CARBONIZATION AND GASIFICATION OF BIOMASS AND POWER
GENERATION SYSTEM FIELD OF THE INVENTION [0001] THIS
INVENTION RELATES TO THE GENERATION OF GAS BY
CARBONIZATION AND GASIFICATION OF BIOMASS, AND TO THE
EFFICIENT GENERATION OF POWER USING BIOMASS AS A SOURCE
OF ENERGY. BACKGROUND OF THE INVENTION [0002] THE TERM
"BIOMASS" AS USED HEREIN, MEANS A MATERIAL WHICH INCLUDES

A SUBSTANTIALFOUMAN R O R MATRER-DERIVED GRANOMAYING
ORGANISMS. BIOMASSWNIAOWNE LEHDEREORIE XANPLIE,

AGRICULTURAL WASTE, FORESTRY WASTE, MUNICIPAL WASTE,
BUILBHNGPMAFERIAYENASTE, WASTE GENERATED IN FOOD
PRODUOTION TWAS TEV TIREATMENTSISUDGEHAND THE LHIGE, ANDAS BY
MIXTURES OF SUCH MATERIALS. A BIOMASS MAY, INGLUDE SOME 5,
INORGANIC MATTER, AND MAY ALSO INCLUDE SIGNIFICANT
QUANFTHES BHPHREENICIMATERIALS THAT ARECKIGREPREMSTELY
RELATED TO LIVING ORGANISMS, SUCH AS WASTE PLASTICS. [0003]

A TECHNOLQG ¥ FOR.CARBQNZATION AND GASIFICATION, ALREADY
IN WIDESPREAD USE, IS DESCRIBED IN JAPANESE PATENT

APPLIEAIrION N5, 358572004 ARTHIS FEERNBTTE Y, \EARBONIZERR 1AL
MATERIAL{CHARY|S. RPRODUSEDIN gUEARBONIZATION: CHAMBER, FROM

ANDHINIRORUGERANTOA GASIFIER: WHERBAT & QONYEREED TO A
GAS BY THE USE OF AIR AND STEAM. THE CARBONIZING STEP

REMOVES WATER FROM TRERAWFOEL WHILE LEAVING 'K s ABLE®
AMQUNT OF WGLIAT|LE VA TIER BN TFHE GARBONIZEDUVMATER | AL SND

THEREBY:IMPROVES Tite BEFIGIENGYORTHEGAIFISAH ONSRER:s .
[0004] ANOTHER SYSTEM HAS BEEN PROPOSED, IN WHICH BIOMASS

IS FED DIRECTEY TO K CASIFIER. BV A SEREW FEEDER FOR™ Y 2150

EXRMPUE; WITHOUTPRELIMMINARY: € ARBOMNZATIONTAR AFRTORT ARE

OXNREN AP TEAM 2ARE INTROBYNEER ENT SAREERRMER wAsTE
INC?L%%F(E%SN THE DOWNSTREAM SIDE OF THE GASIFIER IN ORDER
T

OSE TAR PRODUCED IN THE 1
[0003] A TECHNOLOGY FOR CARBONIZATION AND GASIFICATION,

ALREADY IN WIDESPREAD USE, IS DESCRIBED IN JAPANESE PATENT
APPLICATION NO. 35837/2004. 1IN THIS TECHNOLOGY, CARBONIZED
MATERIAL (CHAR) IS PRODUCED IN A CARBONIZATION CHAMBER, AND
INTRODUCED INTO A GASIFIER, WHERE IT IS CONVERTED TO A GAS BY
THE USE OF AIR AND STEAM. THE CARBONIZING STEP REMOVES WATER
FROM THE RAW FUEL WHILE LEAVING A SUITABLE AMOUNT OF VOLATILE
MATTER IN THE CARBONIZED MATERIAL, AND THEREBY IMPROVES THE
EFFICIENCY OF THE GASIFICATION STEP.

[0004] ANOTHER SYSTEM HAS BEEN PROPOSED, IN WHICH BIOMASS
IS FED DIRECTLY TO A GASIFIER, BY A SCREW FEEDER FOR EXAMPLE,
WITHOUT PRELIMINARY CARBONIZATION, AND AIR OR OXYGEN, AND STEAM
ARE INTRODUCED INTO A REFORMER INSTALLED ON THE DOWNSTREAM SIDE
OF THE GASIFIER IN ORDER TO DECOMPOSE TAR PRODUCED IN THE



GASIFIER. THIS SYSTEM IS DESCRIBED IN JAPANESE PATENT
APPLICATION NO. 326241/2003. [0005] IN CONVENTIONAL
CARBONIZATION/GASIFICATION TECHNOLOGY, HIGH GASIFICATION
EFFICIENCY IS REALIZED BECAUSE THE CARBONIZED MATERIAL
FED TO THE GASIFIER HAS A VERY LOW WATER CONTENT. ON THE
OTHER HAND, THE OVERALL EFFICIENCY OF CONVENTIONAL

%6@%@% Ai\:)’ éE%@ |%%FB%HEAT AND COMBUSTIBLE
PYROLY¥EIS GAS, COBTRINEDANS BARPRODUC TS (ORSTHECATION

CA@ﬂ%ﬁWUZBd}Oth@%3§§§¥$fﬁ%ﬁ1BﬁléﬁEEEEEWGTFK%UﬂEﬁEHE§b BECAUSE
UTILIZED. ]£0006 HERE GASIFICATION IS CARRIED QUT. BY

DIRECTLY " INTRODUCING BIOMASS INTGK GASTFIER WITHOUT" "ATER
p@mmmv%mo@m%mmm EFFENIPERATURE INSIDETHE
GASHHERTREMAINS $Nr THE RANGEEROMABOU T 600G-16:4008C o

CCEAECL ISR COVENEIEC BONEASA e

PIPINGOERISING INEFERSIERTFROPERATIDNOARID REQUIRING SIS GAS,
CQiNT BRM EAS BRERSUCHASID EQOMROSIN1ON O THE TAR BXE

STEAM, ESPECIALLY. IN.THE CASE WHERE THE FUEL CONSISTS OF A

MIXTURE OF VARIOUS KINDS OF BIOMASS, IT IS DIFFICULT TO
DECBRAOSE THEFAR USING STEANS WATEHTS PYPIEALLRATTAY
TEMRERATIRE N TiHE RANGE EROMM00G TQ 4500 ASA RESHEY,

{aRE e A0 d XNE TRl RSOV TnAk Db RIS

USING A SUITABLE CLEANSING DEVICE. REMOVAL OF THE TA
NECESSARR Y FREMEVES CARBOR AND WB%@%N@ON*FANEB WATER
THERERNTAND CONSEQEENTL X SPARE QR THE IO TAL ¢HEATINGODUCED,

VALHE OF T GARRRORYCER Rt THE /G ARIFERHISEORITIN %TION
TAR REMOVAL PROCESS. TAR CAN ALSO BE_DECOMPOSED BY TH

USEDERIBRN U FEPROCESE A 86 FESHE TSI INGY OF THE TAR
REDUCTIAON. OFETHE HEAFING VAEUEAOF THERGENERATEDGASISTS OF

[000 73 AN QBIBE Ty THHE RVEN THON; it REFQRE; dSph@HROVIDE
FOR MORE EFFICIENT CARBONIZATION AND GASIFICATION OF

BIGMASE By REDUCTION'GF ENERGY LUST THROUGH BIsCHARGE

OFTENEEGAYSRE GASTHE RANGE FROM 400°C TO 450°C. AS A RESULT,
THERE THE ADHERING TAR MUST BE REMOVED IN A SEPARATE STEP USING
A SUITABLE CLEANSING DEVICE. REMOVAL OF THE TAR, NECESSARILY
REMOVES CARBON AND HYDROGEN CONTAINED THEREIN, AND CONSEQUENTLY
PART OF THE TOTAL HEATING VALUE OF THE GAS PRODUCED BY THE
GASIFIER IS LOST IN THE TAR REMOVAL PROCESS. TAR CAN ALSO BE
DECOMPOSED BY THE USE OF OXYGEN, BUT THIS PROCESS ALSO RESULTS
IN A REDUCTION OF THE HEATING VALUE OF THE GENERATED GAS.
[0007] AN OBJECT OF THE INVENTION, THEREFORE, IS TO PROVIDE
FOR MORE EFFICIENT CARBONIZATION AND GASIFICATION OF BIOMASS,
BY REDUCTION OF ENERGY LOST THROUGH DISCHARGE OF PYROLYSIS GAS
IN THE CARBONIZATION PROCESS, AND REDUCTION IN THE

2



IN THE CARBONIZATION PROCESS, AND REDUCTION IN THE 2
DETERIORATION OF THE HEATING VALUE OF THE GENERATED GAS
DUE TO THE FORMATION OF TAR. [0008] PRESENTLY-AVAILABLE
POWER GENERATION SYSTEMS HAVING A CAPACITY ON THE ORDER
OF 1 MEGAWATT, IN WHICH WOOD-BASED BIOMASS SUCH AS
TIMBER, AND WASTE BASED BIOMASS, SUCH AS MUNICIPAL SOLID
WASTER Rizhld Sy WASTHE RS TS ANBETHE LkE AREMSED A8s puk
FU&E%&E&%‘S@ I?av A POWER GENERATION EFFICIENCY OF
AB b . IMPROVED POWER GENERATION EFFICIENCY
OFIBRORIASS-BRSED POWER BERERATIOR SYSTENSTANBENS HAVING

REAZER: 1 AROTARY KiiASIDESERIBRR N JAPANESE RAEENASED
APPLICATION NO. 25?;:;274 2003, DEVELOPED AS A WASTE DI

APPARATUS ANDA. FLUIBIZED. BED FURNACE ASIDESCRIBEDIN
JAPANESEAPATENT WPREICATIONENO 601 214908 HAVE BEENIKE ARE

ADARDERSFOR UBERAN BIOMASS QW ERPGHMNE RATHON SHS FEMS ASicy

CARBONIZATION CHARIBER HASAL S BEER DISCLOSED FOR 12"

EXAMPLEMRIAPANE SE'PAT ERTEAPPLIEATION'NO-NO P275732/2603:
IN T RIS CASE 1 THE DRYINCGABD CARBONZAT ION FQF RAV MATERIALD.

IS %3’1\%0(8%” %%E%OMZQTJ&B&%%ﬁgﬁH%MR%TUS,S%ND A

SUPPLEMENTARY FUEL SUCH AS KEROSENE, HEAVY OIL, AND
FORTHP [66B9F Y ADBIFIEN O THE PROBLEMS/SR'IOW EFFIEIENCY,
AN FTARPREMONAL REFERRED TO ABGVEFSINGRCOMBUSTION IS

CARRIGII ObTytkl dBERMERIATEER 4 QW HEMPERA TURESNHIEREFor
IS ALSO A POSSIBILITY OF DIOXIN GENERATION, WHICH IS A

SERIOUS BNVIRORNMERTAL PROBEEMFRORESVER CASIFIE: HAS ALSO
DISEHARGED.INFPOWDE R RORN. CONSEQUENTEXTHNITHEPLICAT TON

HANDLING Ok WA ASHIWWHIGH K Y PHEAIHM NRANSPORDED,ATTON
FOR DISPOSAL IN LANDFILLS, COUNTERMEASURES AGAINST

ELUTION 8F HEAVY METATS AND OTHER DETRIMENTAL “HAHEER USING
CONSTHTURNTS/OF THELASKARE HREQUIRE D ESPECIAL BY WHERERTH .

THRO&S RESULTEEROMNWAS TRBAREE BIOMASSSBE AfEncy, anp
REFUSE AND MUNICIPAL SOLID WASTE. IN SUCH_A CASE

WASTE HAN AR BEVIEL TR AN CONVERTED 10 STAGIN ARIED 0UT

AT INTERMEDIATE TO LOW TEMPERATURES, THERE IS ALSO A POSSIBILITY
OF DIOXIN GENERATION, WHICH IS A SERIOUS ENVIRONMENTAL PROBLEM.
MOREOVER, ASH IS DISCHARGED IN POWDERY FORM. CONSEQUENTLY,
IN THE HANDLING OF WASTE ASH, WHICH IS TYPICALLY TRANSPORTED
FOR DISPOSAL IN LANDFILLS, COUNTERMEASURES AGAINST ELUTION OF
HEAVY METALS AND OTHER DETRIMENTAL CONSTITUENTS OF THE ASH ARE
REQUIRED, ESPECIALLY WHERE THE ASH RESULTS FROM WASTE BASED
BIOMASS, SUCH AS REFUSE AND MUNICIPAL SOLID WASTE. 1IN SUCH
A CASE, THE WASTE ASH CAN BE MELTED AND CONVERTED TO SLAG IN
A SEPARATE MELTING DEVICE.
[0010] AN ENTRAINED FLOW GASIFIER, OPERATED AT A TEMPERATURE

OF AT LEAST 1100EC SO THAT NO TAR IS FORMED, IS CAPABLE OF
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A SEPARATE MELTING DEVICE. [0010] AN ENTRAINED FLOW
GASIFIER, OPERATED AT A TEMPERATURE OF AT LEAST 110DEC SO
THAT NO TAR IS FORMED, IS CAPABLE OF 3 CONVERTING ASH INTO
MOLTEN SLAG. AN ENTRAINED FLOW GASIFIER HAS BEEN IN THE
DEVELOPMENT STAGE FOR GASIFICATION OF COAL, AND IS
EXPECTED TO AVOID THE PROBLEM OF TAR ADHESION. HOWEVER,

IN dbif EASROESEHENEN TIRANGD QW CRAENARINIER ribk €A 1ER

PRRTICLE NIAVING A SRATR SE OF AROORD TO0WIM. BIALS 2

SUEH AS W@W@ASEBVIF@I\/WEQWW@ST@BA@E@B@MA@EVER
CANNGIE B2 HAND iR ASTHAISIEAND 0% NONLEASILYTREROCESSER. MUusT

APPARATUS T WOULD NEED TO BE PROCESSED USING A - 2 11¢

SEPARATE BEMICHE, PHEREBY REQUIRING METSFUYHNCREASE HABED
PLANTRCALE QR QRD-BASERBIOMARR (ANBEMNMSER B 17 15,

ITSELF AS FUEL. HOWEVER, IT IS DIFFICULT TO SECURE SUCH A
FUBIPREL ABLV/AND Y CORSISTERTL Y BEEAUSE THEEQUANRTY 'BEE TO
WO DBASED BIOMASSATHAPP AS2AVAILABLE VARIESISEASONARLYS SED

AN S SUSEHERRIBIE T VARIAHENS vINMEATHERA cosTry INCREASE
CONSEQUENTLY, WOOD-BASED BIOMASS HAS A HIGH COLLECTION

COST AR ISSNBECOST-EFFICIENT WHEN USED BY ITSELF AS A
FUE1QINJADDITION- BECAUSEID FHED|EE|ICYET YSO FICORILE GFINGEL .

TH%B#&%E?EPIQ%HHH&EWQQ@E%&E%@d@'%%@a@&@ﬁﬂﬁéﬁw AND
SCALE OF POWER GENERATION EQUIPMENT IS DIFFICULT

TOCRW%WTM DITASBIFFIC YU TO UsEWOOD-BASED Biditass 4"
TOLIMPLENVIENFE HGH: EREICIENCY POWER GENERNHONT {0U2RIATIONS

ANRITRER @BJECEREEHIENNVENTHIN., AAHEREE QIR S 4 RROVIDE

THERMAL EEFICTENGY ARD BOWER GENERATION ERFICTENGY, ARG

WHICH ISECAPRBEECOFISTABEY AGENERATINGIPOWER B Y COLLECTING
CAﬁﬁQ#‘i@@ﬂﬁ@N LEQMBYSTHOMN ANERCGAS i1 CATION PR EOTHEF THE

W #@L@E%E@ @g%%%s%%l% HNI%!T&J Q%SﬁPJIQ%LTY TO ACHIEVE,

AND IT IS DIFFICULT TO USE WOOD-BASED BIOMASS TO IMPLEMENT
HIGH-EFFICIENCY POWER GENERATION.

[0012] ANOTHER OBJECT OF THE INVENTION, THEREFORE, IS TO
PROVIDE A BIOMASS POWER GENERATION SYSTEM WHICH HAS HIGH THERMAL
EFFICIENCY AND POWER GENERATION EFFICIENCY, AND WHICH IS
CAPABLE OF STABLY GENERATING POWER BY CARBONIZATION,
COMBUSTION, AND GASIFICATION, WHERE THE RAW MATERIAL TO BE
PROCESSED INCLUDES NOT ONLY WOOD-BASED BIOMASS, BUT ALSO
WASTE-BASED BIOMASS SUCH AS MUNICIPAL SOLID WASTE.

BRIEF SUMMARY OF THE INVENTION
[0013] USING CALCULATION SOFTWARE FOR PREDICTION OF
GASIFICATION PERFORMANCE, WE HAVE CONDUCTED A STUDY ON TWO
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WASTE-BASED BIOMASS SUCH AS MUNICIPAL SOLID WASTE. BRIEF
SUMMARY OF THE INVENTION [00131 USING CALCULATION
SOFTWARE FOR PREDICTION OF GASIFICATION PERFORMANCE, WE
HAVE CONDUCTED A STUDY ON TWO 4 DIFFERENT PROCESSES: A
"ONE-STAGE CHARGE PROCESS," IN WHICH INTERMEDIATE
PRODUCTS, NAMELY, CARBONIZED MATERIAL AND COMBUSTIBLE

PYIROEY SR GAR AR AEHARGERHNFHQ dk GASKAER ANBs A, v 1v wrICcH

PRODUCIS ARE RESBECTIVELY ED INTO AHICH TEMPERATY

GASIHFCATION-PARP (A COMBUSTOR) ﬁW%@GN@ﬁE@OWEW@Q AND
REDUCTOREACONSTREL THNGCEYE) SERARATE STAGES QAL TATE

T SHACE GASEIER RN IE (W STOCE Sy

GASIFIERC ATEASHAVIN G ACERPE AR BR &X-GER) CANBEFEDINTS) /
THEONG HF TEMBERAT UREAIGASIFICAHON PARTONEYAGHEAQTALR .

OXER RATIQCAN, BE, COMIROLLARLY MANTAINEDAL A LOW, 1y

LEVEL, AND GASIFICATION CAN" BE EFFECTED AT HIGH THERMAL
EFFIEIENE Y USINGONTVEATSMATTA GUANITVEOF GABIEVING AGERTT
[0015] *NCFH EXPWOHS TAG BBE HARGEIPR QEE S8, dHOWEMER TTHE

TE&&F’%B&T%WEAE%EOQW LETQF THE GASIIER € %EE '§AJ Hiz

UTLET OF THE GAS REFORMER) UNDERGOES A CH
DE%ﬂﬁ%ﬁﬁ&éﬁ&%%p%@%M%éEﬁ@? OF H%?@c%ﬁﬁﬁksTﬁﬂﬂz@ﬁﬁ§€ﬁﬂ%ﬁ§Q§A@$N
GENERATEDEN THECARBORMPATIOR CHAMBERU HE NHBIFLOW RATE.

OF THE COMBUSTIBLE BYRQLYSIS GAS INCREASES, THE
TEMPERATURE AT THE OUTLET DROPS, AND THERE IS A RISK THAT

TARMIEL BE FORMEDTHO AVSTD THEFORREHON O FARR T J&F
DESIRABEE TG MAINTADTHE TEMBERATUREFAT (THETOUT L EREOSUTLET

TH&%%'F@ﬁ?&h@(ﬁ%h@%@é’%&%ﬁ%%E’&%‘B%ﬁ@%l\"'R&E@MOUNT
MINIMUM TEMPERATURE, [0016] AS A RESULT OF OUR STUDY, W

HAVEDETERRHRED THAT THE %LWWWE&&H&%%WWW@N
TWOSFAGE CHARGE PROCESS CAN BE AVGIDEDRNVITHORIT.YSTS GAS

IMPARINGHRESIRABIH HEATYRES O dHBUTLET DROPS, AND THERE IS
A RISK THAT TAR WILL BE FORMED. TO AVOID THE FORMATION OF TAR,
IT IS DESIRABLE TO MAINTAIN THE TEMPERATURE AT THE OUTLET OF
THE GASIFIER AT A LEVEL NOT LOWER THAN A PREDETERMINED MINIMUM
TEMPERATURE .

[0016] AS A RESULT OF OUR STUDY, WE HAVE DETERMINED THAT
THE PROBLEM OF TAR FORMATION IN THE TWO-STAGE CHARGE PROCESS
CAN BE AVOIDED WITHOUT IMPAIRING DESIRABLE FEATURES OF THE
TWO-STAGE CHARGE PROCESS.

[0017] IN A PREFERRED BIOMASS CARBONIZING-GASIFYING SYSTEM
AND PROCESS IN ACCORDANCE WITH THE INVENTION, BIOMASS FUEL IS
HEATED IN A CARBONIZATION CHAMBER TO PRODUCE A CARBONIZED
MATERIAL. THE SYSTEM AND PROCESS UTILIZE A TWO-STAGE GASIFIER,
COMPRISING A HIGH-TEMPERATURE GASIFICATION PART FOR GASIFYING
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TWO-STAGE CHARGE PROCESS. [0017] IN A PREFERRED BIOMASS
CARBONIZING-GASIFYING SYSTEM AND PROCESS IN ACCORDANCE
WITH THE INVENTION, BIOMASS FUEL IS HEATED IN A
CARBONIZATION CHAMBER TO PRODUCE A CARBONIZED MATERIAL.
THE SYSTEM AND PROCESS UTILIZE A TWO-STAGE GASIFIER,
COMPRISING A HIGH-TEMPERATURE GASIFICATION PART FOR

GASI YaN&n SNTHEC ARBQRNME DAMA TERK- -ANBRAHRASIRERQRMER G

VOUATIPEBN THE PRODUCTION OF THE CARBONIZED MATERIAL ‘-

FEESING MEANS ARE PROVIDEDIFORTFRANSFERRING'THEANS ARE
CARBONIZE D MATERIALERRORBUCEDCNREONEZEARBONZAT IONDUCED IN

TWO-STAGE GASTEILR, ABYROL VSIS GAS FLOWPATH 16 ALSO ™"
PROVIDED FOR BENDIRG THE EOMBUSTIBEEPYROLYSISIGARE PATH 1S
PRODBUYCGEDUNTHECARBON KA TION CHAMBER INTEY R&tE GAS GAS

REFOBMER QF THE GOSIRER 3ARIFRLNEAGENL FEED &A’%AQE%ORMER

INTRODUCE A GASIFYING AGENT TO THE HIGH-TEMPERATU
GASIFIEATION PART or—GPfﬁ%E%R%lﬁ%ﬁ?AW%L@é%%Rﬁ%EH?\%W
FEED: AFGASIFYGNE AGENTE CONTAIRINGROMXFGEMTO THE GAS PART OF

REFGRMERS @R HANDT HES PEMRERATHREY Al EHE QMELE T QF THdEnT
GASIFIER CAN BE PREVENTED FROM FALLING BELOW A

PREDETERMINED TEMPERATURE, PREFERABLY 1100-C fo0 T8} "FATVR"
ESPECHLIOV TNETHEFCASE WHEREFHE BIOMASSVSIOW TNOEI XEDLING

CARBON & QNEENTRMIBERATIORR Ay PR Ob i Sy ARGHPUCED
AS A BY-PRODUCT IN THE CARBONIZER, RELATIVE TO THE AMOUNT

OFf ARBONIZEB MATERIAL OB FAINED FROM CARBONIZATION 1897 1N

HIGH{HHEARAME QR FLIOW OFEPXROLY SISAGABRBECOMES HIGHANICED

RELARON TR Jite tRAT EQF EA@NN@Eéﬂ'GHEﬂzEﬂ\ﬂEE%WﬁE ﬁaﬁ@m OF
FROM THE HIGH-TEMPERATURE_GASIFICATION PART TO

REPRRILAC THE FYHAE Y G O & Y PTART LV A 4 TEMBERRFURRE
IN PERANG E FROM 400KPO600- CANHRECOFHE GASIFROMEFMELON TO THE

GASIHCATIONPAOR T 1SENMEICARL Y UARE ANEMRERATFURECHNEIGARLYURE
OF ATLEAST1500.C. ARARID DROP, N TEMERATURE CAN QCCURS
TYPICALLY AT A TEMPERATURE IN A RANGE FROM 400 TO 600°C, WHILE
THE GAS FROM THE GASIFICATION PART IS TYPICALLY AT A TEMPERATURE
TYPICALLY OF AT LEAST 1500°C, A RAPID DROP IN TEMPERATURE CAN
OCCURS IN THE GAS REFORMER.
[0019] IF GASIFYING AGENT IS FED TO THE GAS REFORMER, AS WELL
AS TO THE HIGH-TEMPERATURE GASIFICATION PART, WHEN THE FLOW RATE
OF COMBUSTIBLE PYROLYSIS GAS INCREASES, A BURNING REACTION
BETWEEN THE GASIFYING AGENT AND THE COMBUSTIBLE PYROLYSIS GAS
OCCURS. THE BURNING OF PYROLYSIS GAS, WHICH MAY BE REFERRED
TO AS "RE-BURNING" OR "AFTER-BURNING, " PREVENTS A DROP IN GAS
TEMPERATURE BELOW A PREDETERMINED MINIMUM, AND IS EFFECTIVE TO
PREVENT TAR FORMATION WITHOUT IMPAIRING THE DESIRABLE FEATURES
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[0019] IF GASIFYING AGENT IS FED TO THE GAS REFORMER, AS WELL
AS TO THE H | GH- TEMPERATURE GASIFICATION PART, WHEN THE
FLOW RATE OF COMBUSTIBLE PYROLYSIS GAS INCREASES, A
BURNING REACTION BETWEEN THE GASIFYING AGENT AND THE
COMBUSTIBLE PYROLYSIS GAS OCCURS. THE BURNING OF
PYROLYSIS GAS, WHICH MAY BE REFERRED TO AS "RE-BURNING"

