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DAC Direct Air Capture
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/
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https://en.wikipedia.org/wiki/Carbon_cycle
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0| A S}
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Atmosphere Atmospheri
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Annual Increase !
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enissions.
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715 OlblsiEks B8 U BETE e 58t

Xi1=22l 1

TEMPERATURE ..,
&CO,

.

ol o M| 71582 (2015)
=T | iNgements \ Jli.jk"qu ,8Eél-%%+1.sgc OILHE Q.I;ql

Paris_France & o 20214 7§415-9PP"1
= B € : 20224 78: 418.8 ppm
202311 78: 422.1 ppm, +1.22°C

https://www.co2.earth/

715 Ofbiniets FE U AR MY S8

X7 243} 1S ot

T e b

8 il
chemical H £
N e

S ORI NS SO, | HHBSH= CO,8 EfCaboncapurodl] | 37| S EXBHS CO,8 E7 (DACSHT,

T 0UiX| 28S Sl ' &8I (CCS) e (CCU) | OIE XFs}#Lt = T (DAC-RCC)
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B7| & OlhiTkA BE W HMUTRE Y B4

EESI|XEE Direct Air Capture)

© 27| 5 420 ppm¥| CO, & E2|X Ti= S8HO2 B2|510{ 37| 5 CO, SEE Wikt BA YHEE 71E
O ZZ| § Iak CO, 8]+E Edll DACCS, DACCU 712 ME 7hs

Gloal CO, capture by sector CiEHI=: 2050 NDC SE (B2

12
10
8
8
4
2
0 — % =
2019 2030 2040 2050 2060 2070 50 g
Power M Iron and steel -75
W Chemicals M Cement 846
M Other energy transformation Irl | DAC | »
+ 203044 7542t £/13, 20704 79| £/ B * 2030 CCUS 1,120 242 28
HY (IEA) - 20504 EAFE B2k CCUS 8,400 THE,
- H MAZC= #IYIEX| 277 DAC SHET} DAC 740 THE 2F
7ts50] ¢zt ot E/E 2 - 2 A 7S B

Source: |EA, ETP 2020 ('20)

Bkt

i3]

E R HA7E i =8

IZZ(DAC) JIE/NIESE

Climeworks, Carbon Engineering, Global Thermostat

0 32 2974) AT 7|YS0| ML 7148 HIEIOE DAC A0l 53
0 27} U 7|J0] MEXOI X (YOS QI8 MO ol U AR ALY I48H 5

1:1

- t{:i

0I'.I

I
_l

Number of Companies

-]

8

2
;%@“

GUARDIAN

Source: https://arpa-e.energy.gov/events/reactive-carbon-capture—workshop
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ZE3JIZE(DAC) JI=

Climeworks | soent DAC 712
PHASE 1 _— PHASE 2‘"

!
~5 ~100 DAC-18/ 2,460 Orca—4,000 ton ~40,000 ton
ka/day kg/day kg/day per year per year
© 2009'4 8|Al &, 20124 5 kgCO,/day TH20|A 20214 4,000 tCO,/yr 22 E0j
0 20257X| A7t 4~501 E O|42| DAC 7|2 HE8E 51
7
B7| S Ofbiaieks BE Y HETRE Y B8
XM 2| EE (DAC) J1&

CLIMATE | UNITED STATES OF AMERICA

US takes $1.2 billion gamble on carbon-
sucking vacuums

The US gavernmant will spend $1.2 billion to help build giant machines that suck carbon dioxide
pallution from the air.

f X ~

© 0|22 DOE: Texas® LouisianaOfl 1Z= 58 & &l £ X} (2023.08)
O QiZHUiOLE CO, 2F 2, £ 0|4 7#2: Texas 3,000 2HE/y, Louisiana 22E/y

8

hittpsz/ fwww.dw.com/enus-takes- 12-billion-gamble-on-carbon-sucking-vacuums/a-66514147
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ZE3JIZE(DAC) JI=

