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AOI 1: Bench-Scale Testing of Highly-Efficient Components and Processes for NGCC Plants
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Components (AOl1a)
B ESR

Inputs

Carbon Capture Materials (TRL 2)* or

Components/ Processes (TRL 3)**

* Material Systems Advanced
Solvents (no ag. Amines)

* Hybrid/novel processes**

* No membranes

* AOlla
** AOI1b
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Improve stability for hydrothermal &
oxidative degradation

* Increase vol. productivity (300 mol CO,/I h)
* Reduce pressure drop (<150 Pa)
* Lower Heat Duty (<2 GJ/ton)
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https://netl.doe.gov/sites/default/files/netl-file/24HCR Hancu.pdf
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Desorbers
Design

Components (AOl1a)
HBRER

Success Criteria

* 95+% Carbon capture efficiency

* 1 month steady-state operation**

* Progress towards 20% reduction in cost
* TRL3*, TRL4**

*  Cost = f (% capture efficiency)

* Pathways to Net zero C
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A How to achieve CO, high capture rates?
90% CO, Capture m

Chemical absorption {b=FIRIGE +
Physical absorption  #IBIRIE +
Solid sorbent — chemical E{AIRUIRAS  +
Solid sorbents — physical IREHI +

Chemical looping Z=H)LIL—E>4 >

4 . *

I Polymer_l_c_membranes +

| =9 T HE*

" Metal membranes (H,) @ (H2) +
Refrigeration JE#LE +

(+) achievable, (-) not achievable
*technically achievable with higher selectivity

+
+
+/- Trade off with CO, purity
Process design optimization
+
_______________________________________________________ |
- Trade-off with CO, purity |
ERKANB]EE High compression/low vacuum needed |
_______________________________________________________ 4
+
+/- Higher capture rates achievable with CO,-solid
formation; purity issues with liquid formation
+ SERRTIRE. — EREATIAE Adapted from IEAGHG (2019)
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https://netl.doe.gov/sites/default/files/netl-file/24CM/24CM_PSCC_7_Hamilton.pdf 6
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Cost of electricity as function of plant CO, capture ratio
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{H#8: Near zero emission technology for CO, capture from power plant (IEA GHG Programme 2006) 7/



o FREER
- RN BA 5

- RA{LEWMR

® RHNARVFHEICLD
7 At ZREHER

CIAE = B8 S 1
IC & SERIRE

RN-1~4

v 2.0 GI/t-CO,D AL ”".‘l |

v 2R (MEAKR*)
SVENS
- 2L AE
- BREEER

30 t/d-CO,#F &
(CAT-30)
2.3 GJ/t-CO,1ZERK

P FAHLESCAP®**

MATHKIRIGERE 2 %

* MEAWKR:E/IY./—IV7PIUKBKR
*xx* ESCAP®, m-ESCAP® (BT I =7 U TMNDETREICO, EIUNERFEH S ORI NRICO, DB U EA SRRl

CREMRUSGR DR =

€S ) R e—— 5=y - YY) ) R —

RN-5,6

- i

B S B
(CAT-LAB)

=7, rgh
pra=}

BT - BEREEA X
(120t/d)

Rl

Resparch Institute of Inng

Technology for the E-\nh

NEDOZEZ(GIER) / HAZERMN & HEIRTE

/7 Phase ll
(2018~2021)

RN-7
v IEAGRIE O F A
ZHFEL. 1.6GI/t-
CO,DHEREICEE
v AR & ORZEMR
vV EBEEMET

—

AR KIIEEEBEH S

— GRS BERRIR)

GIEEEXSF
(2021~2029)

RN-X
> 1.6 GJ/t-CO, & FEEIZ T B BRIV F
G B AEIRR, ERIRET.
$FICAT-LABIC & % 7O+ X #&5T)
> KEBTSFEGHEN R (COEE
&) (TG L - BIRE
> SRERMICT T AR

AR
mesawe | ESCAp®*H
BHRARY FHER @ |
> UK RERAE —
> HRBTAMEE _]Jr
ST I1H
> 70w 2BREMM s =
S i
ALE=D
A

mw

> KFBETTEF LD
EHHERICL S
AT RAL

(143t/d)



R D -

o (LERILE

T ALEY

B '/ 5 /—IVTPZ)

X1

(ZFOEZ2DERE)

EUE
) %
A AT

\ |
‘o 40

[asde

L ° \.
49 ]—

(FRER) UM S—A a9 5

KERE L TR RIFIVF—DIER
o FRFATUESHERIRINA]

