolysis gas is pressurized in the

non- condensabl & pyrol ysis gas conpressor 15 and then respectively fed to
the conbustion bed 9-1 and the pyrolysis bed 5. The condensabl e pyrolysis
gas i s condens@% biffeHeriarantiohatlogs calkrolieycligispray RandensftionhEhgener at ed

bi ol ogi cal fu;l oi.l $an qi used for cyclic spre,a(()g%1 The rest is generated
into biol ogi c&i°legied! Tl p1l ARl ebenger isiaerapges) Gl eathe pordensits tapknk 16, pnj
After the SO'kﬂﬁQﬁal,Qﬁrﬁi§{.3ﬂ9 t he ﬁanbonr$gmper in the solid-solid
separator 7 are SeparRred™ hE @urE AN ERIREITT A Prup g H{BPiRdOtarri er
heat i ng quing@%mFﬁgl9-2 and the carbon powder is fed to the carbon powder
stock pin 8. f 1 Tn the conbustion bed 9-1, the non-condensabl e

pyrol ysis gas for conbustion undergoes conbustion reaction with the air
fromthe pi pel§€! fxth, fireinkiedionswokie thedteclyahmyated mypqoedsustinpand s fed to
the carrier heatinq fluidized bed 9-2 tg heat the cyclic solid heat
carrier. The UBRPSFaHUr Sogpatcevifhy g iepficativaaneghoddiseated dn Catheas 400- 600C
by adjusting the ratio of th = densabl e rol ysi as generated by
conbusti on toﬁ3$?V%¥ﬂ%d?%%$8§%g@??fﬁﬁjggﬂgﬁg“ﬁﬁ§ ““%ﬁoiﬁg”%V%SIysis bed 5
is controlledJ.Q,; 3R . ,SPRKe, hassing. the carrier
heating fl ui GIRBR dhortey aBout FSuaR] ﬁ%l""%?%%%gﬁ‘ﬁ%ﬁéﬁnﬂm il %ing. [0062]
The pressure @fich RRahbA-PGIER pbW&l: MidaliinkREscOlR] QIR o filighi0i | tank 16
is first raised to be equal to the working pressure of he gasyflcatlon

furnace 20 byaiichiadibigity @iresswi@noi | punp 17 and then it is fed to the
gasification furnace burner 18. The oxygen in the pipeline 19 is also fed

to the gasifiegation furnace burner 18 to generate high t erature
gasi fication ﬁgaéfgﬁﬁ”¥h“Wﬁéﬁb%§ﬁHW%@??&ﬁgﬁgpgﬁﬁ@‘%@%ﬁ&ﬂjgﬁP@“@f t he

synthesi s gaspg2,ate.d , et. of ) sifi.cati.on furnace is controlled at
1200- 1600C byLadfus%%ﬁgkgﬁé&aﬁg%¥?%Qﬁgggfh@°§§§%gﬂméﬁﬁgﬁﬁghﬁ%ﬁFﬂexchanging

amount  of t hepWaingh oGP 1h8 ik oZhaiQhy LN SRV KeAt higRaduinace filled with
desal ted and deOX|é|zed wat er. The gasification product mainly refers to CO
and LH and al &diocenpsligdisciarding by @l tanghsifidQoandnidcacgs@pmunt of ClL.
The desalted and deoxi di zed water is cooled by the water cooling wall 21 of
t he gasi fi cat nesded, windopey ot genersate fiabtdmedi atlespressuteiosahdr at ed wat er
vapor, which is fed to the followup systemthrough the pipeline 25. The
coal slag gendpatsgamy Wyagalilivaralishilihsand sesibitityed U systehe pi pel i ne 23.
Exanple 1 [0063] Take wood as a raw material of biomass. The el enental

EOWDOSi tion amd3eh@isast.ant Shikfidtaimseb rdiNg: driphdiyRatidLe dbsied in Table

conservation, economy and high project feasibility. Meanwhile, the invention

enhances the gasification efficiency, decreases the amount of effective

synthesis gas and improves the energy conversion rate of the system.

BRIEF DESCRIPTION OF THE DRAWINGS



Table 1 Elenental conposition and characteristic data of the dried wood
[tens Synbol Unit Value Carbon QCar 9% Kg/ Kg) 39.43 Hydrogen thr

[0033] FIG. 1 is a schematic diagram of a method and a system for producing
synthetic gas from biomass by pyrolysis according to one embodiment of the

invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0034] The preferred examples, the method, and the system layout structure according

to the invention, are described with the accompanying drawing.

