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M=

TR SR PE B v 41 Tl DAC (Direct Air Capture) S ThH 5, FlzIEAA 7 —HEN
ARDIREETT A% T I AWRIER ETHET 256, IR AHEER 100%IZHETH Y | (KR
FEDREET AT 5, ZOTo DR S DIRIRE RER T A 2 KRB EHICHHE T D DAC 28
WETH %D, T2 TlX, CarbonEng’g ® KOH-CaCOs % HV 7= DAC HAfF ORI 217V, FRE: &
Mt L7z,

DAC =2 A k ([HN~N—2R) X354 [ /kg-CO» TH 5, 9 HLaxliichiiEE# 13 20.6 F/kg T 58%
Ehon, EEEIT147M/kg T, 96 CHi DA 5D 90% Toh D, DAC O = A MEJRIZ I X3
DK 50% % 58 % Air Contactor DARFS S MEE T 5, 4 [F] Carbon Eng’g #E3HESE S 2 FiEASf

(0.05 B H/m?) Tirgt L7223, CCS (Carbon dioxide Capture and Storage) @ FS (77 X > WIY)
THW =7, (SUS #, Sulzer Mellapak fH24 0.4 /7 H/m?) FEEOMRENMLE L 725 & Air
contactor DE(EE A 4~5 5@ < 720, DAC = A MX, 78 M/kg-COx 725,

COL TR NS T > Th ., HARDH LU DAC Hi OB 2+ 2 ERIT R & < . BB e

REEF TVl NMITDHI EERET D,

Summary

DAC (Direct Air Capture) is necessary in a zero-carbon society. For example, when carbon dioxide in
boiler exhaust gas is captured by a conventional carbon dioxide capture technique such as an amine
absorption process, it is difficult to achieve a capture rate of 100%, and low-concentration carbon dioxide is
discharged into the atmosphere. Therefore, DAC that directly collects the emitted carbon dioxide from the
atmosphere is required.

In this report, we evaluated DAC technology using the KOH-CaCOs developed by Carbon 'Eng'g.

The DAC cost (domestic basis) is 35.4 JPY/kg-CO». The fixed cost for equipment is 20.6 JPY/kg-CO»,
accounting for 58% of the total cost. The variable cost is 14.7 JPY/kg, of which CH4 contributes 90%. In
order to reduce the cost of DAC, it is necessary to review the Air Contactor, which accounts for about 50%
of the equipment cost. In this study, we examined the packing materials recommended by Carbon
Engineering Ltd. (0.05 JPY/y/m?). In the case of the packing materials used for amine absorption process for
maintaining performance, the cost of the Air contactor equipment will be four to five times higher, and the
DAC cost will be 78 JPY/ kg-COo.

The development of new DAC technology by Japan is of great significance even if the CO, storage area
is located abroad. We propose to promote the DAC related technology development as a national project.
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1. (FC®HIC

TEMEIRFE (COy) PEHETY ot Tl DAC (Direct Air Capture) S E T 5, B2 IERA 7
—HEAT AT D CO WL 70 ERER DOEAT TRIET 5545 COMEZR 100% IR TH Y |
IR D CO, BT D, T DT DT DRI D CO, & K56 EHH#E T 5 DAC 234435
ThD,

DAC OFABAFEIZ. 1) KOH 72 &7 /L7 U KK TINS5 JiiE (CarbonEng’g, 1) 4) . 2)
T X USROWIA &y -ALO3 R zeolite 78 KRS FUE [EIR & OIS DOERLILVERMIE L FEEIZ
fill## L 72 MOF (metal-organic frameworks) /8 & FI|H L 72 [ERE AR 2 FH 72 51 (Climeworks,
AAR) T ENRH D[], KHEZ: DAC Hilt & LTiE, A2 LT\ 5, MOF % VW= Woagik
IAFFERR RIS T 5, Z Z TlE. Carbon Eng’g ® KOH-CaCO; % V7= DAC 4 [2] DA 217
VN, AR ERET LT,

