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CO,DKFLICEZEHFIADIO— (KkERESD)

Direct FT D=L A0 — Ry S (BHI3E7RWET) ZEIC/ER
CO, + (3n+1)H, » CH,,,» + 2nH,0

O BT, H3L\NIETEEEDD
A SEICIO TS BERAREEEHD
x REE, HAWNTBEHOERNZL

x RIAUTA—-Z2
CH, + CO, 2 2CO + 2H, MTB (Methane to Benzene)
6CH, 2 CgHg + 9H,

LG

O XS EESE

CH, = Cs) + 2H,

O KESHE

CH, + 2H,0 = €O,|+ 4H,

CO, + 4H, 2 CH, +{2H,0

Ab‘} (T4 LRZ e
N
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Cd

MTA (Methanol to Aromatics)

KB DME&
SN DME& K
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2CH;0H — CH;0CH5; + H,0
C6H,,CH; |2 C,HsCH; + 3H,

-,
_ger

FUEZT, AFISHONEHY o XY )= EB% o MTO (Methanol to Olefin)
CO, + 3H, & CH;0H + H,0 nCH;OH — (CH,), + H,0
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[ *5)-)  7,5005t >3{8t/year LRl ]
DME 4237t (i BEMENT S ERE~EALANL
Be0. X)) h>ELEETEE
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feRFedl ({EaRABHR)

RARHA MeOH =

s —y B CO, CO,, H, H,O A

: B (800) > MeOH, H,0 2
CH, + H,0 — CO + 3H, e SRS o

CO + 2H, — CH5OH
RICIENEMH (EERIG. ZEIOTR) - IRNF—HEBEX

#FoOtA (CO,E%*FIA) RITE-JFEAF—I)HEIFFARFEH

CO, CO,, H, T/t—;
[BIRUIZCO, _ I -
IKZR €O, €02/ 1z H,0 + BREA MEH,0
gg%ﬁ%@u%%g$ WY mromrizuas e HE=

CO, + 3H, = CH,0OH + H,0 (AH=-49.81 kJ/mol)
CO + 2H, = CH,OH (AH=-90.97 kJ/mol)

AL VHANZZ) — XS TN T —(C & BN (CO,FIFNETEE)
A= THRICE DN RIRIRER
= \IHKMEEEE S T BSi-rich LTARE || -mElier=ormst (—8iot2)
= Hﬁl[iirﬁbiﬁgg?hﬁ’éiﬁ SARIERAE TR AEIZAMED EADS
[ 1]

Ref.; B. Liu et al., Sep. Purif. Technol., 239 (2020) 116533., M. Seshimo et al., Membranes, 11 (2021) 505.
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P — E o DBIE (BUk. KFBB) ORISE
o FTARAIERSEOBS
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Moonshot cycle
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DAC CO,Z i
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DAC + FTS DAl ReTE

<AUdi e-fue|S> Ref. Audi Press Release, March 8, 2018

&/
IKNFE (RM1R)

KRS,

e-benzin (e-gasoline) and e-diesel and is continuing
to pursue its e-fuels strategy.

Audi Is convinced of the potential of the fuels, J

e-diesel

\ 4
\ 4

=10 PIPS FTS&RK IKZRAC D %
AOBE#FE=tHe-fuellCAIEZ ANIEHTL\D

< DAC + FTéEE@jZ I\Eit%> Ref. The Future Cost of Electric-Based Synthetic Fuels, 2018

“mp comnE e ¥ CODYEREIRIA R
| s2.2/L $1.7/L = - €100/t = $118/t
- v IR (H,—>RERED
- . o)

; @Lan - SLILSL2L 79.9%
A s e  efucltR
, R ' 10073t/year

i PAZ5YR ..... | Pty

5

o

2022

2% ; HARORE SIS

2030 2050 ¥80/L (¥150/L ; HiAdr)
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FTS& B (Fischer-Tropsch Synthesis)

—AREY(C, R A (CO+H,) NofRRIGICEDRILKFRZE/M T DRIE
i (IFe. Coh'E(CALABNS,

CO RS ERZG
‘ CO+H, >
C,* I s R s
v +H2 \ 4 VT It VT —_
=
CH, C,H, CsHs CnHp I
+H, | ‘ , =
C3H8 CnHZn+2 V":‘\

[Hz4ilgr 3 53R e8]
HIEHEERG = (AERE)/(AERE +{E10RE)
alFFERICES T —E CHD. IHERNBRRZRZEN M (Anderson-Schultz-Flory731n)

= Anti-ASFRIZ5EIRI 5D EHEH (=isHnmzE)

FTARE. BRHADRIGZENE S 2 a5 =T 22 TR
RIsicEnEERLd 57K D ARIES{EDIR X 12
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AYU> (C4~C12)
JTyNARE (C5~C16)
4=t (C10~C26)
sl (C20~)

WIS (RWGS) FT&
CO,+H,
FE RIS
CO, =B FTS Rk "

eE e D ABIE, THATER_ES &l 0l

IS EIETU S 2 H b l‘-fﬁiﬁy)%b);ﬂﬂ

J’:"
BiESK (Direct-FT)
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BN DRFEE)N

RAY (RLRF>) TOESEFEZE (Kopernikus project) Z#¥ C.
Norsk e-FueI (Herﬂva, Norwav) (JEZﬂT\D’(t/Z
o Herﬁya, Norway

JA—bhF— OPhase 1 (2023£IE)
SN @ S0 el ENEEN R sE 180 bpd = 1,0005 € /year
¢ Phase 2 (20264F)

1 800 bpd = 11%2 /y

ear

Nordic Blue Crude@HerQJya Norway
([CHFEAlizAEA (180 bpd@2022$)
<N=hF—> -

Sunfi "_____,_meworks
gian | Joglcal

ersity
.#.—-u_-
e i e e )

2 Kopernikus project®&U*Norsk e-Fuel HPZ£83- 5|
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“Air to Fuels” DSEIIHEZE
@Squamish, B.C. (Carbon Engineering Ltd.)