Carbon Engineering / sovent DAC 712

Cao A
CO, + KOH(aq.) K,CO, caco, Ca0 + (O,
________’_ Energy neads of L-DAC and 5-DAC, 2023 !
Contactor Loop Caleiner Loop : _A_a‘lf ——
ERRI e T { ; ':""‘_""“”] —

=
caco, e ea,

Caleiner

L-DAC 5-DAC

High hest Electricity

# Eloctricity for CO2 compression only

© 0.6 tCO,/day ItI3d HF, 1,500 tCO,/yr (Canada) 244 &
© 1PointFive 7HY SJAHE S3ll 1 MtCO,/yr £ S22 20223 24 Al

8

B7| & Otk TE Y FHTEE A F4

ZASJIZE(DAC) &l CCU JI= S

Haru Oni Project

© Siemens Energy2t Porschet= &20] 5 7|8t
7 g4oie MU T2 HEE JE 2 78

O 338 88 I8 2 Yt
O DAC7|&8 88 CO, 35

O o-MEE & e—7H&E! M4k 1008 (2022),
402HE (2026)

Source: https:/ fwww, siemens—energy.com/global/en/news/magazine/2022/haru-
oni,html

norsk e—fuel Project
. ]
PR © Capturing pure CO, from air
@ Syngas produced from CO, and water
using 100% renewable electricity
© Renewable fuels generated from syngas
O Refined to final product
© Utilisation of renewable fuels releases

C0; back into the atmaosphere
-

\\

1 Conversion of renewable
electricity to fuel

6 sunfire ig I

O ZHS7|ZE(DAC), T2+ S8 HESH HHR
L71E Al

© Z3 g £85I Climeworks2| DAC 7|&1} Sunfire
R MM 71E HE

© 20234 8,000 £ 44t (Heroya Industry Park)

© 2026 4Tt E ML SH

1 Direct air capture

Seurce: https:/fwww.norsk-e-fuel.com/
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X|HTJ|ZE (DAC) - SEAIEEHEHRCC)

DACE S0 ZEE CO,= EA 2101 ZF M2 (DAC-RCC): EH MILX| 222

Sicosty
Absorbant T

Absorption ﬁ; -TL[L
[l

ier, U} &

Pump

Pump

Ol&tSHErA: B 12|03% 037%  21.42%

33 T
A2 HIE & Hu;_:z:
0
W 7|7
[ EE Y

Regenerat
tower

CO;aden .|.__|___.

DAC > E7/55-> H#t
1200 1200

. 20-30%
Decrease in
Energy Use

90%

Decrease in
CAPEX

Energy (kJ/mol)
g

g

(A7/$) X3dVD

o
Energy CAPEX

DAC-)Zigt (RCC)
1 1200

W Capture

M Resctive CC
W Compressian
1000 1000

Energy (kJ/mol)

(14/%1/8) X3dv0

0
Energy CAPEX

Source: 2022 ARPA-E workshop

B7| & Otk TE Y FHTEE A S8

CO, JIdt Chemical HIZ=

A SlSHE
A slst A co, Mzt
+ Apstic acid « Fortdizer = =z i
:%n:;:nxz = Resing u x m Potparethane toams
Fuel additive ‘ | P - Preservative
LPG substiut DME Y y rT——
5“:'.:'—..? Akiehyden| ~— Co, . oAy - curioctants

Alcohols /
- Solvents Grganic  +Pesicee
rgenis " ¥ . 1 precursors
- Carbenates . . \oocyanae procursor
o B
Carbonates sy
gt T, GCosmetics
I oemonsaton e e e
Lab sealy «Soil stabilisation  * Intenmediate for polymes synthisis

Products from CO,-based synthesis (IEA 2019)

H7|=2tetH co, M

Nature Energy 4, 466474 (2019)
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171 S 371 SAl £& ®# (DAC-RCC) JI& S&

