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Fig. 1 Species that CO, adsorbs as on amine-functionalised sorbents in  sorbents in the presence of water. (2) Ammonium bicarbonate. (b] Water Fig. 3 Hydrogen bonding of water onto supported amine groups.
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C DR TIFH20DFEE L L T, UTOHRENTIN TS,
DANNA = ERT ANy 7B [COMNENIEMT 2 Kt ]
@A H—FRx— r &R [CO,BINENENT % RIb)

@7 I EH20WKEREL. BEYA FE2ES [CO,BNENED T 2 KIE])

S

J

I BHMIZELCbDITT
AN

J. Young, E.G-Diez, S. Garcia, M.V.D. Spek, The impact of binary water-CO2 isotherm models on the optimal performance of

sorbent-based direct air capture process, Energy Environ. Sci., 2021, 14, 5377

11



7AtXIEA LI O

F i of
Technology for the Eai

FER LT I OBt

100°CoZE=IC42hs o L Tl ICBR {2t 2 e S B 7R E U T ISR Y,

/

KIAN ZANHAT 2~ (RGBb)

miR7T IV
l
Il _@
B =X
=X S
S S
(@) @)
3 X
X <
o
Bt 2L EERE] 1t 21 alBR R 73

MR > &Y HCOBNEICEN. BRISICT L TIFEIC

KEADOXTEO X —ILIZE L

\

L BRRD B albaik

BT I EREEL

12



(L—>> a3y NI REREZE)

K 5 DBHECO2 S BEUR - K REE AT OBI% RlTe

Technology for the Earth

KSR H HEECO, Z[EUN (Direct Air Capture) L. [EIUNL 72CO, %= Bl IErikd 3 ik ZIEIRFMT O #EL
AT, UTOMETFEFEEERT 2,

€ k)
MIRREFEIBEEL KHFD 0 DSRECO,EIPIIMTFEF —RITERRRINAT O EH
MRFFAIERI. CO,0FZF M. LCAFHM —7AY 7 b BEE DEE

*IRFARIEE2. REBRDT-ODCO,ZMEMFEH (RIERICKRMREIEMK) ($2022FE(IC TR T,
70y 7 b DCO,EEI & DEHEZIRET,

[BAR)] 2020FE~HF2029%FF CO,nEZFIRM. LCASEH
(EFFIEBI)

— >
PP & EE
co,

.
SM

onshot cycle

#wraszs b nEk
- Energy to Fuel(e-fuel)
- ESYE by REE(EEL)

—————-o—_’

*A&m7OY s FTOEEIL
2022EEICTHET,

— o o o o o o e E—
=
==
e=sle=slose)

I
DAC CO,ZH

(FRERFKERL) (FREFEER2)

N M - o 27 LBIR ! &g co, BRGEOMR

13



ezl

RIT€

>

Technology for the Earth

s heE]

%ﬁ%u

[ mraxx— - EERIRARERHEE (NEDO) - PD |

F 3 _ _
e - BE

A

[PIVI: ESAZEA SRAS el T ]

#Hig RE MR

TIREXER 1.

R Tj-\ u:Fﬁ]j
TR *RIEH 3

ERKFE (@&RmAREED -

[K 143 o DEIE CO, [BUE AT H
1-@ S9=EERE CO, IEI1|27 NERBEFEL

| TCO, DFEMFIME, LCASH] )

l Fit4k)

[ RNISTHEEA H RS S TR RIT&:

N _—

(RITE) GR#BRIAZRIT)

WrRBERER 1.

Htﬁtlﬂ A5 DEHZE CO, YR ITRIF

D K2 CO, BIUNAFTRFIM DB

1 O ENE(REE CO, B 7 0+ XK & & 27 LFHH
WMREAFREH?2. (022FETKRY)

[ERBEO-H D CO, TR R

*IRTE, 70z FTODCO, T & OEEEFERTD
W RAFREA 3.

[ CO, DBEZNF) A, LCAZEH]

 [BERE] | | KX

=ZEBFTEKRAR (MHD G2 88E)
HREREERL.
[REREH S DEME CO, AR )
1- \2/ ;;ﬂif&)ﬁ:—zrﬁ: C02 IE”H? At REFE L RTLEE
1 _'@' Zb__}b)ﬁ‘/?;t%ﬁ Ewuiﬁnﬁn-l_ il_.tuxﬂﬁ %ﬁ

L AE | AE
w v

|

WIRERER 3.