OR ‘HAE TER-BIHRAINGA RREMENES ) DRORCN GAST TEMBERONIMRETTON
SEE%@%D%%(EMWED MINIMUM, AND IS EFFECTIVE TO

ATION WITHOUT IMPAIRING THE DESIRABLE
HOATURES 6 OF FHBTWOISTAGE CHARGEPROCESS, ESPECIALLY

e EQWY GEONSWMIEHON cRE 16 ARIE YANGAGENTAN020]. BREERRABLYE
THE GASIFYING AGENT FEED MEANS, INTERMITTENTLY. FEEI%%\%E%YING

GASIFYING AGENT CONTAINING OXYGEN TO THE ‘GAS REFO
ASDICOMPRISES'PIPES;RRRANGED TOFFEEE ATGASIRYINGE AGENT
CONTANINGIOXYGEN BOTHOTOHEHEIGHFDEMRERATIRETHE SYSTEM

SVSTER 15 36 EQUIFPED: THE REED OF CASIEVING AGENT CANBE "

SELECTABLY SSWTCHENOVER BEPENBINGORFCONDITIONS INSIE S/
THENGASI FIERB RIS NOVEHEN AHEN € AR BOMNI Z1 N GGSASHIIN G SYBTEN

2 ORERALINGNPRMALLY p BASIYING AGENT MAY Bl EER QLY TO

THE HIGH-TEMPERATURE GASIFICATION PART. HOWEVER, IF THE
FEMPERATURETAT THE'OUFLET OF THE GASIFIER BROPS THPACUTEET
PREDETERMINER TEMPERATAUREEOR THE NRISKIOE OCCURRENCEHE

RERUGH AN EMENTH SREIGRGTRR. BITRER Y, QBSERVAT IGNQRBY
AUTOMATIC SENSING EQUIPMENT, GASIFYING AGENT MAY BE FED

PO FRECAS REFSRMER S WEITE RS o TRE RIEILTEMPERATORE =N
GASFICEDON PARTFATHEREBY AVOIDING SONDIHONSWNDERERATURE

W EH AR oS FRRMER 9021 LW TH THE-BIBMASRS UNDER WHICH TAR
CARBONIZING-GASIFYING SYSTEM IN ACCORDANCE WITH THE

INVENRTION; THE CARBONIZED MATERIAL (CHAR) PRODUCED IN THE
JARBONIZATION CHAMBERLSS CHNRGED! G AEURLINNFOSTHE IN

HIGHIEMBERA T RESARECADON RARTREMIEGARIIERATL (cHAR)

CONCURRENTLY, AIR OR OXYGEN, AS A GASIFYING AGENT, IS
CARRGED N THE CARBONIZATION CHAMBER, IS CHARGED, AS A FUEL,

INTO THE HIGH-TEMPERATURE GASIFICATION PART OF THE GASIFIER.
CONCURRENTLY, AIR OR OXYGEN, AS A GASIFYING AGENT, IS CHARGED
INTO THE HIGH-TEMPERATURE GASIFICATION PART. THE WATER CONTENT
OF THE CARBONIZED MATERIAL IS REMOVED IN THE CARBONIZATION
TREATMENT, AND CONSEQUENTLY THE ATMOSPHERE IN THE
HIGH-TEMPERATURE GASIFICATION PART OF THE GASIFIER CAN BE
MAINTAINED AT A HIGH TEMPERATURE, E.G., 1500°C OR GREATER, WHICH
IS WELL IN EXCESS OF 1100°C, THE DECOMPOSITION TEMPERATURE OF
TAR. ON THE OTHER HAND, THE COMBUSTIBLE PYROLYSIS GAS, PRODUCED
AS A BY-PRODUCT IN THE CARBONIZATION CHAMBER AND CHARGED INTO
THE GAS REFORMER, CONTAINS WATER, AND THE WATER CONTENT OF THE
PYROLYSIS GAS ENHANCES GASIFICATION EFFICIENCY, RELATIVE TO THE
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INTO THE H | GH- TEMPERATURE GASIFICATION PART. THE WATER
CONTENT OF THE CARBONIZED MATERIAL IS REMOVED IN THE
CARBONIZATION TREATMENT, AND CONSEQUENTLY THE
ATMOSPHERE IN THE HIGH-TEMPERATURE GASIFICATION PART OF
THE GASIFIER CAN BE MAINTAINED AT A HIGH TEMPERATURE, E. G.,
150 0 -C OR GREATER, WHICH IS WELL IN EXCESS OF 1100-C, THE

DECOMP ITION TEMPERAT R. ON.THE OT R HAND
R ED oL Bt e Y BT S SFRRBBUCED R A RO
INEFRMBEEGRARBONIZATACOME HAMIBER ANBICHARGED |NYO WEHECGAS: TAR
%EWE&@@NE@IMMT@Q%M@%HE WATER CONTENT OF THE

T 7 TOMAL QUANTITY O ME BIOMASS CHARGED'INTO THE

CARBONZATONIEHAVBER CS O FHATF AIGASHIGHIINW HEATING ING  THE
VAV ETANES WO HOE Toiv FARACONEERGE ISROEEKSIEN TRY FGENERATEAR

PORATION AL THESOUTUET OF THE GASIFIER WITHOUT IMAIRING *°

THETABVARTAGES ORTTIHENPRTISTAGE CHARGE'PRGCESS TTHERE
IBUNCHEARORN , THEFEENERAG B GASOABKEE CONSEQUEENDN NGNT TO

Q’%EEBAQ RARIQNHD: HHE AAEATANG VALDE OB RBENERATED GAS,sp

UE TO TAR CONTENT. FURTHERMORE, THERE IS NO NEED TO USE
A@xﬂfﬁﬁwE@’@FlﬁﬁlEZNJE%dO@EERNJéVéSrEIQrA@ﬁE%N@Pf@WPWGT%R
TGDECOMROSE FARBY THERJISEDOROXY GEN,MWEHEH AUSG TIBLE

GORIRIBLTERST @r B TERIQRATION INJite tHEA TING MR QR rTidk
GENERATED GAS. SINCE THE COMBUSTIBLE _PYROLYSIS GAS

PROGUEED AS'ABYPROBUETIN THE ERRBONIZATION "CHAMBER'IS™
UTILIZED\HIGH GASIFIGAT IONEFFICHENCYNCAN BB ACH IEVGE DR HNF Y ING

COMPARIZONATH ERE Ofnd LENYENTIONAL ARBON £ NG S re
IEY ING SYSTEM. WHERE THE GASIEYING AGENT IS FED TO THE

TEMPERATURE GRSIFICATIONPART, AND THE GAS™® A5 HFYING
REEORMER, BYASINGER GABIPYINGHAGENTEFEED DEVACES IN TERMS

Td#%@ﬁlﬁi BRANGHED PIPES, ARYANTAGESIMNTERMS QBEYEAEMED .

(00BAER] ADDITION 10 STUDYINGTHE PERFORMANCL OF

CARBONIZATIONIGASIFVING SYSTENIS, WE FRWE AISOHOTUSED
ATTENTION ON THE EFFICIENT GENERATION OF ELECTRIC POWER, USING

GAS ENGINES, GAS TURBINES, AND FUEL CELLS, AND ON THE EFFICIENT
UTILIZATION OF EXHAUST HEAT EMITTED IN THE OPERATION OF SUCH
EQUIPMENT, WHEN OPERATED ON GASEOUS FUEL DERIVED FROM WOOD BASED
BIOMASS, AND FROM WASTE-BASED BIOMASS, SUCH AS MUNICIPAL SOLID
WASTE, OR WASTE PLASTICS.

[0024] FOR BIOMASS POWER GENERATION, THE SYSTEM IN
ACCORDANCE WITH THE INVENTION COMPRISES A GENERATOR SET,
OPERATED BY A GASEOUS FUEL, AND RELEASING EXHAUST HEAT IN ITS
OPERATION, A CARBONIZER FOR RECEIVING BIOMASS, AND RECEIVING
EXHAUST HEAT RELEASED BY THE GENERATOR SET AND UTILIZING THE



ATTENTION ON THE EFFICIENT GENERATION OF ELECTRIC POWER,
USING GAS ENGINES, GAS TURBINES, AND FUEL CELLS, AND ON THE
EFFICIENT UTILIZATION OF EXHAUST HEAT EMITTED IN THE
OPERATION OF SUCH EQUIPMENT, WHEN OPERATED ON GASEOUS
FUEL DERIVED FROM WOOD BASED BIOMASS, AND FROM
WASTE-BASED BIOMASS, SUCH AS MUNICIPAL SOLID WASTE, OR

WASEEREASHAC S (R0241R00R BIQMAS SR OMER (G ENERATAQBLNTHENG

GENERATOR SET CUERATED By A BASEOUS FUEL AND HELEABING

EXHABSTIHEAT INFFS OPERATION;IAICARBONIZER RORIRECEIVINGES
BIGVASSrAND RECEIVING pEXHAWSTYHE AT REBASEENBYF THIE AS

PO TICALLY BECOMPOSING.AND CARBONIING BIOMASS Akib®™*

PRGBYUCING CHRARCANT PYROLYSIS GASIEONTARNIESVBIATIPZED
TARSTHE ROYWEROG ENERATAQNr8X ST EM2PAES OMMNCEHDESRALYSTIS GAS

GARMAE Ry YWHI G STBRERERARL Y 8. TWQR 5 TACESASIHER ARrrpy

DESCRIBED ABOVE. THE GASIFIER RECEIVES CHAR AND PYROLYSIS
GASERONM SAIDERARBONIZER' IN'THE GASIFIER, EOMBUSTIGRFANDG -
GASIG2GATIONTOF Fbif: € HAREFAKESIPLACEVANEE THE PYROLYSISSES A

CARGONTAING TARARREFORMER @RT BAT T HE %'Eﬁ%@ OF THE

THEREBY GENERATES A GASEOUS FUEL BY WHICH
GEﬁ@éﬁ?\%ﬁ@éﬁ%ﬁﬁm%.be“oééﬁs?ﬂkﬁﬁd%ﬁ%@%Eﬁﬁﬂdﬁ“
SYSTEMPREFERABLYECOMPRISES A HEATAXCHANGER ARRANGED

TQIRANSEER PARE QF AHEHEATTOF IR RASROURFNERS NoT onwy
GENERATED BY THE GASIFIER TO THE EXHAUST HEAT RELEASED

BY PREGENERATOR SETSO FHATTUE HEAT USED FORO FEAT FROM
CARBOMHZAAUON UH.BEONEASSHN PMEIGARBONIZER. COMPRISES NOT

ONlo92BE EXHAURE HEAIZNEROMyEHEGENERM QR SEEBUILALSO
HEAT FROM THE GASEOUS FUEL GENERATED BY THE GASIFIER.

0025 THE BN A S S PEMER GENERATION SVETENTTFIqE 21 [0
CARBOUBIZER AP SO PREEERABRY COMPRIBESIRL.URML. CARBONIZATION

CARBOMNIZATION ieAAMBERS, ,ORERABEEUN ROFATION T d HAE 1, ONE

CARBONIZATION CHAMBER IS OPERATED FOR A FIRST TIME
INFERVAL +4 ERE A PYROLYSTS GAS DELIVERY WHILE CHAR IS FED TO

THE GASIFIER FROM A SECOND CARBONIZATION CHAMBER. THEREAFTER,
THE SECOND CHAMBER IS RECHARGED WITH BIOMASS, AND THE FUNCTIONS
OF THE CARBONIZATION CHAMBERS ARE INTERCHANGED. THAT IS,
CARBONIZATION AND PYROLYSIS GAS GENERATION TAKE PLACE IN THE
SECOND CARBONIZATION CHAMBER WHILE CHAR IS FED FROM THE FIRST
CHAMBER. THREE OR MORE CARBONIZERS CAN BE OPERATED IN ROTATION
IN A SIMILAR MANNER. 1IN ADDITION, IN THE POWER GENERATION
SYSTEM, ASH FROM THE VOLATILIZED TAR IS PREFERABLY MELTED IN
THE GASIFIER AND CONVERTED INTO SLAG.

[0027] WITH THE BIOMASS POWER GENERATION SYSTEM ACCORDING
TO THE INVENTION HIGH-EFFICIENCY POWER GENERATION CAN BE
IMPLEMENTED, WITHOUT THE USE OF A SUPPLEMENTARY FUEL, BY
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CARBONIZATION AND PYROLYSIS GAS DELIVERY WHILE CHAR IS FED
TO THE GASIFIER FROM A SECOND CARBONIZATION CHAMBER.
THEREAFTER, THE SECOND CHAMBER IS RECHARGED WITH
BIOMASS, AND THE FUNCTIONS OF THE CARBONIZATION CHAMBERS
ARE INTERCHANGED. THAT IS, CARBONIZATION AND PYROLYSIS
GAS GENERATION TAKE PLACE IN THE SECOND CARBONIZATION

CHAMBER W ELGHARASNHERNRAMCHIE FIRS ErGHAMBER. dHRRETOR
A o e L A o
SYBIR=9] ASH FRORMTHE “OERTILIZED TARIS PREFERABNYEMELTHEJ HE

IN TTREGASIFIERANREONYERTRR INTL pAMaO027 1M T PHEr A cE
BIOMAS% POWER GENERATION %YSTEM ACCORDING TO THE

INVENTION HIGH-EFFICIENCY GENERATIONCAN BE
IMROEAMENTE I AW FHOUF THEAJSEOF &S BPPLEMERNARY FUEETBYS

INPRGRARNG KHECARBONANG PRQGESS, WHICHAYER IEES\BouT 600
GENE_%ﬁ_IEQR EXHAUST HEAT, WITH THE GASIEYING PR

100361 THE POER CERERATION SYSTEM IR ACCORBANCE WITA:TTo"
THEIANMENTIONIPREFERAB I ALSONAKESTADVANTACE OF THPOLYTIC

TWRSTAGE ICHARGE CASIBICALIOMPROGESSAS, DESERIBEDSE oF

SETIS PREFERABLY KEPTAT ALIGH TEVPERATORE IN A RANGE OF

ABBUTE08POFOCLE; ANBTS'DIREETHY CRYNDIRECTL Y FED TOHHEOCR
CARBONKZATTORN: CHAMBERIN HiSHEASE |9 E RFICHRNGIYT ONA LI Z83 1,

THEBYROLY L PECOMPOSILIONAND G ARBONICAT M Rfar, ripacr .

BIOMASS, WITHOUT USE OF SUPPLEMENTARY FUEL. ACCORDINGLY,
THEOYHRALLYPHERMAL EFECIENE OF THESY STEM 18HIGH, SINCE Y
THERE:HIS NONEEDAFOR SURREEMENTARY ik ASHMETHE GASEOR:D

A GONVENTIONAL &Y STEM, [{NDTHE SYSTEM 15 RREFERABLE IN

TERMS OF ENVIRONMENTAL IMPACT. [00301 NOT ONLY IS SYSTEM
EX@M@@PTII%EW@T@EI@%FEFIEEEWEL%WGI'QQW;&ﬁE@N@E?I@NFINE
CHAMBER, BUTERHE BIOMASSHRUERHS $&BIECTEDUD R¥ROLNSIS. TED

ANL, STHRRING WHEN FAS SINGFHREUGE THE GARBMIGHURN 1y Tur

CHAMBER, THEREBY BEING CONVERTED INTO A FINE
RANGE OF ABOUT 600 TO 700°C, IT WILL VAPORIZE THE WATER CONTENT

OF THE BIOMASS FUEL SUFFICIENTLY TO PRODUCE A CARBONIZED FUEL
WHICH HAS LITTLE WATER CONTENT AND WHICH IS HIGH IN HEATING
VALUE. THE TEMPERATURE OF THE CHAR INSIDE THE CARBONIZATION
CHAMBER IS PREFERABLY MAINTAINED IN THE RANGE FROM ABOUT 500
TO 600°C, AND A HIGH-QUALITY CARBONIZED FUEL IS PRODUCED.

HOWEVER, EVEN THOUGH THE BIOMASS FUEL IS TURNED INTO FINE

POWDERY FORM AS DESCRIBED ABOVE, UNIFORM PULVERIZATION OF THE
BIOMASS FUEL IS DIFFICULT TO IMPLEMENT. THUS, THE BIOMASS FUEL,
ALTHOUGH IN FINE POWDERY FORM, WILL EXHIBIT A GRAIN DISTRIBUTION
TO SOME EXTENT. YET IT IS POSSIBLE TO EFFECT SUFFICIENT

PULVERIZATION TO AVOID PROBLEMS IN CARRYING OUT GASIFICATION.
THE CARBONIZATION CHAMBER OF THE SYSTEM CARRIES OUT DRYING,

10



POWDERY MATERIAL. FURTHERMORE, IF THE EXHAUST HEAT
SUPPLIED TO THE CARBONIZATION CHAMBER IS KEPT AT A
TEMPERATURE IN THE RANGE OF ABOUT 600 TO 700-C, IT WILL
VAPORIZE THE WATER CONTENT OF THE BIOMASS FUEL
SUFFICIENTLY TO PRODUCE A CARBONIZED FUEL WHICH HAS
LITTLE WATER CONTENT AND WHICH IS HIGH IN HEATING VALUE.

B e A i A e
50@%@%@0%@5@%%—%-QUALITY CARBONIZED FUEL IS
PROOBAIED. HOWEYVER; EVER THOBGH THE BIOMASSHUEL SN OF THE

TURNEDOINF@HINEAROMWRERY FQRMAS XERSCRIBED: ABOYARER RATSE
UNIFORM PULVERIZATION OF THE BIOMASS FUEEE DIFFICULT TO

IMPLEMENT, THUS, THE BIOMASSFUEL: ACTHOUGH INFINE & R~ TURE
POWDERYIFOR M G ASEXHIBIFRIEGRAIN DIS TRIBURIONRFOSORME AND
EXTENTROHLEMTOS R85BT @ AFFECTESVERICIENTDED, ELIMINATING

GASIFICATION. THE CARBONIZATION EHAVBER OF THE SYSTE T

CARRIES HUTDRYING 16 CRUSHINGEANDTCARBONIZATION, ANDF 1ER,
CONSEQUENTNEO AASERARAT B CRUSHER, ISTHNNECEHSSARY .¢8081bdx 1N

IN THE GASIRIEFEOMBYSTION, AND GAMEICAHON QR ry For

HIGH-QUALITY CHAR OBTAINED FROM THE CARBONIZATION
CHAMBER RAISE FFHENR-FURNACE TEMPERATURE OF THE GASIFIER
TOATFEMPERATURE WE LEASTASHIGH AS THE BECOMPOSIHON. FOR

TEMRERARRRERFSEAR; ANDo Thilp PRQBLEM QI ARHESIONG IR cy
TO_PIPING IS AVOIDED, ELIMINATING THE NEED FOR CLEANING OR

AUXILIARYFAR -REMOVAL EQUIPMENT. FURTHERMORE, WHEN THE
INGOBERINACE THEMPERAT URE OF QHEKBASHAERE [SIMAHSTANEDIAT, 1T

SEiCcly HIE BMELr & HEE PRODU CHRN OF IHOXIN JRALSE: Forv wiTH
AVOIDED. IN ADDITION, SINCE THERE IS NO NEED FOR

DECOMPOSING THE'TAR'BY USE OF S TEARNM KC TRIATIONCAND ©HARGED -
OXYIGEN;, T DETERFORATION INTTHEHEATING VALUE GF THE GAS FUEL,

USED As ktEL hRNEEE SENERAIORSEIHSIAVOIRERAND prvice.
OVERALL SYSTEM EFFICIENCY_IS ENHANCED, [00321 BECAUSE OF

THE MG TEMPERATORE GF THE GASIFIER, 117 1000 HAcED B10UASS,

MIXED WITH WASTE-BASED BIOMASS CAN BE UTILIZED AS FUEL, AND
COLLECTION OF ADEQUATE QUANTITIES OF BIOMASS FUEL BECOMES LESS
SUSCEPTIBLE TO CHANGES OF SEASON AND VARIATIONS IN WEATHER.
SAVING OF EXPENSE, AND IN TIME AND EFFORT REQUIRED FOR COLLECTION
OF BIOMASS FUEL CAN BE REDUCED SIGNIFICANTLY. THERE ARE, OF
COURSE, OTHER ECONOMIC ADVANTAGES IN THE UTILIZATION OF
WASTE-BASED BIOMASS, SUCH AS MUNICIPAL SOLID WASTE, WASTE
PLASTICS, AND THE LIKE IN COMPARISON WITH THE UTILIZATION OF
WOOD-BASED BIOMASS ALONE, WHICH GENERALLY HAS A HIGHER
COLLECTION COST. 1IN ADDITION TO THE FACT THAT POWER OUTPUT CAN
BE STABILIZED AS A RESULT OF THE USE OF WASTE-BASED BIOMASS IN
ADDITION TO WOOD-BASED BIOMASS, THE INVENTION ALSO MAKES IT
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BECOMES POSSIBLE TO MELT ASH, CONVERTING IT INTO SLAG
FORM WITH LITTLE RISK OF ELUTION OF HEAVY METALS BEFORE
BEING DISCHARGED. THUS IT IS POSSIBLE TO UTILIZED
WASTE-BASED BIOMASS AS FUEL, AND THERE IS NO NEED FOR
SLAGGING ASH IN A SEPARATE DEVICE. IT FOLLOWS THAT, WITH
THE PRESENT INVENTION, WOOD-BASED BIOMASS, MIXED WITH

VWASTERBASER BIQMASS SAN BEOUTALEER ASHUELAND pranT, aNnD

SEEOMES T ESS SUSTERTIBCE T CHANGES OF SEASON D -

VARIATYONS INEAEATHE R CSAVINGTO EEXPEN SEL ANDANTEWIE ANDTHE
ERFORTREQURED FHORLOEILECTION OF BIOMASS FUEL CAN BE

EBEhIC ADVANTAGES I THE DFILIZATION OF WASTE BASER ™

BIOMASSISUTAHIAS MUKHEITAL. SOTID WASTENVASTENPLASPICSE CAN
AREY T HiE LK ETI N €O M P ARIS ONAWOFHE DI EPME R ZATAO NI F NOoT EXISTED

COLLEGHOR COST N ADDIHOH T0 FHE FACT THAT SOWER QUTRUT

CAN BESTABILIZED’AS ARESUL P OF THE USEOF WASTEBRSED ALSO
BIOMASS IND AR RAONFH GrMOOINBASED-BIOMABIONIHES INWENTION

ARG MAKES T %%%%'%EA%EL%%@N&%THE%%%%@E&EHWE%AKING

GENERATION PLANT, AND THEREBY REALIZE GREATER EFFICIENC
IN POWERKSENERAPIGRE TOREGVER, THEREEARESTGRIFICART RS
EQOUOGICAEADNANTAGESHNOFHEMELTHNGODREASHINT OYSIIAG, AND

(00831 WITH THEBIQMASE RWER, GENERATION SYSTEM
ACCORDING TO THE INVENTION, IMPROVED EFFICIENCY AND

sAUARE bF SPACE CAN BOTRBETRERL ZENBYTIE GEE'SE
EQUIRMENT THAT iHASENOW EXI STED TRREVIOUSL YOAGBASIFIEREED FOR

CARNBEROEEGONGHRRENTN GASIEYINGGHAR RECOMPRSING AsH,
TAR, AND MELTING ASH INTO SLAG. THE INVENTION ALSO HAS THE

ADVANTACE BF HANDLING WEOD-BRSEDBIOMASS, AND 1OV ARE NO
WASTEEBASED BIOMASSIREGARDEE8SS0F THEIR BRINDABIR I FXAMPLE,

M%'Nﬁ MoRINNEEESSARY 16 PYUMERTEE ddutlAN é}&ERé\fR%%o SLAG
RUSHER. AS A RESULT, THE OVERALL SIZE OF THE P

GEWE% ATIONSVSTEM "AND TS TOTAL LOET TN ISEWEESI‘I%&ELASH

INTO SLAG IS EASILY CARRIED OUT IN THE BIOMASS POWER GENERATION
SYSTEM ACCORDING TO THE INVENTION. IT IS UNNECESSARY TO UTILIZE
CEDAR CHIPS OR THE LIKE, CONTAINING, FOR EXAMPLE, ABOUT 1% ASH,
IN ORDER TO CREATING A HIGH-TEMPERATURE CONDITION. WITH THE
INVENTION, RELATIVELY SMALL AMOUNTS OF ASH CAN BE DISCHARGED
FROM THE OUTLET OF THE GASIFIER IN THE FORM OF FLY ASH TOGETHER
WITH THE GENERATED GAS, AND THE ASH CAN BE ARRESTED IN A GAS
PURIFIER INSTALLED DOWNSTREAM OF THE GASIFIER STAGE. WITH THE
BIOMASS POWER GENERATION SYSTEM ACCORDING TO THE INVENTION,

A CHOICE CAN BE MADE BETWEEN OPERATION IN WHICH ASH IS MELTED,
AND OPERATION WITH NO MELTING OF ASH, DEPENDING ON THE ASH
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[0034] WITH THE BIOMASS POWER GENERATION SYSTEM IN
ACCORDANCE WITH THE INVENTION, THERE IS NO LONGER THE
NEED FOR CONCERN ABOUT THE ELUTION OF DELETERIOUS
CONSTITUENTS OF ASH, AND COUNTERMEASURES AGAINST THE
RISK OF THE ELUTION ARE NO LONGER NEEDED. IN THE CASE OF
WASTE CONTAINING, FOR EXAMPLE, 5% OR MORE ASH, IT IS

NECIRSSAR YA Q EORNMER § sTHERASHEN: KO SlAEn TRAVRUR FUurRNACE TS
DETRI NTA VIRONMENTAL IMPACT. CONVERSION OF ASH INTO
SER@ %E'EA:@IIE%E@KF% ‘OUT IN THE BIOMASS POWER GENERATION
SYBIEYIACCORDING F G THEIRVENFRORENTFRSIUNNECESSARYEFD FROM

UTHeZ ErGERARICEHE S R THE ElE QNI AINING ERREXMMEPIEEAT oNG
ABOUT 1% ASH, IN ORDER TO CREATING A HIGH-TEMPERATURE

CONDITION “WiTHr THE INVENTIONT IVELY SMALL"AMOUNTS OF ™
ASH CAN BERBISCHNRCE DHERGM - THEIGETLETTOR THE GASHRIERANION
THEIEQRM ORFEY. ASHREQSE FHER METHTEHE-GENERATED GAS:ANR K

T STED IN A GAS PURIFIER INSTALLED
DWE%\/%@YE GASIFIER STAGE. WITH THE BIOMASS

POMWETS GENERATINSY STER ACTORDING PO HHEFRNVENFIGNI 24 NG
CHOlE CANBENADE B EWEENROPERATION: N WHICK:EASH: ISoTATTON

HETED AR CLERTIONMITHNC HELTING OF ASA DEEENDIN .