[0035] As shown in FIG. 1, a gasification system for producing synthesis gas from
biomass comprises a biomass material pre-processing part, a pyrolysis part, a
condensing part, and a gasification part. Specifically, the gasification system
comprises: a biomass raw material 1, a crushing system 2, a drying system 3, a
biomass stock bin 4, a pyrolysis bed 5, a cyclone separator 6, a solid-solid separator 7,
a carbon powder stock bin 8, a combustion bed 9-1, a carrier heating fluidized bed 9-2,
an air intake pipeline 10 leading to the combustion bed, a waste heat and smoke
pipeline 11, a waste heat smoke outlet of the drying system 11a, a condensate tank 12,
an otl circulating pump 13, a biological fuel oil heat exchanger 14, a non-condensable
pyrolysis gas compressor 15, a biological fuel oil tank 16, a high pressure oi} pump 17,
a gasification furnace burner 18, an oxygen pipeline 19 leading to the gasification
furnace burner, a gasification furnace 20, a water cooling water of gasification furnace
21, a synthesis gas pipeline 22, a coal slag pipeline 23, a desalted and deoxidized
water pipeline 24, a saturate water vapor pipeline 25, an external fuel pipeline N1, an

air pipeline N2 leading to the combustion bed, and an emptying pipeline N3.

[0036] The pyrolysis part comprises the pyrolysis bed 5, the combustion bed 9-1, and
the carrier heating fluidized bed 9-2. The pyrolysis bed § is connected with the
cyclone separator 6 and the solid-solid separator 7. The solid-solid separator 7 is
connected with the carbon powder stock bin 8 and the carrier heating fluidized bed

9-2. The lower part of the carrier heating fluidized bed 9-2 is provided with a pipeline

10



% Kg/ Kg) 5.21 Oxygen Car % Kg/Kg) 38.36 N trogen N'r % Kg/Kg) 0.15 Sul fur

connected with the pyrolysis bed § so as (o convey the heated solid carrier to the

pyrolysis bed 5 for recycling use,

[0037] The top part of the carrier heating fluidized bed 9-2 is connected with the
drying system 3 of the biomass material pre-processing part through the waste heat
and smoke pipeline 1. The upper part of the combustion bed 9-1 is connected with an

air intake pipeline 10.

[0038] The condensate tank 12 of the condensing part is connected with the
non-condensable pyrolysis gas compressor 15 via a pipeline. The output of the
non-condensable pyrolysis gas compressor 15 is respectively connected with the
pyrolysis bed 5 and the combustion bed 9-1. The non-condensable pyrolysis gas is
used as the fuel of the combustion bed 9-1 and the fluidizing medium of the pyrolysis

bed 5.

[0039] The spray condensation adopts an external circulating method. The lower part
of the condensate fank 12 is connected with the oil circulating pump 13 via a pipeline.
The oil circulating pump 13 is connected with the external biological fuel oil heat
exchanger 14. One part of the biological fuel oil is pressurized by the oil circulating
pump 13 and cooled by the biological fuel oil heat exchanger 14 so as (o circularly

spray the pyrolysis gas. The lower part of the condensate tank 12 is connected with

the biological fuel oil tank 16.

[0040] The pipeline connecting the outlet of the biological fuel oil tank 16 and the
gasification furnace 20 is provided with the high pressure oil pump 17. The biological
fuel oil is pressurized and conveyed to the gasification furnace 20 for gasification.
0041] A method for producing synthesis gas from biomass by pyrolysis comprises
, , p g8y 2 Y pyroty p
steps as follows:
|0042] 1) pre-processing the biomass raw material: crushing the biomass raw
material to have particle sizes of 1-6 mm and drying the raw material till water

content is 10-20 wt, %,



Sar % Kg/Kg) 0.21 Chlorine Car %Kg/Kg) 0.00 Ash Aar % Kg/ Kg) 5.00
Moi st ure

[0043] 2) pyrolyzing the biomass raw material using fast biomass pyrolysis
technology, guaranteeing that the temperature of the pyrolysis bed is at
400-600°C by adjusting the ratio of the non-condensable pyrolysis gas to air
and controlling the temperature of the carrier heating fluidized bed, the
residence time of gas phase in the pyrolysis bed is 0.5-5 s and the product of

the pyrolysis bed is pyrolysis gas and carbon powder;