70y b, hELE

>y =7 v set (MPW-ES, MHI-TC) 7IUAR. ZIEBKAR. 7 I v
L T=EM (1 -@ DACRYF Ry —LEIHEDHMES
- BUE - BT - HER)

(BHEHGL LR, H 751 F 2 — VB

14



PIRRT

~ O

v 11— )b

RIS

Technology for the Earth

- 2020 | 2021 | 2022 | 2023 | 2024 2025 | 2026 | 2027 | 2028 | 2029

MRIEF -
vIal—gv
(RITE)

DACY O+ Xi&s
ERBEA)
FESB4LENZ
A—%U—%)
Ny F R —ILERER
(&3RX)

DAC” A+ i@t
/J\EEEﬁ%ﬁ%%(RWEW)

NABy b RXT—L
B

CO, B3 R,
LCAZ¥fi (RITE)

CO,E I flT D FA%R
FERRR. FENIC2REE
% (RITE)

*2022FEICTHRT

AR EHRZR

MRS E
BEREL

7“7.'-7"""{"3 £ U%L/faﬁﬁ ﬁJ:Tﬁu—.t
(ZERBEEXIC TR ’) Zo F&HXMOD FF)

Ial—&—1FH
(RE7Z EiERIRSR)

TIal—4KUWE

> Ial—a yRFCEEGRSHREL)

ERECO,EIX 7 A+ X5t

(Fﬂ?%j]u?‘?ﬂﬁg, O] = & U _EETSA*H\;)%HE:/Z ?A@EE_\_I/:) LCAEL‘lz,mﬁ L:%,j‘ < ﬁ?ﬂ@DAC?X 7—_1_\ @Tﬁﬁ
HEEERNS (ZRB4E - BENAE =2A/AFAH. XREBENZHLA—%Y —ADHE)
A—% YU - DR
FXET - BE - S - R —ILT T =
S8 S8 et - B ==
NECERE
Wl BE pit%ﬁ
E;(( @ e
#T; i T i %K
®T
2 WE®R O SE-T e Rk
- e = FHRE iz
L CASEA LCAS &L ST
=0 LCAZ¥{E T
K& & Kk FRFEBIR
D FF
NRIE R SEs  MREEE B> v h DCO2Z iR
=%ET - BUE fhElER BfTE oEEA RS

15



HAHBEOR Y 2 RlT&

Technology for the Earth

2020 2021 2022 2023 2024 m

% HEBREMER 7 —X #H - Y2 TFLOER
7
. . [~ 7330-VER A (~500 ke/ )R - Bt - SLEH |

AN D E G T >
¥
fih

TRATH D B Y A X T ORI p;
TEMEEFEDOMHEIL

(RITE7 £ >»G1)

Vi
2 #1100kg NP2
\/ s
RITET = Gl
£ . S
4% \ RITEF 2 G2 | RITE7 2 »G3 | RITE7 2 > GX

RITEY” L R

| @ TR 0D ZEEE ) e B >

[C;] VA4 EHE Y A X TOEHEIE
1 | EHX
H RTEL U | mmEsk 1Bk - AR

16



RITEICE 1T 5 DACHFAEH]

BT — % DRt

SR CO,

7OvXRvIal—v gV

| DACY R 7 L FR{EEE B (~ Hike/d) |

17




e E:

FH-ICHEFELARITEY = >~ ORFE RlTé:?

COMERE & 7 I D BIR

/11

RITEY 2 >G2

=44, C02) [a.u.]

S8E (m/z

30 40 50 60 70 80 90 100
kR E [°C]

RITEZ 2 VGl EEFEMHIEIR VLA, BIEZEMEZ S > EmdH7Ly,

RITE7” 2 G2 EEFEMZEHICE T, BAELIlTEE RIBICH L,
18



e E:

FH-ICHEFELARITEY = >~ ORFE RlTé:?