2. KOH-CaCOs EZM & ifiaf{fi & DAC 3 X k

21 7O XDPE

Carbon Eng’g ftDEBIH2] 2 & & 1T, (KRFEFSHIEE % — (LCS) TDACIZLAHE= A |k
RERE LT, MELE Y n e A2 ICRT, YaktRAT7u—X A7 2772 (PFD)., WEIK
(MB) (22U TIE, SCERONCHEIL L 7o, BRI DWW TiE, SCHR[2]12 2512 LT LCS Theat
L7,

Stasra ilakas €0, 166t h
: o, HOS31/ (DAC 5?%{:
[ = CO, storage

Captured CO; from Air:
Pellet i 40°C 151bar
112t/hr(896kt/y) SRIWE ROy €aCo, 300t/h i

H;0 45t/h
Co,;
Steam .
Compressor
5Ki/h _ 70.2t/hr
KOH: 38,5Mmol/he il 3 Lt 15.2MW
k;coL:f_anmwm 454°C
L 201t/h{[CO; 166t/h H;0 30.1t/h)
€Oy 0.45M T
21°¢ e Preheaterl
Alr
59*10% m3fsec -
o, I N | s0°C
400ppM{150.6t/h) W = 5
3.81Mmot/he 19%C
e
boo'e Preheater2
5.6MW
, P 650°C
Calci
Air contactor LA pgap
o CH4 13.4t/h
condenser (€02 36.5t/h)
Steam turbine
CO, absorber -5.6MW
3200t/h Air separation
unit
B I » 58.5t/h 13.3MW
- 1 674°C  956%) ;
93¢ Heater 3
121t/h
' €02 17.3t/h
€02 110ppm({40.3t/h) BFW CH4 6.3t/h
(efficency 73%) Boiler 315G)/h
Gas turbine -46 MW
1 DAC process /| KOH-CaCO:; i%
(Carbon Eng’g / LCS review)
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DAC OFIEIT, AUEE AIR £1% 59 Fm3/s T, AIR 725D CO flifE &I 896 F t/y (112t/h) T
b, 7rEATHEMT D CHaBIAET H COy (#—E B} 17.3t/h, CaCOs BERK : 36.9t/h
7t 54.2t/h) AT 5 &4 CO fifERIL 166t/h (9 D air contactor TOffFER : 112+17=129t/h)
L5,

Tt ZOMBENIRDO LBV TH D,

Air contactor F1C, KOH /K&K & CO, 23 its L. KoCOs BAERLT B, & DOWLIE % Pellet reactor
C Steam slaker 7> G X415 Ca(OH), & i &1 CaCOs & KOH IZ L, CO, % CaCO; & L CIiH
ET %, —J KOH I% Air contactor (Z U 1 7 /L9 %, CO, Z[EHE L7z CaCOs 1%, Calciner TA ¥
VR ERIRNGE LT T A TEVG R L, CaO & COL I3 %, B L72 CaO I Steam slaker T/K &
SO S8 Ca(OH), & L. Pellet reactor (24695, F 7= Calciner TEVMIR THA LT 5 CO, (&
LCDACHI3K) & A X (CHy) BBETAMR L2 COy (/L —Hsk) 1%, JEAEHE CIEME LK
K CO, & L THHRERRIC CTHTRE T %,

FRE CHERT X — (BN 1ZAZ L DORBETH AR —E | AF—LZ—E T
B ARREAER L e RAE AN SED, A X PRBETAR LT2 CO, 1% CO; absorber ¢ KOH
WL VRN L., ZD% Air contactor CHRIVALERT 5,

TrEATOERDL ISR EFBEITRO LB ThD,

Air contactor : CO, + 2KOH(aqg) — K»CO;(aq) + H>O(I) AH=-105.2KJ/mol
Pellet reactor : K,COs; + Ca(OH),(aq) — CaCO; + 2KOH AH=-2.5KJ/mol
Steam slaker : CaO + H,O — Ca(OH), AH=-80.4KJ/mol
Calciner : CaCO3 — CaO + CO, AH=183.5KJ/mol

2.2 EERIEDRH

1) Air contactor[3]

PVC LOMHRIFEEY) (Brentwood B #/KEEH) % HV cross-flow type THRUREEMAZIT 9, Air
OFEIT 1.4m/s & L, RiffL 42 Tm? (B 20m D& R E1E2,100m L) Thd, Mk
RSN TV DIRKRESM 7 7 CE2RMMT 2720, 1 2=y MISmXSmXFEHERE S &7
Do

