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NA F< 2 (BEWEEST) OFBERRITNT 5OU AL L RBEF. BOMRIFEL OBNEETHHEICHIILET, WICH R
{LEEfE, B2 ORI LROQH ZMEEFROBMA 217V, @FH A b, BOMFEOMEFA, pifEE CRIFAL—Had) A
<KL, HBEOREE, EHTREREE S ZORBRGON D EMA A DR VR, KFERE, ARESE) ZIEXRHHL 7,
T, TAFEOB LI TH 5O/ ABRE, KONELROTRAT UV URER, TAX — U REH L DRSS
PRENICHBN L g4, HICFERIORE (N1 A4~ A, FEEYDE) (ST ORAAERMES b M BICRN LEA L4, Hic, X

DEELWBEEIE RO U > 7 S MEVEIZIS LSRR T,

1. HRALIF LB (RA T —) | BoOfRIF & DEN?

HAEIFE, R ORE, A A~ A, BEEY, fh) 2B 0 f0mic L0 . FICEERFBHRE - KEER S ) %
FARD T ABRIE~ & R LT DB R - 4 A HALERIE T3, 48], FORHIRRIE AR T2, IBED EFICEy, KR
T, FEWTILZE 250°CLL ETHRUEI O BRALIRAE D HEIL, B R AT A BITR A IS L ET (600°C~) , WIS/ SA AW (Eh sk
53) BOEIGIIHRAICEL LET, GRTARS BIEPERIAZ Y, =80 BESLERNZ GERE T2, BE LR
RN 2oy fiRgESR (700°CLLE) Tk, ThbmmidR 2 ICHoMR - B L, @ik (1000°CLL E) CIEKSERG 23 kb
L (FA&EY) | Tar DTSR &0 SNUEIR (Tar-Free) L £ 9, —J, AT ADERS THHD CO HAiX, Ky (FER)
B, USSR (b - oo | FISEEISNETR, BE LRIV EERD LET (U A{BIRE 700~720°C T H2/CO=1.0 Hi
%) . FRT—7MIEERRATIC, FCER L, "M A~2 (GLEEWR) FEOSREEEN - Bz @ HICHED,
FOEREREHDTHY 7,

Fe i [BVfigiusiy 7] & [sE#] & ORI T,

FEBOEHRT RV F—% (FHEHID) KRR —E BB TROMEEE (HA-1 & 2DKRAA 7—) . Gl A (KFE/CO -
N2/CO2fth) ZHATL Py (FENET AR HAAZ—E b)) FBEOM, KFERE, (FEMMETHME R DRI+ 2Rk
BIFRERR D 2 By (2 -Step) H ALK UENF (Steam-Reforming) (FHH-3) | BVofigls (iR, S00°CHIZ) kv, Hoh
B NA A - BEE(Bio-Oi) 2V, RS 7 —HK[EEL, VIR AL — U REEIT ) KR - BERFE (HE-4) | &
ARy (TAZ—EV) RBEE LT O @IREGIEF, ROBGET 2l (HE-5&6) SITHBELET, FXA
TICEY . G A (K. CO. CH4,CO2N2 %) EG b T ARERS, KUSA A (Tan)Dpksy b &b b B 2 KB fiFE A

ZACIFEZ A TRGFELET . [No [mmEs(T TR/ AARGE| BRAA (S L%n| B | & | @B | Nox | #m | &m T
i (ER/EREORE) (L) HA5— (BEAR
IHH-3DARR[ LG HEE 1| [BEASARAS— EEMRI AT i 0 © [) @ ERS—E>
EE (BRZEaR %)
- 7 A}
(Steam—Reforming) % &V S R AR ] 1G] = 5 B 5 FRs—to.
ST SEY us 3 (Hot-Syngas Gas Biler) BRHX | (HAMEH) HAS—Ey
FRAGIE (R BT s
o . 4 3 Rt (tRadE) |[EnueEn ) @ [ (@] O A ERR) | ARIUUUARS—w
1. & D4 T ORI FE A {{Bicoont oe Syngas (ERAARED) | (BEEAE |(BCAR) EREAESD)
with Steam Reformer)
B (R1b/ ¥Rk, Bio—Coal) 4 [BABIEEDR) TR LR A @ | 0 A o) ARSIy
(for Char Biooil) (REEHEES) (HE HERE G 45—) (Bl i)
D i by (
5 |(B)5R-BaRF ERBHGIEN © A A O |EE#SEIE) HAZ—EL HR-
https://biofBel 9o N (Utra-High T ) [(AHSEEES) | BREAE) GER) (1) TUU (BAEHT)
T 5 6 [HR{LIF(HL2LT) ERGEER © —~© | A (0] A |UEEREEE)  HRTIUUL HR-
age40-2. html ) 23FE HHYT [(Syngas as Main Product) | (E5HE8) (E~mmE) 8 St (BIAAR)

HY . ARKEERRRA T
—DIRBER < RALREL CAIRIES) | B E T 2B (F v 7 - XLy MREBOYRAERD EOH@miT & 720 £9, ()
RAGIREHZ, FFICAA A~ R R 2N A LRI 256, T 7 - XLy MRS 2 BN H D F9 @K
P, @mBEBE, Tar BIER L, BLREWRAE/Z7 Y 7y Mb) o FERICHEE-413, EITBio-0il WEMTHY (Bio-0il X3k
D KAt % B 54 EVERE Fast-Pyrolysis 2V iRiE S 3 0 thttps://www. btg-bioliquids. com/our-technology/) . &Rk HL
WERERRTY, BEMEROGNEL, REMTT R, EMAL 7 —IREM. fikZ (EERE) TAZ—vr ThihX, BREH
WICHERET, LRBMNT -7 o [ER/ARMGE] ORI TT, N A~ ORE., BEEW. B 7%) FE (A)
WL, AEFRIC sy & (ML) oZEk (BH, BIbeREORLAD B s L. FEOMHSREE BILRS) [Tk 5
IIREE T A A~ AR Z [ — N T i=kb Qilik) =5k (BUnfi@ i 2{k) L. ZOXUERE (BT A) 2 (&Y
) BRIESELIHBE MRS 77— (HA-1) L5V, BENICEAT R F—+HK+PET 2 (C02,H20,N2) FERHFEHE
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o TOUBRMTHDERA AGNE & HARA T —BREEZ B LRICHE Uik L5 (HA-2) T,
[FIRRIC B 2 (5E4IT) MW L72IRPL T, AMERANEY (SN ST - BOB, PEST R « A A HORRBERE) IC X 2 miRE T, Bk
#2179 AP BRIE (HE-3. 4, 5) TY, HE-5 [ () SEASE] T, FICEERT X O ITmREKR,
Tar-Free Thd 0, HH-3 & 4 ORI [B0fR (Pyrolysis)iF] & =9, H A1k (Gasification)7 . F WM LR H AL
(Pyrolysis-Gasification)}7 & & =W\ ALIF L FEICXBI L7e WA S H Y £9°, BRI, KEZ R F—5F1E, kORI A AE
ZERLTOVET, THREEMEOLYZEH%E U TARA A KL L2 WE. 3B HOEEMEHTE 200M) 24%T52 L%
HiVE LTEBIOERNENS 7t 28] (The US Department of Energy defines gasification as “ A process technology that is
designed and operated for the purpose of producing synthesis gas( a commodity which can be used to produce fuels, chemicals or power)
through the chemical conversion of carbonaceus materials” )
W, ANA A= R (KR E LT 32— X3 CeH1206)1E, £ D0 FRICIRFE NG ENET DT, WD BEOREE=IRIL - FEEL
B (2 OfER, CO,CO2,H20 DEIAE) B2 Y £9, BEZ ZEE (B, Y =F L o :CnHan+2) ISR Z M0 TRICE £ T,
B OB bR IR A LET A, b E CEEEAGEA 7 = X AT, EWVILSISIRE & AT AR, #—/LilE, RO
B, WEHTY, HA-6 OU AL () &, @ B ZHlR LR T TOB (L R) SEETH D | EORBEC L5 & -
A FIRRE & 720 £ 97, THE-213, AT LROT 2L (HEH-6) +RILEROHNAREEF (FARAF—) (HB-1) &
DMHEDOEIETT, T AMEDLERISIF I b BAE GRATREE) « BRSO ZEMAEDEIALFAIETT, T 2 Tt
HAEEN LET, LEERHILE. TiLo PMX T AEEOHAE [T AR OME] (hitps:/www.biofuels.co.jp/PMX H
R 2 v 7 pdf ), MO LEIEHREZ SR T S0,
A E BRI, 2R (BBFR) RO FE, ividieRoERETHY | ERHEEEZ (13Y) ZRIHENTIuE, 251
(Pyrolysis)S &S5 Z 0 . Feo a9, BABERG (Incination) & 72 0 . £ DO WA @EE DA A4 (Gasification) S it~ T4, &
BE (RA T —) ORRICEERED G RV —% | B CEER LD DI, TRMEFHEWE WA T AR OREZ1T 5 1 B,
TV VETEIRNR = REFINT D 2 B F—EMIE L br AT,
WD TT N, GH A (Syngas)DELE I H ZA{LDIEE-6 ., RRAE ML ERT A =8iETHHE-3 GRRWEF) . KO HE
S o () mRRSRE (RREAREELEMY R) % BUAEOEEOHFLTT R, HE-4 GBFEITRRREHL, &k
HAH—Fh) THZDDOEMA ATRE T TS, EHEBREES NOEB-1 13, AKEFIH 88E) | ARy —v - REM
BTHY, HE-213, 2BRIE (AT ARBERA T —) HNTHY . BEORA 7 —BREEF T AOK BT, 2L
Wz, BEEBHRATA « RA T —BRETETR, FHEIRIER A 7 — LR L THRIBAE(THE) T T AHURMNE X
T - REREOT A 7 0 VBARIZET) | AAME= V(TR E =) FE, KRBIES O AR AR EE A,

2. N A=A (BEEM) T ARG RDOBEA

HREH AMEFROBRAEBE . Ao 7 BREERE) GEIROEA-3, 5, 6) LZOBUME, JFE (FfE. BIK) |
Bt T AGIREE, BAE, (T AR OMERZ | TiT — 7 /MR LET, M THMME D T 2 b & & L@ E(3
W) AR LET, LVRELWEEI(EIC 7 Vv —a0 ) 138 A — 25— 0O H 21k (https:/biofuels.co.jp/page2.html)
DR—T Z BT I\, BB BUREER H 0 7 AL R EIEE O B ERIL TR Cd, £ O, HIRR, BIRSAmks (HAh) &%
fEHLICHED T D £ (https://www.biofuels.cojp/ F A FEELEE FL R K .pdf) ., MO T A HHRDBY . Vo7t Rm LT
HYET, TNOOHESRMHFITMA., RIGKER, BIF, FEHEZEE L ChEOT AMUFEBEORENHIEE S, 2 TOHELEL
7T RIS 0 XA, TR0 T =7 d, R < mbh e HAEHFR, ROEBFI L 720 £9, T AZEE IR
CHEThH, A—F—IckVfik, FetX - 7e— MHAWEERE, EEHAL, TICHALZE S 90 EEME. BIEE - H
s (HEk) |\ Fx0BNLH Y £, ZOSHUSMIBT DV AEH A, HDEFRBE S TR T AU A =T —b %~
B FEF, X, OFAFR I B2y FHR FENIERITHIIREE, Wb VTR AN BT 2EOER I EN
HEBEIT S AL, @O AMUIFIXEE DT H A{LIF (Wild-Fire:https://www.wildfireenergy.com.au/ ), @A 7 v HHIT
L. B (~70%7K7%y) « BERETOEEHS At (Super Critical Water Gasification,28) A L Bk, A X v HARE T o w
A (https://www.entsog.ew/hydrothermal-gasification) . . . %, .\WAWAIYMAITH Y T2, £IH, KM 2y b, A
HHARBRETHH VA LET, . BUOEICAT vV, ZBEOEFDFEZ . QBRI CRRMICT AT 5
Ecoremedy(http://ecoremedyllc.com/) @ FLG(Fluid-Lift-Gasification)#iffi & & 0 £9°, Z DM, BEU/USA #[E D H AbiFEHHRLE (
Hrbek-Gasification-developments-in-Europe-USA. pdf (ieabioenergy.com)) . ¥ ¥ A 7D H AL/ FLHF (New Publication -
Emerging Gasification Technologies for Waste & Biomass | Bicenergy (ieabioenergy.com)) X°. MBZEIT KK « HERFMEL L Z Lz,
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BT PE L7250 7 AblF (QEN T #0RALF +BKRWEF) bAK L THY £7°, LLE, HEEERHIUER v MR, BlE
FREZR DEHE A — A —llICBRIVWEDE T IV,