[0044] 3) separating the pyrolysis gas from the carbon powder and the solid

heat carrier via the cyclone separator;

[0045] 4) separating the carbon powder away from the solid heat carrier via
the solid-solid separator, feeding the carbon powder to the carbon powder
stock bin for collection, heating the solid heat carrier in the carrier heating
fluidized bed and then conveying the solid heat carrier to the pyrolysis bed for

recycling use;

[0046] 5) conveying the generated pyrolysis gas to the condensate tank for

spray condensation, condensing the condensable part in the pyrolysis gas (o
generate biological fuel oil, pressurizing the generated biological fuel oil by
the high pressure oil pump and then feeding to the gasification fumnace to be

gasified; and

[0047] 6) feeding one part of the non-condensable pyrolysis gas to the
combustion bed to combust with air, conveying the other part of the

non-condensable pyrolysis gas to the pyrolysis bed as the fluidizing medium.

[0048] The spray condensation adopts an external circulating method. The biological
fuel oil at the bottom of the condensate tank is pressurized and pumped by the oil
pump and the biological fuel oil is returned to the condensate tank for spray
condensation after being cooled by the external biological fuel oil heat exchanger.
One part of the condensable pyrolysis gas is condensed to generate biological fuel oil.

One part of the biological fuel oil is fed to the biological fuel oil tank and the other

12



Al m % Kg/ Kg) 11.64 Ash fusion point 117: C 1436 Low heat value H 'V M/ Kg
14. 75

part is pressurized by the oil circulating pump and cooled by the biological fuel oil

heat exchanger to circularly spray the pyrolysis gas.

[0049] The waste heat smoke generated in the carrier heating fluidized bed in step 2)
is used to dry the biomass raw material in step 1) for pre-processing biomass raw

material.
[0050] Working process:
[0051] 1. System start-up process:

[0052] 1) opening the control valve V3 on the emptying pipeline N3, keeping
the control valve V2 leading to the condensate tank 12 and the control valve
V9 on the pipeline between the condensate tank 12 and the non-condensable

pyrolysis gas compressor 15 closed;

[0053] 2) opening the control valve V1 on the external fuel pipeline N1 and
the control valve V7 on the air pipeline N2 leading to the combustion bed,
keeping the control valve V8 on the pipeline between the non-condensable
pyrolysis gas compressor 15 and the pyrolysis bed 5 closed so as to feed the
heat smoke generated by combustion of fuel and air in the combustion bed 9-1

Lo the carrier heating fluidized bed 9-2 to heat the solid heat carrier;

[0054] 3) opening the control valve V5 on the waste heat smoke pipeline
between the carrier heating fluidized bed 9-2 and the pyrolysis bed 5 and the
control valve V6 on the pipeline between the biomass stock bin 4 and the
pyrolysis bed 5 to feed partial waste heat smoke into the drying system 3 to
dry the biomass raw material, feeding partial waste heat smoke 1o the pyrolysis
bed 5 as fluidizing medium, separating solid from the mixed pyrolysis gas
generated by reaction in the pyrolysis bed 5 via the cyclone separator 6 and

then discharging out of the system through the pipeline N3; and

[0055] 4) opening the control valve V2 after implementing steps 1), 2), and 3)

13



[0064] The main operating conditions are set as follows: [0065] 1) the
grain diameter of the material at the outlet of the crushing system2 is 6
mm [0066] 2) the water content of the material at the outlet of the drying
system3 is 15 w. % [0067] 3) the pressure of the pyrolysis bed 5 is
normal pressure and the tenperature is controlled at 400C, [0068] 4) gas
phase residence tinme of the pyrolysis bed 5 is 5 s; and [0069] 5) the
pressure of t e @a%q mitgdasi orvlhgilapeosisigss Emrpmiﬁlc@gﬂtm()béuﬁﬂl@ I\/P? (A and
the tenperature troIIed at 1400C. [0070] According to the se

condi t |mc))ns abéf’x} %1 heRhihgRidogind fb@roﬁ][oﬂﬂ‘ﬁﬁé’é‘“b&ﬁ)adét rMigk ophEnsyst em i n

d detail with
E EZ ;{T’P;gﬂggt t I Oan{VcﬁVeLS§9 OJ ()‘atilpg,el }I{, Qgi%?(g I\fa VeS8 R/? %é {IE%I n? }(I,llnlllg??

control valves V4 and V8 at the same time; the system begins to normally run

in the circumstance.
[0056] 2. Normal operation process of system:

[0057] The biomass raw material is fed to the drying system 3 via the crushing system
2. The biomass raw material is dried and dehydrated by the heat smoke in the system
and then is conveyed to the biomass stock bin 4 for storage. It also can be conveyed to

the pyrolysis bed 5 by a feeder.