THE SAME FURNACE IS IN USE IN BOTH CASES. [00351 WITH THE
BIGMASSIROWERIGENERATI®ONO EXBINGY, HEAT FROM THE

ey #an PR HISCRRRlEie XAl Shbin Bl R bizrrron

ITH THE EXHAUST HEAT FROM THE GENERATOR SET F
USE'IN GPERXHONFOETHECARBONIZAT IOKCCHANMBERD ING TO THE
CONSEQUENTLY, THE CARBONIZATION CHAMBER CAN BE

oP D AT.A HIGH TEMPERATU H
EFE?@?EJIfCY. 100 61%IMIP§ER%<)|V D%Pé%%‘ﬁ%% éézvg\lﬂsgg%%ﬁ%\%%&@% AND
UTYRIANG FROYRAE GCARBONIZATIORIEHAMBER SEARND OPERATIHGS ION

THEMAINEROIATIONTTO.EEED CHAR AND THE PYROLYSIS GAS

oS T0 e AR PR SN O T

CONRROBERATIONF AN OXYGEN-BLOWN TYPE, ONE-STAGE, ENTRAINED FLOW
GASIFIER (INPUT TEMPERATURE OF A GASIFYING AGENT: 50°C),
INDICATING VARIATION IN CARBON CONVERSION EFFICIENCY AND THE
TEMPERATURE AT THE OUTLET OF THE GASIFIER WHILE THE OXYGEN RATIO
IS VARIED;
[0040] FIG. 4 IS A GRAPH SHOWING PREDICTIONS OF THE GASIFYING
PERFORMANCE OF THE OXYGEN-BLOWN TYPE, ONE-STAGE, ENTRAINED FLOW
GASIFIER (INPUT TEMPERATURE OF A GASIFYING AGENT: 50°C),
INDICATING VARIATION IN GENERATED GAS RATIO AND COLD GAS
EFFICIENCY WHILE THE OXYGEN RATIO IS VARIED;
[0041] FIG. 5 IS A GRAPH SHOWING PREDICTIONS OF THE GASIFYING
PERFORMANCE OF AN AIR-BLOWN TYPE, ONE-STAGE, ENTRAINED FLOW
GASIFIER (AIR INPUT TEMPERATURE: 250°C), INDICATING VARIATION
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OF A BIOMASS CARBONIZING-GASIFYING SYSTEM ACCORDING TO
THE INVENTION; [00381 FIG. 2 IS A GRAPH COMPARING CALCULATED
VALUES AND VALUES FROM THE RESULTS OF GASIFICATION TESTS
ON OIL EMULSION (OXYGEN RATIO AT 0.40); [00391 FIG. 3 IS A GRAPH
SHOWING PREDICTIONS OF THE GASIFYING PERFORMANCE OF AN
OXYGEN-BLOWN TYPE, ONE-STAGE, ENTRAINED FLOW GASIFIER

(INRUEAREMPERAEAB E0QFE ArGASIRYIN G A ENE QSR INDI CGAEINGT LET

TENPERATURE AT THE GOTLE1 OF THE GASIHIER WHILE THE

OXNOGERAI RATIDLGS VARIEDBRIGUUOEAIG NG FRAPGRAPH SHOWING: S TFYING

PRERKSRIOINSFOBrT HE GARHEY INGoMERBRRMANGE @RrldtErrocESS,
OXYGEN-BLOWN TYPE, ONE-STAGE, ENTRAINED FLOW_GA

, IFIER
(INPUT TEMPERATURE OF AGASIFYING AGENT: 50°0). RBIOATIG A2
VARIATHON IRGENERATEDIGAS RATICEANE COED GAS! EFHICHERKCFEN
WHILE THEs O%XGEN RATIO IS VARIED; [0041] FIG. 5 IS A GRAPH

ARTGhN TYBE ONE STABE. ENTRANED P OW GASIFIER (AR

INPEREPERNIPERATUREE 288 GENINDITAT (NG \FAREAT [GRREE N CARBON
CONVERSION BERRGENGY tANEETEMPERARIREATOT HEDOLHIIE EAQF

A GRABH SHOWING PREDICTIONS OF THE CASIRVING

PEFR3RMANCE ©F AR CXYGEN-BLOWHN, ONESTACE CHRRGESIFYING
PROGEGSANRICATINGATRERY AIRIA THIN-EY LARBOIR CHONNMERS KON

WHILE THE SXVBEN RATIO IS ARIED: (013] FIB 718 A GRABH ™

SHOVANG PREDIETIONS O TI9E GASIEYINGEPERFORMANCEGRE THEC
OXNGEMN:BEEWN ONE-STAGE CHARGE PROCESS, INDICATING

VARIRISON N SENERATERGAS BONR B‘&ﬁﬁ@ LRGN e
WHI E OXYGEN RATIO IS VARIED; [0044] FIG. 8 IS A GRAPH
SHOWIRGPRIEDIC TN GEFTHEYNSIEYNGTAGE CHARGE PROCESS,
INDICATING VARIATION IN GENERATED GAS RATIO AND COLD GAS
EFFICIENCY WHILE THE OXYGEN RATIO IS VARIED;
[0046] FIG. 10 IS A GRAPH SHOWING PREDICTIONS OF THE
GASIFYING PERFORMANCE OF AN AIR-BLOWN, TWO-STAGE CHARGE
PROCESS, INDICATING VARIATION IN CARBON CONVERSION EFFICIENCY,
COMBUSTOR OUTLET TEMPERATURE, AND TEMPERATURE AT THE OUTLET
OF THE GASIFIER, WHILE THE OXYGEN RATIO IS VARIED;
[0047] FIG. 11 IS A GRAPH SHOWING PREDICTION ON THE GASIFYING
PERFORMANCE OF THE AIR-BLOWN TWO-STAGE CHARGE PROCESS,
INDICATING VARIATION IN GENERATED GAS RATIO AND COLD GAS
EFFICIENCY WHILE THE OXYGEN RATIO IS VARIED;
[0048] FIG. 12 IS A GRAPH SHOWING PREDICTIONS OF THE
GASIFYING PERFORMANCE OF A PROCESS OF AIR CHARGE TO A GAS
REFORMER (COMBUSTOR OXYGEN RATIO: 0.64), INDICATING VARIATIONS
IN CARBON CONVERSION EFFICIENCY, COMBUSTOR OUTLET TEMPERATURE,
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PERFORMANCE OF AN AIR-BLOWN, ONE-STAGE CHARGE PROCESS,
INDICATING VARIATION IN CARBON CONVERSION EFFICIENCY AND
TEMPERATURE AT THE OUTLET OF THE GASIFIER WHILE THE
OXYGEN RATIO IS VARIED; [0045] FIG. 9 1S A GRAPH SHOWING
PREDICTIONS OF THE GASIFYING PERFORMANCE OF THE
AIR-BLOWN, ONE-STAGE CHARGE PROCESS, INDICATING VARIATION

IN GENERAT ED GASRATHE ANDKEOLD GAS AT FHAEN YT YWHIHE PiREcEN
OQQEASI%EIF %%g% VARIED; [0046] FIG. 10 IS A GRAPH SHOWING

{E GASIFYING PERFORMANCE OF AN
AIREOWN, TWO-STAGE CHARGE PROCESSANDICATINGY ARIEPIONR

IN &ARBON CONVERSIAN FbkKEENGN T I6OMBUSTOR @MsﬂEEfENG
TEMPERATURE, AND TEMPERATURE AT THE OUTLET OF

GASIFIER, WHTE THE OXYEEN pﬁ&%%%sv&%@%ﬁ%%ﬁ?%‘apﬁl%h
GRAPHCSHOWING PREDICTIONGN THERGASTEYINGY PERFORBIIVEE AT
OFrTiH aamm@wvmvx@@ssm&s GHARGERROGESS, RINDICATINGR TED;

vl ST T 80 AT AR SR A PR o

SHOWING PNEDIG@@NSI@FOKMEE@RQF\@IN@ PERFORMANCEIOF A
PREESH QAR GHARGENEOAGAS 1 REFQRMERGONBUS TR 10 AND

CONVERSION EFFIIENCY GOMBUSTOR BUTLEL TEMPERATORE, 14

AN TEMPERATORE AT PHE OVFFILE PIOF THE GASIHERNYHIEETTARE
OXAG EN, IR THERSOMARIED 0049}l G123 ESo AZRARH GHOWING #iiE,

0.20) ON GASTFING: PRREORMARCE ! INBICATING VARIATIONS I

CARBON CONVERSIONEEFHETENCY , . COMBYSTOR GO TAET HE OUTLET
TEMPERATHABES AlD TEMBERAR URE#N RAEIOUTI FROETHE

APPSR, WHILE THE QG GEN RAJIPISMARIER (080 FIG 165
HO E EFFECT O USTOR OXYGEN RATIO
(OVERIRELIOREGEN RAET 090 26} 6N GABHEY ARG CPERFORMANTE,
IN@@&Eﬁ@N‘éARAAﬁ@Ndm\BGﬁNEBD@@&@@A@AB%@I@NMD COLD GAS
EFFICIENCY WHILE THE OXYGEN RATIO IS VARIED;
[0053] FIG. 17 IS A SIMPLIFIED SCHEMATIC DIAGRAM SHOWING
THE CONFIGURATION OF A BIOMASS POWER GENERATION SYSTEM
ACCORDING TO AN EMBODIMENT OF THE INVENTION; AND
[0054] FIG. 18 IS A PERSPECTIVE VIEW OF A POWER GENERATION
SYSTEM IN ACCORDANCE WITH THE INVENTION, IN WHICH PLURAL,
SEQUENTIALLY OPERABLE, CARBONIZATION CHAMBERS ARE DISPOSED
AROUND A SINGLE GASIFIER.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0055] THE EMBODIMENT OF THE INVENTION SHOWN IN FIG. 1 IS
A BIOMASS CARBONIZING-GASIFYING SYSTEM FOR PYROLYTICALLY
DECOMPOSING A BIOMASS FUEL 1, SUCH AS WOOD-BASED BIOMASS,
WASTE-BASED BIOMASS INCLUDING MUNICIPAL SOLID WASTE, AND
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COLD GAS EFFICIENCY WHILE THE OXYGEN RATIO IS VARIED; [0051]
FIG. 15 1S A GRAPH SHOWING PREDICTIONS OF THE GASIFYING
PERFORMANCE OF A TWO-STAGE CHARGE PROCESS FOR WASTE,
INDICATING VARIATIONS IN CARBON CONVERSION EFFICIENCY,
COMBUSTOR OUTLET TEMPERATURE, AND TEMPERATURE AT THE
OUTLET OF THE GASIFIER, WHILE THE OXYGEN RATIO IS VARIED;

[0052 Tl 4 & 1S Ay EaRATRIE ASHOWINa P RESICTION o HE eASHSYING G

INDICATING.VARIATIONS Nl GERERATED GAL RATI AND CoLDAAS ™

EFFICTENC Y WHALE THE DXYGENRAVIG 1S VAREDI (0053 IR LIS A A
SIMPLHsHER IS CHEMATIC DIAGRANESHOWANG cHHEFUONRIGIZRATION

EMBODIMEN T OF THE INVETION. AN 0050 FIG. 1816 7 21t

PERBPECHYERVTONDE A POWER GRNER AR SSYRIENYROLYSTS GAS
ACC ORDANCHE WEHVRTEHNMVE NFTORR | NWHIC HFRIDURALILHE CARBONIZED

SEQUENTIALL Y ORERARLE. CARBINICATION LHAMBERSARE ¢ or Tar

DISPOSED AROUND A SINGLE GASIFIER, DETAILED DESCRIPTION OF
THE'PREFERRED EMBODMENTf0055] T HE EMBOBMERTOEFHES
INVEMTION SHOWNINFEIG LIS A BIOMASS:CARBONIZINGRGASIFYING

S YSIEMEQR, PYRGLYIIGAM: LY DECPMPRSING ABIOMASR FYEL ¢ A
SUCH AS WOOD-BASED BIOMASS, WASTE-BASED BIOMASS

INGEOBINE MORIEP AL SOLIB WASTE ANBRTS NiXTURES GF SOEH 2R T

BIOMASBESGAHE BIBMAES TARBONKZ INGIBASIEYANBI SYS TEMTAINING

COMPRISES A GARBQNIZAFIRNGHAMBER 2 FOR RECEIVING AND
HEATING BIOMASS FUEL 1 TO PRODUCE A CARBONIZED MATERIAL 4

AO4§d-STAGE CASHHER 7 COMPOSED'CF ‘A MEH TEMPERATURE T7E

GASIFICAFIOROPARING FOR GASIRYING THE.RARBONIZED MATERIALZED

42 ANB A GARREFORMER IORREFCRMING LOMBY STEBbERATURE AT
PYRQLYSIS GAS 3, A CARBONIZED MATERIAL FEEDER 13 FOR

FEELING THE CARBONIZES SMATERTAL FTOPTIE A PREDETERMINED
HEREREMPE RATYRFOSAS|FIC AFAONCRARTEB OFSTHEITGASIEFIER 2, AS

PNROLYSIS GASHPL OV RAT H 2 FORSENDPING ElErrrcaTION PART 8.
HOWEVER, THE GASIFYING AGENT 6 IS FED TO THE GAS REFORMER 9 ONLY
WHEN THE TEMPERATURE AT THE OUTLET 10 OF THE GASIFIER 7 DROPS
TO A PREDETERMINED TEMPERATURE, OR WHEN THERE IS A RISK THAT THE
TEMPERATURE WILL DROP TO THAT PREDETERMINED TEMPERATURE.
[0057] THE BIOMASS FUEL 1 HAS A HIGH WATER CONTENT AND POOR
GRINDABILITY, WHICH MAKE THE RAW BIOMASS FUEL UNSUITABLE FOR
TREATMENT BY AN ENTRAINED FLOW GASIFIER. ACCORDINGLY, IN THE
EMBODIMENT SHOWN IN FIG. 1, THERE IS ADOPTED A
CARBONIZING-GASIFYING PROCESS IN WHICH THE BIOMASS FUEL 1 IS
SEPARATED INTO A VOLATILE, COMBUSTIBLE, PYROLYSIS GAS 3 AND
CARBONIZED MATERIAL 4, INSIDE THE CARBONIZATION CHAMBER 2 BEFORE
BEING CHARGED INTO THE GASIFIER 7. THE GAS 3 CONTAINS THE WATER
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COMBUSTIBLE PYROLYSIS GAS 3 INTO THE GAS REFORMER 9 OF
THE GASIFIER 7, AND GASIFYING AGENT FEED MEANS 14 FOR
FEEDING A GASIFYING AGENT 5 TO THE HIGH-TEMPERATURE
GASIFICATION PART 8 OF THE GASIFIER, AND FEEDING A GASIFYING
AGENT 6, CONTAINING OXYGEN, TO THE GAS REFORMER 9. [0056]
THE PYROLYSIS GAS 3 CONTAINS TAR VOLATILIZED IN THE

PREERSS O RRAPUGING Akt GARBONMEE MA TERIALR4. ARbS THE

THERLERATORE AT THE GOTTET 10/OF THE GASIHERS KBS

ABOVE A PREDETERMINED TEMPERATURE. IN NORMAL OPERATION,

THﬁ)@sﬁlFYIN@@@E&%M%@@NHNM@@&L?{ ChRR AR AHRNKRNER PART
TEMPERATURE GASIFICATION PART 8, HQWEVER, THE GASIFYING

AGENT'6 IS FED TO THE GAS REFORMER 9'ONEY WHEN THE CTNPED
TENMPERXFERE AT THE GUTEETCESOF THEGRSIFIER 72 DROPE FFO JURE

P&@EEMW@JMRAWREN@&MEN HAEREG S ik RISKASAFUEL

T R RATRE ML PRAR IO THAIERARETERMINGR 1ra wara

Ccﬂ@“f]"f ENTT AND P OOR IGRINDAB IRFPHWWH FOH MAKE THE RAWANAEROBIC
BIOMASS FE|L UNSWHIABLE FOR THREAEMENT BYSANENTRAUYED:rROM

FLOWGHRIRIER. ACCQRDINGL VAN & HE FMBORIMENT %%WJNTION

FIG. 1, THERE IS ADOPTED A CARBONIZING-GASIFYING PROCESS
WARSA HE B IOMAEES FUER 5515 USEPARATE S ANTE A VBLATILE 11T 2
COMBUSTIBEETRRROLYSIS BASBANDS CARBON|ZEDEMATERIAIRA THER

INSIRfEH BEEARBRAKANON G HAMBER 2. BEERRE BB INCHHARGRD rr
INTO THE GASIFIER 7. THE GAS 3 CONTAINS THE WATER 16

CONTENTOF THEBIOMASS FUEL TANBVOLERTILE MATTER! ARD TRIETR
CARBONIZEIEMATERIAL 4 1S COMPOSED MAINLY OF FIXED CARBON

ANEY 855 [ 0058} THERARBONIZATION: GHAMBER 2GOMPREESANE 1 E
INNER PART FOR PYROLYTICALLY DECOMPOSING THE BIOMASS

FUELR Y SURROVNDED TBY RYACKET A, RTGWRER KRGS 1§FFER
INPRRDUC EEEATAABTENVIPERAT UREFRE FERABLY RROUNDBOORCERTAL

FOR INDIREGRREATEATING TitE SIOMASHERE: 1 ANR %EE&ZBM@ENT
CARBONIZATION THROUGH EVAPORATION OF TS WATER CONTE

AND PYROLYSIE OF ORGANIE SUBSTANCES UNDER ANAEROBIE 2y

REFORMER 9 VIA THE PYROLYSIS GAS FLOW PATH 12. THE CARBONIZED
MATERIAL 4 IS SENT INTO THE HIGH-TEMPERATURE GASIFICATION PART
8 OF THE GASIFIER 7 VIA THE CARBONIZED MATERIAL FEEDER 13.
THE CARBONIZED MATERIAL FEEDER 13 CAN BE ANY SUITABLE FEED
MEANS, FOR EXAMPLE, A SCREW FEEDER.

[0060] THE GASIFIER 7 CAUSES THE CARBONIZED MATERIAL 4 FED
FROM THE CARBONIZATION CHAMBER 2, AND THE COMBUSTIBLE PYROLYSIS
GAS 3 CONTAINING WATER CONTENT AND VOLATILE MATTER TO UNDERGO
A GASIFYING REACTION, THEREBY PRODUCING CO (CARBON MONOXIDE),
AND H, (HYDROGEN) .

[0061] THE GASIFYING AGENT FEED MEANS 14 ARE CAPABLE OF BEING
SELECTABLY SWITCHED BETWEEN A CONDITION IN WHICH THE GASIFYING
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CONDITIONS, THE CONTENT OF THE CHAMBER 2 BEING CUT OFF
FROM OUTSIDE AIR. AS WILL BE DESCRIBED LATER, THE
CARBONIZATION TREATMENT OF THE BIOMASS FUEL CAN BE
CARRIED OUT BY UTILIZING EXHAUST HEAT FROM A GAS ENGINE,
GAS TURBINE, FUEL CELL, OR OTHER POWER GENERATING DEVICE
UTILIZING GAS GENERATED BY THE GASIFIER AS A FUEL. THUS, THE

GAZACAN BEESHAUSY GAS EROMTHIEFR@WERR GENERATING parT

COMBUSTIoLE PYROLVSIS B8 5, AHE CONTINUOGSLY - 20 =0

DISCHARGEF FRONF FRE UFPERS PART OPY HRICARBONIZAPIONE GAS
CHAMBRERRAND THE CARBOMKEDSMADERIALEA ISNRISCHARGEINT FEED

COMBUSTIBLE PYROL SIS OAS 5 ARE SENTINTO PHE GAS 1 ¥ 2

REFGRMERF VA THE PYROLYSISEASFLOWPATH BOTHHEE
CARBONIZ#PY IMATER [28s 46 SCEENININAQTTEE At GHETEMPERARMRE 9.

GCASIHCATION PART 8,0 GARIEIER {MAHEGARBONIZED yrcr

MATERIAL FEEDER 13. THE CARBONIZED MATERIAL FEEDER 13 CAN
BEARY'SUITABIAE REED MEANSLEGR EXAMPLE, A SCREW FEEDER.
[00BD) FHE GASIFIER .7 CAUBES T HE OARBANIZED MATERIAL 4BEBDHOWN

FROMEIEGARBONIERT IONGHAMBER 2, AND JHE GAMBUSTIBLE,

PYROLYSIS GAS 3 CONTAINING WATER CONTENT AND VOLATILE
MATTER TFEUNBERGEP A B ASHF YING REACTION S FHEREBY-ATION PART
PRODS/CING TGO (CARBONIMONOXIBE)L. ANDIE2E(H¥DRAGEN) J00SEENT

THEGASFHINGAGRMIRRED MEANS: I8 ARELARARE CE BRINGAL .
SELECTABLY SWITCHED BETWEEN A CONDITION IN WHICH THE

GASIEVING 17AGENT IS FEDBNLY O 1HERIGHTEMBERATORE TCLE
GASIFICATION: PARTCBE ANDEACOND| TION IR WIIC HHPHEIGASHYING NG

AGENT1S (ER BR Tok vERN HEAN GH-ERMRERA THRE GASIFICANBNT 10N
PART 8, AND TO THE GAS REFORMER 9. AIR OR OXYGEN |S FED B

THE GASIFVING AGENT PEED 3\%EWS%EWﬂEW?&BS%EKICA%ON
BURRING REACTIONTO TUCUR W TTHE L FIGH-TEMPERATUREHE

GASIFHCAINORRRATRE SR N BO TONT HERHIGH-TMPERATYREFORMER 9.

CAREIGATIONEAR B AP 1B GASREEWRUTR S reep p1ems, a
REDUCTION IN THE OVERALL SIZE OF THE SYSTEM, AND A REDUCTION
IN ITS COST CAN BE REALIZED.
[0063] THE BIOMASS FUEL 1 FED TO THE CARBONIZATION CHAMBER
2 FIRST UNDERGOES INDIRECT PYROLYSIS AT A TEMPERATURE AROUND,
FOR EXAMPLE, 600°C INSIDE THE CARBONIZATION CHAMBER 2 FOR A
SUFFICIENT LENGTH OF TIME TO BE CARBONIZED. UPON THE
CARBONIZATION OF THE BIOMASS FUEL 1, ITS WATER CONTENT, AND
VOLATILE MATTER, ARE EXHAUSTED FROM THE UPPER PART OF THE
CARBONIZATION CHAMBER 2 AND TRANSFERRED TO THE GAS REFORMER
9 VIA THE PYROLYSIS GAS FLOW PATH 12. THE TIME REQUIRED FOR
PYROLYTIC DECOMPOSITION OF THE BIOMASS FUEL 1 IS DEPENDENT ON
THE KIND OF RAW MATERIAL, AND ITS WATER CONTENT. AS AN EXAMPLE,
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THE GASIFYING AGENT FEED MEANS 14 MAY BE MADE UP OF A
DEVICE FOR BLOWING AIR AND SUITABLE PIPING. [0062] IN FIG. 1,
TWO GASIFYING AGENT FEED MEANS 14 ARE SHOWN AS SEPARATE
ELEMENTS FOR THE SAKE OF CONVENIENCE, AND THE GASIFYING
AGENT FED TO THE HIGH-TEMPERATURE GASIFICATION PART 8IS
DENOTED BY REFERENCE NUMERAL 5 WHILE THE GASIFYING AGENT

FER-TO:f HE GAS RERDRMER:9 ISDENOIED;BY RERERENGE ATTON CcAN

CONPHISEA SRGEE FEEDER WHTH BRANCHED BIPNG AND VAT VES.