No.| Gasification-Type R BEHI1T EieH | RISERE ak®E AR S5 RG] BB
e (% w/o-Dryer) (%) (Bt H
1_|Down—Draft ) Ao (FuF).ALyk| =R 950~1100 5~15 {Eching VEE,APL,GRESCO,RESET,GLOCK,GasiFlex,
(Fixed-Bed) BIOHEARTH.(Spanner.Volter ESPE.BioMAX etc)
2 |Up-Draft R KB FuF . (RLwk) ER 850~ 1000 20~40 mEME PMX.FPT,OMNI(Gas-Plasma) Nexterra,
(Fixed-Bed) (+ZES) ReGaWatt,(URBAS,B&W-Volund)
3 |Twin—Fire B R FuF. (ALyh) [ZEK,.(BEF)| 950~1000 5~15 EihE Bio&WattPMX-Twin Fire,
(Up/Down-Mixed) BR-Energy,(AHT,)
4 |Multi-Step N R Fud, (RLyh) | ER 950~ 1100 5~15 BEHE A-TecEEE.LIPRO, TCP.INSER,
(Hybrid/No-Tar) (Wood-Roll, Concord-Blue Ways 2H, Xylowatt)
5 |Fuidized Bed KE AR FuF, RLyk TE 850~ 1000 20~50 B S-Nova EQTecWtEnergy,
(Bubbling) (ER) (TRI: &#EHR) Andritz-Carbona, (Burkhardt), TRI
6 |Fuidized Bed KB BAR BWNFyT, 9k | 25 E% | 850~1000 20~30 hhE PMX-Girculating E-Green
(Circulating) Andritz-Carbona.Aries
7 |Fuidized Bed KE HKE Fwi, ALvyk |—(&ZESR)| 850~1000 5~40 = Highbury Verto, Synova, Taylor,
(Dual-Column) (BRBEHR) Repotec(Gussing).VTT( for Comsyn)
8 |Rotary—-Drum INEY chEY Fwud, ALwk — 850~ 1100 5~20 thEshE GreenE, P-Power(Drum-Type),
(BREHR) Env-PowerW2E.(Biogreen, 5+ 47)
9 |Entrained i KEY WINFuT, 9k [ =5, (BEF)| 950~1200 5~15 maE uG
(Down—flow) (BAReqRHRE) Biolig
10 | : (Vortex) N R WINFyT 9k [ ZR 900~ 1000 5~30 EhE VTX.
(Up—flow) (SynCraft)
12 |Chemical Looping KB+ Fut Metal(Fe) 850-1000 5~30 mahE RGH2
Hydrogen(Fe203-FeO) (EFEibh) (RE. RXRED) (+7E R (flkE) (Pure-H2 Production)
11 |Chemical Looping Rk BE Metal(Fe) 750-850 5~30 EhE Clara(@Demo)
Syngas (Fe203-FeQ) (Dual-Flidized) (RE. REXBEED) (+7E =) (BEREHR) (for Fuel/Chemical Synthesis)
13 |High—-Temp i, KB BEWFVT - 1000~ 1300 5~15 () EzhEE CCC.DMG.CHZEKUG,GWE
(Pyrolysis/Gasifier)) (RDF.EEZS) B3 (Sierra)| 600~ 700(CHZ) (BREHA) Anergy PyroCore, TorrGas,Sierra
14 |Plasma(Gasif/Pyro] K& X% BENFIT = 1500~ 2000 5~40 () EHhE SGH2(forH2) InEnTec,Cogent, AlterNRG,
(Uttra-High-Temp) (RDF.BEFS) BREHR) Pheonix-Engy.H2PRO&Enapter(Electrolyzer)

Note: HZ{EIFHMSBAMT. OROHIE, it TERBAFRIE. RXF( VEL. BANS. BICREERE. 7L —& HH IRV BIREE. S0EEFE)

3. BT ALF BfRIF) A4 7o#aK - BEE & fEERHHA

WICHIAD ST AR (AL - RRSEF. (8) &R - BOMFsale ) 24 7EIc, )W 7—7 0, EBTEE LR
L., TORMSEEEELET, X 0GR, BEESR (PSR, ) XV 27 %z2E-THY 30T, BREHIELS
BZan,
3-1.Down-Draft/Up-Draft & (! Twin-Fire % 1 7 ([EER)
EFRD 3 Z AT DI AN, AINDEERZ A 7 (EBRTFREEHEE TiEa< . TAEDOERIZ K VIRA ST HAICEIK) THY,
FEARW) - (REW 72T A FA T, WITETAUIFZ A 7RIS, ZORM, REEL L 5,
Down-Draft & 4 F=SFHHIT S — VBIEMR IR D 7 < O T AEIFRERE & AL, ik bl Z2fliZe 2 & T3, BBIET - %
HAALNER, /ISR E (R T ~250KWe FREE AN SRS, K2 501% 50~100KWe LA F OB TS, 1, =)/ F—Hifr
KW Z 381X KWe &, B\ R/L¥— 3 KWth # 5 E R L C %9, Down-Draft % (https:/biofuels.co.jp/page20-8.html)i% (BttHk 72
D APL £ PP30@25KWe &) . HL#RE Tar 2307220 H Z{BIETI R, H AT P U ARG ARREI OGS, B TROAKS
ZAERL T FRCHEEE Tar BREAMLPHE T, fliE /e H 2L 7 0t AfErE L E B O T BEHRZ OB S5 . Down-Draft % A 7
NV D FIRA A HT AL e o TOET, FEHRE L B ORERE, Y1 X, GKE) | EREER - TS0, ZEEEOF
2L UCHRICEECF, VIO E AR HIE% 4« 715 LE T (APL,Spanner,Volter,ESPE, BioMAX, ftt)
Up-Draft Z A4 7S HERKOFITN T AU R FREER - SEBENE. FEOZEME (S A~ 2 BIFEYIEE. 7y 7B - &
EKER) ITERL, RREE (SO0KWe~4MWet)xtii & F843 ATRET97, AL Tar BIZEDMFFICE < (500mg+ /Nm3), Al A kL
B (Tar BRE) fFCTHEWE T AT DU 3ETIL100%MH 2 £ A (https://biofuels.co.jp/page20-2.html), FPT/PMX-Updraft Mt
WIEE 2 » 7 (2MWe) . AR TEA - 48+ > B&W Bolund, URBAS %MD #i%, & 9 £9°, B&W Bouland ., FPT/PMX %
I AUIF B O AREREER O FARERITIE SR U T,
Twin-Fire % 4 7’=Twin (Dual)-Fire 55=i{%, Down-Draft % { 7" & Up-Draft % A 7@ Hybrid % 4 7D H AFTH Y, 3 HXD
HAIFH R TIE, b F LT AMUIF S A 7T, A AEBUIT N, A (S00KWe~ 1 MWe)FE EEIZ A3 3% fifi RE 1) D R
DEETT (ZHLLEDAT—L - 7 v 7I135h CEL REE) , 6o T, BMIImH Ao b (e#ehy) #< . Down-Draft & 1 7
EV . F—NEELEIZDRNTET R, HAT LV Tar Bk (50mg/Nm3)Z& F AT 72 &2 < JAL DS, % LD Tar bR
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%A 2 VB T4 (https://biofuels.co jp/page20-3.html), Hifli72 Down-Draft # A 7 Twin-Fire(Bio& Watt)f D, (i B D A
ZAkJF & LT, Twin-Fire {t & Z Bt (Multi-Step) & & A& ¥ 7= (A {LIFH O C Tar-Free/NoTar & H AL D &E#h=R/L % Heda
2T 22 A FHd 0 £4 (WKIE 3.2. Multi-Step 77T LiPRO [EIPE AR, A-Tec, L& #EIT),

A Twin--Fire 7 Z{bIFIX, TREAMI RIS RIRRIC, AR T A EIF 2 A 7Tl 5 1 PEAUE ER Down-Draft  (FUEHZIFE T,
2R - HABBET T 200, FRRORMNXB]) ¥4 7L Up-Draft (JA1) %A 7 OHEA (Hybrid) - ARHE L A T TH Y | %2
ROGERR) AL 2 yFITITWE S, WX A TOR - Fl8EREFF L. BBEEMH O VAN THH Y . AT L 2k
JiZ A 7 TT, flllZ Cross-Draft # 1 7 &b 0 £T 4, FEBGLFEEE O THIELET,

Updraft (counter-current) Downdraft (co-current) Twin-fire (co- & counter-current)

Biomass Biomass Biomass

Syngas
Drying Drying Drying
Pyrolysis Pyrolysis Pyrolysis
1 Air
Reduction —~a——— Oxidation —_
Oxidation
ducti Syngas
Oxidation Reduction Reduction
Syngas
yne Oxidation
Ash Ash Ash
+ residues
I High tar content, low ash content I | Low tar content, high ash content | | Low tar content, low ash content |
| Usually incomplete gasification (char coal remaining in ash) | | Almost complete gasification |

Wi, Zs 3 XA TOHAUFOER > EEEZ 0, BRI LET,

Down-Draft: f@)i%, FrRiRfT D/ Down-Draft 77 2L IF % & (https://biofuels.co.jp/page20-8.html) D 2 1] T4,

ZEMIIZOAPL # (https://www.allpowerlabs.com/) ¢ PP30 (25KWe) T9, F(Z2 = T —ftkk (SOKWe fibH V) . ST
U — K 150KWe % 1 7 H &b 0 77,

FHHNE@ = > 7 —11:Akk RESET  (https:/www.syngasmart.com/ ), 19KWe,35KWe@]1-reactor, B\ % SOKWe@2-Reactors, W (T
100KWe@4-Reactors ) T,

NI S [ e S E N S QDY > 4
a2 X7 Na—{AR (All-in-Type)

WY, R > 7R (A X,
BIKER) DREPZIE - HfTIER
DEEL 720 F4, NI A pEI

15K We~150KWe 2 DHIMLIZ, %%
Z<IRFEESNTWET (RS,

TRESMTHEY) , HE Y
100%/MEUSEFE, PRI (CHP :
Combined Heat&Power, {&7KFI| )

HATY, ARG/, AR SR . BEIIRIAARBGE, S0 I3E RN O &0 (LR oo RE g m & 2 el
TIEH Y £HA, BL, FESRMT. FIIZIERT S (Off-Grid) THRMENLRDLEIC, REIENZFH LER 1T
UK SR 2 ek UL BB D S IR IRF I BREL BB L (Fuel -Cell) 383 A6l H 3 W F9 (Solid biomass combined heat and power (CHP)
with hydrogen storage and fuel cells | Furniture Production Magazine), 44Kk, ZEMTHLFE U Z LIZAgETd, i
[E] 3 A @ Down-Draft /Ni#13 Spanner, Volter, ESPE, BioMAX, URBAS. . %7238 ¥ £ ¥, B4R S REE ICEBERSRT S0,
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Z DML, S TIRFES TV D A AEEEREITIE, @/ 18KWe it b HR5E L TV 1% GLOCK (50K We:

https://www. glock—ecoenergy. com/en/GGV) , DH AbRA T — « A —H—D /NG 23 B E Froling (50KWe, Fixed bed
gasifier | Froling fixed bed gasifier CHP 50 — Fréling (froeling. com)), ®GasiFlex (49KWe, GasiFlex Technical Datasheet
~ GasiFlex), ®CMD EC020X (20KWe, CMD EC020x | Operating Mode (eco20cmd. com)), @FIZHFHY - F5h=R D GRESCO (AKEE :
300&500KWe, https://gresco—power. com/) , ®VEE (350&250KWe, ffi. The wood gasifier CHP unit with 245-350 kW from Vee
Energy) ..ZbH0 EF, FIC@iE Moving-Air FR, =737 b2 Down-Draft H AL HFREHMA LR T, W, BUH
ENXETMZx ., JEEADEARFIH (BFE) 2IES 100"/%‘9“%@ FT, WoT, ZNHXATOFTELELL, NUT ZAIF A —
A—bZBEELET, —FH, WAETIE, ML EEME FIT) THALTH, FaEENTIERIEFIA G 2 <, SRt
(KW Hiff) (2hnz, FICEFEREEZEET 5L, BEXAH O BN TIEEALE L EBWET, KM - 72 biifE b o
DHIRRED 1 Db LhvER A,

W HBNTEN LET A, LB S, Lo HP, ROKRLDA—H—O HPAHEHESBT IV,

Up-Draft: FF2IE Updraft % 1 7D 77 A {b)F (https://biofuels.co.jp/page20-2.html) D 2 il T,
LM OEE L, OFPT (250~4MWe @800K We) p
FliZ, @PMX (100~2000K We@1000K We)
DFEDOFAMFI T, Up-Draft 5T A{LIF D
FEfUE. OB O LRk bt K OVE KT IG
DIRS, RS A AR EDEB T,
L, 8T Tar @b %<, b DBRERE
NHAT D URRETITELE 20 3, Ak
HABENT, EBRMC X 0B LE 325, 1 fFliF 1270Kcal/Nm3 (4 A #AEK I H2:11%/C0:18.5/CO2:8/CH4 : 5/N2:57.5%FL[E) T
3, Tar JHIFIRBELE TR L, ZARILZ4T 9 DA (OB&W-Bolund 5RO ) 5 OB F <9, ek BB PMX 47 (#4E OEM)
Tk, #—AfHER T ATV OPER AT A (500°C) %, BIRRE OBMBEFNICE X Tar 2 WK X A FRBES &, HE7 R IR
FEDEIRILB00C~) Z#FEH L, ORC (Organic Rankine Cycle) DFENF %2 KIFIZH EE S EAREOHAKTT (5-3EE
FEEDITHM) o Up-Draft 513, EWNTH AT 2 MW HALOR@(5] (B&W-Bolund) @ 2, ( HEFEE | L& hT Y
—> /37— (jbmd. co. jp) , NKC &AW Y — > /87 —#k&4t (nke-nagaigp. co. jp) ). it 1 5], @7\ URBAS(250/450K We)
DHEABIL B D ET,