[0058] The product of the pyrolysis bed 5 comprises pyrolysis gas and carbon powder
containing CO, Hy, COs, HO, CHy, and tar. The coarse pyrolysis gas is separated by
the cyclone separator 6 and then the solid heat carrier and carbon powder particles in
the coarse pyrolysis gas drop in the solid-solid separator 7 via the ash discharging

port.

[0059] The primarily separated pyrolysis gas is fed to the condensate tank 12 to be
circularly sprayed by the biological fuel oil. The non-condensable pyrolysis gas is
pressurized in the non-condensable pyrolysis gas compressor 15 and then respectively
fed to the combustion bed 9-1 and the pyrolysis bed 5. The condensable pyrolysis gas
is condensed (o generate biofogical fuel oil. Part of the generated biological fuel il
can be used for cyclic spray. The rest is generated into biological fuel oil and fed to

the biological fuel oil tank 16.

[6060] After the solid heat carrier and the carbon powder in the solid-solid separator 7
are separated, the solid heat carrier drops into the carrier heating fluidized bed 9-2 and
the carbon powder is fed to the carbon powder stock pin 8.

[0061] In the combustion bed 9-1, the non-condensable pyrolysis gas for combustion

undergoes combustion reaction with the air from the pipeline 10. The heat smoke
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[0071] 1) biological fuel quality yield of the biomass raw material Ted to
the pyrolysis bed 5 is 55% [0072] 2) dry basis content of CO and 112 in
the synthesis gas output by the pipeline 22 is 76% and [0073] 3) the
carbon conversion rate of the systemis 99.9% and the effective oxygen
consunption of the synthesis gas is 0.33 nol/nol. Exanple 2 [0074] Take
wood in Exanple 1 as a raw material of biomass (Table I). 16 [0075] The
mai n opergghetagddurdmbueling iafew loehe aeridrdichiousiuifi0eyB3d 4 theaghai n di anet er
of the material, %t the outlet of the crushing system?2 is 5 mm [0077] 2)
the wat erYEdntadidthegcartia. Hh lempaiatugg ok the pyigtysit begrS is kenteledng system 3 i's
20 wt. %400—600"(3 by adjusting the ratio of the non-condensable pyrolysis gas generated by

combustion to air. The residence time of gas phase in the pyrolysis bed 5 is conirolled

to be 0.5-5 5. The waste heat smoke passing the carrier heaiing fluidized bed 9-2 is fed

to the drying system 3 for drying.

[0062] The pressure of the biological fuel oil in the biological fuel oil tank 16 is first
raised to be equal to the working pressure of the gasification furnace 20 by the high
pressure oil pump 17 and then it is fed to the gasification furnace burner 8. The
oxygen in the pipeline 19 is also fed to the gasification furnace burncr 18 to generate
high temperature gasification reaction in the gasification 26. The temperature of the
synthesis gas 22 at the outlet of the gasification furnace is controlled at 1200-1600°C
by adjusting the quantity of the oxygen and the heat exchanging amount of the water
cooling wall 21 of the gasification furnace filled with desalted and deoxidized water.
The gasification product mainly refers to CO and 1, and also comprises a little CO»
and H>0 and trace amount of CH,. The desalted and deoxidized water is cooled by the
water cooling wall 21 of the gasification furnace to generate intermediate pressure
saturated water vapor, which is fed to the follow-up system through the pipeline 25.

The coal slag generated by gasification is discharged via the pipeline 23.