5 T ORRE uAy-uA(y+dy) = kiaAdx(y/H-0)
-dy/y= (k/H)a/udx
—dy/y=Kra/udx
In(y/400)=(-Kra/u)L
y/400=exp((-Kra/u)L)

Ki=13mm/s (20°C) , FREM LR EFE a=210m%/m?, u=1.4m/s TIiL,

L=5m y=151ppm  (FlHFER 62%)
L=7m 102ppm (FEE= 74%)
L=10m 57ppm (R = 86%)

R 74% D & &, FHEBOEAE Tm TEUY,

Packing geometry DU, K & AT ZAERFT 5 7o OIZRINIK &2 7~ )V A 7 m— &3 5T,
E7 /L & L7z Brentwood #FHEY) (XF12560) LV & JEHE % 30%H I FIEE L T, AP/m=9.7Pa/m
(AP=6.8mmH,0) & L7=, 77 v OFTEE L, 202 70% &35 & 5,640kW L 725, I &
/2SR E=T.5X100 ((KFELL) . RIEIEWIEAE 14,840m? (2,120mX7m) L9 5 &, R EIL
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0.53L/m%/s ThH 5, MG 7 OFTEE) /11%, 2,440kW (D3 80%) Th D,

Pl . 15824720 fan (2,100m3/min) . F£EY) (Brentwood, XF12650, 140m?3, 50 T-H/m?3) .
R (175m°) O A Nef25  5HM, 7aHM, 1EHM 13 EM/EETDH L, 22,100
BAMTH D, FWIEIGEY (167G)/h) TiRiRIZ, 1.1 CEAT 50, ROBE A TNRT R
T5E LT,

2) Pellet reactor
28%Ca(OH) » & FUtagn s b MG LT, SOGS#N T KaCOs & St &1/ T CaCOs #ifidn 2 A2k
L. £0.85mm ¢ 2 £ TR & H 25,

K,CO; +Ca(OH)>(aq) — CaCO; + 2KOH

%5 L7z CaCO; % [HliA Al as TorffE L Steam slaker (24535, £ 7-IEIIL  pelletreactor |Z
PEER L. F 7= Aircontactor I[Z(GT 5, TEEREDOEIA IR 90% Th 5, Pelletreactor (%, | H i
1.65cm/s OFEENESGEE T 5, WEE R 389%kt/h (p=1.12t/m?, 96.5m%s) TV, Wik
5,850m? & 72 V) | SUbER  6m ¢ X SmH (R4 4m, 28m?) 200 & (one pass JiirB4FfE], 4min) TH 5,
HRAB BRI > 713 200 K&, CaCOs fiidih Al T A1 FE 10m? % 100 KX iET 5.

3) Steam slaker

RD 3 DDOEEREZ i,

Pellet reactor Chtifnilds L. Ailgs CTHBE S =S /K 2 & T 0.85mm ¢ FEED CaCO; (FFaE7K
53 15% vsdry CaCOs) % HZJ8 L Calciner [Zfifa3 2 & & H 1T, % L7285 KZFIH L T Calciner
75D CaO % Ca(OHRIZA 2, Pellet reactor (22, £/, KFUSEALZFIH LT, AF—
LEER L, AF—LZ—E U TEENT 5,

Steam slaker |Z/KZRGIRPHROWENE T, WEMLEE 1m/s B CHEERY 2, 0.85mm ¢ D CaCOs
® terminal velocity (Newton 18) ut (%, 1.2m/s T ¥ | JiREMEN T CaCO; 1LILFE53HfE L | Steam slaker
THECHBECX 5, D% Calciner [ZHHET 5,

HE1: CaO, Ca(OH),DFift% 0.5mm &5 &, 454 @ terminal velocity (%,
1.02m/s, 0.83m/s THY 5 I CaCOs DHEIATRETH 2,