SUCHEHAFTIHEAGASIE YIRS ACGENTI (AIR OR CXYBENFEANBERIAL 4,
SWIGH ERrQY EREROM ASCONREH ONNIN AWHAGHWVATIS EEDr ONMYIIH 11.E

WETCATT 1S FED BOTH T TR HIGH TEMLRAT URE GAGFICATION

PART sSCANIONHEIG NSTREFORMERD. WHEREASINGRE FEEDER IS
USERMNTH BRANCHEIREE ERIPIPES 1A REDSCTION N7 THEAOMERARLNT
SI%@%J@E SYSTEM, AND A REDUCTION IN ITS COST CAN BE
REALIZED.'[0063] THE BIOMASS FUEL 1 FED TO THE CARBONIZATION
CHAOBER 2 ARSTUNDERCGEES INDIREETPYROEY SISAT KMPERATURE
TEMBERAHIRENARUINGD, FOREXAMRIE 1600C INSIDEOFHEIE GASIFIER

CARBOMZANIONCHAMBER ZER An IR KAENT kENG THHOF T MEE

TO BE CARBONIZED. UPON THE CARBONIZATION OF THE BIOMAS
FUELS 1F S WATER CONTENF, AND VST AFILE MAFFER, ARE*S 2 FUEL.
EXHAUSTEDFROMS HENUPPERFARTHO B THE SCARBONIZARKDNVED AND

CHAMBER ZAND ARANSEE RIRER: T THE A% REEGRMER; KM IATHELY
PYROLYSIS GAS FLOW PATH 12. THE TIME REQUIRED FOR

PYROEYTIC'BECOMPOSTIONUF THE BIOKASS FOEL T{SURE NOT OF
DEPENDENR ONRFHEKIRD ORRAWMATERIALIANDATS WATER GAS

CONTERMEASD AMEAAMPY- B8 ifp I HE AEMPERATERES mEER TO cas
ARQUND 600-C, CARBONIZATION CAN_ORDINARILY BE IMPLEMENTED

IN ABGTHA MINGTESFO ONE Fot: CAFTER SATISFACTORY. 1 THE
CARBONIZATION, PHEECARBON IZED! MAT ERFHON T CONTARING FRXE Y

CARBON:FASH, ANDIRELATHMELRA EURELEALOLA T LEE MASABRAS 1F THE

DIRCHNRGERD FROM G A RERN AN IO CHAMBER 2 EH S ve rearny
AT TEMPERATURE IN THE RANGE OF ABOUT 400 TO 600°C) IS HIGH IN
RELATION TO THE FLOW RATE OF THE CARBONIZED MATERIAL 4 WITHIN
THE SYSTEM, THE GAS FROM THE HIGH-TEMPERATURE GASIFICATION PART
8 CAN UNDERGO A RAPID DROP IN TEMPERATURE INSIDE THE GAS REFORMER
9. THE TEMPERATURE OF THE GAS IN REFORMER 9 SHOULD NOT BE ALLOWED
TO DROP TO A TEMPERATURE LOWER THAN 1100°C, WHICH IS THE
DECOMPOSITION TEMPERATURE OF TAR. ACCORDINGLY, IF THE
TEMPERATURE DROPS TO 1100°C, OR IT IS DETERMINED EITHER BY
SENSING INSTRUMENTATION OR OBSERVATION THAT THERE IS AN
IMMINENT RISK OF SUCH A TEMPERATURE DROP, GASIFYING AGENT 6,
CONTAINING AIR OR OXYGEN, IS FED INTO THE GAS REFORMER 9, AND
A PORTION OF THE COMBUSTIBLE PYROLYSIS GAS 3 IS SUBJECTED TO
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THE CARBONIZED MATERIAL 4 AND THE VOLATILE GAS IN THE
CARBONIZATION CHAMBER ARE FED TO THE GASIFIER 7 VIA
DIFFERENT SYSTEMS, [0064] A GASIFYING AGENT 5 1S FED TO THE
HIGH-TEMPERATURE GASIFICATION PART 8, WHICH IS THE LOWER
PART OF THE GASIFIER 7, AND COMBUSTION AND GASIFICATION
ARE CARRIED OUT IN THE GASIFICATION PART, USING THE

CARBENZEGNMATERIAL RABANEL: SINGE A WAJERGONTENT

CARBONIZED MATERIAL 4 AT THISSTAGE S RELATIVEDY FREEGH

WATER, XHMEHITEMPERATURE GXS AATEMPERATAIRE NOT OF

15000€59R MOREGADNBEIGENERAREBA FURTRERMQRE: INPRIESGASBY
REFORMER 9, WHICH IS THE UPPER PART OF THE GASIFIER 7, GAS

REFORMING 1" CARRIES OUT BY DECSMPOSING TAR CONTANED TN
THEPYROL YSISIGASI S DEENERED'RROMSTHECEARBONIEFATAONCLUDES
CHAMBER 2<BYx Tk {1SE ©F THE HIGH-TEMPERATURE GAS AS A
HEAT SOURCE. IF THE FLOW RATE OF THE COMBUSTIBLE
PYROLYS$IS GAS 3 (WHICH IS TYPICALLYYAT TEMPERATURE IN THE
RANGE OF ABOUT 400 TO 6000C) IS HIGH IN RELATION TO THE FLOW
RATE OF %I!-IE ARBO IéEDﬁMngRIAL 4 WITHIN THE SYSTEM, THE
GAS FROK! THE HIGH-TEMPERATURE GASIFICATION PART 8 CAN
UNDERGO A RAPID DROP IN TEMPERATURE INSIDE THE GAS
REFORMER 9THE TEMRERATURE QF THE:GAS IN REEORMER S50 5y
SHOULD NOT BE ALLOWED TO DROP TO A TEMPERATURE LOWER
THAN 11000C, WHICH IS THE DECOMPOSITION TEMPERATURE OF
TAR. AGEORDINGLY, IF THB TEMPERATURE DROPS TO 11000C, OR IT
IS DETERMINED EITHER BY SENSING INSTRUMENTATION OR
OBSERVATION THAT THERE IS AN IMMINENT RISK OF SUCH A
TEMPERATUREDROPGASIFYING AGENT 6, CONTAINING AIR OR
OXYGEN, IS FED INTO THE GAS REFORMER 9, AND A PORTION OF
THE COMBUSTIBLE PYROLYSIS GAS 3 IS SUBJECTED TO 19
CENBYISTIORT FRERER VRATSINESTRESFEMPERATORE BF FRE CO2r He
HiGH-TIEMPRERATUREMBAS FOMA TEMRERATRRE OF AT LEASTA10070RE

SEA AL REGOMBQSITIONQE THE RAR AN, TAKERERE trR, v THE

GAS REFORMER 9, THERE OCCURS A SHIFT REACTION EXPRESSED BY
(5) CO + H,O «<—CO, + H»

[0067] ASH, RESULTING FROM THE BURNING REACTION AND THE
GASIFYING REACTION PROCEEDING IN THE HIGH-TEMPERATURE
GASIFICATION PART 8, IS TURNED INTO MOLTEN SLAG, WHICH IS TAKEN
OUT OF THE BOTTOM OF THE GASIFIER 7.

[0068] VARIOUS CHANGES AND MODIFICATIONS MAY BE MADE IN THE
APPARATUS AS DESCRIBED ABOVE. FOR EXAMPLE, AS WILL APPEAR
SUBSEQUENTLY, PLURAL CARBONIZATION CHAMBERS MAY BE OPERATED TIME
SEQUENCE FOR CONTINUOUS FEEDING OF CARBONIZED MATERIAL AND
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[00651 REACTIONS INSIDE THE GASIFIER 7 CAN BE EXPRESSED BY
MEANS OF SIMPLE CHEMICAL FORMULAS AS FOLLOWS. THE
BURNING REACTION IN THE H | GH- TEMPERATURE GASIFICATION
PART 8 INCLUDES REACTIONS EXPRESSED BY: (1) CO + 1/2 0, - CO,
AND (2) H, + 1/2 0, - H,0 WHILE THE GASIFYING REACTION INCLUDES
REACTIONS EXPRESSED BY (3)C + CO, - 2CO AND (4)C + H,0 - CO + H,

[QQ86IAFTHERET FHRREAG EIONS RESGRIBERPASABRVET G06kk, Hin THE

s EER CARRON, AND ASH MOV PRV THE o e St

ORTHEREAFIER BN THE ICAS REFORMERMTFHEREIGCCURS ASSHNCT
REACTIOMEXPRESSEREBY. (5):CQ £ih@+=ECO0a+ HNOOE7EASHER cAN BE

ACTION PROCEEDING K THE HigH YEMPLRATURE GASIFIATION

PART BEIFFRIRNED INTO MOLTEN SLAG, WHICH IS TAKEN OUT OF
TiHE0BOT TOM O FoRbiR GAS IEHERT TE 00 6840¢ARIOLS: CHANGES AND

ABOVE EOR EXAMPLE S WILL APPERR SUBSEQUANTLY PLURAL ™

CARBONIZATION CHAMBERSMANBE OPERATEDFINE- SEQUENCE
FOR GONTHYUQIH SHAE EDINER OF CARBOMZED MATERIAGRANICROON THE

CQAM?Q%E'%E E’E(&»%’f?é% %%Jﬁér HE@@EE’%&EH%H&%&@B&%@

GASIFIER, THE MPERATURE GASIFICATION PART AN
TﬁP@é&&%E F@%ﬁ%ﬁiﬁ%@%@&ﬁ%ﬁ%ﬁ@\%ﬁﬁm%@&w&ﬁ@éﬁ?S o Foe1Ls
WITHOBAGA DISTHNGT FRARTIEION THEREBE TWEEN. FORMDXAMRIEE, A

SINGEEFHAMBER GAN B AYSELBPRArBINGLE CHAMBER WITH A
RESTRICTION BETWEEN TWO PARTS CAN BE USED. [0069] IN ORDER

TEPEXAMINE N BROCESS FORGASTF VNG WOOD-BASER "ANS" T
WABTESBASERBIOMAS S\ (WH ICH MAX BE REFERREBR FOP®S HEAVY OIL

"WASEE R THEINYENTORS BAVE ERTABHIRER CALGHEATION Arch
INSTITUTE FOUNDATION (HEREINAFTER REFERRED TO MERELY AS THE
"FOUNDATION"), MUCH TIME IS SPENT IN PREPARING CALCULATION
LATTICES IN ORDER TO DERIVE DETAILED RESULTS OF VARIOUS
PERFORMANCES OF THE GASIFIER 7, SUCH AS PARTICLE BEHAVIOR,
PROPERTY OF GASES, DISTRIBUTION OF GAS TEMPERATURE, AND SO FORTH,
AND IT TAKES SEVERAL HOURS TO COMPUTE ONE CONDITION.
ACCORDINGLY, THE FOUNDATION HAS ESTABLISHED A CALCULATION
TECHNIQUE CAPABLE OF EASILY PREDICTING VARIOUS GASIFYING
PERFORMANCES, SUCH AS CARBON CONVERSION EFFICIENCY, COLD GAS
EFFICIENCY, GAS TEMPERATURE AND SO FORTH, ON THE BASIS OF
PROPERTIES OF FUEL SPECIES AS TARGETS, AND GASIFYING REACTION
RATES THEREOF TO ENABLE GASIFYING PROCESSES, OPTIMUM OPERATION
CONDITIONS, AND SO FORTH, TO BE REVIEWED WITH EASE. WITH THE
CALCULATION TECHNIQUE, RADIATION FROM THE FURNACE WALL OF THE
GASIFIER 7, PARTICLE BEHAVIOR, THE SHAPE OF THE GASIFIER 7, AND
SO FORTH ARE NOT TAKEN INTO ACCOUNT, AND IT IS POSSIBLE TO KEEP

21



TECHNIQUES FOR EASILY PREDICTING GASIFYING PERFORMANCE
ON THE BASIS OF THE PROPERTIES OF FUELS, AND GASIFYING
REACTION RATES, AND HAVE EXAMINED PROCESSES FOR
GASIFYING VARIOUS KINDS OF FUELS AND TARGET RANGES FOR
OPERATION CONDITIONS, INTENDED FOR HIGH-EFFICIENCY AND
STABLE OPERATION. [0070] WITH A TECHNIQUE FOR HIGH-PRECISION
glﬁﬂ\ﬂééel@?L{/@N/%ki‘ghA@, MR@E&%@%&%@%@%&%‘&I&P%& FUEL
CENTPRAL RESEARCH INSTITUTE FOUNDATION (HERENAFTER - ©F
REFERRED O MERELY ASAPHEY FFOUNDATION FAVRSCHATIMEAS PHASE
SRENT INPREPARING CALCULATION LATTICES IN ORDER TO DERIVE

7 0TS PARTICE BEAVIOR: PROBERTY OF GASES | 1+ DI L

DISTRIBUFTONIOFEGNS TEMPERATBHRE ANMESOTEORTHS ANDIFE FUEL
TAKES SEVERAL HRURS T GOMPETEONIZGONPIION.FROM PROPERTY

ACGRRANGY I FOUNDATON AR BSTASHER A . e

VARIDUSIGASIEYIRGT PERECRMANCES, FOEH REEARBOIW GAS DUE TO
CONYERSIONEREICIENGY: CQNDGAS: ERBIGIENCY, GASRTHER, IT WAS

TEMRERATUREAND: SQFQRTG QN THE BASISQfF &RQPEH éEc%QEGED

FUEL SPECIES AS TARGETS, AND GASIFYING REACTION
THEREOF' T ERABEE dA@?P?FNé%@%E%%@@%ﬁ%W\AGAS REacTION
omAﬂ@w GENDITI®NS, AND SO FORTH, TO BE REVIEWED WITH

Ed% 72 TH THE CALCULAHONTEEHNIQUG, %“DA'%TJ)Q%%B%R%ER

WALL OF THE GASIFIER 7, PARTICLE BEHAVIOR, TH
SHWEC@%RﬁﬁE EASIHIEFO R ANDE S FORTH AWE%@E?AREWN&@HIFT
ACCOUNERAND $TASH OSSIBHEOTO KEEP2] FRACK @FTHHEEXTENRI UM

TOMRKA T HEREAGTHONS QCEMBRINEIQTNELL GHARGED IN TR
THE GASIFIER 7 HAVE PROCEEDED AFTER THE ELAPSE OF TIME ON

THE'BASIS SPTGASIEYING REACTIONRATES, AND'EAS'PHASE 15 MAPE
REACTIORERATE. [BOPTRTHENCALCUDATION TECHNIQUEDASY THE BASIS

ESTABIHSHERHSBROADEY BESCRIBEDR HEREINAFTER. Id WAFounD
ASSUMED THAT, AS TO THE FUEL CHARGED INTO THE GASIFIER 7

FIXEDCARBON FOUNBFROM PROPERTY "EN 1T WAS TMPOSSTBLE TO

ATTAIN THE SHIFT EQUILIBRIUM STATE, O WAS COMBINED WITH C TO
FORM CO, AND FURTHER, WHEN O WAS INSUFFICIENT IN RELATION TO
C, USE WAS MADE OF O IN A GASIFYING AGENT. HYDROGEN WAS ASSUMED
TO BE H,.

[0073] THE INITIAL TEMPERATURE WAS DETERMINED ON THE BASIS
OF THE SENSIBLE HEATS OF THE FUEL, AND THE GASIFYING AGENT (AIR,
OXYGEN), RESPECTIVELY, AND THE HEATING VALUE OF THE VOLATILE
MATTER WHEN CONVERTED INTO CO, AND SO FORTH. AVERAGE SPECIFIC
HEAT CAPACITIES AT CONSTANT PRESSURE (CPI) OF VARIOUS GASES
WERE CALCULATED BY MAKING APPROXIMATIONS WITH A SIXTH ORDER
POLYNOMIAL FOR GAS TEMPERATURE, AS GIVEN BELOW.

[0074] THE FORMULA FOR KS IS:
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ANALYSIS VALUES IS COKE AS THE OBJECT FOR GASIFYING
REACTION AND VOLATILE MATTER IS INSTANTANEOUSLY TURNED
INTO GAS DUE TO PYROLYSIS AFTER CHARGED INTO THE GASIFIER
7. FURTHER, IT WAS ASSUMED THAT THE WATER CONTENT IN THE
FORM OF H,0 WAS CHARGED INTO THE GASIFIER 7 TO BE
ASSOCIATED WITH WATER GAS REACTION AND SHIFT REACTION.
[0072] IT IS ASSUMED THAT C, H, AND 0, AS VOLATILE MATTER, ARE
CHARGED IN THE FORM OF GAS, RESULTING BASICALLY IN A SHIFT
EQUILIBRIUM ETATE (Eer |k Ki20™ 02 + HEPBASED OGN THE
EQUILIBRIUM CONSTANTFTHE SHIFT: EQUILIBRIYM CONSTANT KS)
SHOWN IN THE FORMULA FOR KS GIVEN BELOW. HOWEVER, IF AN
ATTEMPT IS MADE TO DETERMINE PROPORTIONS OF CO, C02, H2,
AND H2010MRTHE BESISY OF THE PROPORTIONS OF C, H, AND 0 IN
THE FUEL, 0 IS FOUND INSUFFICIENT IN MOST CASES. THUS, WHEN
IT WAS IMPOSSIBLE TO ATTAIN THE SHIFT EQUILIBRIUM STATE, 0
WASTCOMBNED WITH ¢TO FORM Co AN FURTHER SWHEN 0 WAS
INSUFFICIENT IN RELATION TO C, USE WAS MADE OF 0 IN A
GASIFYING AGENT.- HYDRQGEN, WASASSHMED 1@ BE H2({00731 THE
INITIAL TEMPERATURE WAS DETERMINED ON THE BASIS OF THE
SENSIBLE HEATS OF THE FUEL, AND THE GASIFYING AGENT (AIR,
OXNGESN), RESRECTHVELY , (WNDFTHE HEATING ¥4 WEGE THECTIONS,

VOLAREE MALT ERWEHEN GRINYEREERINT QGOr ANR SQFORIELuNT,
AVERAGE SPECIFIC HEAT CAPACITIES AT CONSTANT PRESSURE

(CBH'ORVARIGUS SASES WERE CAYEULATED BY MAKRIEER TRACE
APFROMIFHTI ONS WOTH TR BIXTHIORBEROPOLYNOMIAL FOR GAS
TEMPERATURE, AS GIVEN BELOW. [0074] THE FORMULA FOR KS IS:
22 (6) KS 1C021 X [H21 ICOI X [H201 = 0.0265 X EXP (3956 )o'(T + 273))
WHERE T8is INCC THE POLYNSMIAL BY WHICH CPI IS
APPROXIMATED IS: (7) CPI = Al + BIT + CIT 2 +DIT' + EIT' + FIT' + GIT'

(9) Hy + 1/2 0, — H0
(10) CO + H,O — CO, + H;
(11) COp + H, — CO + HO
[0076] THE FOLLOWING TABLE 1SHOWS REACTION RATE CONSTANTS

USING CALCULATIONS OF RESPECTIVE GAS PHASE REACTIONS ("C.F."
REFERRING TO THE NUMBERED CHEMICAL FORMULAS ABOVE) .

TABLE 1

FORMUL | A B E(J/KMOL)
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[0075] INSIDE THE GASIFIER 7, FOUR GAS PHASE REACTIONS,
EXPRESSED BY THE FOLLOWING FORMULAS ARE TAKEN INTO
ACCOUNT, BUT REACTIONS CONCERNING METHANE, SULFUR, AND
OTHER TRACE COMPONENTS ARE NOT TAKEN INTO ACCOUNT. (8)
CO +1/2 02 - C02 (9) H2 + 1/2 02 - H20 (10) CO + H20 - C02 + H2 (11)
CO02 + H2 - CO + H20 [0076] THE FOLLOWING TABLE 1SHOWS

REACTION RATE CONSTANTS USING CACCUOLATIONS OF RESPECTIVE
GAS PHASE REACTIONY @& K, mﬁEFEP?RlN@r&rﬂﬁE NUMBERED

CHEMICAP FORMULAS A 1?ABLE11 AT L A B E(J/IKMOL) 23
82.2X1012d1.67X108 90. 682 11.68X 1 X10908 38 X 107
112.65 X 10-203.96 X 103N\ QDF(OI' 3% }OAQu:vu\l(‘

REACTION OF THE COKE, THREE REACTIONS, EXPRESSED BY
CHENHCAEFORMULABIE3 FAS 15Y GIVENBELOW OCAREH AKEN, INFTHBEE

ACGGRUNBNOR ABYSEING: REACTINR Al G ONSTANT S c MALUES, 0w,
MEASURED BY USE OF A THERMOBALANCE AND PDTF SUPER -HIGH

TEMPERATURE PRESSURIZED FUEL REACTION TEST FACILITYY O °
TH@IP:@@JMEAS‘W@MWEREB\DDWEMN@RAM@@R@@A@WM@JPER HIGH

REAGEEANTRAR Ep MOBIEHT AN Nt REACTION RAJE FQRMUIA, or THE

PRESSURE Ao EXPRESSED B ARRHENIUS EGUATION 12 WAS' *T°

ADOPFED A TABLE2RSHOWSNVALUE S GHECED AR BARKE XS /ANOUNT THE
EXEQEMECE OF CAGBERANGREACTHRES RAREE GONSPANISED TBES AN@NYNUS

LA TOR 12 WASS bR L DR E D SN RO O A Bl s

G FYING REACTION BECOMES RATE-LIMITING
HIARAZERMPERATOREBEEIGN REACTION RATE CONSTANTS IT IS KNOWN

FROM STUDIES THUS FAR CONDUCTED BY THE FOUNDATION THAT GASIFYING
REACTION BECOMES RATE-LIMITING IN A HIGH-TEMPERATURE REGION.
ACCORDINGLY, WITH RESPECT TO GASIFYING REACTION BY CO,; AS
EXPRESSED BY CHEMICAL FORMULA 14, RESPECTIVE GASIFYING REACTION
RATES IN LOW-TEMPERATURE AND HIGH-TEMPERATURE REGIONS, AS SHOWN
IN TABLE 2, ARE COMPARED WITH EACH OTHER, THEREBY ADOPTING
SMALLER VALUES. FURTHER, IT IS KNOWN THAT THE GASIFYING
REACTION BY H»O0, AS EXPRESSED BY CHEMICAL FORMULA 15, IS FASTER
THAN THE GASIFYING REACTION BY CO, FROM THE STUDIES THUS FAR
CONDUCTED BY THE FOUNDATION, AND IN THIS CASE, THE FORMER WAS
ASSUMED TO BE 1.5 TIMES AS FAST AS THE LATTER.

(12) DX/DT = A.P;"EXP (-Ea;/RT)

(13) CO + 1/2 0, — CO

(14) C + CO, — 2CO
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ACCORDINGLY, WITH RESPECT TO GASIFYING REACTION BY CO2 AS
EXPRESSED BY CHEMICAL FORMULA 14, RESPECTIVE GASIFYING
REACTION RATES IN LOW-TEMPERATURE AND HIGH-TEMPERATURE
REGIONS, AS SHOWN IN TABLE 2, ARE COMPARED WITH EACH
OTHER, THEREBY ADOPTING SMALLER VALUES. FURTHER, IT IS
KNOWN THAT THE GASIFYING REACTION BY H20, AS EXPRESSED BY
CHEMICAL.FORMULA 15, IS FASTER THAN THE GASIFYING REACTION
BY CO2 FROM THE STUDIES THUS FAR CONDUCTED BY THE
FOUNDATION, AND IN THIS CASE, THE FORMER WAS ASSUMED TO
BE 1.5 TIMES AS FAST AS THE LATA#R, (42) DX/DT = AOPINEXP

(_EAl/RT\ 12 CO 1+ 1/12 02 _CO (1A C + CO2 20024 (1ENC 4+ 20O _ CO
L) CU T T2 UZ T OO (17T T OUZ T Z2TU T (19T T IO T Y

() =)

+ H, TABLE 2 FORMULAAo0 N EA[J/KMGL] 133.53X106 0.68\[UA0Mi08]14

(LOW TEMP REGION)3.64 X 1060 049 2- {7X108 14 (HIGH TEMP,
REGION)2. 7 108 PHE GASIFI RS
ASSUM £D OF EERA RY S AL, AND
THE RATHS OF HEA T LOSS CALSHE BY BISSIPATION TS FHE

FURNACE WALL OF THE GASIFIER 7, WAS FOUND BY USE OF A

RELFoHPNSHIR BE EVEENGAD TEMRERAEPREALET EQEHbEEOEr A
THE GASIFIER 7, AND A RATIO OF HEAT LOSS TO HEAT INPUT

QUARIHFY O8N TN APHE X P RES SIIN BEF OWAEOUND WHERED BY
GASIFICATTONTES TSID N GHAER JESIO NFANEERES] DUAR OlL VWAEREOUND

CONDUETED A RETHE MNRYY: 5P BEHRSHN QUKD e L GASHE GATION cutLET
RESEARCH_FURNACE OF THE EOUNDATION. AT A TEMPERATURE,

BELOW'I370C, THE FIRST EXPRESSION, DERIVED FROM THE ~
GABIFICATIONSTESTS ON HHE XOHE EMON SIONWAS WSEDWILE THE

SECGOND EXPRESSION; REROYEDRROMoN HintASK1S4ION 1T EFRS

e I O e
FURNACE OF THE FOUNDATION. AT A TEMPERATURE BELOW 1370°C, THE
FIRST EXPRESSION, DERIVED FROM THE GASIFICATION TESTS ON THE
OIL EMULSION WAS USED WHILE THE SECOND EXPRESSION, DERIVED FROM
THE GASIFICATION TESTS ON THE RESIDUAL OIL WAS USED AT
TEMPERATURES AT AND ABOVE 1370°C. THE RATIO OF HEAT LOSS WAS
DETERMINED ON THE BASIS OF THE OUTLET TEMPERATURE OF THE
GASIFIER 7, AND, FROM THOSE EXPRESSIONS, AND FURTHER,
CORRECTION WAS MADE BY TAKING INTO ACCOUNT THE RATIO OF THE
WALL SURFACE AREA OF THE GASIFIER 7 TO THE HEAT INPUT QUANTITY.
AS A RESULT, THE EFFECT OF SCALING UP THE GASIFIER 7 CAN BE
TAKEN INTO ACCOUNT.