Example 1

[0063] Take wood as a raw material of biomass. The elemental composition and

characteristic data of the dried wood are listed in Table 1,

Table 1 Elemental composition and characteristic data of the dried wood

ftems Symbol Unit Value
Carbon Cy Y%(Kg/Kg) 39.43
Hydrogen Hey Y%(Kg/Kg) 5.21

Oxygen Oy Yo(Kg/Kg) 38.36
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[0078] 3) the pressure of the pyrolysis bed 5 is normal pressure and the
tenperature is controlled at 500C, [0079] 4) gas phase residence tinme of
the pyrolysis bed 5 is 3 s; and [0080] 5) the pressure of the gasification
furnace 20 is controlled to be 4.0 MPa (A) and the tenperature is _
controlled at 1400C. [0081] Accor ding to the set conditions above, the main

data and performance paranet of the SYs, the | ppl enentati on process
of the |n5ent ?{élrtlm e expl ai ned in detail ﬂf\ﬁgﬁiﬁqhe atq g%hed drawi ng: [0082]
1) bi ol ogi cal FUBY quality yi%el d of the HilBate® rawtdterial fed to the
pyrolysis bed Glpsn60% [0083]).:2) dry bakisgtaptent f0 CO and a) in the
synthesi s gas i put by the pjpeline 22 i, ;{8@3@ and {@P84] 3) the carbon
conversion ratg,Qf, .t he syster}a/fl s 99. 9% %p@ﬁe effectl ve oxygen consunption
of the synthes 31 bl / nol . % [008 *rake wood in Exanpl e

is
1 as a raw nat’ H‘gi"oﬁﬁi"%‘orm%s’ (Tabl e 1)
Low heat value LHV MI/Kg 14.75

[0064] The main operating conditions are set as follows:
{0065] 1) the grain diameter of the material at the outlet of the crushing system
218 6 mm,
[0066] 2) the water content of the material at the outlet of the drying system 3
is 15 wt. %;
[0067] 3) the pressure of the pyrolysis bed 5 is normal pressure and the
temperature is controlled at 400°C;
[0068] 4) gas phase residence time of the pyrolysis bed 5 is 5 s; and
[0069] 5) the pressure of the gasification furnace 20 is controlled to be 4.0
MPa (A} and the temperature is controtled at 1400°C.,
{0070] According to the set conditions above, the main data and performance
parameter of the system in the implementation process of the invention are explained
in detail with the attached drawing:
[0071] 1) biological fuel quality yield of the biomass raw material fed 1o the
pyrolysis bed 5 is 55%;
[0072] 2) dry basis content of CO and H; in the synthesis gas output by the
pipeline 22 is 76%; and
[0073]} 3) the carbon conversion rate of the system is 99.9% and the effective

oxygen consumption of the synthesis gas is 0.33 mol/mol.

Lxample 2
[0074] Take wood in Example 1 as a raw material of biomass (Table 1).
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[0086] The main operating conditions are set as follows: [0087] 1) the
grain dianeter of the material at the outlet of the crushing system2 is 4
mm  [0088] 2) the water content of the material at the outlet of the
drying system3 is 10 wt. % [0089] 3) the pressure of the pyrolysis bed 5
is normal pressure and the tenperature is controlled at 600C, [0090] 4)
gas phase residence time of the pyrolysis bed 5 is 2 s; and [0091] 5) the
pressuref897ﬂh@wgﬁ@ﬂ@p@aﬁﬂ@ﬁﬂﬂuﬁﬁa@éHQOmﬂgHc?mtroIIgd to be ﬁ.o MPa (A) and
the tenperature, i ontroll ed at 1400C [0092] According to the set
conditrgns abdgghﬁﬂﬁgmﬁHWﬁ(H%?%e%ﬂﬂh%@@’8ﬁHﬁ#§éﬁﬁﬁFaﬂ%?éﬁ$bmgﬁhﬁe@ysten1in
the i npl enentat.iqn_process of the invention are explained in detail wth
the attached H&&ﬂﬁ@s [0093] 1) biological fuel quality yield of the

bi omass raw hah of.ed..Lo.th rol vsi s hed. 5 ks 63%, [.0094] 2), dry basis
content of Cotan |y eibalfy RUBRELR 8Ol 8uid P BRE R 5.0 Y "aone
and [0095] 3)stiercarbon conversion rate of the systemis 99.9% and the

ef fective oxygen consunption of the synthesis gas is 0.31 nol/nol. Exanple

4 [0078] 3) the pressure of the pyrolysis bed 3 is normal pressure and the
temperature is controlled at 500°C;
[0079] 4) gas phase residence time of the pyrolysis bed 5 is 3 s; and
[0080] 5) the pressure of the gasification furnace 20 is controlled to be 4.0
MPa (A) and the temperature is controlled at 1400°C.
[0081] According to the set conditions above, the main data and performance
parameter of the system in the implementation process of the invention are explained
in detail with the attached drawing:
[0082f 1) biological fuel quality yield of the biomass raw material fed to the
pyrolysis bed § is 60%;
[0083] 2) dry basis content of CO and H, in the synthesis gas output by the
pipeline 22 is 80%; and
[0084] 3) the carbon conversion rate of the system is 99.9% and the effective

oxygen consumption of the synthesis gas is 0.31 mol/mol.