DAC-RCC 9i-1i= RX)Is SHiE 2100 211 A1/5)/0 SEA s ssBAAD HA LW S

PNNL

Integrated Capture and Conversion of CO, into
Building Materials

00, B0 Sobvent
A
b!n : r,.“ Q

Pobyethylene  Ligsn o Ligae (O, [C0,06)

0 CO,LIG SE& TH=A= #&5i02A CO, 2F
0 2ZHEMYE CO, H2 ks

LLNL

Direct Air Reactive Capture and Conversion for
Utility-Scale Energy Storage

‘\4__..2,1_—/] COE -2 CHd

g

X DOE 415t RCC Z2#o2 T2 0|5 5 H+14 (PNNL, NREL, LLNL, LBNL, NETL) £0| ZQIE ¥ #A|lo=2

36 U7 Y ARPA-EZ=]H 2A S

="T T

NETL Objectives

Porous Catalytic Polymers for
Simultaneous CO, Capture and
Conversion to Value-added
Chemicals

0 ZEE CO,& Formic acid2t 22 liguid product2 H#
0O RCCE E2|0 7|&-ZAIE Ergd ot

NREL

A Pressure-Swing Process for Reactive CO, Capture and Conversion to
Methanol

G b e

O Mildgt Z24(~100°C, ~10 atm)

13 Source: 2021 CMOG Project Review Meeting

B7| & Otk TE Y FHTEE A F4

171 S 371 SAIEE M (DAC-RCC) et S&

N NATIONAL
T TECHNOLOGY
LABORATORY

Waste Hydrogen

J e RN ==t R i

: . !

" i " ]
Ambient Air W g -
24% HO | —, DPM- " DM i

g 450 750 '

400 ppm €O, | 5°C 7 1% )
% 0, ! " i
8% N, Fam i !
([ T T R — argon »

into Renewable Matural Gas (RNG) from Waste Hydrogen

© Dual Functional Materals (DFM)2 0|2510 Air & CO, &1t $A3141S T8y

O CO,E 448} 510] HRIIA HE

RNG
Utilizing Dual Functional Materials (DFM) for reactive Direct Air Capture (DAC) of CO,

U.S. DEPARTMENT OF

ENERGY

&2 COLUMBIA UNIVERSITY

IN THE CITY OF NEW YORK

DAC-DFM Technology Development Pathway Susteon
i We are here A
Bench demo unit iy
scale unit
DAC-DFM  testing
washcoated
lith
i DAC-DFM 1eatng.
£ granules
i testing _[— ot
O e Precf of T B Ny

Source: 2022 ARPA-E workshop
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171 & 371 SAIEE M2t (DAC-RCC) &)l S&
2LH DAC-RCC 2 JIR2 0L, ROC BH JIgHS

CO, SA| ZE-H3 TEAM A2 (KIST) CO, SA| ZZ-Tig M7|5t5t A A (KIST)

r r r
7 p A0 B 371E 0| Z8t et ST
OjMaELL Y H7|atepE Mgt (Syngas) Wit

(RS 48
= Syngas
wﬂzal o — ﬁ cmH;

nm ]

s
HYApA i ;.17{

10kg- HCOOH{da\r:‘ 5 I H7[s18H% CO, )\I !Pél-’“i* oy E!%E‘

0 ZFE CO,& 4 80| Formic acid= E@ O ZHEECOE Ik BY7IAR MY
0 7|1E 4Ys 3 tiu] ZA1Y & 7hsd ol O CO, 22/ 38 H=HOR Net-zero 2 7t5H &