FPT/PMX O 7 AUIF B VAR ARG &, X — A% EFED B&W-Bolund OEAF] & 1F S[FE—T4, (BL., [N bREEDRT »
7’0 ORC FEEBAT TS, HIBIEAMiIEE THED L TWET GEORC A FH0)) , i, Up-Draft 30 2bDEREIT, HARA
T = A AE (BRRHA) | BWNEIHT A DU EERETLH Y ZimAie T2, ARRES O HBONIRIZ L Lk
WeEEbhEd, 2o, ®ReGaWatt(300~2000KWe: https://regawatt.de/home-en/) , ®Nexterra(2~15MWe:

EPTHZAEP (&EEUP—D

https://www.nexterra.ca/files/gasification-technology.php) % % [ U Up-Draft {5 &£ L, KA Z{bIF % Hk5E L TV VE 9, Up-Draft
EOHAUIFIE, DA AEEhER (Tar BE S ETe) OFER, Tar FRELHER LOH A « RA 7 —REL (Hot-Syngas) FIFEFI (7
IR CIHE Tar 3 b A RR, BT A LZITM|L) bEBAFELET,

—J5. (OMNI( 200 *./day:https:/omnict.com/solutions/) (FEB¢Z M) %,Up-Draft {£ % A1t & Plasma - L3R T A5y FR AT
(https://www.ukrplasma.com/index.php/our-technology/plasma-refining-system % X 3-9. Plasma % 1 75 4E G 7)) & # A S b5
43 1 07 (3 Bt ¥ Tar-Free : l)Horizontal Grate Gasifier, 2)Up-Draft Gasifier, 3)Plasma Syngas(Tar)-Refing Chamber) % £ A L.
Up-Draft /£ DR E T % % 8D Tar 53 D43 fif % Plasam TITW 7 U — L 7R AR T A % BlvE U &9, BEZEW) 7 AL #E(Biomass & 7])
DA, TEEBATR OBAE & 13Z%/ 0 R0 £455, MSW BEIEMFEEH(H /200 ) ICKDKFRBET T o & (4R 5000 ) R
. Kk £ M & F H 2 @B A i # H T v 5 Kk [E ,Caifornia M T F ®H T F

(https://hydrogen-central.com/omni-ct-brings-first-

of-its-kind-waste-to-hydrogen-plant-to-market/ ) .

OMNI # 2 b7 &, BRGFED S 53D 1 OFES (M ELEROIRE) T, F—EBOKFEM &AM PEETE

i1

CMNIZOOTM K, Production Plant [

—

MSW ™ l» s £
90.000v4 S
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5 & 5> CWET, https:/globalsyngas.org/syngas-technology/syngas-production/waste-to-energy-gasification/plasma-gasification/

% DAt Up-Draft V7 AMUIFIEA o RTRIZEZSBERINTWET (X —H —DfFl, @UDCCC Cool and Clean Gasification - Radhe

Group of Energy & https://www.youtube.com/watch?v=Q7yBT08eyyA , Updraft gasifier | z1d technology | zero liquid discharge technology

(arvindenvisol.com)) , ZDfth, EU TH, Tar 7 U —= 743k % % & Te@Up-Draft $E 7 AL HIREHEMIEE Project 236 ) £ ¥
(https://www. hieff-biopower. eu/the-project/ ) , Up-Draft IEDFMIZLL LTH, MU LE /e b, Hetk HP.

(https://biofuels.co.jp/page20-2.html), FRfT45 H ALEEE O HP GITE R, i S 720,

Twin-Fire: Twin-Fire 723, O/ Bio&Watt (200~300K We, http://www.bioewatt.com/eng/impianti.html ), @PMX-Twin-Fire (500KWe,
1 MWe) (https://www. biofuels. co. ip/page20-3. html/) . @BR-Energy (http://br-eg. com/ , 200KWe), fLiZ . @AHT (A. H. T. Services:
Home (aht-energy. com) (400KWe, #— —{ili& Double-Fire & =5, EWNHEAR), FbH V. filirh Down-Draft & Up-draft
L @ Hybrid # A 7°® Twin-Fire F=DH ALIFCTF, £ DfhiZ A-Tec, LiPRO, Xylowatt %, Twin-Fire # 1 7' Ch 0, HiZ
Multi-Step(ZE%) FRTAMETHH Y 9, 2N BT AMEFEOHEMIE [3-2. Multi-Step] TV E T,

HRRAFIL, NEOD Bio&Watt 7 A {LIETE O 24K & FNERE e
BB T, MAEFEHC LY 250KWe~300K We 72 D JE E fE

TY, FELT, AER, BERBSOHERICIVEDY F
o HAMIFARM, ROT ZRFRERM, %l (R, ¥ —1) O
BEARA T —IThN 2, BALEE DRI, A= P RS 2 N
R T2 @A b Turn-Key AL C HRAL L TV ET, SR/ T
1D 2 WSS A A ZAFURHE KT 5 BRI O 24k, =20 /%7 FR3EESCF, FEIEFEMO HP., A SR 7ZS0,

Hrspear patent i
srocesuse pendmg

3-2.Multi-Step ¥ 1 7 (B Ak, FEER)

Multi-Step(B\ M E Multi-Stage) ZEx{b. & A 7'I%, Down-Draft 5= (fthod H AL RD Multi-Step HHH b V) OFRIZ 15 - [[]—
PENTC, ok, BVRE. RBE (U A ML) | BITOK TR Z BRI 2D T o TR R 2 £ ENEICIT 5 FR T
2L, WERC O E - 2B QB~) SN TRTITY) FREZWVET, 2O Multi-Step FRUT, A——, EEICE Y EH
FIEEERZY 308, @tERE (S A(%h3, No-Tar/Tar-Free,fifl) DX A{VhFZEHR T 255G 717, EICHTT AR OHAFF
ETY,

(DLiPRO(50/85KWe)i% Down-Draft i D ¥ N % 43E| L 3-Step 5% FHEL T3, LRARELQC-ATS (EEE@FIEE , 50/125/250/500K We,,
https://cleanenergyee.com) ~ @ A-Tec & EH D HiEIX LD H 720 £4 728, [EARIC 3 -Step #5% . @INSER [N E ik B
Clean-EEEHybrid b xf s % 47 V» Multi-Step 1k % 32 Bl L T £ 9, — 5 . E-Green(http:/www.enertecgreen.com/) ,
ET-Gas(https:/www.ctgas.ew/ VI IFEIR T Ab 7D 285 - £ 2 B) Befb - ARG REZHA L TWET, FFICAT v ®IK
N T AHDN b DO AFEE, BIRFREICHER LTWET,

WAZ Multi-Step FERDOD, QD ¥ A 7D 7 ZIFDFEI & LTI (T b R L 4 A {bzh =R, % — L ALEE AR ZE (No-Tar/Tar-Free)
THY ., N A~ ARFEEO T2 (G87E) AR TiE, $E28000 # 5 @A-Tec(890KWe)(https://biofuels.co.jp/page20-3.html), B
VWME@INSER (500K We) (htp://biofuels.co.jp/page20-5.html D7 HEIEIE D 7 AL BT AW Tl b EN - mm T Ak (&
hREERTDHA 7T, AL, L IMW LLE~OKRIEULD A r— - T v ZIERFZEHHE O E A,

A D A AT E O /B E E IR £ Bt i

( Multi-Step) &/ % {k LiPRO, 50KWe e - -

( http://biofuels.co.jp/page20-7.html ) D 5
B3, @LPRO &, Multi-Step 73,
K O Twin-Fire 52 C % & % Hybrid % A
FTT, HRAZ UV UREMEL. AL
HE L — KIS, A7V a AT R
D, ST, o TR b FRETY, A
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exhau % s | h
'-b generator :
. g q——— FBEOROBIC, 26 GER) Bk
\ B -— = Shos 5 37 R o 32 S
i W@ b omm e - mm 38
_____ o | (-Step)EEIRA L TV R,
1 |
¥l Lowmesmgm ! @AORE (WAL L BT

LERNTHEES L, FLRAT v 7HICRE 2 BRIE (HIH) RMEBENSTTRETH V m2hFRE T (150KWe LU FF2EE O /NUEE T
I%. Multi-Step #1%. MUITHFEE LRV EBNWET) |
WX, AR RERE O@A-Tee HABIFOFI T (H ALIEELEE 890KWe,ORC {f IMWe  https:/biofuels.co.jp/page20-3.html )
BEART AMEF@IFO L EEHEE D H AEFTH Y, @@ Multi (3) -Step F7=, K OF Twin-Fire 53, T B it hF 5 1 341 B4
(Allothermal ) & HE.PNZEL (Autothermal)-Z5yfi# (Pyrolysis) F+Down-Draft %/ A{t. (Gasification&Reduction) 720 Hybrid %
A 7 TEH, RIFRENIE. @IFDD 17 524D 890KWe b H Y, @1 3.4~6.8 5, [FFRIC No-Tar/Tar-Free & 72> TWE T, K
MF v 7O A BT A BRI, fx DFMETEDY £975, 1 Bl 1385Kcal(5.8MJI)/Nm3 F24 (H2:22.7%, CO:5.3, CO2:9.7%.
CH4:1.3%, N2:40.9%, other:0.1%) T, 7 ALzh=Rb () @R TY, W, KOV A=V REH (Jenbacher) bR HE -
MAILSNTWET, T o, HEEV BB FIHIC L 22845, # 12 ORC (Organic Rankine Cycle)3& BT OB E H A{L3EE
THADEETY, @D A-Tec H ALFEEEBERDHIEENRRMIT. £ OMEIHDL ST, PRETIIMIZFEL 2V EEbR
£,
R IMTIKGY 50(40)% DETF v T D 7 v AFEEHFITL 55247.8) % 4 B2 T, MmBENELmbILD N ALERORENFIL,
WE25~28%RETHY ., 30%ERADIEEITIASHFELRWVERWET, H. @O Hybrid 77 AL X DFE LWE X
BEFRTLH Y, B LET, LHEZRSHLDOOLPRO,@WINSER S Foma ¥ :
(500KWe) (http://biofuels.co.jp/page20-5.html) “EDFHHZ B L 72X
W, Z DM, Up-Draft 7 A{LD LBk (Multi-Step/Multi-Stage)
(334kurkela. pdf (aidic.it), @R (Fluidized-Bed) ZE:A A (kL
Vil = ( https://www. shanghai-electric. com/group en/c
2019-10-23/550916. shtml) ~ FDHFFIH & Y 9, Down-Draf &
Multi-Step # A 7 CIXMEER 1~ 1 OMVe HIFLD Tar-Free H# ALb | KR AIREL 7225 L bV ET,
Al £ & ® Cortus/Wood-Roll  ( https://cortus.se/ ) . 8¢ W & ® Xylowatt(Home - Xylowatt ) , @ Concord-Blue
(https://www.concordblueenergy.com/technology/ ) . DDA TH 5@ Ways2H (https://ways2h.com/) FEIZFEIEM D A A% T
2% —/% > | & L, Concord-Blue-Reformer & FEON, Multi (2) -Step J7 =7 (#4845 6O T 3 -Step) T3, 22D 0 IZFR K (H20)
Zffi 5 Steam-Reformer (800°C) %A 7 Toh VW PEREARE GO A ZRETEET, KE. MY, v FETEEYD
HAfpEBEB L L TR ZAREST T, M. OENUIBEC) THBEM VBN H >V ALEECH
Blue-Tower,https://www.intechopen.com/chapters/17498) CL 72723, WAWAREY & - 72k CHAE® & HITEIOR TT, JBEC B
HyE AN (V) Way2H (https://ways2h.com/) % Blue-Tower 5 AT L 2 fliARBIELERE (PSA)ZMRGEH T3, FEEIC, FITHE
7T IMSW JFE & x5 & B AR EIEE . QKB - (8F) SR ENLEME TCP-Energies (Upcycling Kraftwerk — TCP
Energies GmbH) % & Multi-Step 7 AL HRUTH S D H AEHF TF, Tar-Free/ LBk D% & L TiE, #i®H TRAE(IMWhe)
ToH Y. RILSF(Pyrolysis)+ Bubbling-Fluidized-Bed-Gasifier & & #lAG o8, B3 Rich A Tl 25 X (TH, = VU HE
B+ORC THEZIFE 0%L x> ZLTT,
®Cortus/Wood-Roll( FFLZEMIIRAT) 1334 A~ AFEN EH Y | RALIF 4 Steam-Reforming $F 4 5% 0> Multi( 3 )-Step 73, ik
(1100C)  (FxR) BT AbFATH, Hi#E D Concord-Blue LV . HIZHiE
JEIKFE(58%) DAt 4y (CO:28,CO2:12,CH4:2% ) . N2 2 & £ RSB ES
A (2510Kcal/Nm3)3 5 HAVE T, T DfE RO mEE - miREKSE - A
LFF B RER) . WA VB TIIKRRRENEBE T, =0V HEH
ODHEMFAIEIAMEN~b LALERA, &L AKEHE (PSA)
(https://www.]stage.jst.go.jp/article/jvsj1958/43/12/43 12 1088/ pdf s

4

Temperature

file:///D:/Joe-Hirai/Documents/CatalyticDepolymerizaionProcess/Plastics-TireCatalyt

icPyrolysis/APC-Pyrocrat/catalysts-11-00393-v2%20(1).pdf ) &, /K5y DOI%
IKFEVEEARRA A (Tail-gas) & FI 9% A 2 F 8 (FIT:Feed-in Tarif) & ZHEHT 5508, BV 2 LR EH N L7
ROBEITE 2 £7 (https:/joeh.hatenablog.com/entry/20779617)
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@, DIFEBOBSRIRACLT + Steam-Reforming JF T ¥ . S H A (MEE, @IREKE. EHRRNFALE R L) oy, BED
HERLITT, REAEOIL, B ITACPEER, BT REGRE & & 9 H AEIF O G EoZEN KT,
®Xylowatt( F it AMITRAT. Home — Xylowatt) (260KWe, 760KWe) ) (% No-Tar/Tar-Free /7 A{t% Sales-Point ({# 3" NOTAR”
&x9H) & LTS Multi-Stage(3 By) - Down-Draft B0 77 2 {LE <4, 2x&m> Blomas
HAFRTHY . ARA ARG (HLCO0.CO2N2)., BELWEDOH AL 47 _
DIRRBEERA A TT, RICH ATV URBEBRRET CTT, o TKFLEEA L e t

LCHARE TF, CABREORIIILETT, LERD, BEA—N—FHO ¢ Snmmetmmom g

ion of heavy metals and organic

futants

HPZZW3 52, BT RBEICEZSHVWEbE TS, : IQE;:;'VJHL_‘; wenh meenicomenase | -l

K Multi-Step 7 ALOREBBIOFAELL LTHA, LIsgn T, | ?