Example 3

[0085] Take wood in Example 1 as a raw material of biomass (Table 1).

[0086] The main operating conditions are set as follows:
[0087] 1) the grain diameter of the material at the outlet of the crushing system
2 is4 mm;
[0088] 2) the water content of the material at the outlet of the drying system 3
is 10 wt. %;
[0089] 3) the pressure of the pyrolysis bed 5 is normal pressure and the
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[ 0096] Take wood in Exanple 1 as a raw material of biomass (Table 1).

[0097] The main operating conditions are set as follows: [0098] 1) the
grain diameter of the material at the outlet of the crushing system2 is 3
mm [0099] 2) the water content of the material at the outlet of the drying
system3 is 13 wt. % [0100] 3) the pressure of the pyrolysis bed 5 is
normal pressure and the tenperature is controlled at 450C [0101] 4) gas
phase resi dendempqraIcos coreolsdrob§®s bed 5 is 1 s; and [0102] 5) the
pressure of ttrg ‘ﬁﬁs fic t|on furnace 20 is controlied to be 4.0 MPa (A) and
the t enper at ure S‘h"t? Bre gaidgicetnapel the oyodysisleddy i 2igatdo the set

iti d. f f e systemin
the. i mpl ement a0t A%Eﬁwé%%“fafotf?‘WZ%”IM@@E@? Fiap 20 B NIt ot ai | wit h

t he attached [ oquality yleld of the
bi omass raw rrg{lglr/\{l@gmfi L%lgﬁ]]pc%’hu ysrbc()) gfsﬁ&l%]%%é( I's 66% [0105] 2) dry basis

content qbHoRP aRdrddrelid thdsch b&lcﬁ%%@%éb@[gﬁﬁd;ﬁwaﬂ%ld bRl pel ine 22 i s

84% and [0106] 3) “the carbon conversion rate of e systemis 99.9% and
the ef f eghianetaxy gensysonsiunin ingeroéniithe: SYodshesits n%ﬁudnisd@ <BplARk4 nol .
Exanmpl e 5

in detail with the attached drawing;
[0093] 1) biological fuel quality yield of the biomass raw material fed to the
pyrolysis bed 5 is 65%;
[0094] 2) dry basis content of CO and Hy in the synthesis gas output by the
pipeline 22 is 82%; and
[0095] 3) the carbon conversion rate of the system is 99.9% and the effective

oxygen consumption of the synthesis gas is 0.31 mol/mol.

Example 4

[0096] Take wood in Example T as a raw material of biomass (Table 1),

[0097] The main operating conditions are set as follows:
|0098] 1) the grain diameter of the material at the outlet of the crushing system
21s 3 mm:
[0099] 2) the water content of the material at the outlet of the drying system 3
is 13 wt. %:
[0100] 3} the pressure of the pyrolysis bed 5 is normal pressure and the
temperature is controlled at 450°C;
[0101] 4) gas phase residence time of the pyrolysis bed 51is 1 s; and
[0102] 5) the pressure of the gasification furnace 20 is controlied to be 4.0
MPa (A) and the temperature is controlled at 1400°C.
[0103] According to the set conditions above, the main data and performance
parameter of the system in the implementation process of the invention are explained
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[0107] Take wood in Exanple 1 as a raw material of biomass (Table 1).

[0108] The main operating conditions are set as follows: [0109] 1) the
grain diameter of the material at the outlet of the crushing system2 is 2
mm [0110] 2) the water content of the material at the outlet of the drying
system3 is 16 wt. % [0111] 3) the pressure of the pyrolysis bed 5 is
normal pressure and the tenperature is controlled at 550C. [0112] 4) gas
phase redh delddavith theasfcheddrapynsl ysis bed 5 is 1.5 s; and [0113] 5) the

ressure of th i.fjfcation furnace 20 is controlled to be 4.0 M"a (A
gnd t he tenper i@ﬁ)r%i B E“’@‘c&‘ﬁaﬂ 5‘1“1&1%3151” yiekbeidhe piompay ranceaiediingd tothehe set