[0078] AT A TEMPERATURE BELOW 1370°C:
THE RATTIO OF HEAT LOSS (%) = 3.7666 X 10 °* X GASIFIER OUTLET
TEMPERATURE (°C)19-83¢

[0079] AT A TEMPERATURE NOT LOWER THAN 1370°C:
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DETERMINED ON THE BASIS OF THE OUTLET TEMPERATURE OF THE
GASIFIER 7, AND, FROM THOSE EXPRESSIONS, AND FURTHER,
CORRECTION WAS MADE BY TAKING INTO ACCOUNT THE RATIO OF
THE WALL SURFACE AREA OF THE GASIFIER 7 TO THE HEAT INPUT
QUANTITY. AS A RESULT, THE EFFECT OF SCALING UP THE
GASIFIER 7 CAN BE TAKEN INTO ACCOUNT. [0078] AT A

)T<El'\g ZERﬁEUﬁ%FEb@\S/EAW%‘Ts STl\l/lﬂg) RA?@.@F KEAT k%%ﬁ%@ﬁ%?f@%
o SREPUE TR L
LOSS (%) EMP BRITTRRED-5°%X GASIIER OUTLET TEMPERATURE (C)2 +
9.545 X 10-2 X GASIFIER OUTLET TEMPERATURE (C) - 71.35 [0080] IN

reRITRAUE. COMPARISON THEREDF WiTH RESULTS OF TR V1T 10"

GASIFICATION CPERTS ON THERDRFEMUOESICNICONDUET EDBY THRE ION
FORMNDATIONHYAS IMARE. sk, 2 SHOWS COMPARISOOUATEST, was

N

FURNATE, AWWHEN PHERBABIFYING REACTIONO IMATHR PESTIWASECONDS
DETERMINGD NEARLY GOMBLEER: FOR IHE REACTION RATR:»c11on

CONSTANTS, VALUES MEASURED AT THE PDTF OF THE FOUNDATION
WERE ADOBTEB BBV FIG 2 RETE VARIGUS GASIEY (NG FEACTION
PERFA®ORMABICES OFVGENERATEIRGAS HEAT INGIY AMUEHEH\JUNDATION
HIGEHER HEATING VALUE), CARBON CONVERSION EFFICIENCY (CCE),

AND COLD GAS EFFICIENCY (CGE), THE TEST VALUES AND
cAlRIBEATION VAT UESWERE FOUND 10 BE N * SUBS TARTIRIANCES OF
AGREEMENT YT HIBACH:OTHER (AISLIGHTHDIFFERENCEAWAS, CARBON

FOUNPRETWEEN THERESREC|VERBQRER THES @FMARIQUS (car),
GASES. HOWEVER, SINCE THE CONCENTRATION OF CO COMBINE

D
WITEP HE WHIRHUARE EOMBUETIBLE COMPONERTS, SUBSTANTALLY
AGREESAWITHLTHAREDFENTHE TMESTAZAL DB BOTH FHE VALUBSHBERFRHEE

CQlL GASEFEICIENG Y HE RESPECTIVE PROPERTIES OF VARIOUS GASES.
HOWEVER, SINCE THE CONCENTRATION OF CO COMBINED WITH H,, WHICH
ARE COMBUSTIBLE COMPONENTS, SUBSTANTIALLY AGREES WITH THAT OF
THE TEST VALUE, BOTH THE VALUES OF THE COLD GAS EFFICIENCY
SUBSTANTIALLY AGREE WITH EACH OTHER. THAT IS PRESUMABLY BECAUSE
MOST OF THE C IN VOLATILE MATTER OF THE FUEL IS ASSUMED TO TURN
INTO CO IMMEDIATELY AFTER BEING CHARGED INTO THE GASIFIER 7,
SO THAT CO CONCENTRATION IS CALCULATED AT A SOMEWHAT HIGHER
VALUE .
[0082] IT HAS TURNED OUT THAT CO IS CALCULATED AT A SOMEWHAT
HIGHER VALUE IN CONCENTRATION, AS DESCRIBED ABOVE, AND OTHER
COMPONENTS ARE CALCULATED AT SOMEWHAT LOWER VALUE, BUT THE
CARBON CONVERSION EFFICIENCY INDICATING GASIFICATION
EFFICIENCY, AND THE COLD GAS EFFICIENCY, WILL BE AT SATISFACTORY
VALUES FROM THE VIEWPOINT OF PREDICTING GASIFYING PERFORMANCE.
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SUBSTANTIALLY AGREE WITH EACH OTHER. THAT IS PRESUMABLY
BECAUSE MOST OF THE C IN VOLATILE MATTER OF THE FUEL IS
ASSUMED TO TURN INTO CO IMMEDIATELY AFTER BEING CHARGED
INTO THE GASIFIER 7, SO THAT CO CONCENTRATION IS
CALCULATED AT A SOMEWHAT HIGHER VALUE. [0082] IT HAS
TURNED OUT THAT CO IS CALCULATED AT A SOMEWHAT HIGHER

VALl Y CONCERIRAEION, 4 BESGRIBER ARQYE ANDRHIER1E oF
COMPONENTS ARE CALCULATED AT SOMEWHAT LOWER VALUE, BUT

THE QRRBAN CORVEREION EFFEIERE YV INDICRTING GASIRICATON
EFRCENECY. ANDEFTHEIQULD SAS HFEICIENOY, WINLBE IKXWING,
SATASFAGTQR YA MAKSESIFROMSEHE VIEWROMNE OF PREDIGTING
GASIFYING PERFORMANCE. 26 [0083] A PROCESS OF GASIFYING
CEDAR CHIPS AS AN EXAMPLE OF BIOMASS AT A HIGH EFFICIENCY
WAS REVIBWENBYRUSRORTHEECAI CBLATIONTFECHNIQUES ARSI URE
ESTABLISHEDT N REMIEMIN G o RARTHEH LARATIHENTH ONOVAS RAIPrAGE

THE HIGH TEMPERATORE GASIFICATION DRRT (COMBUSTOR) BN

THE CASE CERATWOISTAGE TVPE BASIEEERYAN, 6 BECCONSIYERED
FROM THEWAEWEROINT. 1Q FANEATIRESISTANCEMNOTIHIGHE RCHANWER
2000C) OF;, THE G@MBUSTOR WALL, AND DISCHARGE OF MOLTEN

ASH (NOT LOWER THAN 1600C) GAS TEMPERATURE AT THE OUTLET
OF THE GASIFIER 7 ... TO BE CONSIDERED FROM THE VIEWPOINT

OF TAR GENERSHON (RO R TLONERTHAN dA00G) THEICARBON . . TO

CONVERSIONERDEAENGY on: TR:BECANSIRERER \RROMAAE 0N (NoT
VIEWPOINT OF HIGH EFFICIENCY UTILIZATION OF THE FUEL

WITHOUTRREEYELING BACILITY (NOT LESS THAN 99.5%: THE COLD
GAS EFFICIENCY AT NOT LESS THAN 75) [0084] TABLE 3 SHOWS THE

PROPERHHE S-@kpbHECFRAR O IR3 MeERNHOR REVIEVWSBEGAISERED
THE ASH CONTENT IN THE CEDAR CHIPS IS IN. A TRACE AMOUNT

(0.09%), IT WAS'ASSUMED THAT THE'ASH WAS"C* VT T EaATION OF THE

FUEL WITHOUT A RECYCLING FACILITY (NOT LESS THAN 99.5%:
THE COLD GAS EFFICIENCY AT NOT LESS THAN 75)

[0084] TABLE 3 SHOWS THE PROPERTIES OF THE CEDAR CHIPS USED
FOR REVIEW. BECAUSE THE ASH CONTENT IN THE CEDAR CHIPS IS IN
A TRACE AMOUNT (0.09%), IT WAS ASSUMED THAT THE ASH WAS
DISCHARGED AS FLY ASH DOWNSTREAM INSTEAD OF BEING SLAGGED AND
MOLTEN INSIDE THE GASIFIER 7 FOR SUBSEQUENT DISCHARGE. FOR
THE GASIFYING REACTION RATE CONSTANTS, USE WAS MADE OF THE
VALUES FOR CEDAR BARKS AS SHOWN IN TABLE 2.

TABLE 3

C H 0 N S CL FIXED CARBON ASH
WATER

30.45 3.71 25.68 0.06 0.01 <0.01 6.07 0.09 40
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DISCHARGED AS FLY ASH DOWNSTREAM INSTEAD OF BEING
SLAGGED AND MOLTEN INSIDE THE GASIFIER 7 FOR SUBSEQUENT
DISCHARGE. FOR THE GASIFYING REACTION RATE CONSTANTS,
USE WAS MADE OF THE VALUES FOR CEDAR BARKS AS SHOWN IN
TABLE 2. TABLE3 CHON S CL FIXED CARBON ASH WATER 30.45 3.71
25.68 0.06 0.01 <o0.0l 6.07 0.09 40 27 (* ASSUMED MELTING POINT OF

ASH:1600G)MENETARE ENHRANERILOVW PROCESS [0085] FIRST,
WITH RESPECT TO A ONE-STAGE ENTRAINED FLOW PROCESS

USING A SIMPLE CONSTRUCTION, THE OPTIMUM OPERATION
CONBIHONWASIREVWENWEDPIN THECASES OF OXYGEN-BLOWN AND

AIRGgBYVN TYREST RESPEGHYEO: ACQNENEIONWASISRWGHD Frow
UNDER WHICH TEMPERATURE AT THE QOUTLET OF THE GASIFIER IS

NGT LOWER “THAN'1100C 1N ORDERTO BETER FORMATION OF TAR,
ANEYNHE CARBEN FEONVER SION EFFISHENCF |SNOTLESSTHAND
99 5% FROM: THE MEWREINTT OF HIGH GASIFCATON £ RIGIENC YnDER

CONBITION: PAESSORE INSIDE THE GRSIFIERAS ATMOSARERIE™

PREBSURE( ANBDGESFHER CAPAR ITYRWAS RO FT/BARETER THON FAREON
IN SIE HiHE GASIF IFERAMNWAS ABQUITLE SECONDS WEENONHEE VIEWPOINT

GARIEYINGREAG LIQNIN G TR WA, DR EERMINED NEARIED ynper

COMPLETED. OXYGEN-BLOWN TYPE ONE-STAGE ENTRAINED FLOW
PROEESS f0U88F1E8'3 AND 4- SHOW RESULTS OF THE REVIEW WITH
THE OXYGEN-BLOWN TYPE. AS OXYGEN FED FROM AN OXYGEN

PRODUGHONMNIT dSEENERALE Yr9230 I CQNEN IRATION AT Ay,
ASSUMED THAT OXYGEN_ CONCENTRATION IN THE GASIFYING

AGENTWAS 85894 LARDTFRAT-THE'5% 'BALANCE WAS NITROGEN. THE
INPUT TEMPERATURE OF THE GASIFYING AGENT WAS 50C. IT WAS

PREDIGHzRATROMGAL GUEATEONRESMEES R HAY ABoUT 5 SECONDS WHEN
THE GASIFYING REACTION IN THE TEST WAS DETERMINED NEARLY
COMPLETED.

OXYGEN-BLOWN TYPE ONE-STAGE ENTRAINED FLOW PROCESS

[0086] FIGS. 3 AND 4 SHOW RESULTS OF THE REVIEW WITH THE
OXYGEN-BLOWN TYPE. AS OXYGEN FED FROM AN OXYGEN PRODUCTION UNIT
IS GENERALLY 95% IN CONCENTRATION, IT WAS ASSUMED THAT OXYGEN
CONCENTRATION IN THE GASIFYING AGENT WAS 95%, AND THAT THE 5%
BALANCE WAS NITROGEN. THE INPUT TEMPERATURE OF THE GASIFYING
AGENT WAS 50°C. IT WAS PREDICTED FROM CALCULATION RESULTS THAT
HIGH EFFICIENCY OPERATION WITH THE CARBON CONVERSION EFFICIENCY
AT NOT LESS THAN 99.5% WAS FEASIBLE IN AN OXYGEN RATIO RANGE
EXCEEDING 0.58. 1IN GENERAL, BIOMASS IS HIGH IN O CONTENT OF
FUEL, SO THAT THE HEATING VALUE THEREOF IS LOW AS COMPARED WITH
FOSSIL FUEL. CONSEQUENTLY, CALCULATION SHOWED THAT OPERATION
AT A HIGH OXYGEN RATIO EXCEEDING 0.58 WAS REQUIRED IN SPITE OF
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HIGH EFFICIENCY OPERATION WITH THE CARBON CONVERSION
EFFICIENCY AT NOT LESS THAN 99.5% WAS FEASIBLE IN AN OXYGEN
RATIO RANGE EXCEEDING 0.58. IN GENERAL, BIOMASS ISHIGH IN O
CONTENT OF FUEL, SO THAT THE HEATING VALUE THEREOF IS LOW
AS COMPARED WITH FOSSIL FUEL. CONSEQUENTLY, CALCULATION
SHOWED THAT OPERATION AT A HIGH OXYGEN RATIO EXCEEDING

02&EWASREQUIRED 108 PHERFEZS T k@ XMEmN-BLOWN BYRE N THE

INSIOE THE GASTHIER 7 KEPT SOPFICIENTLY HIGH IN TS ORSE,

THELEOUDIGASHEFFCIENGY, AS ANOTHER INDEYOFERIGHPEX OF HIGH
EERICHENGYY ORERATION, WHAS £58.9%, AND THE GRNERAPEENGASATING

mﬁo%%p%ﬁ@z&@&b%@ @2@%&%\/\% gééégl ?0387]

FIG. 5 SHOWS RESULTS OF THE CALCULATION OF THE CARBON
CONVERSION EFF IGHENG Y CANDI GAS NEMPERATRRE AT THE OUTLET
OF T GASIFIER IN THE, CASE,OF THE AR BLOWNTYRE THE AR
INPUT MPERATURE WAS 250C. IN COMPARISON WITH THE CASE
OF-PNERSX VG ENIBLOWNTTY PED BEOPHTFMEFCARBON'CONNVERSION OF
EFEIEIENCY, AND NGAS: TEMP ERATIUREIENRIERG @ DETERIORATHOMN PN T
ORERATIONAT THE SAME. OXYGEN BATIOREG AUSE THEAWOHNT,
OF NITROGEN INCREASES BY ABOUT 70 TIMES (PERCENTAG
NIPREGENERPTIE GASIEY INGTRE ERTE8Y “ONGoy YO ﬁEﬁ&?@QQTAND
THE SAMEPEXYIGEN RWHKECONSEQURENTOLY INTOAMFS FOUN{D THE SAME

IMBRZRIBRE T AL AN A LARRANG ANUERRIGMERIGIENEY 5N apouT
EXCESS OF 99%, EVEN WITH THE OXYGEN RATIO AT 0.80

THEREFSRE, (TFWAS BEEMED DIRRIEUL T TOEXEEUTE AIR-BEBWN °*
GASIFICATIONOMTEHTTHE ONEASTAGE ENTRAINED Fh OWPROCESS LY,

CONDUCTED N K PROCESS INWHEH INOHOER 10 LARS 1¢12e*
BIOMASSERHAVING A HIGH WATERIC OKTENTRBEFORE BENG THEREF ORE,
CHARGEDOINTOT i EASIFER 7 THE FUELAMAS RECOMPOSEROB Y Arx

INTE" TAE CARBONIZED MATERIAL 4. COMPOSED MAINLY OF FIXED

CARBON,
CARBONIZING-GASIFYING PROCESS
[0088] A REVIEW WAS CONDUCTED ON A PROCESS IN WHICH, IN ORDER

TO GASIFY BIOMASS HAVING A HIGH WATER CONTENT BEFORE BEING
CHARGED INTO THE GASIFIER 7, THE FUEL WAS DECOMPOSED, BY A
PRETREATMENT PROCESS INSIDE THE CARBONIZATION CHAMBER 2, INTO
THE CARBONIZED MATERIAL 4, COMPOSED MAINLY OF FIXED CARBON,
VOLATILE PYROLYSIS GAS 3 CONTAINING WATER, AND VOLATILE MATTER
IN THE FUEL.
[0089] THE BIOMASS FUEL IS FED TO THE CARBONIZATION CHAMBER
2, AND IS CARBONIZED AT 600°C FOR A SUFFICIENT LENGTH OF TIME.
FOR CARBONIZATION, USE CAN BE MADE OF HIGH-TEMPERATURE EXHAUST
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VOLATILE PYROLYSIS GAS 3 CONTAINING WATER, AND VOLATILE
MATTER IN THE FUEL. [0089] THE BIOMASS FUEL IS FED TO THE
CARBONIZATION CHAMBER 2, AND IS CARBONIZED AT 600C FOR A
SUFFICIENT LENGTH OF TIME. FOR CARBONIZATION, USE CAN BE
MADE OF HIGH-TEMPERATURE EXHAUST 29 GAS FROM A PROCESS
DOWNSTREAM OF THE GASIFIER 7. THE WATER CONTENT, AND

VOLATIEMAT BRBARE BES&EAREEDRD OULOEAHE URPER PARTQER

AFTER SUFFIGIENT CAHBONZATION: THE CARRONIZE MATERIAL A"

CONTRAININGHAXEIRBCARBONASH, AND A LITTLE VOLATILE MATTER,
IS DI2@HARS LD HFROM ARAENGARBON)ZATION-CEHAMBER 21 EkiUS, THE

3 INTHE CARBONIZATION” CHMMBER'S' ARE FED 10 THE GASIEICK 7

VIABIFFERERT PATHS. ITHERE YSTPHEINEED TS REVIEWHBWCEFD FROM
FEED THRGASHER Y WIRMBTR E2 CARBONIZED MAREBIAL 2bANDY AR L

PYROLY SIs-GAR S N QRPER g%BLQFITL'%RM&E g, H%NOOREE NN o 1ZATION

OPERATION CONDITIONS FOR GASIFICATION. 0090] IN REVIEW
THE'OFFiMUM PROEESS VLA THEZATIEN ' CHARACFERISTICS BF - -
CEDARECHP SWEREMEASUREDITODETERMINEITO WWHATIEXTENTTH

VOLATILEMANTTER IMTiHE GERARGCHIES WRULR UNDERSQY orprr TO
VOLATILIZATION. AS A RESULT, IT WAS DETERMINED THAT 92.6% OF

THEVBTATEE MaTTER WAS VBLATHIZED AT 665C. AECORDINGL VY-
IT WASUSSUMEDREMATWTHE CARBONIZED MATERIALVOCONTAMNEDON

7 A%0nRF T YOLAT b= MALRERGIN AQREHQN A QO REKERCARBRIN AN o
ASH. ONE-STAGE CHARGE PROCESS kOOQl FIRST, A REVIEW

WAS
CONBUCTED ON PHE ONEISTABE HARGE "PROCESSIN'WIHICENPERCO
BOTHAHE CARBONIZED MAFERIAL 4, TANBSTHE BRO LTI EHAYROL ¥ S| SF

GA:8, AERARA BR INsEHRCARBQNIZATIONA CHAMBER 2, ABRD 1NGLY,
CHARGED INTO THE HIGH-TEMPERATURE GASIFICATION PART 8

ONLY. IR THIS"CASE, REVIEW WAS CONDUCTED ON THECEFFICTENCY
OFOR GASIFIER NLGNEAEXTL UDINGPTAECUARBORIZATROREON AND ASH.

ONE-STAGE CHARGE PROCESS

[0091] FIRST, A REVIEW WAS CONDUCTED ON THE ONE-STAGE CHARGE
PROCESS IN WHICH BOTH THE CARBONIZED MATERIAL 4, AND THE
VOLATILE PYROLYSIS GAS 3, SEPARATED IN THE CARBONIZATION
CHAMBER 2, ARE CHARGED INTO THE HIGH-TEMPERATURE GASIFICATION
PART 8 ONLY. 1IN THIS CASE, REVIEW WAS CONDUCTED ON THE
EFFICIENCY OF A GASIFIER ALONE EXCLUDING THE CARBONIZATION
CHAMBER 2. AS WITH THE CASE OF REVIEWING THE ONE-STAGE,
ENTRAINED FLOW, GASIFIER, THE REVIEW WAS CONDUCTED UNDER
CONDITIONS THAT THE PRESSURE INSIDE THE GASIFIER WAS
ATMOSPHERIC PRESSURE, THE GASIFIER CAPACITY WAS 100 T / D, THE
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CHAMBER 2. AS WITH THE CASE OF REVIEWING THE ONE-STAGE,
ENTRAINED FLOW, GASIFIER, THE REVIEW WAS CONDUCTED UNDER
CONDITIONS THAT THE PRESSURE INSIDE THE GASIFIER WAS
ATMOSPHERIC PRESSURE, THE GASIFIER CAPACITY WAS 100 T/ D,
THE 30 RETENTION TIME INSIDE THE GASIFIER WAS 5 SECONDS, AND
THE OXYGEN CONCENTRATION IN THE GASIFYING AGENT WAS 95%.

FIGETHANBN/T SHOWRES Wi & Q2 CARGHISAT KON IRR9ZMN THIS oxveEN

BIOMKSS FULL 1 WAS SBRIECTED TO BRETREATIENT IV FHE® 20 7

CARBONIZATION CHARMBERZL KND GAS TEMPERATURE INSIDE THE

GARIdR 7 RQREMYE TsEACKOF LATENEIEAL BREAMSE TEcoo°C
WATER CONTENT WAS FED AS VAPOR, SO THAT THE GA ||:Y|Nib}N

PERFORMANCES, SUCH AS THE AR B RS
COLHD GASFERFIENTYCHANEFS 2F ORTHEARE ENHANGED ONSTRE THE
BASISIOFFFHE SAME QXYEENRATIO i COMPARISONWITH THE waTer

T WASEOUND FRON CALCOLATION FRAT THE GARBON i CEe,

CONVERSIONEFFEIENCYWAS AT NOTLESS THAN-995% HRFACTENCY,
RANGE OFJrtE  OXMGEN RAEOEXCEERNNG @R 77 ANELTEIBCQED rRATTO

G% EFRIARNCOG AJT PEATL E IMEWAS AT ARIGHWALIEIN EXGE B OF

% 0093] NEXT, REVIEW WAS CONDUCTED WITH THE AIR-BLOWN
FEOR COMBARISBN WITH FAE'CASE'GR FREORE-STAMSECN THAT
EW}R:ANEBQ@L@WV@AS]EERFNE AIRINPUT TEMPERATHREMIAS? . 5%

250f- K1@REANP AipHVGERRRESIELSIRP GALEULATION. A%:INorp
THE CASE OF THE OXYGEN-BLOWN TYPE, THE RISE IN GAS

TENMPERATURE INSIDE THE GRSIFIER 715 ACCOMPANIED By XCESS OF
ENHANCEMENT IN CARBON CONVERSION EFFICIENCY, AND COLD

CARESHICIENGY AN QPERATIRN, %RJ&%@AMET@MEGE&RMMA%%
COMPARED WITH THE ONE-STAGE, ENTRAINED FLOW, GASIFIE

THEREEVERHBENG RIBHEEFGENEY BEE%@@%R@NT\M%WD@%OW
AIRBIOWN TYRE. CELCURATIONRESUURS SHOWED THAT HIGH 8 AND

EFGIGIENCY: O RERATONo WERT HEGARBON CONVIERSIRN: oF THE

EFEICIENCY
OXYGEN-BLOWN TYPE, THE RISE IN GAS TEMPERATURE INSIDE THE

GASIFIER 7 IS ACCOMPANIED BY ENHANCEMENT IN CARBON CONVERSION
EFFICIENCY, AND COLD GAS EFFICIENCY IN OPERATION, AT THE SAME
OXYGEN RATIO AS COMPARED WITH THE ONE-STAGE, ENTRAINED FLOW,
GASIFIER, THEREBY ENABLING HIGH EFFICIENCY OPERATION EVEN WITH
THE AIR-BLOWN TYPE. CALCULATION RESULTS SHOWED THAT HIGH
EFFICIENCY OPERATION, WITH THE CARBON CONVERSION EFFICIENCY
AT NOT LESS THAN 99.5%, WAS FEASIBLE WITH AN OXYGEN RATIO NOT
LESS THAN 0.43. HOWEVER, THE COLD GAS EFFICIENCY IN THIS CASE
WAS 67.8%, AND THE GENERATED GAS HEATING VALUE BECAME AS LOW
AS ABOUT 840 KCAL / M’ N.