FEARIIC Multi-Step 7D H AL hF 134T Tar-Free BT A TH Y . BESEET

IR R, TREVEA R A (DLIPRO/@)C-ATS/@A-Tec/@DINSER/®Xylowatt), BiVMIZEH oy &2 RV EEEKSE, 5iE

G i A (®Cortus/(DConcord-Blue/@Ways2H&IBEC) D X A 7L R 0 £9, BUR, I L HEH BB ETT N, 5%ILE AR
(@), fbFaMmisE, WTRRBESHET A(O&D®) 16 DKFEEE « BIEPSA) RS Oy 5~ DO BRI ST

U 97 https://cortus.se/2021/02/10/green-hydrogen-the-woodroll-way/ ), fH L. @IX ALY & ekl Mk DAL T

3-3.Fluidized Bed % -f 7 (Bubbling/Circulating)

TRENR A AEHF (185 %A 71%, Bubbling % X Circulating (f§8%) % A 7SN ET(TRREHR)
=E|Z Bubbling # A 7 7 AbJF (S-Nova)Z BIER Y K-> T E 7 (https:/biofuels.co.jp/page20-1.html )23, THEIZ L U Circulating
B AT HHRETT, A A~ AFEEMRA S, 155 Bubbling-Bed # 4 7' C, 13 SERABUROREELERIZ, FOXIETEET,
Zhn 1 BRI b 22RO R ER 0 a L GREMT AN
EINFET, KRRE S ESIRE CTIIRVa, KRHE IRV E S,
WEBWE T RBAE AR ARMEZ DA AT VU EBRRNE &
720 £%., KO 3-4 [Dual-Fluidized Bed 77 2 fFfb i, #E] %, o
HALZ—EREHTATR AR VU 3E TR LARECT, /N Bubbling
A RFRHC A THRBERR O A AL bR T ET, e o
Bubbling & Circulating JiEEIIK « 7 A (LAF DEVE, BFRITHRIHRIC
2R (ADDOHHEIC LV LT » 7 - 1) - [RE AN (Bed) Ci#ilE (Bubbling)REEZ MR S8 2 530y, SIS TH~EE W BT,
YA 7 1 (Cyclone:[Efk « A A4y HfER:) #&H . XA (Circulation) S ¥ 257 E & 9 ii#) (Fluidized-Bed) T2 DEWTY (Ahk
A, B RITIFI~) . BRSO ( Olivine-sand,%§) 1L (b & KR D) (EEMEA, B L MBIR (TR LB3HY
F9, BEERF X (Fixed-BedlZH~S, @M AT ZEIIGOMEIT, B— 72257 IR 3 Ai . AR IR 7 A bxhits (RS RLE
FEDBERIEY ., AMN—2  /S—=AEFBED A ALY b ARETH V| I KBUET AMUIF (R — T v TR S)) *His,
FERG RS DR AT 1E - RS D R ETT,

Producer Gas
Producer Gas

Biomass

Circulating

fluidized bed
gasifier

FE:DEHE 2 #iX. Bubbling Fluidized Bed # A{biF (Gasifier) (BFBG)# A 7' D ALIFEE@EH]TH,

BFBG 4 Z{tJF %, MS-Nova (https://biofuels.co.jp/page20-1.html YDA, @EQTEC(EQTEC Syngas Experts | Sustainable Waste
to Energy and Biofuels)., ®@®WtEnergy(Technology — WtEnergy Advanced Solutions (wte—as.com)) @Andritz-Carbona
(https://www.andritz.com/products-en/group/pulp-and-paper/power-generation/gasification/bfb-gasifiers), ®GIDARA-HTW (-~ L > L,

FITPREE - bF A RK)  (HTW - High Temperature Winkler technology — GIDARA Energy (gidara—energy.com)) . 25234
0 E9, b PR HBREBZO T AMEIF G Al 7e FFH ALFH, "RE &0 3, ST, /M2 5
m)bFELET,

o i _‘_’ NA T~ A RO - N I~ B FE 2R L7228 E A 7 21k
%7 ClZ. Bubbling-Fluidized Bed J72U D 7 2 LIF /i1 & T84 2R i AwBE /) - $k
MRV, HEREME, R OB XHERED AT A ZFfE 2L TWET, &
¥, BFBGIEIC L A7 U —AkREE (How biomass gasification can
help boost global

green hydrogen
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production (eqtec.com) HHFT IV TCUVET,

W DRI B FEESHD) 12, BFBG F D@7 /v 7 2~ /L b+ (Burkhardt, 50/180KWe) (https://burkhardt-gruppe.de/en/power-engineering/)

T9, MUFTIEE LV BFBG FR A Lz A ALJFC9, BU TIXSEEASEE S H 2 H AU T8, R RKOFEIL &M
(Fy7D2/EULE) 2Ly NEHT, KOZM7eT v 7THIEEZX 7202 LT, XLy MBED T AEIFIE, N K

VT OEGS B—%A X @EE., GEAE, KEKE, FERADES S, TAEFNTD F T 7 VEd) FEOERAND,

T A DRZAFRR RN 3% 72 2 & T, A = — 1%, ZO5RE TR, WEERAEMTL £ L IERWEMAELE B

NET, 2Ly MNIERRED <, HOTREOFREENH Y £3 GBIEKME. ZEIHE - SRS E)

ERNEAGILHY . FELWERBLIER S, EREENREE, S0 B HPA S A= —ICBlWEhE TS,

EIT/VEL 2 5 KWe # A 7°0> Bubbling Fluidized ' A {1.3& BE24 & ®Bio2CHP  (https://www.bio2chp.com/index.html) & &V 3, *F

(2, SR ORRZRMAEIZRFEE (<2m) 2~y MEOFI T 21T FEHMER rTHE T,

Wi 2 BNOTRI A {4F  (https:/tri-inc.net/steam-reforming-gasification/) DFEIT (ZEFEIRMT) TI, EEH A WA R EL
AEALFEE G5 e A (FTHE; Z4 vy v—-b 07y 2%k - Wikipedia) ORI LROEEIZ LE Y, HOKMEAREHY
AR MRS D 2 LA ERRLE LTOWET, i, KBRELEDZ V) — U REMAT A KRBEERRCTLELET, 4R,

HEH AP, TRZ—EY) FIALHLRLRETT,

— P TRI (% Steam Reforming Reformer & FES T ALIFCTH VD, AMIESHT K O
o 22 853U — XiEA @ Bubbling 4 ALAF (B5) #5% C9, 5 1 £ (Steam Refor
i mer){Z. Aijik Bubbling & A 7 ENAR ' AL TI A (% & 14 Deep-Fluidized Bed
7 ERES) | EE LY U AAE Bed FIETEM (70 X FKL - BbRL, fidissh R

WhUele' . &EEMHE) RSRCEBBECHA LIRS, BRI 7L 0k

wrswe=d QAT -
éﬁ: . VN, Bubbling 7 ALOERICZESR (BRK) |\ ICARSRZ MR THREHO—HE
ERAREEIC & W =iEAL 5 J720 (Autothermal-Gasification) TIE 7z < . RrpkEh
L . ; : 2
N e et (ERRARER) 12X, KESAREW], TiRO ET.7 72820

mer RF - HAEAT - A FBPEE LTCWET, L, HMIHREEMEL
4% J51% (Indirect-Heating) Tid72< . B LV ABRBE (Pulse-Detnation) T & 2 BAASHASREE D 5121 « BEVEERZI RO K
Bl & 0 EfERS (72 ) ROUEEINEAE BIZRANICAT VY, BICERRBEAIC L W EFRS N)EEE T, CO2 DDAl
A e hHRENIE Sk D T 2 (SR NNEN A 2 4L : Allothermal-Gasification) 5 2 DER A, AH 2LIF DK OB TS, H
ZAGIREE (T IR < (PR 750~900°C) . Z OFER. WRMEO B OEREY (KD % %22 < ST IRRUS O LR IEM S . JFATE
DEAFALHRE BN DETT, %628 (Carbon Trim Cell)ix, mIEHHBIA At (JF) 5 TH V. FEE Steam Reforming )& #EfE

(B 2 0E, FOEE DV a)Boudouard(7— R 77) i: C+CO262C0O, b)Water-gas [ in:C+H20&C0O2+H2, c)Water-gas Shift

i :CO+H206CO2+H2) %kt LoD, £ a), bIZ LV & ([E{K Char)D T At &Rk S &, 125k 0 OFEORFE (K) W -
7% 5 M) Ash AWl (JBiEqk) . 1T c)Water-gas Shift 5(i5(6. 2. 6. Water Gas Shift & Hydrogen Production | netl. doe. gov) T & ¥
H2/CO E/VHLOFHEE « Fi{b ATV E T, MHFOE BENIIL, WA 7t GBS 7 rrddH0) THY ., BEIRDIR
R (7)) | BERRORE (B HAEDRE - HADHEEITY FREBRALTCOET,
TRI X, BAEFRBADRRIZ, WERAYIZIE 2 85 0 ZALAERR T3 2%, #%iB D 2 #5 (Dual Fluidized Bed) 5 OERIZ . I E L7 545 E]
Ti272 <. Bubbling LD T 2D 2 B(GE) 2V —XFEEMA L = 5. =X Multi( 2)-Step iiEIR (BFBG) 4 A {bJ)7
X brZET, - T, WHED 3-4. Dual Fluidized Bed 5304 21k, div id, FEIKD Multi (2) -Step H & LTONEES
FRETT N, & 2 TiE—5 1 #5 Bubbling i8R (BFBG)Z A & LT, ZOHETHE - BHLTHV £7,

D TT D, TRI U AMEFORRIT. 7 2 2 LIFRTR oM - nE, ZHE 2 B VA LFETHY . LREFEME (%
FEANA A~ A BEEY, BIROKRIBRERED 207 ) — U RE T XX —a T A ORUERFREL 7> TET, IMA TERK
Bt (FTE) ISR K 72 H2/CO E/VEL A 1.5~3.5 FEiZ, FIRICHR URGLICE/L L OFiE - filfE <& 2 RICEGEbE, Gkt
ZEBORE R O F ALFER T, AZ ) —ABROEN  FREE 2.0, ZRFIKETHED 2.1~22 #itk. ARKR
TR (RAEV) 726, 13, BRRIRICKFEREZ SHEEGE /LT QN+ /N, NRFEH, 77U 0%, FHN=8 25, 2.13+&
20 ET,

TRI % A{t4F (Reformer) 1. A /1732 KE DA L2 Fulcum £ (https:/fulcrum-bioenergy.com/partners/tri/) 75 & FRE:
BE (BREIN, JET BRED 7'm & X ORiB D7 AbEER (BB, FTiE) & LTHRA S TWE T, A TR AL (500

Figure I — TRI Steam Reformer
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https://eqtec.com/how-biomass-gasification-can-help-boost-global-green-hydrogen-production/
https://burkhardt-gruppe.de/en/power-engineering/
https://www.bio2chp.com/index.html
https://tri-inc.net/steam-reforming-gasification/
https://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A3%E3%83%83%E3%82%B7%E3%83%A3%E3%83%BC%E3%83%BB%E3%83%88%E3%83%AD%E3%83%97%E3%82%B7%E3%83%A5%E6%B3%95
https://netl.doe.gov/research/coal/energy-systems/gasification/gasifipedia/water-gas-shift
https://fulcrum-bioenergy.com/partners/tri/