A AN S Y =
100°CoZERICA2h s o L Trafl iy ICBRb DL e feE S B 7GR E UT ISR T,

111

M7 I RITEY 2 >G2

CO2RINBENNDNT & A EET L7y

0.04%CO2 D RINE
0.04%CO2D RINE

Btz fealbray Bz alirk it balira BRI aliRE

RITEY T >G20RAFETHEoNIMEZ D £I2. G3ZHFER,

KEGDKTEHD X7 —ILILRE L 19



/- ICHERE L 728D

B

eHLWL E

R N

=

S

5

FEE A EMYR:I A FEE A

RINE K EAEL /I RINE K ﬂ

FEHEL: A BRINE /A EAEBK: A &
(B 12k TE)

@)
’9 R EE

0 0.02

0.04 0.06
CO2% £ [kPal]

0.08

RITEY T > EHMEDRWBEZRFE L. MRERZZREIC_ER 2 CO,KINE = D,



S Tal—tavick BBEEEORE RlT&

Research Institute of Innovative
Technology for the Earth

MEMOZEZ FRIAJEELR S T 2L —2 a3 VY ETIVOEES FAABREE)

100 h G ) () 80
i 60 )
& o
= I B 40 @
0 o ERE 08
S 20 |
VP @ .
BERE [min] BFfE [min]
O EEE B
StEfs ~O- AR
¢ —stEfs
O
O

[EURCO27E [mL/min]
EIUNCO27E [mL/min]

E5R9 (min]

=X, NZHL, FEMOWITNIZCEWTEHEY I aL—Y a3 ETILEEE, .



DACY 2 7 L FRBAEEIC & 5 bk RITe&

Technology for the Earth

ERE

== mEE ~#kg-CO,/day
KEIRA 5 SRR A ZD) \;Zﬁé’lﬁﬁ%?ﬂzﬁﬁ
S DACY AT L be . 1

* $ AmEES R

Bk e\ TS >
B ¢ -1_@—‘ aico, % L1-DACS X 7 LA TR B BE

Pk RITE - =2 FE T HVEE

22



DACY 25 LEHEERIC & 5 MK TTE Rﬂé:

RITEZ 2 Gl+EkEMUN=H L)

(T

10 11 12 13 14 15 16 17 18 19 20 21 22
YA 7]

[EUNCO2E [kg]

ZE L TRIFHDOERE(I5%)DCO,ZEIINTE 5 Z & #FER,
(ZoEAERDEINE 13 kg/dayfRE)

23



B (@2025 K5 1) RlTe

Research Institute of Innovative
Technology for the Earth

01 R [ 'O%Q

CO2iti R ET

CO27Y—HZR

T A7 7V Mk |
~DIEE \

DACH>®D
CO2H R

BEREM

COzEEL

AR F—avER

O AR F—>a>
. OrAFAARFR—av

!

AR FI—av | ﬁ'

2023F7H20H RITEZ L R YU Y —X (https://www.rite.or.jp/news/press_releases/pdf/press20230720.pdf) & ¥

24



20214 FELUKE 12K E CRIMA A M7=DACT O ¥ = & b (BHAIRIUH) RlT@E

Technology for the Earth

DI

[ay

0

State University of
New York (SUNY)

Columbia University

Palo Alto Research
Center (PARC), Inc.

Cormetech, Inc.

Carbon Collect, Inc.

Global Thermostat,
LLC

Black and Veatch
Corporation

University of
Cincinnati

Georgia Tech

Research Corporation

University of lllinois

#DOE,/
FE0031969

DOE/
FE0031963

kDOE
FE0031951

XDOE/
FE0032094

DOE
FE0032097

KE/
DOE FE0031957

KDOE
FE0032101

KE/
DOE FE0032128

XDOE
FE0032129

DOE
FE0032100

Direct Air Capture using Trapped Small Amines in Hierarchical
Nanoporous Capsules on Porous Electrospun Fibers

Next Generation Fiber-Encapsulated Nanoscale Hybrid
Materials for Direct Air Capture with Selective Water Rejection

TRAPS: Tunable, Rapid-uptake, AminoPolymer aerogel Sorbent
for direct air capture of CO,

Bench-Scale Testing of Monolithic Poly Propyleneimine
Structured Contactors for Direct Air Capture of Carbon Dioxide

Spatiotemporal Adaptive Passive Direct Air Capture
Demonstration of a Continuous-Motion Direct Air Capture

(DAC) System

Scaleup and Site-Specific Engineering Design for Global
Thermostat Direct Air Capture Technology