TWO-STAGE CHARGE PROCESS
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AT NOT LESS THAN 99.5%, WAS FEASIBLE WITH AN OXYGEN RATIO
NOT LESS THAN 0.43. HOWEVER, THE COLD GAS EFFICIENCY IN THIS
CASE WAS 67.8%, AND THE GENERATED GAS HEATING VALUE
BECAME AS LOW AS ABOUT 840 KCAL / M3 N. TWO-STAGE CHARGE
PROCESS 31 [ 00941 NEXT, A REVIEW WAS CONDUCTED ON THE
TWO-STAGE CHARGE PROCESS IN WHICH THE CARBONIZED

MABRRBIAL 4 SERARAT EBIN:THE CARBONZA BPNEHAMBER @dl e narce
CHARGED INTO THE HIGH-TEMPERATURE GASIFICATION PART 8

ANDBTHE VOPATILE PYROLYSIEEASS |S'CHARGED IRTOTHE GASTHE
REFORMERAREDUCTORST. THE GASKEYINGYAGENT SIWAS TEHNRGERE

INERSTHEAKGHnTEMP ERANSREGSASIFIGAT IONFART 8 2NLY 15 cHARGED
WHEREUPON A HIGH TEMP&EATURE COMBUSTION ZONE WAS

FORMED N THE "HIGH: TEMPERATURE GASIFICATION PART 8 DUETE™
REXGTION TARINGHPLUACE BETWEERTRESCARBONIZED REATERIANGY,
ANBTKHD GASIFYING AGENT 5y WHILEFTHEIGAS REFORMINGED v THE

INTHE CAS HEFORMER 8 DUE 7 WATER CONTENT AN VOLATIE ™

MATPER BHARBED NS PHE GAS'REFORMERMYPHES CADIANDIE1ACENT
SHOWRESUITESCAE EALGIMIATIQD CTHENREIE NAYEN MAVE WAS SEATFT

TORRECONDR NI His Hil:Ckk J RMRRRA YRE GASIRIGARI QN rexT

PART 8, AND TO 1 SECOND INSIDE THE GAS REFORMER 9. IN THIS
CASE, YPWAS-BEEMEE DIERFEGET 8 EXEEUTE CRYSENBLOWNCS -
OPERATION FER/ HEEROELOWING REASONS. FHRSTTHHEION TIME WAS

HIGER TRMPERANIRE GASIFIGAT IONPARIE AR HARNER INTQ TR parT
HIGH TEMPERATURE COMBUSTION ZONE AT A TEMPERATURE IN

EXCE S8 0F30005C 8B CORBLY - ThHE GUANTTFORTHE VoL AT EA5®
GAS FED FREWE T HEKEARBONTZATXON THAMBER-21SHNMARBERNJYION FOR

RELAT N, 116 TitE R QWARATE Qs 6AS ITRQMs HIHEMPERATURE
HIGH-TEMPERATURE GASIFICATION PART 8 TO THE GAS REFORMER

9, AND A'RAPID DROP IN TEMPERATURE OCCURSINSIDE THE GAS
REFORMEROY, ZIHEREBY RERDERING 1T IMPOSSBLETPO KEESETHEDLY,

TEMRERANIREADF THE QTR T1RFHHEGASHRIER Ak AchRY &l 1@kTADN

LEAST,A1000C, ACCORDINGLY, THE REYIEM WAS, CONBUCTED ONLY,
THE HIGH-TEMPERATURE GASIFICATION PART 8 TO THE GAS REFORMER
9, AND A RAPID DROP IN TEMPERATURE OCCURS INSIDE THE GAS REFORMER
9, THEREBY RENDERING IT IMPOSSIBLE TO KEEP THE TEMPERATURE AT
THE OUTLET OF THE GASIFIER AT A LEVEL OF AT LEAST 1100°C.
ACCORDINGLY, THE REVIEW WAS CONDUCTED ONLY ON THE CASE OF THE
AIR-BLOWN TYPE.
[0095] IT WAS EXPECTED FROM FIGS. 10 AND 11 THAT HIGH
EFFICIENCY OPERATION WITH A CARBON CONVERSION EFFICIENCY NOT
LESS THAN 99.5% WAS ALREADY FEASIBLE IN OPERATION WITH AN
ULTRA-LOW OXYGEN RATIO AT 0.14. AT THIS POINT IN TIME, THE
OXYGEN RATIO OF THE HIGH-TEMPERATURE GASIFICATION PART 8 ALONE
WAS 0.56. HOWEVER, THE TEMPERATURE AT THE OUTLET OF THE GASIFIER
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AIR-BLOWN TYPE. [0095] IT WAS EXPECTED FROM FIGS. 10 AND 11
THAT HIGH EFFICIENCY OPERATION WITH A CARBON CONVERSION
EFFICIENCY NOT LESS THAN 99.5% WAS ALREADY FEASIBLE IN
OPERATION WITH AN ULTRA-LOW OXYGEN RATIO AT 0.14. AT THIS
POINT IN TIME, THE OXYGEN RATIO OF THE H | GH- TEMPERATURE

CARIEIGATIPN B ART BALGNE WARE. R6. MAWEVERRIHES a concern
TEMPERATURE AT THE OUTLET OF THE GASIFIER 32 WAS ABOUT

9007 A TEMPERATURE KF wHIEA THERE WAS A'CONTERR® ABOUT
FORNIATION OF AR SMEAR VWEHEFFHE TEMPERATURE NGFHEATIO AT

OWTLET @il Hr GASHIERIREACHES: 110906 MBHH AN QXY GEN: RATIR T
AT_0.20. AND, AT THIS POINT IN TIME, THE TEMPEgr%LﬁJRE AT THE
|

OUFLET"OF THE M1 GH: TEMPERATURE GASIFICATION PART BWAS »7
CALLUEATEDATHIZ0006, PRRSETHID \FASRBEENED TO REPRESERF /SR

INQRERABLEDOXMGEMNHRATIO GENDIHHONYWAREN SHETHEADRNACE WALL
RESIS TH ACE WALL IS TAKEN INTO ACCOUNT.

[O%] %@%@ﬁ&% E{]ANTION THE TEMPERATURE AT THE OUTLET
OFLPAESHIGH-TEMPERA FURE BASIRIC ATO NIRRT (SEXPEGTED TO T
EXGEEEDR200Q0C AlA P0G BN KA O1bh ANRr AT THAKTIMERT Hi

BELOW 11000C, THE TEVPERATORE REGARDED ASA GUIDE FOR

STABEEROPERATICRETIWATH S BECAUSES INTRELATION 7O THE HLO/OW
RATER Ofc , THEEGASEROMURAERA ¢ (&ide T EMPERATURE GASIFAEAT ION

PARERATABOUL, 2300 M3 Nit, g SERA O EpE O AR o

GAS FED FROM THE CARBONIZATION CHAMBER 2TO' T
REFORWMER 898 ABOUT 5206 " SN EQUIVALENT %%@Z\F@L?Tz ApOUT
TIMESIAS’ MUEH ASETHEORORMER)FSOHTHAT. THE. T EMBERAT BREIOFE

THE A% FROM T HE Ik TEMRERATURE GASINEATION RART-8.94b¢
ABQUT 20000C, IS RAPIDLY LOWERED. ACCORDINGLY IT WAS

DE“EME’E? DIFFIEGLTND HAPEEMENT STABES GPENATION WITHTHER
PROCESS WHEN THE TENMRERATURE A4S THEOUTEEN GF TEMPERATURE

HIGKs TEMRERAT BRETGASIFCATIGN PARI8, AND dAtEpry 10wERED.

TEMPERATURE AT THE QUTLET OF THE GASIFIER 7 ARE TAKEN INTO
ACCORDINGLY IT WAS DEEMED DIFFICULT TO IMPLEMENT STABL

OPERATION WITH THIS PROCESS WHEN THE TEMPERATURE AT THE OUTLET
OF THE HIGH-TEMPERATURE GASIFICATION PART 8, AND THE
TEMPERATURE AT THE OUTLET OF THE GASIFIER 7 ARE TAKEN INTO
ACCOUNT.

PROCESS OF AIR CHARGE TO THE GAS REFORMER (REDUCTOR)

[0097] WITH THE TWO-STAGE CHARGE PROCESS, HIGH CARBON
CONVERSION EFFICIENCY IS OBTAINABLE IN OPERATION AT A LOW OXYGEN
RATIO IN COMPARISON WITH THE ONE-STAGE, ENTRAINED FLOW, PROCESS
AND THE ONE-STEP CHARGE PROCESS, SO THAT THE TWO-STAGE CHARGE
PROCESS IS CONSIDERED TO BE AN EFFECTIVE PROCESS WHEN HIGH
EFFICIENCY OPERATION IS DESIRED. ACCORDINGLY, A REVIEW WAS
CONDUCTED ON A PROCESS IN WHICH AIR 6 IS CHARGED INTO THE GAS
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ACCOUNT. PROCESS OF AIR CHARGE TO THE GAS REFORMER
(REDUCTOR) [00971 WITH THE TWO-STAGE CHARGE PROCESS, HIGH
CARBON CONVERSION EFFICIENCY IS OBTAINABLE IN OPERATION
AT A LOW OXYGEN RATIO IN COMPARISON WITH THE ONE-STAGE,
ENTRAINED FLOW, PROCESS AND THE ONE-STEP CHARGE
PROCESS, SO THAT THE TWO-STAGE CHARGE PROCESS IS

CRNSIRERED T@BECAMEEF@CTME@R%EﬁﬁEV\&ﬁHUélﬁHLE GAS FROM

CONDUCTED ONF A PROCESS IN WERGHI AR 6 15 CHARGEDTINTO i

GASBIREFORVIER DS ANDICOVANDIHZANHICH AREVRHEINS IDE THE GAS
COMBRIZHBLE GASTHROM FAEIIGHETEMBPERATUIMR EAGASIEICATION oF

RAISING THE GAS TERIPERATURE INSIDL THE GAS REFORMER' I

ORDERTORAISE THE TEMPERATUREIAPTHENSETLEFOFFPHEICATION
GASIEIERAIONOTVEOWER FHAN:2100EWHILEKEEPING THE

ism RATURE AL THE DYILET-OE LR HIGETEMBERATURE oyyepy

CATION PART 8 AT A LEVEL NOT HIGHER THAN 2000C [0098]
BEEAUSET TS NECESEARY T0 OFERAIE W IPANOX FEEN RATORE
ATINO TOMORETTHAN @A 61(COMBEST QRO XYGENRARIO AT MOREITLET

T%é%&é@x‘%oﬁ%&ﬁuﬁﬁEG\A%'}'JIE'A'FIBE'\@%E?%WB&N&HE HIGHER

TLET OF THE HIGH-TEMPERATURE GASIFICATION PART 8
GBW&; HHGHER %ﬁﬁﬁ%o@? ASSHOWNTN Bfe. E@?@WA%%E&?BE@SE
TOHNCREASE THEOVERAD!, OXYGENRAFQSMRHTHECOMBIISTORD

OXY GEL RATIQ FISER) ANE 0r88. kil 2SHIOMWS JHE RBRWrT SR carBoN
CALCULATION OF THE CARBON CONVERSION EFFICIENCY, AND GAS

TEMPERAIURE! {00991 FHE RESUITS BRFHE EAECULATION SHOW
THRIYE WASTROSSIBLE TORAISE THE TEMPERAHIREIATITHE WAS

OLdEEQF THEGASIHER NP L EYEL QAP AL A RE ] 4006 AL TiHE R
OVERALL OXYGEN RATIO_NOT LESS THAN 0.20. WHEN COMPARED

WITHTHE'ONES TAGE"CHARGE” PREEESSKS SHEW INEIES 6 ANDC
7 NTTWAS EVIDENT THAT HIGH EFRGIENCY. OPERATION WASE CHARGE

FEASIBEE AL A RIdLE k- QWER QXX@EEN RATIQAN FiHSreASEY H1cH

CARBON CONVERSION EFFICIENCY OF 99.8%, AND
EFFICIENCY OPERATION WAS FEASIBLE AT A'STILL LOWER OXYGEN RATIO.

IN THIS CASE, A CARBON CONVERSION EFFICIENCY OF 99.8%, AND
A COLD GAS EFFICIENCY AT A HIGH VALUE EXCEEDING 85%, WERE
OBTAINED.

[0100] IT HAS TURNED OUT THAT A PROCESS IN WHICH THE
CARBONIZED MATERIAL 4 FROM THE CARBONIZATION CHAMBER 2 IS
CHARGED INTO THE HIGH-TEMPERATURE GASIFICATION PART 8, THE
VOLATILE PYROLYSIS GAS 3 IS CHARGED INTO THE GAS REFORMER 9,
THE COMBUSTOR OXYGEN RATIO IS SET LOW IN ORDER TO RENDER THE
HEAT LOAD ON THE FURNACE WALL OF THE HIGH-TEMPERATURE
GASIFICATION PART 8 AS LOW AS POSSIBLE, AND FURTHER, THE AIR
6 IS CHARGED INTO THE GAS REFORMER 9 SUCH THAT THE TEMPERATURE
AT THE OUTLET OF THE GASIFIER 7 AT THE SUITABLE TEMPERATURE (NOT
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A COLD GAS EFFICIENCY AT A HIGH VALUE EXCEEDING 85%, WERE

OBTAINED. [0100] IT HAS TURNED OUT THAT A PROCESS IN WHICH

THE CARBONIZED MATERIAL 4 FROM THE CARBONIZATION

CHAMBER 2 IS CHARGED INTO THE HIGH-TEMPERATURE

GASIFICATION PART 8, THE VOLATILE PYROLYSIS GAS 3 IS

CHARGED INTO THE GAS REFORMER 9, THE COMBUSTOR OXYGEN

RAJUERIS ST LW IN ORBDER 10 RENRER HEC KEATHRAD-@MNRHE 1P s
O O T RN O TER T BT EHARGED INTO

A 1 £ CHARGED INTO

THEOENS REFORMERY SBUH THATORIECTEMPERATURE TE TBIEECT OF

OUHEI EUBE-GASHERR R AAD  THESWH AR L TRMBERAL URE-M ncE
34 | OWER THAN 1100C I%EEHTABLE FOR THE CASE WHERE CEDAR

cHIPS ARE'USED IN BONIZING-GASIFVING PROCESS: [0101] '
NEXT 01N ORDERSTOLEOND UG TSAREVHEVIEON TN EOEFRECHEGFETHENHEN

COMBUDTIRER00RY GEN:RATHO MARMTIOINANEGASIENING vARYING THE

RATIO KEPT CORISTARC AT 026, FIGE 13 AND 14 SHW THE 7 1*

RESULTE OF THE REVEWI WHEN THE COMBUSTORCXYEENRATIOLE
WASRIOWERED WRNHHOUT MARYINGITHEE QYERARIT QXY GENIRATIO, tHE

WABHEB SRRV ER DAL THEREWAS o CHANGEAN. T HEo BECOME

TEMPERATURE AT THE OUTLET OF THE GASIFIER, WHILE TH
WAS'EFENBENCY EORTPRECTEMPERATURE AT W@%@#EWOWH%S
COMBUSTORIHAND THEARBAN CONVERSIONERFICIENCYOTQIDERED,

BEGEME LRQWERJHELQMANS TER OXYEEN RA HOUS EREFERABLY
AS LOW AS POSSIBLE WHEN THE HEAT LOAD ON THE FURNACE

WALETSTCONSIDERED, "AND WA EXPECTED FROMFIGS 13 ANDP X
140HATGABIEY NG PERFORNIANG EAVI AT HE TARBON9 . 5%, WAS

CONYERSIN ERFICIENCY ofSANIRIDRXcAF RIGHERFIGHNEYss THaAN
o ATION, AT NOT LESS THAN 99.5%, WAS OBTAINABLE WITH THE

%ISTOR OXYGEN RATIO AT NOT LESS THAN 0.56. [0102] IT WAS
EXF’E@IIED FROMTHEERESUIEPS IRESCRIBED ABOVE) EPHAIBFRIEABOVE,

CONRETHANS SINR E RV BE R GAS THEMBERAMRENRIDENHEE ThE
COMBUSTOR CAN BE RENDERED AS LOW AS POSSIBLE, WHEN THE COMBUSTOR
OXYGEN RATIO IS AT 0.56, THAT IS, THE OXYGEN RATIO ENABLING
HIGH EFFICIENCY OPERATION, AND THE OVERALL OXYGEN RATIO IS AT
0.20, WOULD REPRESENT THE OPTIMUM OPERATION CONDITIONS WHEN
USING CEDAR CHIPS.

REVIEW ON WASTE GASIFYING PROCESS

[0103] A REVIEW WAS CONDUCTED ON A HIGH-EFFICIENCY WASTE

GASIFYING PROCESS USING WASTE AS FUEL INSTEAD OF CEDAR CHIPS.
THE WASTE USED WAS TYPICAL MUNICIPAL SOLID WASTE, AND THE

PROPERTY THEREOF IS SHOWN IN TABLE 4. SINCE SEVERAL PERCENT

OF ASH IS CONTAINED IN THE WASTE, IN CONTRAST WITH THE CEDAR

CHIPS SO FAR REVIEWED, THE REVIEW WAS CONDUCTED ON THE
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COMBUSTOR CAN BE RENDERED AS LOW AS POSSIBLE, WHEN THE
COMBUSTOR OXYGEN RATIO IS AT 0.56, THAT IS, THE OXYGEN
RATIO ENABLING HIGH EFFICIENCY OPERATION, AND THE OVERALL
OXYGEN RATIO IS AT 0.20, WOULD REPRESENT THE OPTIMUM
OPERATION CONDITIONS WHEN USING CEDAR CHIPS. REVIEW ON
WASTE GASIFYING PROCESS [0103] A REVIEW WAS CONDUCTED ON

A HKsVE T K ENGY WAS RE 1 GASHRYING PROGESSAISINGRVASIEASER

MURICIPAL SO VIASTE AND THE PHOPERFY THEREORTS SHOUN'

IN TABLEE £ SINCE SEVERAAPERCENT MOFASH PCONTANEDSIVEFHEC
WASTE N CONTRAST WITH THE CEDAR CHIPS SO FAR REVIEWED,
THE REVIEW WAS CONDUCTED ON THE 35 ASSUMPTION THAT THE
ASH IS MELTED IN THE GASIFIER 7 IN ORDER TO BE DISCHARGED AS
SLAG. AS MEASURED DATA ON THEMELETING POINT OF THE ASH

ARE UNAVAILABLE, THE MELTING POINT WAS ASSUMED TO BE

1600C-T AR = /I I'I'I_I\II COMTEMT O\ CHAOMNMSCOCL ACLL \AII\'I'I_I_) CINVED

LUUUVUC. TADLL- TV OUINTLINT \/U)\/I TUINOCOLAOI T VVAAT LT\ TTITALLY
T@@I@@WQ@ON WOOD CHIP4.45.629.70.10.10.15.0481013/"0\TER | FIXED
30,038.25.435.90.46.00.45.015®8.9 WASTECL CONTEN | CARBON
PAPER40.25.830.73.10.10.15.015.021.2 15.072.08.67.24180.52.92.02.0p.0
%@@@EBERSO 73 80. 09 00.045.512.08.009. 9
60.00.501,4b.01.045.95’5 WASTE ° 50 150 130
§ 1.22. 7115 10.00.00.500265: 064 O 50 150 89
é!’ 110.20 6‘8 612 80. 6‘1 5 WigéT%lP\%: 1.0 WASTE RUBBER | *'
2.0 2.0 2.0
WASTE FIBER 30.7 3.8 0.0 0.0 0.0 45.5 12.0 8.0 9.9
15.0 85.5 7.6 0.0 0.5 14 0.0 1.04 5.0 5.5
WASTE PLASTICS 21.2 2.7 14.1 0.0 0.0 0.0 1.02 60.0 6.4
19.0 1.5 0.2 1.1 0.2 0.0 0.0 17.0 80.0 1.5
WASTE PVC 1.0
WASTE RUBBER
0.1
GARBAGE 10.0
SLUDGE 9.9
TOTAL 100.0 41.4 5.3 21.8 1.5 0.1 1.1 5.4 23.4 9.8
* ASSUMED MELTING POINT OF ASH: 1600°C
[0104] AS A RESULT OF THE REVIEW USING THE CEDAR CHIPS, IT

WAS DETERMINED THAT HIGH EFFICIENCY OPERATION WAS FEASIBLE WITH
THE USE OF THE CARBONIZING-GASIFYING PROCESS, FOR CHARGING THE
CARBONIZED MATERIAL 4 INTO THE HIGH-TEMPERATURE GASIFICATION
PART 8, AND THE VOLATILE PYROLYSIS GAS 3 INTO THE GAS REFORMER
9, SO THAT REVIEW WAS FIRST CONDUCTED ON THE CASE OF CHARGING
AIR AS THE GASIFYING AGENT 5 INTO THE HIGH-TEMPERATURE
GASIFICATION PART 8 ONLY. FIGS. 15 AND 16 SHOW RESULTS OF
CALCULATION. FUEL THROUGHPUT WAS SET TO 100 T/D AS WITH THE
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0.1 GARBAGE 10.0 SLUDGE 9.9 TOTAL
100.041.45.321.81.50.11.15.423.49.8 * ASSUMED MELTING POINT OF
ASH: 1600C [0104] AS A RESULT OF THE REVIEW USING THE CEDAR
CHIPS, IT WAS DETERMINED THAT HIGH EFFICIENCY OPERATION
WAS FEASIBLE WITH THE USE OF THE CARBONIZING-GASIFYING
PROCESS, FOR CHARGING THE CARBONIZED MATERIAL 4 INTO THE

HIGKs T EMPERATAIRE: GASIFICATION RARISBTANDOHREYOLATLE raTTO

WAS FIVST BONBUCTED OR T CRSE OF CHARAING. AIRIAG THE ™12

GABIE¥ING AGENTPEFRTOITHE HIGHEFEMPERATURE GASIFICARONET
PART @ ONLYe -1GS. 15ANDFLOSHOVE REESULTS OF CALCULATION.

CEBRRCHIZS. HOWEVER, A5 FOK THE VOLRTILIZATON RAFIO 0 O

THE CARBONIZATION EHAMBER "2 IPROPORFIONS BYWEIBHTOF
THE0 X05RBONIZAECO M RE BOALA TIO THEECRYIROL Y8ES (BASRSWERE (BEHER

CARBONIATION WAS ACTUAL LY CARRIED U AT ORABORK d& ™

L TEASTHIE RRARIUEACTURER BRERRBENIZEREIF 0 LOS]TIN- L 2ATION RATIO
COMPARISONAMITHATHENC ASESERT PIEDEEDARECH IPSURERERRORD A

F'%M%Qﬁ%Q L0, ARARID PRORIN GASTEMRERAEURE INJHENGAS 10

EFORMER 9 IS NOT OBSERVED, BECAUSE THE VOLATILIZATION
RA@ﬁ@AMﬁ FAEEARBONTZATIONCHEVBER S DECREASREZED MATERTAL
FURTHERMORETA COMBUSTFORONYGERN:RATICFINREIANTIONTO AN

OVIERAEARXYGEN RAJ 19: BRGANE LEWER BEGARSE THE RUANIETY
OF THE CARBONIZED MATERIAL 4 CHARGED INTO THE

HIGEETEMPERATURE G AETEIEATION BART 8XINCREASED. IT WAS
DETERMINED FRORETHESFOREGUING THA B NONSUPEREHKGHSTED AN

TEMRERAM R REREGION\WAR T QRMED! N Thdust Ko bk TEMBERAHAR B S
GASIFICATION PART 8 @ND THERE EXISTED AN OXYGEN RATIO

CONDITION'AT WiICH THE COMBUSTORTEMPERATURE WAS® OUTLET

OF THE GASIFIER WAS NOT LOWER THAN 1100°C, A TEMPERATURE
REGARDED WITHIN THE STABLE OPERATION RANGE. BASED ON
CALCULATION, THE CARBON CONVERSION EFFICIENCY WAS EXPECTED TO
BE AT NOT LESS THAN 99.5%, WITH THE OVERALL OXYGEN RATIO AT
NOT LESS THAN 0.32. IN THIS CASE, A VALUE EXCEEDING 75% WAS
OBTAINED FOR THE COLD GAS EFFICIENCY, WHICH IS THE TARGET VALUE.
[0106] FURTHERMORE, SINCE, WITH THE OVERALL OXYGEN RATIO
AT NOT LESS THAN 0.32, THE TEMPERATURE AT THE OUTLET OF THE
HIGH-TEMPERATURE GASIFICATION PART 8 IS AT NOT LOWER THAN
1600°C, IT IS DEEMED THAT ASH CONTAINED IN THE WASTE USED IN
THE REVIEW CAN BE SATISFACTORILY MELTED AND DISCHARGED FROM
THE HIGH-TEMPERATURE GASIFICATION PART 8 OF THE GASIFIER.