LIR) B FERER T

K1 Circulating Fluidized Bed 7 A{bJF (Gasifier)(CFBG)% fifj EL 72 il & SEE M TR L £ 97,
K% BFBG ORI, JFUBFE % 7d - i7ilF (Bubbling) IRFETH 2{b%E1T 9 D TiE72 <. KE (Circulation){kHE TH AL &1T 5 J7
NTY, KEISEDH, . REITFEEY A X, BFBG OfEICKE 72, RE—H A XDF v FREHIMEZ T, Lo —74, Zhd
Ak (1mm BLF) AREEDFEA LT /2 Y i"}‘ UM LG OGS 28 5 5613, T QER 720 T 2 TERITT A, KM
NOEEEMET 256, SROAIMLE TR (6. BILEOETHM) HSHETY, Lo, FiTdH
FE7 247> 6. BFBG 47 & 0 IS ARAb(Andritz, ftl) HFRIRETT DY, A A~ A EHCIE, REDOH
BIFAEIIFE EAFRETY, BHOMRIT, BEFEY B A~ R OHAETHY EJ—ODJJXNZT
(. EEDHEIC CFBG HRD, FHIH AME+E A ARA 7 —ARZEBP LA SN TVET,
PN A AKRBT 2 - RA T — GRS — o %E) KB (WMaM)f%ﬁ§<&%éh(H
ADJFEfTS) , PMX-Fluidized Bed Z R & /31 A~ 2D H AEFEEOFITZ < (TEVIRIL T,
BB FLl )/ 72 O BRER 158 B8 72 © Bubbling % A 7Ty, A RUREL {LF57 8772 & | Circulating Fluidized
Bed # A 713 & THMEHE - f X 721,k D Double Fluidized Bed 7% 1LV 5 &= 5 BATE & b E
T, MATFEBHY A AN KE LT v 7« Xy b CTiEKEl (Circulation) BEIZAM X TR EE (0.5~
Imm FEJE) FfER3 R AR TV FE TS, CFBG 7D 4 A (LI #ilid R 72 T4 OAndriz-Carbona (ANDRITZ
Circulating Fluidized Bed (CFB) gasifier) . ZMIEE 2 ¥ifsftD@E-Green, (Green Concept :
EnertecGreen , 5. BifEIL ETGAS | Waste-to—X) ®Aries (Aries Clean Technologies | Fluidized Bed Gasification). @PMX
(https://www.biofuels.co.jp/page20-1.html), GKEW(Home ° KEW Technology ° Delivering a world beyond fossil fuels
(kew—tech. com) ., Zdfl, ®GTI-ENERGY (Home ° GTI Energy,
https://netl. doe. gov/sites/default/files/netl-file/GTIGasificationProcess9 18 07.pdf ) &L H Y FJ, GTI
TARA AMETE UTFEEB D | A A~ A - H 2k (~1000 ",/ H) ORFEIL GTT D F-%4ED@SunGas Renewables
(https://sungasrenewables. com/) 23ERFEH TH, FITKFERIE KOGEHKA X H A (RNG), {LFHKEEIC
JILTVWET,
FEICRBNEPERNIZE LR (50~6 0%) . @BTC(Our technology — Phoenix Biopower) 3% 0 £4, O
IR, b EIEFYOHT AETHY | SiREGHEAT ARERA 77— FEE) AL BbivES, QiT A1 4~ Ak
B D 1.2MWe O H ZLFEBILE T3, ¥—7a~ Ly A (F v T SRETT ORER) OL0R#k72 CFBG fF T8 2
WA LE L, Ny M5 2Nt REE i*ﬁﬁ&)“(mfuﬁﬁﬁ EBEEHELS O LT, XLy MRFEMRSEMETATF
TENE, BB L BbnE T, @RU@ITEF ¥ 1 7D CFBG # AMUF T DT, Z Z COFHMITEK L ET. G,
®IEIMEX A 7D, ®., QIIME, BVILHES A 7 CFBG H ALEEE T,
N @DAndriz-Carbona(https://www.andritz.com/products-en/group/pulp-and-paper/power-generation/gasification/bfb-gasifiers) & /N1 4~ A
BN % LT GTI ' 2 (b7 1 & Z#4F(BFBG) 22 L TV ¥,

3-4.Dual-Fluidized Bed % { 7

BE DAL A~ A« HABETIE, &Eﬁ%iﬂ%%%ﬂfcﬁXKﬁfT“? MFEMEDT & b2 LEHAET AL ETE 20 A
B TH Y | BRFE 0 BE DO TEESREE OHIBICEIR L TV £, BT, mBEEMACREEOHSE LR 22 ELH Y £,
o T, WAMEEBEOR LROEGRAADHRE KN EBE T 2HERHY £, BMiaREMGRME TT<, GREL &
FRAGEIER, BOVE KR ABES, K0 SERARMIAEL R 5, TAMEFORBUEAHEBHIAES THbH Y . N 4~
AR TR < JRUBHERR DR 5 72 BEFEMIRI I O KRB BB O BUER S S B O EMBE L n A€ 5 T,

JFNTHE =N TE 5247 (FAMof) o0 £, FrlfMRIE 2 EOmEREBMROH T,

A : 2 1 EE DB A{LSF/Bubbling % A 7', & 5 — O 2 BITPREENF/Circulating (Fast Circulating) % A 7 DAL T,
(DREPOTEC (http://www.repotec.at/index.php/homepage.html),@Highbury (https://highburybiofuels.com/#our-planet-cant-wait).

(@ Verto(https://www.verto-engineering.com/?page_id=29)ZE N DX D H A FH T, T D D@Synova(https:/synovatech.com/ )
LEFELETESY BT T) VA7 7 o M, FEREMRMT) .

Al : @S & b Circulating % 4 ' ®Taylor : http://www.taylorbiomassenergy.com/taylorbiomass03_tayl mn.html , ®VTT(for Comsyn:

Project: https://www.comsynproject.eu/technology/ ) DFITI,
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https://www.andritz.com/products-en/group/pulp-and-paper/pulp-production/kraft-pulp/white-liquor-plants/cfb-gasifiers
https://www.andritz.com/products-en/group/pulp-and-paper/pulp-production/kraft-pulp/white-liquor-plants/cfb-gasifiers
http://www.enertecgreen.com/en/green-concept/
http://www.enertecgreen.com/en/green-concept/
https://www.etgas.eu/
https://ariescleantech.com/fluidized-bed-gasification/
https://www.biofuels.co.jp/page20-1.html
https://kew-tech.com/
https://kew-tech.com/
https://www.gti.energy/
https://netl.doe.gov/sites/default/files/netl-file/GTIGasificationProcess9_18_07.pdf
https://sungasrenewables.com/
https://phoenixbiopower.com/our-technology
https://www.andritz.com/products-en/group/pulp-and-paper/power-generation/gasification/bfb-gasifiers
http://www.repotec.at/index.php/homepage.html
https://highburybiofuels.com/#our-planet-cant-wait
https://www.verto-engineering.com/?page_id=29
https://synovatech.com/
http://www.taylorbiomassenergy.com/taylorbiomass03_tayl_mn.html
https://www.comsynproject.eu/technology/

Dual-Fluidized Bed %/ 2t XD HARDOFKIT, Mo bEREE 0
AT AMEFRTT N, EHE N2)H A EEE RV EER AT AN RE
TEHEEGATT, ZOIEMIIZERAMHEVE 2T, &K (Char)Z5E
BIRBE S EIRIT L, 15 BN RBENCHE R AR (BT Db) 2N
L. FE1BOT AL ~INEG - IR 2R S ETCWET
(Allothermal #' A4k) , #RBERFDZEFR, CO2 FaE AN 21, B
2 BTN BANE (BEBAEINGR) M ShET, - T, 3 1 BN TIEE
BARDEN, R OERTENT TH AMUSOEZAT 5 %, RN DERDITELT ANSDIENTR L NRROER S 2 E RV EmHAE
BT AP D TT,
YR, BEHGRR O AT DA BE bR, RET AR T A - Z—
HELRDAETT, BHEDOI Y =0 A A~ AREICRE LI DSGE . KRB
A N AbHROFENNE, F AR - VR CRRMAEZD £, B 5 8EMRR
B, EICKRE (10MWe~)FE#Y) (MSW,RDF) W 2 {t (F A X —E) FENIT O MR,
BT EBORE - SELFERT RER . KT AMEFO LR EE R0 £5, 4K, &
FEH AR D () KFHADOHM S B (PSA/Menbrane) t, AIRETY, ARTHHARY
Z AL 2 & (D Gussing 4 A b %5 & (http://www.gussingrenewable.com/technology.html )%, @
RepoTec b3 FHT 72 2 AT A (WIF (LRRAEMDER TH Y . A A~ AJFET 2 MWe+F2E D FEEHIBLTIL, PAEERD
BRI TRl © 9 (RIEBIREGE T 7 > b) o W, 2 B OMRES | #B5NICMD 72 Ak 2 {bSF@Synova (
https:/synovatech.com/our-technology-platform/) 1%, #H A{LIF#l% Milena & = 5 4T, H ARERESE OLGA & = 9 4 a5
LTWET, R, T ABIEEITAA A~ A% FEERICIIIRE LRV T2, ot i3 7 MBI AR L TWET,
T 4 T RO T AR ORFZEBR S FEHIM (VTT : https://www.vttresearch.com/en) 23BA%& L. BIfElL Synova ASHRFEH D H A
LFCd, HARMITRO OLGA X, 43 HTHLRAMLTVET, .
EMOWARFIE, EFEAM & 1% S [F— Dual-Fluidized (Bubbling

+Circulating % 1 7)) HALFTHY, BB THLHY (A7 e | T Mt M
U - M AR ) BR - BT 4 B — e AR (L i '
PERO H ORI 2 TV E9, IS, fEER - BMEAH (Bed-Material) S —— )

DEE (1) 1%, A (> S%) 2 RIS 5D Fn T - - | Wl
DHIET, 0 R H A RO T, e ”

https://www.vt.tuwien.ac.at/chemical process engineering_and energy technology/future _energy technology/gasification _and gas cleanin

g/projects/eu_project_unique/EN/

<. ZO4MOM, 30 Dual-Fluidized 77 A ALAFHE N DI Zeff & B E PR OIEER S OBEEM DB EHI T,

LIk, M TTR, NA A~ AFEHZ L5 DFBG %% (FIT)iZ= A b (Efliks. EHHERIE) IR%E1D, RV BB TE 8
Pue TR NRITFEFEDIR IR TT 24 (G RUREL BOWOTFEE L D) Mk ©F, HRA =T —Mlb Z DR D5 4
=0y MIEWTWET, RMLEEZ &S, TR Z . T ARG, il ORI EE 205 & ERRIE
HWUET, BEY, B 7RO KRRE S WTRECT 2, BEDORENLER T LD BV AL, Mo HFiENFE—ER
7ZERVET,

3-5.Rotary-Drum % A 7

HALBEHIDO R —2 Y — « F)1 0 B iF O ZMF : https:/www.nedo.go.jp/hyoukabu/articles/201302chugai/index.html) i,
Bl EREREST (G0 NEDO B4 DORTFERFEN) & L THS OFEEL, ENEALILH Y 328, IRIES] (EF) & H
D, T AEEE, FBEEOED & OERTT 2, FEMITAHTY, Frlio. EIRR ST, A—F— fiCESEBMWEDET
SV, ZofoBIEL . Bz X, FEICEEY S AbF@GreenE (https://greene.es/ , Waste to Energy Gasification System
(expo21xx. com)) DOFlHH Y F9,

Rotary-Drum & A 713, A > b, W, BOONTFET 7 MILIEE CIERBI L 2 W H TR, H AL Eafg) EEOFITD
Bk, e BbnEd, ¥, N7 200EERIR < FHFIE AMBEEEL (F—F—) | &
IRESHiRZ 4T 9 Drum 2UNEREFI O () @iR@Proton-Power (/E100D G EAT:
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http://www.gussingrenewable.com/technology.html
https://synovatech.com/our-technology-platform/
https://www.vttresearch.com/en
https://www.vt.tuwien.ac.at/chemical_process_engineering_and_energy_technology/future_energy_technology/gasification_and_gas_cleaning/projects/eu_project_unique/EN/
https://www.vt.tuwien.ac.at/chemical_process_engineering_and_energy_technology/future_energy_technology/gasification_and_gas_cleaning/projects/eu_project_unique/EN/
https://www.nedo.go.jp/hyoukabu/articles/201302chugai/index.html
https://greene.es/
https://www.expo21xx.com/renewable_energy/22339_st3_biogas_biomass/default.htm
https://www.expo21xx.com/renewable_energy/22339_st3_biogas_biomass/default.htm

http://www.protonpower.com/technology ) . FEftl (FiR) 2\ fif2kE@Biogreen—Energy

(7M. Industrial equipment for pyrolysis of plastic (biogreen—energy. com). CR-Power
([E £ 200KWe, https://www. cr—power. ip/about/) X O\REE TS T « HALEH, 27 kD
CES (https://www. conversionenergysystems. com ), [F U< 2FE7 T EHA T 2t (FRUIABH) @DC-Tec