Energy-Efficient Direct Air Capture System for High Purity CO,
Separation

Hybridizing Heat-Integrated 3D Printed Modules with Mass
Manufacturable, Low Pressure Drop Fiber Sorbents

Direct Air Capture-Based Carbon Dioxide Removal with United
States Low-Carbon Energy and Sinks

02/01/2021
~10/31/2023

01/01/2021
~10/31/2022

02/16/2021
~03/31/2023

09/15/2021
~09/14/2023

10/01/2021
~06/30/2023

10/01/2020
~07/31/2023

10/01/2021
~03/31/2023

10/01/2021
~10/31/2024

10/01/2021
~09/30/2023

10/01/2021
~03/31/2023
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NCCC - Technical Program

Point Source CO, Capture

* Capture from coal-fired power plant

since 2011

* Capture from NG-derived flue gas

since 2021

» Technologies: Solvent, catalyst,

membrane, sorbent, cryogenic,
hybrid, etc.

CO, Conversion

+ Added in 2020
* CO; to value-added products-

Algae & bioproducts, chemicals
and inorganic materials via
mineralization

* Expand infrastructure as needed

CO, Removal - DAC

» Added in 2020
* Collaborate w/ national labs,

universities, research institutions &
industrial partners

* Offer industrial setting and

expertise to accelerate
development

https://netl.doe.gov/sites/default/files/netl-file/23CM_PSCC29_Wu.pdf

DAC: Direct Air Capture

CEEEINIE O B Y £ 7 FARLTH - T=h
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26



2023 FECM/NETL Carbon Management Research Project Review RIT&
| T—

MeetingiZ2&L T

Technology for the Earth

RINE. TEE B

NCCC
(EHRABEE > 2—)

TCM
(EH AL 2—)

TDA Research, Inc.

ION Clean Energy

MTR

Electricore, Inc.,
Svante

ARBREEEN X
NGCCRABEEEH X

B EM D R BHE T X

NGCCHABEHEH R

B RIRBEDEH X

NGCCRABEHE N X

B IR RRBERE 7T A

B IR IRERE 7T X

BEE7R &

RPE. IR - A/
A7y R7A€EX

fE - REFINATY v
NA=E 4

AR £ (FEACRIRIR)

i (Polaris)

Dual-adsorbent
(MOF structured
adsorbent)

NFCC= 7 X 5lER % 2021 F (ZFisA
DAC, UIZD W T & S ERSRHE

TCMIZE ML B D R IRER [ D EF
(7 2 > oY &)

RTCO,D—aEBEKZEDEEL. &
EEDORER TCO2ZnEET %,
A RIS £ R X b = HEER,

INT A —RZTALAER, TTAMESER
HExER, KRBEIFARZ T
],
WITCICTIE S L TORKEERED
FAFERE B (30t/d) & 2% P,

7 I EMOFZESIMICHAS
hE1cRERZFARFEFE,

27



Research Institute of Innovative

i Rl

ZORREIE, EHEREREEATIRILT — - EEFMREEFAEE (NEDO)
DLUTDEFEBDOERSoNT-HDTT,

s =R VYA RERAXIEEERMNERE JPNP16002)
)= /) R— 3V EESEZE (JPNP21024)
- L—>v >3y FRIRTREFEEZE JPNP18016)

DAC (Direct Air Capture) EEBEDOEHFHICH 7> TlE. SMBCHEIIAEKR &1 &
C=HEFRDSTEY b2 DAY MRARHDA / RNR=T A Th—FR> Za—F
FILT7 7 P BLIEWEENEZEHhE TWEZE £ L7,

28



e E:

R h i of i
Technology for the Earth
;

THEREHYNE Y TTWVE LT,

29



	スライド 1
	スライド 2
	スライド 3
	スライド 4
	スライド 5
	スライド 6
	スライド 7
	スライド 8
	スライド 9
	スライド 10
	スライド 11
	スライド 12
	スライド 13
	スライド 14
	スライド 15
	スライド 16
	スライド 17
	スライド 18
	スライド 19
	スライド 20
	スライド 21
	スライド 22
	スライド 23
	スライド 24
	スライド 25
	スライド 26
	スライド 27
	スライド 28
	スライド 29