CONCLUSION
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NOT HIGHER THAN 2000C, AND THE GAS TEMPERATURE AT THE
OUTLET OF THE GASIFIER WAS NOT LOWER THAN 1100C, A
TEMPERATURE REGARDED WITHIN THE STABLE OPERATION RANGE.
BASED ON CALCULATION, THE CARBON CONVERSION EFFICIENCY
WAS EXPECTED TO BE AT NOT LESS THAN 99.5%, WITH THE
OVERALL OXYGEN RATIO AT NOT LESS THAN 0.32. IN THIS CASE, A

VAL FXCEERIN i d S WAST B PANEDROR TIE 6OER GRS UES For
EFFICIENCY, WHICH IS THE TARGET VALUE. [0106] FURTHERMORE,

SINEE. WY THE OVERKIL BXYECEN RATIS TLESS*HANT 32,

THEFTEMPE RATIBR E'ATNPHEYOUSH EF OFF HERHKEAIFEMPERATIIREAND

GASIEICAHDERARE B ISATINO TASOMER ‘bHAN: 160G HTH DEEMED
THAT A}H CONTAINED IN THE WA@TEA%ISED IN_THE REVIEW CAN BE

SATISFACTORILY MEL TED AND DISCHARGED FROM THE =~~~ O -
HIGFETEMPE RATURESGASIFIGATIONPART @OFSTRENG ASIFIEROF CEDAR
CONELYSION 37 [0107} HAVING ESTABL)SHED Tk CALGEHLATIONL

ONPHE ASIFVING HEACHOR KATES FOUND 8Y USE OF ThiE

PROPERTIES OFPUELSIAND THE THERMOBALANCE AS WELL AS
PD{l¢1 06 THE FOUNBDARON ocFHEF Q0@ ING IRESIH TS WERET ENCY

PROCESS SUITABLE FOR A BIOVIASS CONSISTING OF GERAK. Grips

HARANG R 46% WATER'CONTENT, KNDWASTERTHE FYPICAIRECTLY
MUNIREAL SQIdDIWASIE) FAND ON HIGH:GEHE|ICIENC Y. AND SNABEETHE

ORERANION GONREHENR[FHOBIANST HE-EASE OF THiE CERAR: ChllF Sy rp

HIGH-EFFICIENCY OPERATION IS DIFFICULT TO EXECUTE WITH THE
AIRBILOWNE ONEZS TASERERTRAINED FLBW PROCESS WHERE FUEE
IS DIRECTEY CHARGEDINTEETHERGASIFEROK HOWEMER, WITH

ADGREIQNRQT LHE: SARBONING GASIFVING PROGRS S WEEREB 11y
THE FUEL IS DECOMPOSED INTO CARBONIZED MATERIAL 4, AND

PYROLYSIS GAS 3 CONTAIRING WATER, BY FHE'USE OF THE
CARBONIZATI@NEHANBERERNAK DI SUBSEQUEN PRYCCHARGEDHN TASE

T%%%'@&Zﬂ%?%@%m%dﬂ!{%%%H, AS WITH CEDAR CHIPS, IN
ORDER TO KEEP THE TEMPERATURE AT THE OUTLET OF THE GASIFIER
7 AT A TEMPERATURE SUFFICIENT TO DETER THE FORMATION OF TAR
(1100°C), IT IS ESSENTIAL TO CHARGE AIR OR OXYGEN 6 INTO THE
GAS REFORMER 9.

[0110] SINCE THE WASTE CONTAINS MUCH ASH, THERE IS A NEED
FOR MELTING THE ASH TO BE DISCHARGED AS SLAG FROM THE VIEWPOINT
OF ENVIRONMENTAL CONSERVATION. BECAUSE OF A LOW VOLATILIZATION
RATIO IN THE WASTE, A HIGH-EFFICIENCY AND MOLTEN-ASH
DISCHARGING OPERATION IS FEASIBLE BY ADOPTION OF A PROCESS FOR
CHARGING AIR INTO THE HIGH-TEMPERATURE GASIFICATION PART 8 ONLY
OF A TWO-STAGE GASIFIER.

[0111] FIGS. 17 AND 18 SHOW ANOTHER ASPECT OF THE INVENTION,
IN WHICH POWER IS GENERATED FROM BIOMASS. THE BIOMASS POWER
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EFFICIENT AND STABLE OPERATION IS FEASIBLE. [0109] WITH THE
CARBONIZING-GASIFYING PROCESS, IN THE CASE WHERE A
VOLATILIZATION RATIO IS HIGH, AS WITH CEDAR CHIPS, IN ORDER
TO KEEP THE TEMPERATURE AT THE OUTLET OF THE GASIFIER 7 AT
A TEMPERATURE SUFFICIENT TO DETER THE FORMATION OF TAR

ﬂ@&@aﬂi%nﬁ%ﬁ%ﬂ%&@&b‘ﬁ%ﬁ AR IR OEX GENGINER:THE
GAS REFORMER 9. [0110] SINCE THE WASTE CONTAINS MUCH ASH

THERE1S'A NEED BLTIRG THEASHTOBE BISCHRRGERREASED

SLABERGM FHEALEWROINTF EOFHENMIRONME NTAL ZLONSERVATIGNL ID

BELAYSE Q- AEOWROLA TLZATEIN] RABIO dNRRHENYASEE: AvsusTIon
HIGH-EFFICIENCY AND MOLTEN-ASH DISCHARGING OPERATION IS

FEASIBEE BY ADOPTION OF A PROCESS FOR 'CHARGING ATR'IRTO™ #
THEEMEGMLTEMPERAT URERGNGI FIC ATIORRD ARTERONIDY IOF P GASIFIER

TWQ-3FAGEGASIFIERE [0 Fie. EEMNRILEIEHOW ANOTHERR. THE

BIONIASS THE BIONIASS FOWIER 38 GENERATION SYSTEM =17 1°

CONIPRISINGIN CGARBORRZERONS SGAPABLEAOROPYROLYTICALLY
DEQMHAOSINGANRICARBONIZENGENGE ODENTWQRODBASEDARBONIZER

SOLID. WASTE AN THE LIKE. A GASIFIEN 16 FOR CARRYING GOt =2
COMBUYSTION AND GASHICATIONGE CHAR FROBBEED IN RIERCE OF
CARBONIZER 150AND A GENERATOR SETL7c ORERABLE ON JHE:=

GA% GENERATEPDINLEE GARFIER 8 Ap SOUREE QR ENERGY

FOR GENERATING ELECTRIC POWER. THE 'GENERATOR SET EMITS
EXHAGSTIAEAT WRIOHNASTHA L TOBE SEER ASTUTRIZED INATRIEEEXHAUST
ORERAHON-OFTHEFCARBONIZERR{OLI2I THE IGARBOMZERI 15 CAMUST

BEJIRENHEAL TQ THE CARRONIKERT 2 N EIGo 4 HAVING ANy achTrvES
INTERNAL CHAMBER FOR RECEIVING BIOMASS, SURROUNDED BY A

JACKET FOR'RECEIVING HOT GRS'AS A/SOUREE'GF HEATFOR OF THE
PYRQLFICPECOMPO SITIONT AR DACARBONIZA TIONQF THE ON CHAMBER

BIQMASS WITHHIN Jidls dNJ = RNOE G HAMBER iR JAGKERIERF RNE Tur

CARBONIZER 15 IS CONNECTED TO THE GENERATOR SET 1Z VIA AN
EXHAGSTT © A HIGH TEMPERATURE, FOR EXAMPLE 600

INTRODUCED INTO THE JACKET FOR CARBONIZATION BY EXTERNAL
HEATING. THE CYLINDRICAL INNER PART OF THE CARBONIZER MAY
BE PROVIDED WITH ROTOR BLADES (NOT SHOWN), AND THE FUEL MAY
BE PRESSED AGAINST THE INNER WALL OF THE CARBONIZATION CHAMBER
BY ROTATING THE ROTOR BLADES, THEREBY ENHANCING HEAT
CONDUCTION, AND IMPROVEMENT OF CARBONIZATION EFFICIENCY. A
CARBONIZATION CHAMBER 15 SUITABLE FOR USE IN CARRYING OUT THE
PRESENT EMBODIMENT CAN BE, FOR EXAMPLE, A SUPER-HIGH SPEED
CARBONIZER MANUFACTURED BY OKADORA CO. LTD. HOWEVER, VARIOUS
FORMS OF CARBONIZATION CHAMBERS ARE SUITABLE. FOR EXAMPLE,
AN EXTERNALLY HEATED, CYLINDRICAL, ROTARY KILN MAY BE USED.
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GAS FEED PATH 18 FOR DIRECTLY RECEIVING THE SUPPLY OF THE
EXHAUST GAS EMITTED BY THE GENERATOR SET 17, SO THAT THE
SYSTEM ACHIEVES HIGH THERMAL EFFICIENCY THROUGH
EFFECTIVE UTILIZATION OF THE HEAT OF THE EXHAUST GAS. THE
JACKET OF THE CARBONIZATION CHAMBER 15 IS IN THE SHAPE OF A
VERTICAL ANNULAR CYLINDER, AND THE EXHAUST GAS AT A HIGH

TEMRERATURE; HORHEXAMEBR 600rEotS cAIBBDYEERINGD ThE
JACKET FOR CARBONIZATION BY EXTERNAL HEATING. THE

CYLINDRICAL INNER PART OF THE CARBONIZER MAY BE PROVIDED *

WITHRROTORCBEADE B(NO T ISHEMNT AN DORHENUEIDMAY-HBEN HEATING

PRESSE D-AG AN INNER MW OEAEHRGARBRNEAHMNAT To THE
CHAMBER BY ROTATING THE ROTOR BLADES, THEREBY ENHANCING

HEAT CONDUTTION, AND IMPROVEMENT OF CARBONIZATION =7 *FE
EFFIGIENCY: N COARBORIZATIONTCHAMIBER 155U FFABUE TFORAO SERN

CARRYING U DA HETPRES ENFHAMBODIMENT GAN:B B HARSEXAM PR D

COLTD. HOWEVER VRRIDUS, EORS OF CARBONIRTION 27 1hes

CHANBERS'ARE 'SURFABLEF FOREXAMPEET SAKPEXTERNADE NG ON THE
HEATED,ICY L INDRICAEPROTARY #duNIMAY BE USED 138 04188 WINtENT

THECARBONIZAJION CHAMBER IS HAVING JHE ﬁ%VE@E%&RE%\%DAT

CONSTRUCTION, HIGH-QUALITY CHAR, THAT IS, A"CARBONIZ
FUELCWF 1 EPT?LEW#@%%@N%WNN@M%% %Wﬂéﬁﬂ%w&ﬁ@ N
CAZN%@ETPRDIU@EFDS THE EXHAUST. GAS, AFTER RELEASING HEAT TO

151' MASS FUBL, ISEMIELER THROUGH ARMOKERSE AN THAT

BONIZATION CHAMBER 15 UTILIZES SYSTEM EXHAUST
HEWP Qﬁ@%ﬁﬁé%ﬁ@@ﬁﬁ\%@sﬁﬂ% ASRENEAT SEORTE, WAFHEYSEY
EXHAUSTCGAS FEER RATH Y80EQOR INBDIRECT PMROLYTICER 16. THE

DEGRMRQSIHOMOF HERIOMASS: FUREoT 5 T iME REQEIRED: RO 15
PYROLYSIS VARIES DEPENDING ON THE_KIND OF BIOMASS

SUPBEIEBAS RAW MATERAL, AND PHEWATER CONTERTOMN ZAFECN -
BIGMASSRIN MOSIECASEILHOWEYER, WHEMMEXHAUSH GRS AHERATED

ARRQUNE 5008, |12 1T AEEDr CARBONIZATIONIEAN B IMPLEMENDEDD .
IN' ABOUT 30 MINUTES TO ONE HOUR. CEJ'\?114;P|_URA|_ CHAMBERS

MAY B brROVIDE FOR EARBON CONNECTED TO THE

CARBONIZER FOR CHARGING BIOMASS AS FUEL INTO THE CARBONIZER
15. RAW MATERIAL CONSISTING OF WOOD-BASED BIOMASS, OR RAW
MATERIAL CONSISTING OF A OF MIXTURE OF WOOD-BASED BIOMASS, AND
WASTE-BASED BIOMASS, MAY BE FIRST FED INTO THE RAW MATERIAL
BUNKER 19, AND THEN SEQUENTIALLY SUPPLIED TO THE CARBONIZATION
CHAMBERS OF A PLURAL CHAMBER CARBONIZER.

[0116] THE GASIFIER 16 IS A FURNACE FOR CARRYING OUT
COMBUSTION AND GASIFICATION OF THE CHAR PRODUCED IN THE
CARBONIZATION CHAMBER 15, REFORMING A COMBUSTIBLE PYROLYSIS
GAS CONTAINING TAR, VOLATILIZED DURING CARBONIZATION, AND
CONVERTING ASH IN THE FUEL INTO MOLTEN SLAG. THE GASIFIER MAY
BE INSTALLED AS A SINGLE FURNACE IN THE BIOMASS POWER GENERATION
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AND OPERATED IN ROTATION IN TIME SEQUENCE, THEREBY
CONTINUOUSLY FEEDING THE CHAR AND PYROLYSIS GAS TO THE
GASIFIER 16. THE CARBONIZING PROCESS INSIDE THE
CARBONIZATION CHAMBERS ENTAILS SOME VARIATION WITH
RESPECT TO THE AMOUNT OF VAPORIZATION. HOWEVER, IF THE
PLURAL UNITS OF THE CARBONIZER ARE OPERATED IN ROTATION,

THEETRHECTERQEEHECH VARIA TN, GANBE AMdE VATED: 81455 Ao onrr

FOR CHARGING BIOWASS AS FOEL INTOTHE CABONIZER T4 RAW*

MATERFARICONSISTINECOFANGO D-BASEDBIOMASS WORIRANK Y BE
MACTJ&RE‘@E@NSTQT@N@ QioAPR MEROUBE OsWOOB-BASEDHE NUMBER

TH RA@%%@RlﬁﬁTgﬁﬁ%@Q%ﬁ%% Y@Qﬁﬂﬁ&%@ fhESvope

SUPPLIER O THE EARBONIZATION CHAMBERS OF A PLURAL
CHRWBER CARBONZERR 011G THEGASIFIERTLGHSTATURNAGEFOR 15

PROBUCES IN FHE' CARBONIZATION CHAMBER 18, REFORMING & ™

COMBUSTELE PYROLYSISY GAS CONTAINING TAR, WVOLATHLIZED
DURING F2ARBO iz ATHONWwAN > XpONYEREHNGRABHHNAHEREAMEL AN FOEL

MQLTENBLAG. 1 LG LARFIERMAY BE INSIALLED ﬁﬁﬁﬁ%@’lr LARGE

FURNACE IN THE BIOMASS POWER GENERATION 40 SYSTE
HOWEVER] INTHE CASEFBERA VAREE SEALE BIGMASS %WERAND THE
GENERATIONSYSTEM] £.GITAPUANT WITH TAPACITY it EXCESSOFHE

FOR EXANPEER SIMES ANMATT 2, FLHRALGASIGER UM MAYBE 00 °c
CONNECTED WITH ONE ANOTHER THROUGH GAS TURBINES, THE

NUMBER“BEUNS ANBTIHECONSTRUCHON THEREOF DEPENDING T
ON FHEMBDEAAND STALE ORTHE BYSTEMAQLT]6PHEC BEFORE BEING

TEMPERARUREAF TEHE QU LIEE Ofsd HE GASIRIER 1648 DERENDENT A
ON,THE HEATING VALUE AS WELL AS THE &UANTITY QF THE CHAR

ANDTHE GOANTIT Y OF INPUTATRY FOR EXAMPLE! THE WATER) 15 USED
TEMPERNTUREHN THE LOWER PRARESF THEF URNACE MAYSRENCH A

LENEd oS i Gld ARE19Q08CHIN SOWME RASES:BEGARSE AR Hiib B YRE

LARGE, QUANTITY.OF AR, CORRESFONDING 10 THE BEATING o501
TEMPERATURE OF TAR, OR A TEMPERATURE HIGHER THAN THAT, AND THE
PYROLYSIS GAS CONTAINING TAR, HAVING VOLATILIZED AT THE TIME
OF CARBONIZATION IN THE CARBONIZATION CHAMBER 15, IS SUBJECTED
TO REFORMATION IN THE UPPER PART (THE GAS REFORMER) OF THE
GASIFIER 16. BECAUSE THE TAR CONTAINED IN THE PYROLYSIS GAS
UNDERGOES DECOMPOSITION UNDER THE HIGH-TEMPERATURE CONDITION
CREATED BY UTILIZATION OF HIGH HEAT IN THE LOWER PART (THE
GASIFICATION/MELTING PART) OF THE FURNACE, IT IS POSSIBLE TO
AVOID ADHESION OF THE TAR TO PIPING, AND THE LIKE. THUS, THE
GASIFIER 16 ACCORDING TO THE INVENTION EXECUTES
HIGH-TEMPERATURE COMBUSTION IN THE LOWER PART OF THE FURNACE,
THEREBY MELTING THE ASH IN THE FUEL, AND, AT THE SAME TIME,
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QUANTITY OF CHAR, IS INTRODUCED INTO THE GASIFIER, BECAUSE
THE CHAR AND PYROLYSIS GAS AT A TEMPERATURE OF AT LEAST
ABOUT 6000C ARE CHARGED INTO THE GASIFIER 16, BECAUSE THE
WATER CONTENT IN THE BIOMASS FUEL IS TURNED INTO STEAM AT
6000C BEFORE BEING INTO THE GASIFIER, AND BECAUSE
HIGH-QUALITY CHAR (THAT IS, A CHAR HIGH IN HEATING VALUE AND

C%EAM@&MHMMEEBQ ISHASEDR A FUEEAEHUS MWHTHRBHE parT

INVENTION WHERE THE R LURNACE TORPERATORE BETHES 2452

GAI@IWERFE REAREHE SULF000C NV HICHISNFRAEODE COMPOSITION: UNIT.
TEMRERAT BREROFENARACGR A R EMBPERATRRE HIGHER T HAN THAPOINT

AT PHE T OF CARBONIZATION IN THE CARBONIZATION CHAMBER”

15715 SUBFECTEB O R EFORMA TIORFIRTPRIELOBBERS AR (FHEGRS R
RERORMER) OF THiE HBASIRIER 160 BECAUSEM HE JAR C@Nﬂ'ﬁﬁlk\lﬁ@ 1N,

THE BrROL YIS UNRERCHES DECIMPOHTIONNDER E‘A'EABLE

HIGH-TEMPERATURE CONDITION CREATED BY UTILIZATION OF HIG
HEAT tFHE LOWER PARTATHE " EXSIFIEATIORMELT IRE P ARTY @YrﬁER
THERURNAQE STSIS:ROSSIBIE O TAVIGID ADKHESIONDE THETAR T OHE

PIRING GAND N bl e THN S o Rk (CASIBHRR AGAGGORRINGTEL ThE i
INVENTION EXECUTES H | GH- TEMPERATURE COMBUSTION IN THE

LOWER PART OF THE FURNACE “rHEREBY MELTING THEASKFIN T HE™

FUELS IANBRAT THE SAME TIME, 41 EXECUTES REFORMATION OF THE

PYRRRLEYPIS CAS M T e P PERIPARTE O JHE HURNAGE&YsE A n1cH
UTILIZING HEAT GENERATED IN THE LOWER PART THEREOF

THEREBY ROEFIELIRIG TWET FONGTIONE R TIPA SINGLEUNFEL T80 ™
REPRESENTSHA PREF ERABLETEMPERATUREFROMETHEN| EAP OINTHE

OFREABEY EHERBRING FRRMATIGNGFREARIBLONTEE EORMATION: .
OF THE TAR CAN BE DETERRED EVEN AT A TEMPERATURE LOWER

THAN 1100C: HOWEVER, N CONTRAST 10 THE CONVERTIONAL > *©
SYSTENRIUSING: FORIEXAMPUET ANFEUIDIZERRBETS FURNACETAND ASH

Fl)@é@ﬁ&@sFHﬂN&Q@ﬂwpﬁva@E OBRERAH IN&:1INHSUEH #e1.TED AND
TEEGRE PO, TOE MG, Eove SRS ST
CONDITION WHERE THERE IS NO RISK OF ELUTION OF HEAVY METALS,
OR SUCH A SMALL RISK THAT THERE IS NO NEED FOR TAKING PARTICULAR
COUNTERMEASURES AGAINST ELUTION OF THE CONSTITUENTS OF THE ASH.
[0119] A TAR - PYROLYSIS GAS FEED PATH 20, AND A CHAR FEED
PATH 21 ARE PROVIDED BETWEEN THE GASIFIER 16 AND THE
CARBONIZATION CHAMBERS 15. THE FORMER, NAMELY, THE TAR -
PYROLYSIS GAS FEED PATH 20 IS A FLOW PATH FOR FEEDING THE TAR
AND PYROLYSIS GAS, GENERATED IN THE CARBONIZATION CHAMBERS 15,
INTO THE GASIFIER 16, AND THE LATTER, NAMELY, THE CHAR FEED
PATH 21, IS A FLOW PATH FOR FEEDING CHAR GENERATED IN THE SAME
CARBONIZATION CHAMBERS 15, INTO THE GASIFIER 16. FOR EXAMPLE,
WITH THE PRESENT EMBODIMENT, THE CHAR FEED PATH 21, MAKING USE
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FEATURE IN THAT THE IN-FURNACE TEMPERATURE IS ENABLED TO
REACH 1100C, OR HIGHER BECAUSE OF THE PARTICULAR
STRUCTURE OF THE GASIFIER. [0118] IN ADDITION, WITH THE
GASIFIER 16, BECAUSE A HIGH IN-FURNACE TEMPERATURE IS
ATTAINED, NOT ONLY CAN THE TAR IN THE PYROLYSIS GAS BE
DECOMPOSED, BUT ALSO, EVEN THE ASH IN THE TAR CAN BE

METEDATAUSHTEMPERAT URBAND CONVERTERINTO SAS s
BORNED, THISWIL HESULT VA GOOD POSSBIHY THAT THiE
ASHICONTAINS HEAVY. MEEPALSNHOWSVER TEETAERASH CAN BEEL, SO

MELFEDANDr GOMVERTEE D T OrSAGITH S ROSSIBLET O DISCHARGE

HERVY METAL'S, O SUCH A SIALL RISK THAT THERE IS NONEED

FOR TARING PARTICULAREOUNTERMEASURESIAGTAIRST EL UTHONESS
OFTHEI CONSTITUENTS O FHREASHS J0149] A AR - REROLYSISLAng

FEER PATH 20, AND, A CHAR FEED A FH 2L ARE PROVIDED o s

BETWEEN THE GASIFIER 16 AND THE CARBONIZATION CHAMB
15 PHE FORMER, NAMEL? ITRE TAR FPYROLYSIFEAS EEETS PATAZE
IS ABLOW,PATH FOR FEEDINGCTHEFAR pANDIRYROLY SIBGAS bonizer

GENERATED N 5l SARBQNIZ éQ CHAMBERS 12, JNJO THE he use
GASIFIER 16, AND THE LATTER, LY, THE CHAR FEED' PATH 21,

IS A& FEW#‘?&TIII%@I@EEB%‘?@‘SCJ%% EENERATED IN TRIESSARES 2t ed
CARBONIZATION-CHAMBERS!15cINFO: FHENGASHIER 46, FORgenerated

EXAMPLE o WEHH DHE BRESENLEMBODIMENT, THE GHAR KRR BAISL .
21, MAKING USE 42 OF A SCREW CONVEYER, FOR EXAMPLE, IS

CONMEDTED T8 THELOWER PARTOE THE CRRBONIZATON " b2
CHAMBERS Xb; IMHEREBY CARRYNG OQUPr COMBUSTIGNtANDyenerated

CARIEICAJION BY MSING FHELHARAS JHR EVELSQ ltHATHHE: s ang
TEMPERATURE IN THE LOWER PART OF THE FURNAC% IN T

PARTICOLAR 1S RAISED T8 AISISHTEMPERATURE;
THERE |S/GENERATED ALHHGH: TFEMPERATURECGASATUAnerated gas

TEMPERAZURENQE 4 ESSn ThanyLQe'es oF Retless, tla@ntll%QOt@l@wesqmast
cases biy f&edlngé air into.the Iower Pgtrt of the furnace. Mgan\é\/hlle

carbonize rving as sotli ce, can
be rendered higher in temperature, thereby enabling higher
thermal efficiency to be attained. For example, in the
embodiment shown in FIG. 17, , a generated gas heat exchanger
23 1s installed in such a way as to cause the generated gas
feed path 22 to intersect the exhaust gas feed path 18 at some
midpoint, or to be in close proximity thereto. The gas generated
in the gasifier 16 loses its heat in the heat exchanger 23,
and is thereby cooled, and is subsequently delivered to the
generator set 17 after dust, sulfur, and other contaminants
contained in the gas are removed in a gas purifier 24 installed

between the heat exchanger 23 and the generator set 17.
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reformation is carried out in the upper part of the furnace, and tar,
pyrolytically decomposed partially in the carbonizer 15, is decomposed in the
upper part of the furnace, by the use of the high-temperature gas as a heat
source. The gas generated in the gasifier 16, is delivered as a heat source
via a generated gas feed path 22 to the generator set 17 in a subsequent
stage. [0120] In this case, although the generated gas can be directly

delpqaredito thegengtatar-set17.va the gengrated gas feedpati2Z.heat+ cq
exchange between the generated gas and the exhaust gas from the

gendratdt S&°IT ispretRraBly €ahied Pt 1his Chh ‘st transter Gf17dat °nds
fromitheegenperatetd gas to théexhaustgas frony the gepesatorset 17asothat

the,exhaust. gas feditg the carhonizer 5y, serMing a5 abeat squice, £ana bepe
ren ,eredt i%hggin temperature, thereby enabling higher tgerm effiﬁiencg to

be AttaiTed FF6r 8RETPIS. inthe emBodieRtshown A Fic: 17,23 oWever,
generafe] ghsurdatahehanpad 28¢sinstdlrd fmsueh etvempastdtcanse ahger
generated gas: feed Qg@@&;ﬁ@é@ﬁ%@ﬂﬂéhﬁ%ﬂ%ﬁa&%e&@aﬂ%ﬂ%% fﬁed
some,_ midpoint, or tQ be in close proximity thereto. T as generat in the

o L e R a0 L des SR L e
and'is suibsegtiently defivered 6 thé sgénsratdP sef & 7tdifercdilist 8 iIfdR sarfd om
othetcaeniaminants contained it the gaswarecremoved ineagas puifiere2baust

g‘s lled- hetwegD the heatexchangey 23 ana thg genefatop set 14,43 [, o

1211 The generator set 17 1s operated by the gas generated In the gasifier

1696F GeRératiAg TIBEHTt Power Sit Also sehds otf eXNatSChEaf toithe ! zation
carbonizer viarthenexhaysttgas teed gpath18.dnhthis:ease hthenexhadstigaency

feeg paih,18 5;}@3&91@ directly,connected, o the carhonization chamberds.. +,
However, in the illustrated embodiment, the generated gas heat exchanger

2338 dtaffed af aRGAfetnietidte’Soint aforg & éxhadstyaS feey Which the

exhaust heat is utilized through the medium of steam after heat
exchange with the exhaust gas.