(500KWe, https://www. ctecenergy. co.uk/) o o » HFHdH Y ET, 2ER & WM L= BOME D%, SN (N In#G =,
KO SR RIF OFEREN D . FHEE LB NAVALRIZINTHETR, TR —A7 v 73 TR T,
FREKBEBTLERTANETE 2%, @, QIEXTEERF—7 v MoOKFEREL . QITEITERREL GEbF~DEMS
EBEZTCODHETT, BIC®., RU@II/NEE (BT 7 AEFEEE) CTbdh 0 KAULEE O MREMEITIE S 2n e BbiE 4,
B4 I ®EnviroPower (50~200 *./Day:Eco-Friendly Power Generation, EnviroPower Renewable Inc. (eprenewable.com)) . B\ MFZER
ZED AILNER (—3F) BREE - B H 2L DGW2E (http://w2es. com/gasification. php). @

ECOGAS (https://www. ecogasgenerator. com/en/) . o HOFEEEY (RDF) EE (KONT U — 723 F~ AFRHRLE) H - &iE
KBV ZAGIF R 5 0 EF 3, Ol Syngas » R A 7 —EZIEENEL R > TWET, #DTT, Rotary-Drum ¥ A 7 DR IL,
ek AR BRI EAE L £ 28, RERIE S & 0 B 7 A7 & 137 D 1572 VR T,
3-6.Entrained/Cyclone % A 77 (Down-Flow/Up-Flow)

WIS DR (Entrained) % ~° (https:/biofuels.co.jp/page20-6.html) H A{LIF & A 7 TH, A F~ A (RM#EZ M) %
2T D86, AR P BT 2L EIEE & m 2 9, BT, BEERT ZIEE ORRITHFERHIZE < 22 <. RERA
ZAb & 0 IR T, [’ AIF N OJFET ZALHFE R ISR R E CF, T OfER, HEOEIE - . RO
FEEIRE D AR N SRR AT 55 b ELIRRO R L RS RIEI I CRIRE T 0 | BEIRHIA S T, [EEIRZ A 7' O I ABIF I3/ T H xR 1 ~
2, R O H U LM A E L E S, AT AZ A T OREHT, JBIEORZRMN T, Mo EeRiEZr & RIE R}
ELCHIACEET (REIRZ A 7 HHBITT) o > T, REBERMET, RE LHEENREOHMEL RV 3, Fv 7,
ALy MEBHE, FEICFERRE - M LA (Hanmer-Mil)ASEEE 220 | GRfHE b AUFRRE - BRI G H0 £
@OVTX https://mevaenergy.com/ ., FERES 1200KWe)id (HF ALIF & FEE LK)

O FEAM DA 1T, e~

T A T ONE A 53 B %2 [F]— 5 25 N C1T 2 i Up-Flow & 1 7° D4
(Cyclone/Voltex /7)) T, IRFTRIOERITHBEE & E5%E, BB 12

B ORI NBERWICEE T L. T ORISR, SR T AR D £

T BT XY ERITGR 2 CEEERE S BEL . SR AT HLED B BT

Z L TR TEOERT AFERE A~ L E T,

(@Syncraft(https://en.syncraft.at/) (200~500KWe) %, Up-Flow & % Z{LIFC9, AL, %A LIZZ D HHERH O £3 (4 5 13 Floating

Fixed Bed & FE5) . mfERE - mtEREZ/ NP ARIZEE C3 2%, JREHIHI TIE R KRBT v 7HMBMEX 3, (AW MAsIEATAk

D Bl ORETT, RRCBEERA HAVE, EANRELE (Forest-Energy) I B BRIWVEHLET IV,

— —_ e (@UG Entrained Gasifier (https:/www.biofuels.co.jp/page20-6.html), 7= 2 FlHAF(H A4k
B -4 | S e wm) BT, b OB O Down-Flow &1 7T, BLAIZZEA,
!mﬂml | X TSR 2 ff H FEFERE S 200~1000K We F2EE T, IR R DERICHIRY FEL & 22523 1]
—_— ; HR - RABRIE L2 B P IS - Ciiidl, @R T AMEISE LET, BRE2H D
J o DEITAD T A B R, FRITERSR T R e 0N KIA R AT AT DT Z{E 57

N

EEEXEO/NULZHNINET) & LTEH - ZHEELET AROMHED &
) M. ZEREM D A A~ AREHANT T ABIFERNIE D IR T, il o i A b
Kb, FHREHIMH CTH Y | B2 - ZRIRAZNRICE Y . T RAEFERNTO T AT, o T A HFRITH~S, @
WCEHRICELRRLNTE T LET, FNTAGRESM HIE S — A7 —nA7 v P RIUL LB G BT,

UL EOWD T, AR ABRIIEREHNERTASNEEND A, D@, @I F & °0H DL (1300~1500K cal/Nm3)
TY, ARBEX. QUG IZEBATAbDELH DV EDTTAR, —HDOVTX (Cyclone) W ALIF X, BE OSUGIRE, KERE
T, @Syncraft b FHETY,

Z DL Down-Flow 4 A 7°® Entrained H AL DOHIZ, @Biolig(bioliq — The biolig® Process — High Pressure Entrained Flow
Gasification) & & VW £, KHITEENA A~ 2 TlEZe <. &K Bio-0il Z@&/EH 2 (b (4~8MPa)T 5 HR T, mEN %k
T DB AT, KLEOFEMR (X% /—/ DME) O&REICEDE, ST ADFERELREL T 54 TT,
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http://www.protonpower.com/technology
https://www.biogreen-energy.com/plastics-pyrolysis
https://www.cr-power.jp/about/
https://www.conversionenergysystems.com
https://www.ctecenergy.co.uk/
https://eprenewable.com/gasification/
http://w2es.com/gasification.php
https://www.ecogasgenerator.com/en/
https://biofuels.co.jp/page20-6.html
https://mevaenergy.com/
https://en.syncraft.at/
https://www.biofuels.co.jp/page20-6.html
https://www.bioliq.de/english/67.php
https://www.bioliq.de/english/67.php

3-7.Chemical-Looping & A (51l 77 A /7K 5)

B AMEIFEATTH 0 | B LIZS BB O EN DI T AMUFZ A T L mx ET, BURITRIEHE, 31 7y FRBR g
IFEFEF DRBLTH Y . RIZFEEFIUE S L TRV TS (. EU @ Clara-Consortium (I KB {E~DEFET £ - 7’1
T=7 h, 1MWth) . @BE(LY. g TeBILEM OGO TR RE R - EoWE (FeMg,Cu5) 7»bEETT,
TRLESA A D T AMEAF R ORI, Z D 47— 2 DA T, FEFEH @ Dual-Circulating-Fluiddized-Bed 520 4 A LR T4, A L,
WER S 22K, (M) BRI A T, 2D AMODFuel-Reactor # Tik, ZRK(XUL CO2) & BEICIMBRIED 4 JBER LAY (Fe,
fi) DETSOSOREHI IR 2 E) +WEASIRGRERET) ISR > TS v RAFEEN AT A2 /E L ARk shiz
EJERIEY) 1TOBE~LBERENET, @QAir-Reactor ¥ Tid, OB TEITSINE&RE (RILW) %2R CTRIC@EREMM) +3
BASOSIZ R B ST, mOOBE~HERERE ST E T, @RRILWIIMERGEHAL . &8 (R OBEAME FVBE)
PR, EICHBEER (¥ —A0fR) b3ERiEx TWET,

Clara: https://clara-h2020.eu/the-concept/ CLG:https://www.mdpi.com/2076-3417/11/15/7069/htm

CLC: https://www.researchgate.net/figure/Schematic-diagram-of-chemical-looping-for-hydrogen-production fig6 273634728
CLGH: Chemical Looping Gasification and Hydrogen (CLGH) Process from Solid Biomass in a Dual Fluidized-Bed System | AIChE

BrightLoop:BrightlLoop™ Hydrogen Production » Babcock & Wilcox con.
A% Chemical-Loop % A 7O H AMUAFOREMIT,  AHROLEME o _ ey €O, CH...

HEIOA) Th7 U =7 (ERAREEERY) « MG ]

DB) THZ Y — BB BEA KA X ORETTRETT REMI

Air Fuel

Reactor Reactor

52 Clara/CLG £ R),
A) Clara =Y —> 7 5O BEIX, FT.ikE (Fischer-Tropsch), At

WLV REEMITREREIOARZBIEL CWET, Clara Dd s | :f“'% Lﬁ Voo
il A ATt PSA(Pressure Swing Adsorption) W 35 45 e /R, 80 N 1R T O — o Biomass

{  Gasification
agent

430 (Menbrane Separation){ECRIARIE b ETH, AmA ™ |
AHORFBRETZNESRECL R, EEOBEAMDR TIEIR VAR TIERVERICEDILET,

TRAMDC) DS HRIAKENG O GEM CLC ) | BICFrehRkoD) 05 HHiAKKSE L&A AP FRFEIC
TETEHAFT—L LY £F GEM CLGH M) , FIT, 2 ¥ FEEE hitps://www.biofuels.co.jp/page8.html 1k % 2 # > 7 A
MOEEMAKZRLZAETCEDHELH D £9, E) o8 (http:/www.rgh2.com/home.html) (FieAHRIOFRA =T F—5
H) Bl cd s, BRCHGESNTWET, £ O, fEiH2> 5, Chemical-Looping 172 CA AL A A % i) Sl LURTH C & 5 01K
TEEE, Hbb ET, [hvd, &E (Fe. Mgs) OBEb - #IofEA%FIAH L7z Chemical-Looping 77 A{bZFIH L TWET,

Syngas

s | | y:

FeO, Fe

| ‘ - A ’ o
Gawfication p 1 > - '-" ™
Fe,03 G
Biomass, N

Stream Fuel Steam, N

Oxidation Reduction

rcactor rcactor

Reducer

Z DT 3-8 Hight-Temp(FIRE > F) 1730, T/ B D EIREKTE - AT A6, PSA KFEBEE CHARNRECTX £,
M, KRBRERITBER O MIEIC LV . BRI SIRGES LTV B E iRk FE & (PEM:Polymer Electrolyte Membrane ) % &
D ¥7 (https:/biofuels.co.jp/page90-2.html), FFiZ, WCKTITKIGIE, B DOREE/ OFHFA - =X —HjElE (Ny 7
—ITRATKHERYE - Z Vi) L LT, BRAOMEIC L 2K#E (Renewable-Hydrogen) BUEE AN A Ay DIERE T, BENA A~
A, BT ITHETHROND BRI A EHEN—BETREELITV., ZOBHTERSM PEMIESE) %179 HiEb., KR THHR,
R LG EIC Lo T, EEMERH Db LvER A,

DT, HABIEIC L B k#FERE R &5 A Chemical-Looping, R HlIKHE S RERTRE AR T iEICHE ) 2K U TV E4, FEAMk
WA 7o 5t DL AT B H T,

3-8. High-Temp # A 7 (GiREAMRIF, S0 3MIRESR 2066 5 7 2 L))
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https://clara-h2020.eu/the-concept/
https://www.mdpi.com/2076-3417/11/15/7069/htm
https://www.researchgate.net/figure/Schematic-diagram-of-chemical-looping-for-hydrogen-production_fig6_273634728
https://www.aiche.org/academy/videos/conference-presentations/chemical-looping-gasification-and-hydrogen-clgh-process-solid-biomass-dual-fluidized-bed-system
https://www.babcock.com/home/environmental/decarbonization/chemical-looping
https://www.biofuels.co.jp/page8.html
http://www.rgh2.com/home.html
https://biofuels.co.jp/page90-2.html

REATOIFIX, EICFET T - BEAA A~ A5k (8) ®iRE#SF  (https:/biofuels.co.jp/page20-4.html) % A 7T,
YA TIIERBIRAED 2 HRAFEHC BB L 32, BEED CREBEARRD(50~70%, AL, FEH #BELEFICE
D Z5Eh) OEmEAEA LAY A (4000~5000Kcal/Nm3) 72315 51V E 9™ (Tar&N2 Free), L7 FRSei%. BEEEM(—MXBEIEY) ., [ERPEEY)
12k o AkERE (PSA) | BV OGRS A%EE OFAFIA, B TFEREYIEE, XILEUAE. AL O A T A JFEHE
RO &S T, BN FIT SISO 7 U — U I ARE AN A A~ ZAFEEH B S EN - FEEOITITYIARFTEE TR, &b < Rl
IR hE, ENLARMEIEEBohET,
®ODMG Dfll : HMFEK VT vt AFBIL,
DMG (https://www.powerhouseenergy.co.uk/) #
ZAb(@1100C+) DHITY,

FITEFEMIEE BETT) ZEV, FRIKERE
B (65%) b < AKFEREHEGRR Y A FE) Ak
CRGETE L DN ETA KR ABENEH e Ml s :
HIDEI) | AHIREL (LEFRGE ST, Vg B macom S
M9 L b fi CldZevn & b v E 97, B X H2/CO kD FHEED TRAFI(ZME T, Frood  mee ey
BIOREIC, 40 ', DREFEM TR 27, . FH 8IMWh & 55 2 & T, 1 A 24 BEf CILFRF 2 memawee -~

2 TONNES
Hydroge

@ =3 m .