R, ut =173 (gXdoX (ppy—0) /o) 93
g EANEEE, d, KR o, BITEEE, o JRIADEE

AF— L EIMEZDAEQ ZE T RLF—RT U ANMGRDT-,
FgAEAF—2 (300°C/42MPa) &1L 70.2t/h ThH 5D,

steam slaker DEEFRIL, HRIKAEK/EME &K 33.0m/s, JREMLIEE Im/s & L TRz, B
WIEAEIL 33m2 TH Y, 2 L& T 5 LERIT46me & L, B@EiL20m & Li-, F7o, fEREAE
1% 33m3/s & L7z, 817713 2,056kW & 725, Steamslaker H 1 D &E{ED Ca(OH) » DENEIY % steam
turbine 7B DINFEKRTIT O 728, KT A dryer ¥ A 7T OB 5 E LT,

4) Calciner

CaCO; ##\3fit L. A Rk7 % CO, (Aircontactor CTIiitE) & 900 C D EIRAZIGHTZDIT A X D
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BRFRIRBE TR L72 COy (b —HR) 13, JEAmHE CHEME LA CO & LT HTREER(M Iy
PESE VAR

CaCO; — CO; + CaO

I, TEERIGENE # 4 7 & L, B emo (FHEREST @ 2,000t-CaO/FEH) % 2 K& 35,
Bed bulk density 710kg/m?, WEMEAEEE 2.5 m/s  #ERE 900 C

BB 2 10 70 & L, FiENE R & 25m &9 5, BEARIC VB2 20 1 538G)/h TH Y,
CHy DG EVE  670GI/h (=R VX —2h3  80%) TH D, 7z, BBBREEDT-DIFPENT A DY
BENWNEETHY , fEER7 a7 —%25%E L7-, Steam slaker 7>5 D CaCOsz OHNEMINT N5 OPET A
ERIRAL, A7 a2 A4 TOEBERRZTEZD,

5) METZR/LF—

DAC BN E R FX— (B FAX L EZREIE L THARAXY—E Y, AF—LHF—F
VOHHAE L. REREFENSH S,

HAB—E | AF—LF—E U OHENL F%46MW, 9.6MW Th 5,

23 OAR MHEEER
LCS Tt U7z FERan ek - 3fmE A L @S2, £ 1ITRT,
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Aircontactor [F, EEMEDO KX JiZHhibE —ESmX5m & U, BEEERE IIX CO iR %E 74%

(400—100ppm) & LT 7m & L7, ZEREMIT 42,400m> THY 1,700 725, 77, &
Y, WEEED 13 GHH/ETHY BT 221 EHTHY . BEREER 410 BEHO 9L
54% % 58 %, {1 Pellet reactor BiHERR fifi > CaCOs 23Rk % 20% . Calciner BiHFR fifi @ Air separator
L 10% % hHH 5,

AT 1230 BHTH D, BIEHENTHT2DIT 556MW DT AL —E v b AT — L H—
U ARET D, CaCOzs DEIRD =8 DT F /L ¥ —%E CHy T 990GI/h (19.8t/h) METH
Do

DAC DR /LX—[HEN 2% 2, DAC 2 A h &£ 31T~ T,

£2 IRIX—RER

Design base : DAC CO,:112t-C0,/h(896kt/y)
(captured CO,from CH, :  54t-CO,/h . captured total CO, : 166t/h)

F=Rk [REifE (/keg— captured CO, from Air) |ffit% (F/kg-CO,) |{E%E (B fl)
HEEHE(MW) 55.6MW (48MW+ ) oKW
HEERE (MW) 55.6MW
CH,EAZ (t/h) 19.8t/h (990GJ/h) 8.84MJ 13.3M 1.5M/MJ
CaCO,f & (t/h) 3.4t/h 0.030kg 1.2M8 40 /ke
KEEFR R (t/h) 531t/h 4.74kg 02 50/t
EHRE 14.7M/kg-CO,

%3 DACaRX I (DAC: 896 kt/y)

34 123,0008 75 (123018M)
EEAE 20% (5% /E X 4E )
Eib$ BH(¥/ke) LE
BRI 18,450EH A M/y 206|FERZEE 0.15
ABERG 10085 M/y 0.1|3%%%& 58AM/A
IMNEE 20.7
EHE
lcH, |8.84MJ/ke 13.3[ 8448 1.50/MJ
CaCO ¥ 14
N | 14.7
& (FA/kg-CO,) 35.4
EFEa Rk (F/kg-CO,) | 1.3[EmADEAT—Z
DAC+E® Rk (FH/kg-CO,) 36.7]