B7| & Otk TE Y FHTEE A F4

=L DAC A 1HH|

HHIE ZESIIZE(DAC) #tJIE 2 CO, HelE 10 kg/day 33 Jl= I

+ D& S(WYH0[LIX| 5GL/CO, OI3h,
FARI(EIS7| 2245t 900Pa 0I5t
7I& 2

= 37| & CO, M2{F 10kg/% 01
22| 1,000 CMHZ DAC 37 71

HHIg 9 AL2F 7| S

DAC

CO, 2l

d44

1 (NS
« BHHE XS] SHELS 5.0 wik " | ATHOINEIS He S8 B
O 20 BAI AXjO| HHELS HH7lE e 23 Jl& h A5 0.03g-CO,/g-sorbent (3.0wi%)
2.5mmol/g OIAd 81 A%} 74 AT ol =4
U T
ZEH|E X2 8 712 & A= 74t 7| &H
v 7|& CCS 7|28 4 3= +
v T2 HA0| 7kSE AN OiE
e v M8 718 U AAH Tle Y
v @ 7|&9 ZEH|R $HA| St
FoAIH 3= H1T|Zk
x| =H+ B2 l517 |9, Dajoisty, GSHA 2023.05 - 2026.01




=Ll DAC S0 STt O|LtatEa Het 7ls

B7| & 01Tk BE W HMUTRE Y B4

gixpg g1

JHE LHE (DAC)

DAC AT M3 U 1kg/US
AAE 2SSt EE FHESE

O DAC 3% X282 I8t 84 X M5 &Y
78 He

O MxI2t 1SS DAC 2% M2 2|8
4] kg 12S| ZE A HEEE 7|e &

0 100 CMH 3 Xgl, 158 DAC AHA
TR x| 75 W H42HE S
s A0 4587t

O 10kg/2a M- 188 DAC
DREELR FA| g4

DAC &M AT $H3 M3 U
HXe DSE pac 4 i HE

ODAC HES 18t &4l A7 7|2 7Y

O XAIR- 1&& DAC 3 XBE Aft 44
Y g4¥ls 8=

O Mz 1&2 DAC 23 M4 (eh =&

DAC ATH 85 £IX3+ % 10kg/2E AIAH
st lSS 7Z L ALAHEE
DAC X2 I8t 8i A1) 45 &xis}
Al TS DAC 3 M8 A8t 44
kg 20| HF A O YIS & Y
71e 28
1,000 CMHZ HAl1g- 188 DAC Z2EEHY
x| 78 Y A4S S RISHA
o5 Wt

DAC 72 2i¢ SH 4% U AAHI2 HA|
71&dnY Y7t Y Business 2 g=

B7| & Otk TE Y FHTEE A F4

=L DAC-RCC 31|

37| 5 ojatsjeraol SA| XE| HME 7122 sot =E

"'b‘l"'

@[ Lt

4 & s st
- {m
m

=L T -—— OISAIE

L ol
e - —
" " T7|ste M
SLhEE
—_—

3JIsco, ' ea

(415 ppm) DFM 7|ttt SA| £ Figt
A FEaR A BsoPr A A7

: NECHRLiL, B33 |59, SUTISL, -

FENRE in BIRBRIGTE, OIS RtEne ke
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OfAFSHErA TH7 | R E(DAC) 71&7H gt S 2hx|

B7| 5 Oleisihs BE U F0T RS HE S8

=L DAC-RCC 31 HH|

CIEEED)

TEA/LCA 48 U HTIA Zh RCC &1Z DREEIR) 7 —
(724 3 : 200 Nm3/ 27| 2| 72 DACU Jlig_i EJ_kl

“JI12He IS BN Jls HE w HILIX] S0k MM BE X

SEHA H

Jlg =

15014
AoE "z

Jlg
ZH4E H1

BHEE0| S E
DAC-RCC 7|2

Jls
sEHYHE

DAC-RCC M=
TlE

NS JlsE
2T Hiet

DAC-RCC & HIt
EPSCE TS

7] & JE M e 7= FEIEl/H7 |31, UA/ZFLA F0He TEA/LCA #Es} &l OIS %

gte satoio HHE &M HAl | 8= 55t %2 RCC &H Xl S¢t e 2AdT H

‘ 371 S OlASIEts BT 3 OIS Y S8

S XE 3| ZE/AE

[h7] 5 CO,B EXSH= 712 7] 5 CO, S XM U5 7ks

EHE CO= 2/ = MFsI7LL R8¢t elalEz T

£2 23 2 2 210| 2™ /8¢t sigtE= Ta (DAC-RCC)
* Net Zero 3f3t= &9 /I

whE x|, W CO, ZESt

Afeh, @5X], SX|, 4, ottt S DEE Pao 84X 7ks
: IR Ofl |2t S

IS CO, ZE 7i&x s FHIS AMAY 78 7ts

M=M= 22 AR T2LE 0 Z-LAS 7I1Y, YRl £Xt

I HMVIE - 288l V|2 Al WS Sol0] HiE 483t Vs &E AR
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ofgiEli= JIStst BBt X