] 40 TONNES

HEAT

. DMG® SIMPLIFIED FLOW DIAGRAM

]

R 5| 1.67 T/ h OB T, 455 83Kgh OKFERE & 3.4MWe O¥EHE, K OHERD
FIHBAREEE D Z L2 £,
TR @ccc ofil: [ L <EER (1100~1300°C) B iRl
(https://www.biofuels.co.jp/page20-4.html /
https://cleancarbonconversion.com/) OB (ZMERA) T3,
FRET T, B YEOREEYZFE L LT, @iy
it 77 A EAT VAN T A NG R TAR 2 8 CRBE A il A
A(3100Kcal/Nm3 F2JE) % 8E L E 3, tekix@mBEa kA
ADFERM (TAZ—E v HATPU%E) Tliz, QLR 4% PSA/Menbrane %12 X 5 KRBEERARGI LA 5
TY, EE, FREITR, OIS L biaE - BEE @R LET,
®CHZ Ofl: BOMRIFZ A 7 T2, BRI H SR (600~700°C) JFOFITY, FBiE CHZ (Technology - Today’s Waste
Tomorrow’ s Energy (chztechnologies. com)), (https://www.easleyllc.com/fugen-renewable-energy)
DIFHR (FAEF7u—mK, 77 FEHE (44" /R) S OFHEEEHIX§ 2 G ABE TS, RIC 1 B iR file &
1T T b WHITAEOM, , : o= = = == o

= 0= oy PP Mg - R
AR LA AT B ALD i w ¥ . ——

LT

457

M

& R P

FREIRACKTE T AEOM, %
BEOMW (TaBELET, @
DFEIE. O, @, kO@L&
bR, LB (3) «PE
R - B FRE(RFF. Thermolyzer) (ZX Y, BEDOEMI AT, OfF 247 (O, @, #) kv, Fiz (B) SBEOSHKY
APRTETE £97, KRB RORE R Tar /313 —FFAOICHIN L 328, Bl Tar 3 FRSUGAR CEASRRIC L D H AL LY a1 7 L &
NET, ZOFER. Tar (Tar-Free), KOEFR T X N)EZEET . AKBIHMERE, mEE - RALKET R (C1/C2/C3 T A%
ZEILEL (AT VU/HAZ CURBERRZ O EE - HANR) GRIAZETEET, ZEENMFSFRTLHY .,
3-2. Multi-Step (ZE:1E) XA 7O LARETT N, MERLENMBIFZ A 7 THHY, —ISZ DX A FITHFAL TWET,

. HIRIFBHT K0 BT A DS IREITZE L L E T, LA MO R (EVEENAIZH 9.333 x BTU/ft3=>Kcal/Nm3) DERIZ
BES A ¥ : 9500Kcal/ni~AHf : 3430Kcal/miie & &V 97, —MBEFY (MSW) DGR ZH1% 6850Kcal/m3 (RO A
A% H2:11.3% ,C02:10.8,/K 3% H2:29.4, 4 % > : 30.1,C2 : 16.2, C3:2.2 N2:0%) T&H Y., o5, @CCC : 3100Kcal/Nm3 7 2.2
& A% - A (9010Kcal/Nm3 F2JE) 0.76 {5 H OEAEME TF (@ % D Down-Draft 7 2D 5 (5L LDOEE) . & 52D FEHE
Y (MSW., BE7'Z . &4 . BEX A ¥:Tire Gasification | Pennoni,e-Waste: https://www.e-materialsrecoveryllc.com/index.html %)
& JRBHTE W E: « iR - B0 E T AT K > TIRAEHNCH AR TR EZ 2%, FRlEAAE - Al A%, ROBIEMD

Char(f%) #H&ELET, REMATAORKEMH (FAZ— v, HATUVUHE) ChE T, M. (PERIRESHOS)

J
Feedstock Material
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https://biofuels.co.jp/page20-4.html
https://www.powerhouseenergy.co.uk/
https://www.biofuels.co.jp/page20-4.html
https://cleancarbonconversion.com/
http://chztechnologies.com/technology
http://chztechnologies.com/technology
https://www.easleyllc.com/fugen-renewable-energy
https://www.pennoni.com/pfx_video/tire-gasification/
https://www.e-materialsrecoveryllc.com/index.html

FE Char (s, HHick BAIL fh) SHERIZ < BIAE L DT, ZDOHRGEE. BOWITRIHEDEE S LT,
B - BIREKSE - AT AQD, @ EHEUDFE T T % % 5 Lo BEE A Fcb = iR 240 i 7 A (25 E @Green—Waste=Energy (GWE)
OF (FEoRArEERM - 25 "o /B, [EA{ : 125 . /H ; https://greenwasteenergy. com/c6technologies. html) . BoWME®

ECOGAS—Generator (@3, 000KWe,

______

ENEXOR

https://www. ecogasgenerator. com/index. php/tecnologia/?lang=en )

B |Z(©PyroCore DH (https://pyrocore. com ) . DAnergy D (https://www. anergy. com/what-is—htp. php) . KUV A 4~
2 FA®TorrGas MO (200604-Torrgas—english-RGB) D¥EEHIL H Y £, O, @ITHAD~DiL) LRLFEE (700~950°C)
DOEG I A FRTY, HICORVOIER LTVET,

BT, @IFRBIBE R « BESA A~ ZLELO RAVIFREE & /N - S5O0 2 Be 7 24K (FRe700°C & #&iie1300°C) 53 T
T (RALIEHES, 7 AMEEN ) . Micro-Gasturbine/20Feet =t o7 F— {1k D /3 #HU@ENEXOR (>

https://www. enexor. com/our—product/) & 0V £ (UAIAAMI, 75KWe)

(0Sierra M : HEIE (2200°C) Sierra # A {LJF (https://sierraenergy.com/ % A 7 T
o JCARIIEHLF (Blast-Furnace) IR DHEH Td 0 | ZAIAAT DOERIZ Up-Draft
HEEL, VSRR D I AT AVAE Z A 7T, BHNE SR DR, AT — T
v NRE Y ERK, E<MER L E A =D — (Sierra) lIEE > TV E T,
ZERORD D ITERR (2R LV PSA 3HE) & AR AV B REiIE CREDE (MSW
F) 2RI H AL L ET, B oD G AL EEE S A A (CO:60%,H2:30%).
PREAREEHET, HAEREEIL, HNTAREETHEL TWET, H—
:':q BEIR A ZIF 72 DT, RIA 3-9.Plasma DD DEE 72 FEEMK )iz @ Water-Gas-Shift i3 4%
DEETIEAR) @REKRRIIEONRVERRTY, &iE (R, EEY) brs
WZEDTIRREE T ZAIF Z A 7 TT, BBRTAZED %, BEEa X b bE<, iz, &
HEMAPZDE TOREBELR SN DFEEDHEN T, FE =2 X Fomns ) —ri
| ANEANA A~ 2% 5 %E (FIDIEERTE, RENICRmE T,

3 i | T TR L 0 | AR R L OB RER & BT,

el l L DT, A (8) SRS 2P E, BEEWLHAICFE L2 1 7T, @%
Br& . MAOEESBHEOEAEGHT A, SREKEZEPFELNET DT, ZOMBEIL. AKBEEE+HEREHRT ZARHDH 2
TUVURE, BWNEBH AL —E U REETT, OF, BHAAMEOKFRETT R, N2 28 L RWESISEED G A
ThV C) HATU Yy HAZ—EUFEFBENNA FRRIRIE L B ET, FHC—RBEEY MSW)RLHEDZ < (TH &k
KT % 200~300 "o, A F21% 500~1000 " AEASKD DIE S, —T7, AT AEIFORMHES T, HACEEL -V | BUK A & 20~50
DUTRETHY AT —AT v 7RHH L 5 D Sierra TH X OBELLT TH, i > TRHUED ZLHRSBFIL, RO 3-9. Plasma
BATh BT 33, BT 34 THIAFDOWRENKR X A 7 (H AL+ VARA 7 —ARK S — o HERE, F) (TR E S
T2 MWES, RUEFEWTH, FEERTEY BT 7. BEA Y, ) . doniZzn b ofu g, 5 HdLst 5o | & 100
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https://greenwasteenergy.com/c6technologies.html
https://www.ecogasgenerator.com/index.php/tecnologia/?lang=en
https://pyrocore.com
https://www.anergy.com/what-is-htp.php
http://torrgas.nl/wpnew/wp-content/uploads/2020/10/Torrgas-schema-2020.pdf
https://www.enexor.com/our-product/
https://sierraenergy.com/

SRR (2~ 3EESIRRE - ) BENERZ—F v b BRATHHVBIENLELBVET,

3-9.Plasma/Microwave # { 7 (#&iE2 i) & Green-H2 Bl
BE R AEIF X A 7%, BEiR (FiE L0 EICEEIR - Bt b)) 2EBl§ 5%, s
(S40) T %81 Plasma b —F B4, 800\ Micro-Wave(TBRAN) B4% 0 5 BMH ALY ||
R4 CT9, Plazma ZAG iR AUIZ—RBEIEY T A ki & LT, DLk 0 REEE CHEAL S (oot
ATWET(ENS T IREHAFICEAFHLEY) , KEORENGTXD

Microwave(https:/rthic.com/applications/rf-energy/waste-gasification/microwave-plasma-for-waste-ga

Castiesian
hami

......

sification-application/ ) F X(EHFEH) bbb v 92, Moz 7

(https://www.ukrplasma.com/index.php/product ), Microwave Plasma Cracking | Filter - Plasma
Dynamics (plasma-dynamics.it)), i 7 13 RBE 38 L WVEEORERE S H 1 . R7IE—H/ N AE RO TRAIRG ALY 7 > h OEBUX
HR TW R WERR T,
iy —fBEREY (MSW, /A A~ ZABEREWY) & i miR CRAN MR AL 21TV, MBS A2 RESEET, D8
8 - GE - EEIZ b EARICER ST, WHIE - REEICEIRORENEM W/bR]) %L LTIy AT,
ZEDTIFIATENOSETHY, BEDT ) —27on\ A A~ AREREHE A EM) TIIEREESE VIS WIRE T, -
T, AR, MSW, BEXFEREY. ERFEEY,FON BN ERS—7 v Myl e 20 %4, ZonBR6, K
BT EER D, WITALER - AL # Tipping-Fee NI 256 H U £7, mTIFFF L LD > TCRTETN, ZI2IIBEIEY % F
M2 A&ATI &) L0, BB (55)) 53R B SRR R EREREY 2 —fHLE kT, £h T
—RLEBRAET, L OHE, AR - FHELSE, KEERETH Y . BEERBEED, T ABLIETOH ARA 7 — « KK
A —EUHEBICHH ST ET, Fitld Plasma/Microwave 4 A LA EEE O F] T,
https://www.semanticscholar.org/paper/Plasma-Gasification-as-an-Alternative-Technology-of-Mansur/a996ebb9ef91511c3ecf431e9b9b9537

2a4cd644 , https://www.pyrogenesis.com/wp-content/uploads/2019/09/PRRS-EN.pdf & O8N Microwave plasma gasification — YouTube
(Z ®D Microwave H ALDIENIE, BIEE T L TOZRWIEEETY)

WIZT T A= BRI AL D FEFI T,

@®SG-Group @ SGH2 (Technology — SGH2 Energy) %, 77 X~ - J Z{bIF#kdli (3500°C) %A 5 MR A AL T, TEK

DER7 BRI T AMERETIF R, B [MARTABEE, RUEE] 225y 7 =L LIeBITT, B OB i,

BENA A~ A (BERK) JFEHE SR Ciifill (Lancaster) 2> DG 25205, /N HALO HFE 11 M., &[# 3800 . D7 U — 2 kKFEDHL

Rl 2 5t CKIE, California) T4, BB HIIT, AIRCOFREHP, KO TRREOLHE, BEFz2RIIZI0,

https://www. powermag. com/group—says—it—will-launch-worlds—largest—green—hydrogen—project/