DAC = A M 35.4 1]/ kg-CO2 T, il kIS EE 13 20.6 [H/kg T 58% % 5w 5, AEEIT 14.7
M/kg T, ZD7203C CHy D528 133 F/kg T 90% T 5, EN—ATOIF)LX—Hff
1.5 F3/MJ 25k UKESECo = 3oL —Hifff 0.35 F/MJ O34 DAC 2 A M) 10 F/kg-CO, %2
<., 25M/kg-CO, & 725, i LT= CO, 2RI 2 2 A MANE, B BB EAT 256 1.3 M/ke-
CO, L% &, DACHIFRE D 22 A MIEN~—2Z 36.7 F/kg-CO, (AbLK~<—A  26.7 H/kg-CO,)
LD,

DAC @ = A MEJL (= A MEEESR) (ZIFEHE H DR 50% % 58 5 Air Contactor DRI

6 EARFERENRNPRANRETERE (UST)
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WETH 5, 48l Carbon Eng’g fHAMELES 5 FetEAS (0.05 B /m?) Thegt L7223, CCS D FS
(7 2 W) CTHW= IR (SUS $L, Sulzer Mellapak #7124 0.4 | 5 /m3) F2E OVERES M
L 705 L Air contactor OFXMHE DY 4~5 5@ < 72 0 xS EEE 23 41 [ /kg-CO, -9
%, DAC = A M, EHN~—AT78 M/kg-CO, &725,

% 72 Pellet reactor TP CaCOs 478 filter I3 FXIHEH D 20% % 55, fimfie RKR&E< L, &
fif & A FRILHR T, BTN 50% & 72 % & DAC = A it 2 [ /kg-COx FRFEARR T 5.,

DAC & O FE5 i F e HIMENE 23,000m? CTdb 5, BB FE 2 R IH I EEO 35 & T 5 &
69,000m> & 720, DAC 896kt/y Daxfii THJ 6.9ha (100mX690m) METH 5.

24 7 2 UIRIGE & DEEER(D]

FIRK PN A GEBHFE 958MW, HET A CO, HEE  13.7%) D CO %7 2 U RINET
T 2 L&, WA R COIRE &L MEFRIE & S €7 /17 X K (AMP : 2-amino-2-methyl-
1-propamol, 40°C 1M OIEE) TEHE URERZX 2 17T, 71 AT IEAReport[6]) %55
Wz L7z,

50
45

40
WUVE © AMP (1IM)  40°C

CO, BB ENHEKy a - 38kmol/m?-hr

35
L
BB 25

B 20
15 °

10 { ]

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
TINEHA  co, BEANK

2 BIVEHO CORELMVEFEERS (FHEE)

COHHEERE 90% (HOH A COEASIE0.016) DL X FHEEHS GHAHE) 13X 18m TEW
S, HHERA 99.5% (HOH A COyE/L43ER 0.0008 : 800ppm) (2T AICITFEE S S GHAH)
T 4Tm LE L 225, FHEORG CITFHRIED 1.5~ 2 50 ETH D, MEReFTHEERS it
) & CCS aA M&ERDFK4ITRT,
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SH2F 28
&4 COMEEL CCSaR (73 URILE)
s
HEE(%) 90 94% 98% 99 99.5 99.9
HOCO,RE 1.56% 0.94% 0.32% 0.16% 790ppm 158ppm
HOCOo,E (t/h) 76.6 46.0 15.3 7.66 3.83 0.766
HWEE(h) 689.4 720.0 750.7 758.3 762.2 765.2
IR N I FE 4 I A & RR R HE (m) 25m (18.3) [ 39m (28.4) | 50m (33.2) | 75m (40.1) [ 90m (46.6) 125m|( ) :5tEE
BEE (1018[) 441 50.3 63.0 81.7 96.4 121
BEIRILF—(MI) 3.00 3.1 3.18 3.26 3.47 3.69
H®mIR (M /kg)
[E & % 1.2 1.3 16 2.0 24 30
TE & 29 3.2 35 3.7 44 5.1
(BARBESL kWh/kg) 0.14 0.17 0.19 0.21 0.27 0.33
Bt 4.1 4.5 5.1 5.7 6.8 8.1