condi ti ons above, .t he in .a and performance paraneter of the systemin
t he i npl enment aﬂ’?%)rli)'bbﬁbgigésg @%t he invention are explained in detail with

the attached drgwng; )....01:0LQql ¢al . fuel ality vield of the

bi omass raw rralJ'(Z]\r,é%S(J;\?j %ht[gﬁj]atl g]c? emp(ﬁllgb(?gf%(ifgz Sle%géyiﬂlgl“?’d@‘/g 0%’ Eh@? 812) dry basis
content of CO andidd2zisgdhengynthesis gas output by the pipeline 22 is
86% and [0117? 3) the carbon conversion rate of the systemis 99.9% and
the effective[@Xyjeniheenssrpbhansiof ihel BY KRS isHOBS 2h 1R JreaBld Mol .

oxygen consumption of the synthesis gas is 0.3 mol/mol.

Example 5

[0107] Take wood in Example 1 as a raw material of biomass (Table 1),

f0108] The main operating conditions are set as follows:
[0109] 1) the grain diameter of the material at the outlet of the crushing
system 2 is 2 mm;
[0110] 2) the water content of the material at the outlet of the drying system
3is 16 wt. Y
{0111} 3) the pressure of the pyrolysis bed § is normal pressure and the
temperature is controlled at 550°C;
[O112]  4) gas phase residence time of the pyrolysis bed 5 is 1.5 s; and
[0113] 5) the pressure of the gasification furnace 20 is controlled to be 4.0
MPa (A) and the temperature is controlled at 1400°C.
{0114] According to the set conditions above, the main data and performance
parameter of the system in the implementation process of the invention are explained
in detail with the attached drawing:
[0115] 1) biological fuel quality yield of the biomass raw material fed to the
pyrolysis bed 5 is 70%;
[0116] 2)dry basis content of CO and H, in the synthesis gas output by the
pipeline 22 is 86%; and

[0117] 3) the carbon conversion rate of the system is 99.9% and the
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Exanple 6 [01 | 8] 'fake wood in Exanple 1 as a raw material of bionass
(Table 1). [01191 The nain operating conditions are set as follows: [0120]
1) the grain dianeter of the material at the outlet of the crushing system
2is 1 mm [0121] 2) the water content of the material at the outlet of
the drying system3 is 18 wt. A, [0122] 3) the pressure of the pyrolysis
bed 5 is normal pressure and the tenperature is controlled at 520C, [01231
4) gas phase reéfedbmnoeygimeneimptine @yhosydicsistiad 503 sidn®ls; and [0124] 5)
the pressure of the gasification furnace 20 is controlled to be 4.0 MN. (A
and the tenperature is controlled at 1400C. [0125] According to the set
condi ti ons above, the nmain data and performance paraneter of the systemin
the inplenmentation process of thejixg tgon are explained in detail with
the attached drawing: [0]26] 1) biological fuel quality yield of the

bi omass rf@v8idukr wadd dekahgld hes pyrvohysrial dEdomasss TdEY®).[ 0127] 2) dry basis
content of CO and FE in the synthesis gas output by the pipeline 22 is 90%

2nd L0128 9) 05, PG RO FOBHRL - L Bl 1S,/ s e (7
[0120] 1) the grain diameter of the material at the outlet of the crushing
system 2 is 1 mm;
[0121] 2) the water content of the material at the outlet of the drying system
3is 18 wt. %;
[O122] 3} the pressure of the pyrolysis bed 5 is normal pressure and the
temperature is controlled at 520°C;
[0123] 4) gas phase residence time of the pyrolysis bed 5 is 0.5 s; and
[0124] 5) the pressure of the gasification furnace 20 is controlled to be 4.0
MPa (A) and the temperature is controlled at 1400°C,
[0125] According to the set conditions above, the main data and performance
parameter of the system in the implementation process of the invention are explained
in detail with the attached drawing:
10126] 1) biological fuel quality yield of the biomass raw material fed to the
pyrolysis bed 5 is 75%;
{0127} 2) dry basis content of CO and H, in the synthesis gas output by the
pipeline 22 is 90%; and
[0128] 3) the carbon conversion rate of the system is 99.9% and the

effective oxygen consumption of the synthesis gas is 0.285 mol/mol.