Al Gore’s three questions

“ Must we change?
“ Can we change? ”

“ Will we change? ”

Every time, the question is ultimately resolved
into a binary choice between right and wrong.

- % 1704, 23.09.02 ZI=|A ZAHUA

DAC (Direct Air Capture)
37| & O|MSIErA IXE] 2 ME )= Y S8

17 oo
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[227|2HSLZY HOjLE) rﬂmf ?ﬁ%ﬁ%&;
DAC 7| AM¢ie} 3% A
THAElS] X|B BY 3

2023.9.20(%)
M2 HYHTH

Ths47 gl L

721 Plwigazs
ki (0 Bt

. DAC 7|22 Z72t 20|
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- OXE Wy
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DAC 71& Afeiah oig 3 S MALS|S| XM S8

727 DisIgUIL
. DAC 7|£2| 272 20| (€7 s

B 2553 BHMe 25
- (M%) £ 1= (emission) B¥(source)0l M PBHE E= XZL7|4S N30 2A7IA HjE X2
- () ch71Z0M 2A7IAE NHHoR TN CHE 2T HE

HiE xiz HH(removal) /
(emission reduction) CDR M2

o SPAYTLUSUTHSS S SUIAE U2 85 KW
8 QATlA HIES RAAL ME  (mA%o] ofst HALC SR A4
2= g4 =5 Yz i7ls
Chorst Sxof K&
2= 2 52 2a e 2201 13

(A4 E% B8, oY A S

B O|AsiEtAo| EZ|RIHER(DAC) 7152 HIA gEoR 28

fo71 Dispjgus
l. DAC 7|&9 252 2|n| (C17 s

B O|At8}ERA |7 (CDR, carbon dioxide removal) H2d

- (0)) 07|13 oMt EA S 2 7|7t B0 OB 2R, £, 3, o AE §)0 M0 HAots DY

- (B8 HIEMZ Al 7|E2] ZRgs HE gH0| oLt HAHE 8¢l 7|8 245 =8 A4 Z4 A 2t
- (COR H2HY 57 O3 Yl 7K 2 2F
88 7|2 73 U NZE, AR M, EYTAAE Bo|oK}, 1§ &% 29
£ MESY Uy
7|t
= aIor ?l?_} = - k|
ﬁ%aj.;_.! %!'ﬁ E;gi‘% tI'EL °H?:; Hl%ﬂ'
L 288l B8, ol 2L
zg || ¢ '
I oFty AR 7| SRAZE 9 XF (DACCS, direct air carbon capture & storage),
Uy AHC|7|SIAZE 9 - (DACCU, direct air carbon capture & utilization)
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l. DAC 7|&9 2572 2|0|

B YUHE BHS e A WA HE (Transition)

= 4%

@FEL E= HEL oYX

7271 Piswlgazs
7 s

. DAC 7|&2| &&¢2} 2|n|
Il. DAC 7|& Ats} oig
lll. DAC 7|2 ZHItH|

IV. DAC 7|& X| ¥ Hx
HE ERH
[ -

2

-

E}

V. Op72f

OO0

=
ot o

PR

(A OlL{F], SHRZ 28 A CCS 714 4B)
Mo
< e 042 22 L 584 By
@ Ol thotEHAR[7(COR) FZE
opict @7 s