EnergySource Innovation Stream with SGH2: Green hydrogen from gasified biomass — YouTube
OTiE, ASHZERER (B M6 13, &MERE (95%. X5 PSA 5 2\ &iR (200000) &2k
(Autothermal-Gasification){ T\, ¥ (Z Plasma h—F 2 (4000°C) (X W #E&iE (3500°C) 2\ 4 A (k. (Allothermal-Gasification)
EEBILTCVWET, BONDIEREEE RV U — U G AT H2:43%/CO:45%FREE DR T 73, HIZ Water-Gas-Shift X
Jir:CO+H206 CO2+H2 (https://ja.wikipedia.org/wiki//KPEH Z 2 7 b iy, https://www.nrel.gov/docs/fy04osti/35592.pdf , Water Gas Shift
— Global Syngas Technologies Council) (FEZEAK)G : A H@298K=-41.1 KJ/mol) % FI|H L (fE@IK IR T) 80%+H2Z/KFEH AR
Er@mbTOET (B COREITVEGA-5%). ZDEETIIREIENA A CO2 IFREMM., FICFIMRL) , £D%, PSA sk
(2D 99.99%D EMiEASE (Green-Hydrogen) % ik 5 & = > TV E 9, Plasma OMEE N BIX—RICTE 5 L ik
T, ZhD [EHEKSREE 28/Kg] TRETE 2L B HRMOLRTT (RIEEOFHMIZAM) . FiHE 3-1 Up-Draft 5@OMNI
=AY E Z LTI, A A IE SR O A EE « AL (Autothermal-Gasification) % 1TV, % L C Plasma ZAZF]H L
B Tar 53 % NN B AT A~ 4 2 )75 0CF (Gas-Plasma ¥£)
A < AH KD Green K FEAMFEIFHAER S < 2000 M/Kg F2EF 5 LI biLES (X & 2 Reforming @ Blue K3E T 1000 [+
Kg BT TH 10~138/Ke), ENOFRBFETE 1000 M/Kg FREDELLTY, KAIZHO EU ODRMERITH, 77U —2kFET
€/Kg as H2=945 MJF2£FE( GrinHy2.0 = GrinHy 2.0: Green Industrial Hydrogen 2.0 (green—industrial-hydrogen.com)) & &~_TEF D
T, SGH2 ® 2 $ /Kg (220 M/Kg)DFLE= 2 M, Rk BEEOKS (4.5) O 1 OKFEfits & 72 0 BRI 7 ) — L kFE= 2
FOLETY, F&b Plasma i Th< Th, FWREARZHETE DT A (B, Ak 3-8. High-Temp) H &Y. PSA/
RSO BtE - Bt & LA AR 72 15, BV ERERA 72 3-7 Chemical-Looping (H2) $4IIC & % MR 2 Mk B RIEENFIH TE R
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https://rfhic.com/applications/rf-energy/waste-gasification/microwave-plasma-for-waste-gasification-application/
https://rfhic.com/applications/rf-energy/waste-gasification/microwave-plasma-for-waste-gasification-application/
https://www.ukrplasma.com/index.php/product
https://plasma-dynamics.it/microwave-plasma-cracking-filter/
https://plasma-dynamics.it/microwave-plasma-cracking-filter/
https://www.semanticscholar.org/paper/Plasma-Gasification-as-an-Alternative-Technology-of-Mansur/a996ebb9ef91511c3ecf431e9b9b95372a4cd644
https://www.semanticscholar.org/paper/Plasma-Gasification-as-an-Alternative-Technology-of-Mansur/a996ebb9ef91511c3ecf431e9b9b95372a4cd644
https://www.pyrogenesis.com/wp-content/uploads/2019/09/PRRS-EN.pdf
https://www.youtube.com/watch?v=Wxsv3ZCi7lc
https://www.sgh2energy.com/technology/
https://www.powermag.com/group-says-it-will-launch-worlds-largest-green-hydrogen-project/
https://www.youtube.com/watch?v=FZj7ztajaMg
https://ja.wikipedia.org/wiki/水性ガスシフト反応
https://www.nrel.gov/docs/fy04osti/35592.pdf
https://globalsyngas.org/syngas-technology/syngas-conditioning-purification/water-gas-shift/
https://globalsyngas.org/syngas-technology/syngas-conditioning-purification/water-gas-shift/
https://www.green-industrial-hydrogen.com/

I, BRI 7Y — i B K R I RS H R B ROAA T,
WIZ@AlterNRG #£f7 (Plasma Gasification | netl.doe.gov) T3, I Plasma $HHfICHESE ., WAWASDEMEN, EHN(HLERE)
Za O R E T RBEEM & x5 & L7z KA Plasma B ABIF 2 &R L CRTWET, D 1§15 @Phenix-Energy
(http://www.phoenixenergy.com.au/plasma_gasification.php) T3, [ UCBEHEN) (RFKFIEY) TH., KEREDFIHEL (FEFED) |
Az NCbHBELCEET, b AKEGHEEG (FRRMNZZ73R) 0Znoid, &k o~

KFE BETT. BEZA Y. mALKFER) . 2 L CERMMIE (R | BIOKEEFEHEIX (=2 @)

EFLETA, A, TOEBERY 7 NVa—2 (B A~ R) OIETETFLES (BHHE EXﬁl

FGE, WTEm) o KEREIIKESOLVEFY BT T) 25 BRLVWERO—D>T Yo

T, M TRENZEIC, HIERICEF L, WHAE LA LI, Z OLBEDNEREEME ORI —
MBHNHIZEHNES, Z O, @S, BEZ7 7 /BENA A4~ A% 5, Down-Draft ¥5+Plasma & - 52:!-—
AMbEMAEDE, KFERHA®RLE L (500 " /4) & MBI b EREKEE BT ER ——
H 2 (HUKFBEIL P S AR LE) 70 3K S InTec (PEM A {Lik PlasnaEnhanced  A—Eumag-
Melter: https://www. inentec. com/pem—technology/, /54 AEIFERUIATR) OB B H D F9, =
=3 [ vews |

WARIOERIC, 563 EB DR Down-Draft 7 A{L4F (800~1200°C, 1 BSGKF) (ZJUEHEESE
WL BRR, AR LB OMAT AMEEATV Y V=Gl A () ZEH /%7, K72 Char/Ash %, TB:D PEM (2
BYSOSHT) IZJRIL (Grate) 24T LB 4L, £ 2 C Plasma-Arc (10000°C) ZfEVMRFE S & 58T 2L (1200~1400C) L,
BT V=oAL Y 7T Z A BWRIAIY S ET,

Z0fth, @4 &R (Hyper High Temperature :3000~10000°C) O &2/ - 58RI 0 BEZEY) 77 At (Tonic-Gasification-Cogent:
HelioStorm - Cogent Energy Systems) &Y F9, Plasma A A{kix. BB D NRC Bl OEEIC KEL D EEZEY) 7 A% T L
TER BB O/ (3.5 /H) THY . DA A~ ZABEFEY LB ARETT N, B2 iE. ERBEIEMEDORELIFTTO
ALFRED i T,

0 0 20 30 40 50 60
W1 % Oxygen in Feedstock

Theoretical yield of H; as a function of the
oxygen content in the feed.

i & Plasma 7 Ak & IZEENLE 28, @R - KFEREEE LT, KOBKISMRENH Y £9°, HEHFIZH2PRO #:TF, A =
FEZNDRF v —{% (Home | H2Pro) THH Y., KT Bill-Gate ® [Breakthrough Energy Ventures] & Hi% : (Bill Gates backs
$1/kg green hydrogen water splitter technology | RenewEconomy) LCW\2{2¥ (EARIES) CF, [F4HiL E-TAC Hfi & = 9 & «
KBRS (2-Step) Bz vy (LBEFE S 42KWh/Kg), 2023 EIZIKH 28/Kg (LA T) THRIETE 2088 = o7 S — (iR
(500K g/day) % k523 2 2HE OAERE T, IS4 10 ELLNIC 1$/Kg TF U — 2 kEE KB - BHEHE clETE 3 L 5o
TET, 5 b bKREMAEDFERILIIARE T,

Wb R CERRRIEC X DKERE (ERORMEER], BHrEf#ik ARM : Anion Exchange

: Membrane %@ Enapter: https:/www.enapter.com/) & = 9 2AEOHL | BEICIRGES L CWVWET, =
DEEE, KFRGEHAL 0.5Nm3/h [T S, AR OKFLNIERIL U B RIC0nESE (PC

— P N—DFRIT) FEHET » 7 ITHAIAT T AT ORFEFREREIZ S, BN HfEH) , Enapter
2 Q- DIREEDHFET 5 & KFE T 53.8KWh/Kg, 538 [I/Kg(@10 FH/KWh & 720 £9°, [F U AEM 7%

1 3Ath (%1 : https://ionomr.com/solutions/aemion/, https://www.hydrolite-h2.com/company-profile/ )
LY FET, —FH. BRLZE D TTA, BECHROKETE EU T, FHC7 U —r 2 {bE o EBICH T - KR e Y =
7 NEHER T, ZO1LHNRT LATIAE L (T %) (H2ermes : https://www.youtube.com/watch?v=gAXINZhZpn8) T,
#5CT 33, Plasma /7 AMbiEIE— M BERMBIE O H AMY (+ HARA T — FRZHE) L BERY AT 4 7T R (WH)
DBAFE L7 @AlterNRG £iffi % 7 A 7o A L#54L (. @Phoenix-Energy )45 [E « 45 HIZ KIFALH ZALEEIH N EAN S TWE T,
—Jo SrHALEL - NELDO@Cogent DER7SBEFEM /T ALIF B HEH T
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https://netl.doe.gov/research/Coal/energy-systems/gasification/gasifipedia/westinghouse
http://www.phoenixenergy.com.au/plasma_gasification.php
https://www.inentec.com/pem-technology/
https://www.cogentenergysystems.com/heliostorm/
https://www.h2pro.co/
https://reneweconomy.com.au/bill-gates-backs-1-kg-green-hydrogen-water-splitter-technology/
https://reneweconomy.com.au/bill-gates-backs-1-kg-green-hydrogen-water-splitter-technology/
https://www.enapter.com/
https://ionomr.com/solutions/aemion/
https://www.hydrolite-h2.com/company-profile/
https://www.youtube.com/watch?v=gAXlNZhZpn8

BT, Z @ Plasma H 2L &\ 7Y — L KB ZRINTRES 5 Kb OSGH2 2 b RR SN TEY, — 5., BfiRik (Pyrolysis)
T3 <IMAKSfiRE (Hydrolysis) CA Z v V%735 fR(Bio-Char) & {E W | % DR 0> A A4t + Water-Gas-Shift S T2 U — k3
flyE % B9 H B2 (O blueFLUX:https:/www.bluefluxenergy.com/en/blueflux-process/ ) &iEH T9, REIESH CREE. A,
NA F~R) ZRIRIT, &0 D7RWET) THRANITKE % iE S 5 Hff & H2Pro, Enapter %725, gl 3K RIS D FEHUC
[f] 1} 72 H2ermes FHE% & AR SN TWET, REIENNERFELET 2RULCTHILL (EXEENELZR D) | fEkKkED 7 ) —
VOKFPZMTHEETE 2000 LULEF AN, KEDGIFAERRREHESSLETHY | HIOEKR CREMEZG & Z 7 wREtt b
HoFE3, BLEEDOLERESLFEETY, Microwave H ALDFERLITAHZICHF L = 9 R TY,

4. HAUIFE BOARE) O A RERLE
T AR A & 72 SRR OB T A1, IR LD AR A NG TN NE T, ST AR TREEZE YD T, £D
WDIRTHLHTAT T (BT, TAZ—E ) FEEMERT ARELE LT, 8V T PSA 7 A3 BESIC K 2 /KR ED
FIAS b AREE 720 £F, AFHROET —~iF, SEHAF, ROZORMLETESNETH Y . T AMEFORTEOEKY
ZRERTRERIE,  (8) BEIHOLEITNET, FEDOT AMUFE, FEED T AEE. ROREDGEAT AR GEER LI A
TV AAZ— ORI LR AR ) ICR D SR AORKERITERIIRRY £, TICHER L, ilEHRE SR
THLS 2, BlE 2B (https://biofuels. co. jp/page70-1. html) IBFEAVLET, BH T A LIFIE,
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& JEE? f DINA FREHERD 2 87k« 7 v — O (Clara) DT
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o ' LFChHY . ZOERH ARMTRIT, Fie MRs) &2

—= STWETH, MR T,

= O+ 7 ar (B Solids BrZ<)
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Handing &
Storage c::-fﬂk
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@ ERELEE (ESP)  ((WMIERY., =7 2yl « X —ILERE)
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Llb. SR AR TRIZ, T AFEORRME, T AEHA RO% TROGHEAT ADOHRIZ LY | M ERRBNG B
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4) HEWHRE (LB HEFR, ESEDOR 7 TN—RE, KENA 4~ ZARETAE)

5) GRAADENREN - FHSy 7 7 — Al OFE RIEOENESHEEZB X 256, KWIELEZEOSL) | EH
R DA A FEZR DRRES DA TRPLETT,

5. AL VUV RBHK. A - RER

PRI ZABIFEEE DB R A % i 5 FEEMICHONWT, ZOBEEZRBILET,
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ZALFE BRI L E DN S FEE RN T H D Alidk b
ZEEERWES, B 7 v —RIFHBR R T AT Y
FEME+ORC HERDOMAGDOETT N, HAEIERRL, JEEE, PERMREZIC L > TiE, FAX—E L +O0RC, B PR
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FEICRBFE I SR BRI (45%+) DEIRES N CTWET R, RIHE - Sl RE O %0, BURTIEERNIFEEH D EH-A,
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RorfiE. BT OB : Home | HoPro)iZ KV . BREMEM - FEEOM., FTHORIITITIKBIT AT P (FAZ—E ) EELHLT
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U7 —LTWiu, BHEOTAEIFEZ 6 BT A LFEA~FEHRA B RIRETH D . FRICETEIIAE I, AL, BFEZZ Ok
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https://biofuels.co.jp/page20-10.html) 2SHFETT, FHAKDF v Lk, tikxE 27 (PR E
fR) 7 7 &G ERt% . Rk Q2R 12 KV B A P T E T,
4) HAF LA T LTk, v b (Bl FREM»S2HFA) UL, FEMHO 7Y
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