The invention claimed is:

1. A method for producing synthesis gas from biomass by pyrolysis, comprising:

1) pre-processing a biomass raw material; wherein the pre-processing of the
biomass raw material comprises: crushing the biomass raw material to have
particle sizes of 1-6 mm, and drying the raw material till water content is

10-20 wt. %;

2) pyrolyzing the biomass raw material using fast biomass pyrolysis
technology, a product of a pyrolysis bed being a pyrolysis gas and a carbon

powder;

3) separating the pyrolysis gas from the carbon powder and a solid heat carrier

using a cyclone separator;

4) separating the carbon powder away from the solid heat carrier via a
solid-solid separator, feeding the carbon powder to a carbon powder stock
bin for collection, heating the solid heat carrier in a carrier heating fluidized
bed and conveying the solid heat carrier to the pyrolysis bed for recycling

use;

5) conveying the generated pyrolysis gas to a condensate tank for spray
condensation, condensing a condensable part in the pyrolysis gas to
generate biological fuel oil, pressurizing the generated biological fuel oil by
a high pressure oil pump and feeding to a gasification furnace to be gasified;

and

6) feeding one part of non-condensable pyrolysis gas to a combustion bed to
combust with air, conveying the other part of the non-condensable pyrolysis
gas to the pyrolysis bed as a fluidizing medium; wherein a ratio of the

non-condensable pyrolysis gas to air and the temperature of the carrier
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heating fluidized bed are controlled to make sure that the temperature of the
pyrolysis bed is 400-600°C, and a residence time of gas phase in the
pyrolysis bed is 0.5-5 s.

The method of claim 1, wherein the spray condensation adopts external
circulating method, the biological fuel oil at the bottom of the condensate tank is
pressurized and pumped by the high pressure oil pump, and then the biological
fuel oil is returned to the condensate tank for spray condensation after being
cooled by an external biological fuel oil heat exchanger; the condensable
pyrolysis gas is condensed to generate biological fuel oil, one part of the
biological fuel oil is fed to the biological fuel oil tank, and the other part is
pressurized by an oil circulating pump and cooled by the biological fuel oil heat

exchanger to circularly spray the pyrolysis gas.

The method of claim 1 or 2, wherein waste heat smoke generated in the carrier
heating fluidized bed in step 4) is used to dry the biomass raw material in step 1)

for pre-processing the biomass raw material.

A gasification system for producing synthetic gas from biomass by pyrolysis
using the method of any of claims 1-3, comprising a biomass material
pre-processing part, a pyrolysis part, a condensing part, and a gasification part;
wherein

the pyrolysis part comprises the pyrolysis bed (5) and a combustion bed
(9-1);
the condensate tank (12) of the condensing part is connected with a

non-condensable pyrolysis gas compressor (15) via a pipeline;

wherein an output of the non-condensable pyrolysis gas compressor (15)
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8.

is connected with the pyrolysis bed (5) and the combustion bed (9-1); and

wherein the non-condensable pyrolysis gas is used as a fuel of the

combustion bed (9-1) and a fluidizing medium of the pyrolysis bed (5).

The gasification system of claim 4, wherein the condensing part adopts a spray
condensation in external circulation, a lower part of the condensate tank (12) is
connected with an oil circulating pump (13) via a pipeline, the oil circulating
pump (13) is connected with an external biological fuel oil heat exchanger (14);
one part of the biological fuel oil is pressurized by the oil circulating pump (13)
and cooled by the biological fuel oil heat exchanger (14), so as to circularly
spray the pyrolysis gas, and a lower part of the condensate tank (12) is

connected with a biological fuel oil tank (16).

The gasification system of claim 4 or 5, wherein the pyrolysis bed (5) is
connected with the cyclone separator (6) and the solid-solid separator (7), the
solid-solid separator (7) is connected with the carbon powder stock bin (8) and
the carrier heating fluidized bed (9-2), a lower part of the carrier heating
fluidized bed (9-2) is provided with a pipeline connected with the pyrolysis bed
(5), so as to convey the heated solid carrier to the pyrolysis bed (5) for recycling

use.

The gasification system of claim 6, wherein a top part of the carrier heating
fluidized bed (9-2) is connected with a drying system (3) of the biomass
material pre-processing part through a waste heat and smoke pipeline (11), and
an upper part of the combustion bed (9-1) is connected with an air intake

pipeline (10).

The gasification system of claim 5, wherein an pipeline connecting an outlet of
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the biological fuel oil tank (16) and the gasification furnace (20) is provided
with the high pressure oil pump (17), and the biological fuel oil is pressurized

and conveyed to the gasification furnace (20) for gasification.
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