COFIER 9% DLAED T A7 0 —%[K 3 1T737, R 0% DELAIT~, WIE % 3
FEEINCHLE T 5, WA 2 35 I OV booster fan O HE72 El2 X W CCS = & M 4.1 F/kg-
CO, &V 57 M /kg-COLUTT AT v 7T 2%,

CO IR IRIE2 (2£) COMRIRIE3 (24) HERA

n=99%

Booster fan P-5

11MPa 30°C
- a &1k CO,

< . i
20°C L co2RvF

E-3

. 0 73kt/h
0.1MPa 30°C

Pt 2 A BEHE A X
127Mmol/h

CO, 13.4% oo =

Fig.3 {E=PIRIR: #99% WIS RBAKEQRIIET B,
JHEEER99% 4 — R [£90% 7 — R [ZEHE R, CO2
WRURIE T 7o & R 2858 T B,

5% —R [FSHIZIRUNIE 1L
TrUEBMNT S,

B3 CO %X 9%NBANTOERTIO—
T2 UWRIETIZH A COp B IL, HHEESR 99.5% T 790ppm. 99.9% T 158ppm (FEE/EE &

125m) TH Y COPEHEAZ B rIZT 2 Z LTk, Brizd 511X DAC & OfAEDEN
%‘g?&)éo

8 EARFERENRNPRANRETERE (UST)
ERFL ARV Y — (LCS)
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3.DAC &7 2 UIRIE E DA EDE

GIRK NPT AD COs zero emission XfHKE LT, 7 I URINEEE DAC LAY -4
CCS 2 A M &Rz, fRaF 5ITIRT,

=5 ARMHEBEHRD CO, zero emission WEER (BERFES—X)

&1 ABRNA, 958MW, HRIEH R 127Mmol/h ,CO, 13.7%. HEHET66t/h

TIURIGEHEE (%) 90 94 98 99 995

HEOCOEE 1.56% 0.94% 0.32% 0.16% 790ppm
TEUREEEW/ h) 689.4 720.0 750.7 758.3 762.2
DAC #H&EE (t/h) 76.6 46 15.3 7.66 3.83
FEURIEEIR M+ B2 X (FH/kg-CO,) 5.4 58 6.4 7.0 8.1
DACHiEEIR M+ IR M (M/kg-CO,) 36.7 36.7 36.7 36.7 36.7
zero emmision CCSOXF (FH/kg-CO0,) 8.5 7.7 7.0 7.3 8.2

KRB L 7~8 F/kg-CO, TH VY, CCS a A Mg/ 357 2 N E DAC OfAA Y
BB D, T I RIT 90% LA EAfZE L, fifETE 720 CO, % DAC THiISE L CTHIET 5 2 &
2725,

4. SHOBELRE

1) &= 2 @D DAC HIfFIIMETH 5, WIHEIZIMZ TWAETEIZ DWW T b IFZERFE LB T
05,

2) TA Y KEEHE A VT2 DAC BTk, 400ppm LA OKIEEE D CO, DI TERED
FRERMETH D,

3) DAC ITHFH & R CTHEIET 2 OREFITH O . - ORIKH Afliks A B C & D WEF T HIA
BN TW5, DAC 2 EALTE 2 BRE & OB HRHIOBENVETH Y | MBI~ 7 —
LA~DOEERF R E BN TH D,

5 BRI ERD-HDIRE

kDL 1 A — R AR ERD T2 DIZIE, DAC BHiENETH 5.
DAC OFEJilL E ZTHTE 50, COIFRHDZ LW H AR TOFEEIXREN RIS,

L2 L CO AR Th > TH, FRROFEMHEDO R E SRXFEOEEMNLZ 2 5L, AR
23T LU DAC EF OB Z T o BRITIRE VW, BEEMAB L EZ e =7 MZT 52 &0
EELVY,

EIRREREARIERITHRESARE (ST) 9
ERFH RV Y— (LCS)
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