AEHFNSDCO,EINEL t/dayh5891 bpd (5160 £ /day) DR (HVU>ET1—
PILDREYD) 7&/\5&2 (2017&)

2 |
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IRRZIS&sIc Kk BDirect-FT (BigiEfAzRtE>YY—0HDEH;)

> I OCADAIINF—IEE LU RILEIEZEIEY
RITOFAMT ; FTRAR = BRIAREZEBEIST0EX
SHATR> oo
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i ETIZRE i L
i e TReEn | SO
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BRI A 8IS 27 SN |
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\ . ; IS
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VI —F4> = R
717 ; CO,~e-fuelZEny- L7 Nt
T35 MEIUE BRI MOENN | BIRIF-BHOERFHIA DK
________________________________________________________________ A Y,
*75 v FaAXRMOAR ; A REE6S~T0%. FTEK21~24%, 7y 77 L—T74 > 279~19%
B ARGE

& %3 INRIS (CO, + Hy, 2 CO + H,0) : RISEE600~700°C
& A9V RS4)IA==>4 (CH, + CO, 2 2CO + 2H,) : RIVREE=800C

) ERES0ERICED. SBRHARETES
MBI BT EN TTEE
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© 7 Oco O @,
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@9 O O o
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H

Sweepgas ()

[ICSRIMNIKZERDBRE . ARIR S5 2 0]

= RHipib
KA RS T Mz itz CO4E Rl (CEEE

o« = Direct-FT

BOHKIERAIN AL ZH33
A1 MEo R RIIEZ FLIEHR

[Distributor]
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o 9
O coOfO o® 1\0“

IKZE=EBE
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O H: @
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H,O-ExtractorB2i% s )ias DiE A RE1 )

1 Suom, =100 10 <FT&ERICKkEN B HRKIEDiEE T B ERE
__ _é/( // v H,0 perm. =2 1 x 107 mol m2 s'1 Pa-1
o /(/}‘f 9 v H,0/H, selec. = 75
\ X\ y Total 10 - ; ; y
. / / \| carbon (] MFI (ZSM-5)  Sugi=1,7
o 06— v/ \,‘ conversion O MOR 7
£ \ \ / = 10° | <{ Z4A / :
I \ © :
2 o / Y // = £ v R a0
' / \,/ /‘/ ‘\\ = < amorphous silica g /l‘[.: L7
\ \ Loss of H, S 107 L ¥ polymer ' :
0.2 \\\ / \\\ / \\\ \ / E
/ /\ \ \ / o
] N \ M &} x
S~ \""--.. \\,_h_ \""-«..._ O 107
0 e e —] g .
10° 102 10 10° 10’ 102 s
DaPe /- O“N * 7 ok W
D gw'p
BB > STt It > 1358 // S i
<FTEFMH> 1072 Ml SRJ e n e
& ERERk ; H,/CO/CO, = 5/1/1 10 10 o 1?m0|f(5 rrlEPa) 10 10
& REHLUES ; 250°C, 3 MPa H,0

Ref.; M.P. Rohde et al., Microporous Mesoporous Mater., 115 (2008) 123-136.
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H,-DistributorB!iE 5z gz DiE AR5l

BlHA (CO + H,) M5DFTSMICDistributorB &8s 2&E

Ref.; S. Escorihuela et al., J. Membr. Sci., 619 (2021) 118516.
coszmcs-cu\» H,0 : c ( Ve
C\(; ﬁ . (& ¢ (5 ¢

<IGSEH>
& tRE ; 250°C
& IGIES ; 2 MPa

| As T 2
0 (CRo; ,El:._-/.AIZO'?') (Co-Ru/Al,0;-Beta)
1 RE it 28
| (Co-Ru/Al,0;-Beta + Pdf)

Clo&EmaIE. C5~C12MEIREHN = E
(C13LL EDERM (& (FEAERW)

ll co.zRBELEIBATEAYYY
ISl B S OREE A TES

Product distribution

HC fraction selectivity (%)
M w
o o

'y
o
| A

o
1 i
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IK=EBRDEFHFE AT

<DFOXREE> C5Hg p-Xylene Toluene
n-C,Hqg
C;Hq m-xylene
I-C,H
Coz ) 410
He H2 02

— ITT . m Jo-xylene

0.2 03 0.4 0.5 06 - 0.7 . 0.8 nm

<EBI5EEHFLBIE> -
H, (30.29 nm) ¢CO, (50.33 nm) oI H0.04 nmDEERDTS

SUNBEOMIL R BRI BIUNE — ~ .
(14-3) " SUBRAIN 5 BAE SR I

ERDO>V DR
(TMOS#i:&)

AR (CHfLBI NS UDEZHWT,
FTERICHITDANtI-ASFIM%Z3EIR

0.2 0.3 0.4 nm
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1 5 10 o
oK o
KB IER7K 89
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& —AZEIRLTA ; Si/Al = 1

& RITENBAFELELTA ; Si/Al = 1.2~1.5
P EUVERKIEEHERFU DD KB TEMEN [ £

______________________________________________________
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