000 22




DAC 71& Afeiah oig 3 S MALS|S| XM S8
.4

Il. DAC 7| & AH3} 8% (7 s

B 312 DAC 7|22 MYt F2 AL 72 0|4)

71Uy BER7E ANdd T2 214 Ao og
Pilot Plant 1 1CO,/day FHLECE A DA 2015 2
Innovation Centre 2.5 tC0,/day FHLICE A DAl 2017 24 3
Stratos 1 MtCO,/year 0|5 AL EME 2024 4 s
. FH(EE| +8Y) .
KingRanch 30 MtCOfyear O F HAx HER oy  ®xNgE
Dreamcatcher 1 MtCO,/year g= 2026 g4 3
AtmosFUEL - g3 2030 A
Capricorn 900 tCO,/year B 2017 29 =
STORE&GO 150 tCO2/year WS 2018 2
Climeworks HY(ELH) Orca 4000 tCO2year  OlO|ZBE Haldolc] 201  2YF
Mammoth 36,000 tCO2/year OIO|EZtE "HR[HO|C]  OJF e 5
Zenid - =R 0% AHE
Haro Oni - y 2023 EHd4ME
Thgrlgiltat AEAR - 1,000 tCO2/year  Ol= S22tz HH 2023 293
Carbon Collect HA0|2msh Mechanical Tree - o= of2| =Lt 2022 78
Prometheus Fuels &A(RCO) Titan Fuel Forge 4,380 tCO,/year o= - Ag
(£H]: Sovacool et al. 2022) pp. 570 LIS 2 w3 X 4%) 7
Il. DAC 712 A3t 33 (17 Eesaia

B 7HLICE Carbon Engineering (DAC EAZ% 7| &)
- (154 272 4F)
- EH 712 1 tCO,/day
« g4 I|LE} Squamish bl i
- (179 DACCU %) 47| AH| %A
* e-Fuel Y4t 2H| 2F A% 2
(49 BEEZ OIF2 HH AE F) L%,

* 2HB: Stratos 203157
]

-2y ¢ §% 7o (Micoe  * *°
* @3 Occidentalit

* X Y: 0= HA2 Permian Basin

- 01 x): Ef SR

L (&%) 72 M) AN AE uE ZWIFUHUES) $8948 BB DAC &4 ET 35>
(EH: $0| 22/, 2022, p. 15; de Jonge et al. 2019, p. 27)
- 2H|%: KingRanch

29 9§ 72: SO eat ;
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O|&t3HErA TH7 |ZIFER(DAC) 71&7H LDt Z2 0|

ki ki £ PIgaIs
IIl. DAC 7| AtYst 8¢ 7 e
B 292 Climeworks (DAC ZAIZZ 7|2)
- (094 AFR AZ)
* 72 900 tCO,/year

(= 50 tCO,/year/2 & X 187 2E) 1EHA4| 2t
C M) BA: AQA Hinwil -~ @ EXHIL ZES/ 1000 7
(214 HAZIE Al =XES - a
(219 MA%Z 483t X 233) o, 288 +comne
+ 4H|Y: Orca ey b o
T2 4,000 tCO,/year '
+ A K| &4 OI0|Z2tE Hellisheidi @ E4H0) Co7t o ﬁ.ﬁ%"u’a
g2/5joz Z3id i ieory R
- ojuix); KIS ) ik e
- (B3 AE) 5 N0l Hoj #4AY L AR

(EH: $08-28E, 2022 p. 18, de Jonge et al. 2019, p. 3)

+ 4H|Y: Mammoth

* T2 36,000 tCO/year (Orca2 9tl 112) y
opact @7 s

. DAC7|&28 &%
Il. DAC 7|& Aris} oig
lIl. DAC 7|2 TN
IV. DAC 7|& X| ¥ HX

- @EE HEx

- @E A7

- QU HERY
V. 052

°0c 24




DAC 71& Afeiah oig 3 S MALS|S| XM S8

o o1 PIIgeRs
Ill. DAC 7|£2 EH IHH (7 s

W DAC 7|29 =H ItH|
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