[0122] In the embodiment shown in FIG. 18, plural
carbonization chambers 25 are disposed around a single gasifier
26 having a high temperature gasification part 27 and a gas
reformer 28. These carbonization chambers are operated in
rotation in order to provide a continuous supply of char and
pyrolysis gas to the gasifier 26. That is, carbonization takes
place in a first one of the carbonization chambers 25, and
pyrolysis gas is fed from the first carbonization chamber to
the gas reformer 28 while char is fed from a second carbonization
chamber to the high temperature gasification part 27 of the
gasifier. Thereafter, the second carbonization chamber is
recharged with biomass, and the functions of the carbonization
chambers are interchanged so that char is fed from the first
chamber while carbonization takes place in the second chamber
and pyrolysis gas is fed from the second chamber to the gas

reformer. More than two carbonization chambers can, of course,
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path 18 so as to enable heat exchange to be effected between the gas
generated in the gasifier 16 and the exhaust gas from the generator set 17. It
follows that the heat of the exhaust gas from the generator set 17, and also
the heat from the generated gas from the gasifier 16 are recovered for
utilization in the carbonizer, thereby enabling higher thermal efficiency for
the system as a whole to be attained. it is possible to adopt other modes

sugh assforexample, acmogdednwhichdhe; exbaustheatisditilized thepugh
the mediunr”l,of stegrinmafter hea’g1 exchange with the exhaust gas. [0122] In the
embodinent Shown inFIs, 18 pﬁtejr'al carbonization chambers 25 are

dispotédlaround s Single gasifier <26 halvirfpachigh temperatuse gasification

pag<i-and a-gasy telormer-28EheserGarRonizationchamhers ate-aperated,,
in rgtaglgn in grder to pravide a coqtlnuous supp%lge%f cl'bar and é)é/rol%/SIS gas

to the Gasifier 26. That 18" carboRization takes piace in afirst 6hé ‘ot the?

carborization chapitsers 25 Uand 1pyroty sisiyussis feebfront thédirsystem, with
carbapization ehamberde sthe gas refasmer28while chawds fed froma a good

secand carbonjzation chamber to the high temperature gasification part 27 of
WY HRxCo 0 e et ko ook
bioht&Sss EritPthe fuhetions v thebarbbnizalien SeRamBbersSare mteréhahgeaal

o) éh&ti@h&rdsjedﬂren%meqﬁﬁsdhc]nambgbw@ae carbonizgtiam takes ptacesi ue
the second ghamber ; and pyrolysis gas is.ted from the, gecond,chamber to

the ;gf’ reformer. More than two carbonization chambers can, of course, 44
be assoEmktEd Wit 8 5inGIEGASIfiar ‘afftl Gpérdtedin "agprdpiiate tinve! Lelow-
sequence.d042 3 Asadescribed-hersirbeforesthe biomeass powes tgenerationem

system, implementsihigh-&fficiency power ganerafion, withaut theuse, ofha

supr%lemen,tary fuel, by integratin

effective utilization oégghe exhaust heat of the exhaust gas
accompanying power generation, by systematizing the
carbonization chamber 15, and the generator set 17, it 1is
possible to achieve a thermal efficiency higher than that in
the conventional case, and to pyrolytically decompose and
carbonize not only wood-based biomass, but also waste-based
biomass, such as municipal solid waste, and so forth, without
use of supplementary fuel. In other words, since the wood-based
biomass is higher in water content than the waste-based biomass,
it has been difficult to convert both biomasses in a mixed
condition into a fuel having stable properties. However, in
the case of the biomass power generation system according to
the present embodiment, with the carbonization chamber 15,
capable of effectively utilizing the exhaust heat, provided
at a front stage of the system, it is possible to cause both
biomasses in the mixed condition, in a sense, heterogeneous
fuels, to be dried in the carbonizing process and subsequently
converted into a fuel having stable properties, containing a

given water content (for example, about 1%), and pulverizable
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carbonizing process utilizing exhaust heat of the system, with a gasifying
process. We have estimated that there is a good likelihood that, with the
biomass power generation system according to the invention, it is possible to
achieve a thermal efficiency at 34%, which is in excess of 30%, the target
value of thermal efficiency (in the case of a 100 t/d scale) for "Biomass
Nippon Comprehensive Strategy,” as mentioned below. More specifically,

withthebiomass power-generation systes, acegrdingdothe embodiment of
FIG. 17, ha\iing achi%v%q effective utilization .of the exhaustpe?t of the
resently®availlable power gJgeneratliop s s%em ? . ﬁegawatt
exhaust gas “accompanying power genera ion, By s\§/s ematizing the
carohization ehdamber 15T anebthielgenerator 86 27, irist poskible @g ddtieve

a theenalieffisiency Righet than thatdin i he-eepventionalcasen angkiOorder of
Pyroically.decompose apd, earhonie ol only wood-based bigmass, it
also waste-based ITbion”ias.s., such as municipal olldewa%te, an sor%ortlﬁ,
witABGP 15e"6f SAppletnémary fudiNn BthstRérdeS siice e wabéitsasery of
biomassis highee in watebeontent &hanithe waste-based biomass, it has

bega gjfficult ta convert both blomasses in & mixed sconditionintg atuel . .
having stable properties. However, in" the case of the biomass power
géReratienirsyrstem aécoreing te the'preSeRt embotiment AWk thecintly by

can’o@mz@m chambersty,y capable o&et_fe_@tively;utﬂiazimgyhe axhaust heates,
provided ata front stage of the system, it is possikle to.cause bofh i o ry of

biomasses in the mixed condition, in a sense, heterogeneous fuels, to be
dfiéd in tHe tanssrizing processhrd stibseqierithy torverted s afiePt the
havingrstablenproperties heomaining ay gieredatercontent (for éxample, upon

abeut %) apd pulverizabig 45 if reguited Eurthggmore.rip contiastda theon
presently-available Léower generation system of 1 meZ%%vgatt scale, based on,

for BRAMpe’ Coltbustiohtinthe bolertfersst: 2 » for example, p.

12, there is a description to the effect that in connection with
the technology of a direct combustion and gasification plant,
and so on, for converting biomass low in water content into
energy, a technology is to be developed whereby energy conversion
efficiency on the order of 20% in terms of electric power, or
on the order of 80% in terms of heat, can be implemented at a
plant (assumed on a several-municipalities scale) with biomass
throughput on the order of 20 t/d, or energy conversion
efficiency on the order of 30% in terms of electric power, can
be implemented at a plant (assumed in a municipality region)
with biomass throughput on the order of 100 t/d provided that
an environment suitable for collection of biomass in a wider
region is established (herein, the energy conversion efficiency
refers to a ratio of chemical energy (heating value) of a biomass
fuel, converted into electric power). The biomass power
generation system according to the present embodiment is exactly
in line with the promotion of utilization of biomass, aimed at

by the "Comprehensive Strategy."
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wherein power generation efficiency has been on the order of only 10% at
most, with the biomass power generation system according to the invention,
a power generation efficiency of 30% or better can be achieved. [01241
"Biomass Nippon Comprehensive Strategy" is a strategy for promotion of
utilization of biomass, arranged jointly by the Japanese Ministry of
Agriculture, Forestry, and Fisheries, the Ministry of Economy, Trade, and

Ingesiy; the Ministry; of, Jand, Jpfrasyuctyrg, and Transportation, the Ministry e
of the Environment, and the Ministr)é of Education, and decided upon at the

p
cabihiat Medtin i Bekefiber2 2865 P BioMEss Nippoh’ Compréeremsive
Strateg\'t dated &ec. £2,12002 sfon exanysle; pl v1Zothere is addéscription tdout
the effectthat in gonpegtionwith thetechnalegy ef sLdirect cambustien and« o
gaiificz%tlion plarqt te}jnd $o,on, forq %onv%r,t'Tgai mass CIio_\{l\)/ in wdageir cntlanten int
eﬁe?gsy, a techino ogyels to eecd”‘evel%ﬁledl where y eonoergyacsoenversﬁ)nass HeLy

efficienci2 ohahe brdgr of 20%dh teenisibf eleetrie pewer or Lontheadrder ofcan
80% datemas oh heat, gan be dmplemeniedatas plant (@ssumetkanidy, stable
several-mynicipaliles scale)ith biomass (hroyanput.on the order,of 20 Ud.
oPenergy conversion e iciency on the order of 30% In terms of eleciric

poWet ca® B fihplehiertediara plantdassaafst mfa MuRicisaliy region) high
with romassdteeyghputsonr they asder ais100 t/deprovideds thatranof the fuel
epyiropment suitable for.collection of biomass in a.Wider JOHIOR IS ¢ ¢ 1 omass
established (herein, the energy conversion efficiency refers to a ratio of
chémicatetfdt oy (h&ting VaRie) of abibhthss Tael "Coimretfed intd' BIEeHRE 1 EY
powes) dihieabiomass: powef ogeneration:-systemyaccordingéd éie presentsible

embodiment is.exagtly; é@iié'ea(}fi“i‘)é%P@Qx‘?@@t@éﬂ”@%ﬂ%&&?&?”ﬁﬁing
aimed at t%y the "Comprehensive Strategy.” 46 [01251 The biomass power
gBﬁ@Rﬁﬁﬁméﬁﬁ%ﬁ?&cé6ﬁﬁﬁgﬂ§ﬂﬁ¥atlo“ feasible. Fourth, since no

dioxin is generated, and the ash is rendered harmless by
conversion to molten slag, the power generation system can serve
as a disposal facility for general as well as industrial wastes,
and contributes to environmental conservation. Fifth, as a
result of integration of the carbonizing process with the
gasifying process, the raw biomass is reduced in volume to about
1/5 to 1/7 of its initial volume, so that a compact gasifier
can be utilized. Finally, the system can be operated by workers
with no special gqualifications.
[0126] The embodiment described above is an example of
preferred embodiments of the invention, however, it is to be
understood that the invention is not limited thereto, and that
various changes and modifications may be made in the invention
without departing from the spirit and scope thereof. For
example, with the embodiment described above, the municipal
solid waste, waste plastics, and so forth are cited as specific
examples of the waste-based biomass. However, those materials

are cited merely by way of example, and with the biomass power
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invention has several advantages over a conventional power generation set.
First, since not only wood-based biomass, but also waste-based biomass,
such as municipal solid waste, waste plastics, and the like can be utilized,
wood-based biomass fuel, the availability of which is subject to seasonal
variation, can be complemented by waste-based biomass, and

consequently, stable power output can be obtained. Second, waste based
biopaass-dnglydes, waste is-erdinarily dispesed:ofata relativelynRigh, €oshsses
Howev%r, if su,cp,wagte is cq#lJ%c.ted as, gart of the fuel for use in power fent
geReration, the economics of wood-based biomass  collection can be ™"t
impreved.SThirelr thednerease 4 ilve yhantity refavdilable fleraffordedbytires/
inveptier makesritpassiile ckasincreasethe seale-ebpewes gengralion £ those
eayipmen. making, hipineficlency ppwer.generation feasile, Fourth, since, .
no " dioxin Is génerated, and the ash is renderéd harmless by 'convefsion to-
matteh slagt tHé powddgerneirativndystert Bah servé SaserdispesarfacigIor
generat astwelb asdndustisiad weastes, and contributes to environmental
conservation. Fifth, as a result of integration of the carbonizing process with
the gasifying process, the raw biomass is reduced in volume to about 1/5 to
1/7 of its initial volume, so that a compact gasifier can be utilized. Finally, the
system can be operated by workers with no special qualifications. [0126] The
embodiment described above is an example of preferred embodiments of

the invention, however, it is to be understood that the invention is not limited
thereto, and that various changes and modifications may be made in the
invention without departing from the spirit and scope thereof. For example,
with the embodiment described above, the municipal solid waste, waste
plastics, and so forth are cited as specific examples of the waste-based
biomass. However, those materials are cited merely by way of example, and
with the biomass power
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47 generation system according to the invention, other biomasses may be
utilized, including biomass having high water content, such as, for example,
agricultural resources, forest resources, stock farming resources, and
aguatic resources, wastes of those resources, building material waste, food
stuff waste, sludge, and so forth, regardless of whether it is wood-based
biomass, or waste-based biomass. 48 CLAIMS We claim: 1 . A biomass
carbonizing-gasifying system for pyrolytic decomposition of a biomass fuel,
sai biO@ass. carbonizing-gasifying system comprising: carbonization
char%b%r?(%?nproducing a carbonized material by heating the biomass fuel;
two-stage gasifier comprising a high-temperature gasification part for
gasifying the casbenized: <materak andnay gesdetarmeyr forsrefarmingoyrolytic
co gggrtgbles@érlo%si% gas %oin(;[%inér%g far \iolaggéecg biri1 éﬁg eroduction of said
car onlz&fmaterlal, sai& gas reformer %a(/ing_ an outlet; means for feeding
carboriaed rdieridrprodiiced inthecRaflsoriZation éhamber to the

high-tem peradute- gasificationcparief the dworstage gasifier; aqpyotysisgas

flow path for sepding, the,c bHéQkE@ngyE?!XS",éi%@f?aB%Odﬂ?eeﬂ;i” the

carbonization chamber into the gas reformer of the gasifier; and gasifying

agent feedl MRS P fe&ding T Gasifiig Fget ot RighteRrseratire

gasification parpefthei gasifier, andtcoftrollablyifeeding argasitying ageat!

containing Oxygz%‘tt&rt[‘glga%Fﬁfogn%sw?@%@? for reforming
combustible pyrolysis gas containing tar volatilized
in the production of said carbonized material, said
gas reformer having an outlet;

means for feeding carbonized material produced in the
carbonization chamber to the high-temperature
gasification part of the two-stage gasifier;

a pyrolysis gas flow path for sending the combustible
pyrolysis gas produced in the carbonization chamber
into the gas reformer of the gasifier; and

gasifying agent feed means for feeding a gasifying agent
to the high-temperature gasification part of the
gasifier, and controllably feeding a gasifying agent
containing oxygen to the gas reformer, whereby the
temperature at the outlet of the gasifier can be
prevented from falling below a predetermined

temperature.

2. The biomass carbonizing-gasifying system according
to claim 1, in which said gasifying agent feed means comprises
means for intermittently feeding said gasifying agent

containing oxygen to said gas reformer.
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temperature at the outlet of the gasifier can be prevented from falling below
a predetermined temperature. 2. The biomass carbonizing-gasifying system
according to claim 1, in which said gasifying agent feed means comprises
means for intermittently feeding said gasifying agent containing oxygen to
said gas reformer. 49 3. The biomass carbonizing-gasifying system according
to claim 1, in which the gasifying agent feed means comprises pipes,

arranged to feeda gasifying agent containing;axyaen hoth 1esaid according
hitqh-te{nperalture, gasiéica,}lioglpart, and.to, said gas tre%orrrgier. 4. A biomass
caﬁ)ocnﬂﬁrﬁ-gdsiflying p%gcess Forgpeilsr(l)%%:nge% renrbosmeoen of abiomasstuer ~°
saitasrocessreanprisiegf hedting tife biornassdaerirardarbonixatioty gen both
chamber 0 nprpguce sarienized materioh andrcambustibleapyeolysis gasga s
cgntg(i)rllfirr(llgrvolatilized tar; feeding said carbonized material to a
hlg%-temperature gasification part of a two-stage gasifier comprising a
gasification part and a gas reformer, said gas reformer having an outlet;
feeding said carphustible pyratysis gascantaining neplatitized 4af date said gas c
refomer, feqding a.gasifying agent i the high;temperature gasification part

of the two-stage gasifier; and maintaining the temperature of gas at said

outlet of (At 438 refSimterPdrs feviei above & prédéteimfied tBnfpetafiie =°
level by feedingradontrolled arhountzeld gasifyingsagemtccantainisg oxygen to

said gas reforlggfeﬁro%g'pg giggwmg%rgq%ng-cgpgyﬂqu ggpcgggaccording

feeding said carbonized material to a high-temperature
gasification part of a two-stage gasifier comprising
a gasification part and a gas reformer, said gas
reformer having an outlet;

feeding said combustible pyrolysis gas containing
volatilized tar into said gas reformer;

feeding a gasifying agent to the high temperature
gasification part of the two-stage gasifier; and

maintaining the temperature of gas at said outlet of the
gas reformer at a level above a predetermined
temperature level by feeding a controlled amount of
gasifying agent containing oxygen to said gas

reformer.

5. The biomass carbonizing-gasifying process according
to claim 4, in which the temperature of the gas at said outlet
of the gas reformer is maintained at a level above said
predetermined temperature level by intermittently feeding a
gasifying agent containing oxygen to said gas reformer when the
temperature of gas at the outlet of the gas reformer approaches

said predetermined level.
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to claim 4, in which the temperature of the gas at said outlet of the gas
reformer is maintained at a level above said predetermined temperature level
by intermittently feeding a gasifying agent containing oxygen to said gas
reformer when the temperature of gas at the outlet of the gas reformer
approaches said predetermined level. 50 6. The biomass
carbonizing-gasifying process according to claim 4, in which said

predetermined temapgratyte is d100C, i7: A bioypass poMeLaeReration system g

COmPIE ”%maag‘?rl%faéﬁﬁ%ﬁt’s%a%{agggdbe/t% fﬂﬁ‘fggéf.stfg%%ear”a‘% 1gleasing ) pgec.
exhaust heat inf itS'operation; a carbonizer for receiving biomass, an
receiving exhaust heat released by the generator set and utilizing said

exhaust heat fox pyrelyticallydecompesingand ncarponizing said-biornass

a”d.PrOdgcg‘e%Q%E%‘st %’fo'c%fé%%@%&%rgaa{”'” ‘é%%"%@éjf?ré% 48y .05ing
gasifier, arranged to receivé said char, and said pyrolysis gas containing

volatilized tar, flomM 3afd cetBbnizer ot contEstion -and gasification of said
char and sefermingisaid Fyrolysisgasicontaivingstay, thereby generatiagraaust

gaseous fuel, inwhich the gengralor setis pperated by said 0aseqys iiwel, . o

formed by the gasifier. 8. The biormass power generation system according to
claim 7, in whicRthe §isifiiis cEpabRY 6P HBESATbSIhG B TaP it 85id™ D
pyrolysis gas atc térmperatore of atlleasirdd0C ntherebyueformingsaicind

pyrolysis gas. 9, The,Rjomass.power, gengration, system acearding fo ¢lgim
7, further comprising a heat exchanger arranged to transfer part of the heat

of the gaSediis fulel Genetatet By thé dsifier tothie dhalist et telexsEd by

thegenenﬂors@&rolysis gas containing volatilized tar, from said
carbonizer, for combustion, and gasification of said
char and reforming said pyrolysis gas containing tar,
thereby generating a gaseous fuel;
in which the generator set is operated by said gaseous

fuel formed by the gasifier.

8. The biomass power generation system according to
claim 7, in which the gasifier is capable of decomposing the
tar in said pyrolysis gas at a temperature of at least 1100°C,

thereby reforming said pyrolysis gas.

9. The biomass power generation system according to
claim 7, further comprising a heat exchanger arranged to
transfer part of the heat of the gaseous fuel generated by the
gasifier to the exhaust heat released by the generator set,
whereby the heat used for carbonization of the biomass in the
carbonizer comprises not only the exhaust heat from the
generator set, but also heat from the gaseous fuel generated

by the gasifier.
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whereby the heat used for carbonization of the biomass in the carbonizer
comprises not only the exhaust heat from the generator set, but also heat
from the gaseous fuel generated by the gasifier. 51 10. The biomass power
generation system according to claim 8, further comprising a heat exchanger
arranged to transfer part of the heat of the gaseous fuel generated by the
gasifier to the exhaust heat released by the generator set, whereby the heat

used for garbonization; ofthesbiomass inther gatbenizescampsisesnot:enly o
the ﬁxhau%t he tf{':%m the %enerator set,hbutéalso hg)at from the gasequs fuel
gerclef_jajtrend by he ga%ﬁ‘ie?.o o fﬁérb?or%asgapoﬁéif ggﬁgrea?io%rsrys? m C
actordinig &5 claimh P intWhicketHe earlbhdrizer corywrises plualearistizatiohhe
chambers calterpatively-operable inceatation cL2-the piemasgpoweror set,
generation system according to _claim 8, in.which the carbonizer comprises
B R B e T o e s the
bioPREASSPORRF gerieRatict System Aetdrdifg t6= i, HAdthiERtRe the
cakhanizer-eampeses phirad catborizatian oehambess,salternatively operable ed
in @%ag%%. Jg%s-li'}q biomass power generation system according to claim 10,
in which the carbonizer comprises plural carbonization chambers,
alternatively operable in rotation. 15. The biomass power generation system
according to claine 7p irowdnich said gasifieris aitwo-stagegasifiep camprising
a high-temperatyre gasification,part for gasifying the carhonized material; ; o,

and a gas reformer for reforming combustible pyrolysis gas containing tar

volafifiZ&d i the Proflidtion ot Sai Gafbrizéd niatefiat ¥aid

12. The biomass power generation system according to
claim 8, in which the carbonizer comprises plural carbonization

chambers, alternatively operable in rotation.

13. The biomass power generation system according to
claim 9, in which the carbonizer comprises plural carbonization

chambers, alternatively operable in rotation.

14. The biomass power generation system according to
claim 10, in which the carbonizer comprises plural

carbonization chambers, alternatively operable in rotation.

15. The biomass power generation system according to
claim 7, in which:
said gasifier is a two-stage gasifier comprising a
high-temperature gasification part for gasifying the
carbonized material, and a gas reformer for reforming
combustible pyrolysis gas containing tar volatilized
in the production of said carbonized material, said

gas reformer having an outlet;
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gas reformer having an outlet; 52 and in which said system includes: means
for feeding carbonized material produced in the carbonizer to the
high-temperature gasification part of the two-stage gasifier; a pyrolysis gas
flow path for sending the combustible pyrolysis gas produced in the
carbonizer into the gas reformer of the gasifier; and gasifying agent feed
means for feeding a gasifying agent to the high-temperature gasification part

of they gasifier; and Lontrallabhfeeding @@asifying agent containing oxygen
to the gas reform{;r, w er%[?y the teg!pe.ratuo[e at the .on{[let of éhe ggsi,fier an
be prever?f?éa(rj1 from fal |ﬁ§ elowa ;r)recilejté?minmeadt etérlnapergtruore}li “A'ethod
of generating poWweP epifstising: faiseratiny ayerrerator serand feleasimg rart
exhaust heat incthe-aperationsefthe genaraternset; utilizing said exhaust heat

from the generator set for _pyrolytically, decompasing.and carbonizin .
biomase I b Ty DB o ha A S e bt b1
containing volatiiZee taf - effécting esfibtRton arid §asiieatsn of Said ERar e
and reforming said pyolysisgas fintagasiier ftherebyingenerating a

gaseous fel; agd liizing,sairaaseous 1uelas Afuel fof QPSIANIN Of, e

generator se e method of generating power according to claim “16, in

which the volatifized t&r iv'<Hid pyroyERIGES i teforriat inPsaifgdsifier ata

temperature of ghleast 41P0@.dGBontrollably feeding a gasifying agent
containing oxygen to the gas reformer, whereby the
temperature at the outlet of the gasifier can be

prevented from falling below a predetermined

temperature.

16. A method of generating power comprising:

operating a generator set and releasing exhaust heat in
the operation of the generator set;

utilizing said exhaust heat from the generator set for
pyrolytically decomposing and carbonizing biomass
in a carbonizer, thereby producing char and pyrolysis
gas containing volatilized tar;

effecting combustion and gasification of said char, and
reforming said pyrolysis gas, in a gasifier, thereby
generating a gaseous fuel; and

utilizing said gaseous fuel as a fuel for operation of

saild generator set.
17. The method of generating power according to claim

16, in which the volatilized tar in said pyrolysis gas is

reformed in said gasifiier at a temperature of at least 1100°C.
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18. The method of generating power according to claim 16, in which ash
from said volatilized tar is melted in said gasifier and converted into slag. 19.
The method of generating power according to claim 16, in which the
carbonizer comprises plural carbonization chambers, and in which said
carbonization chambers are operated in rotation. 54

18. The method of generating power according to claim
16, in which ash from said volatilized tar is melted in said

gasifier and converted into slag.

19. The method of generating power according to claim
16, in which the carbonizer comprises plural carbonization
chambers, and in which said carbonization chambers are operated

in rotation.
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