< RURAL>

7:‘
—~

Ug=x/

<iAE1>K

<iBE2>IEKEIE

Rll&

Resparch Institute of Innovati
Technol logy for the Earth

® REAFEDTN
T (RUFT—2)
S 404 O MEAKER
T ca. 4.0 GJ/t-CO,
= 354 ® JABHLEINH COURSE50
L o ODUMIVAIESE Phase 2
| 30- S & GREINS
€, s, @)
VA ® ®  IREAER
;1 204 COURSE50 -5 g IR
_E[" Phase 1STEP 1 ‘*-\_'___- *
2815 VIR Phase 1STEP2
R - SRR v TR

1.0 4——v—v—v—p—r—r—rHEEHH - TS

2005 2010 2015 2020 2025

FFETF GREEF)

BB TR E—DIERISH T 3.
(DCO, DRI AR (\ A H— Rt — N RSI= £
COLIER) = OMBEHEOEH D EERSH L,

RIGBRDIEEWER. REEDHEMORE(LICKY
FTAR RN 2 Bl o



= » ° Ressrchnstiteof ot
CCSEHIO—k~w> ===

20305 FTOCCSERMRICMIT EERRIZEMDBET

@ IEA(Lthorxt%b‘b}Enﬁ“Zut 20504F s t 2
1.2~2.4EtH'HE. 203OfE(LCCS"J:1=f)\§“5L/z ZOSOfEETODZOfEFa’io)ﬁ
., ¥9600~1, ZOOHt?DEFaEJﬂ?%E’&i‘“’(‘DUCLKMEO

® omgccsgzggﬁﬁgzosw—b Ry=1—bSINDERBRCBERFRRT

CCSDBAILAKAR—3

2.4 b2
24,000 5tco2 T
22,000
20,000 ,’i-?ﬁ&;‘n%)
18,000 EFa‘iETj%i
16,000 (B%)
14,000 |
12,000 1.2{8b>
12338 20304
’ VAN
6,000 B4k CCSEMIA % BIEIAER, 2050EDEMETEBNS/WIFrA N

T, 2030FENSEENITIBNNT BEARELIZED, RERIC
(3. CCSEERDIZS ENDIFHATHZHHOIBNME S
INEKRBETFIREN S,

4,000 IS S e i
2100 FEIRIZ
o

20212223242526272829303132333435363738394041424344454647484950 F

4+ >

12023~265F 32027~304F
B% ooegman 2E @ro30&m 10

RESERE CCSHEERE



RIS DRI =R
GEIE)

2024F5RH24H
“ B LIRRDETREESEICE T AR (CCSEEA) A
O R VEREEZFO6RNERHA (COLITEHHX)
~2026F5H23H BrEEEE - SERESEFDMT
— P e i
W M S E e . \ : & idemitsy B<Th

JAFEX rmEen

& INPIX M rePeon sTERL
= Frlie "I o.. sassmacen
5) AMNMHCCS *n
! % > l-ur
SENEOS (X W rowew >

i 8 TL—$ AP EMCCS
mEAzyy AZEMS sENeOs

()

) IL—4RPMMCCS / p v‘)»\’

\

:@ro-n- ZICOSMmo | |osus e @ zcosmo

1) 9990#005 5) X¥Mces
/-'.. rowen Hnwan darex [ wKa ASEHAR W NewoN sTOR l
VAC 5830y § @ rzwney ExconMobll o' 25
1 . e Satinn T—L 7~k -
TL—L7~RE-HR /N " l. — == --z"‘ﬂ--inv---t-t
TL—L T AL -RE ARMAME-pE  FRTOCTEes o ehy
FERICCSERICEIRT N OIS (ReF6HES)

https://www.meti.go.jp/press/2024/06/20240628011/20240628011.html

Technology for the Earth

[ NWEREGEA]
FhRT—)VELEADT I :

FY2026 FID(m&i&iEHkT)
FY2030 CCSEZFRH®w®
([CEIT T, BRERZES S0 =RINRELSE
[CRET B RItRET

IRUIGRERERIENE S L UOTRINRELEZIE S
ItF=tEDEE. 77
= 27—)LX)wk-@EHE O RMLIC
KBDARRT T MRS E

M7= TR IR B

GIEEZPJORR (SMEEEIRINRKR) ZE
FAUDD, I——DELEZHFEAN
Ja—R/\woLcaA——2JL R —
RIRNEZEBIEd .

S1{eHnH!

- FE N

- IRUNR ER TG IRK

11



SEE — B LR R BRI DR S AGEHE A R B PERSE INEDO S

[BrY]
1) COLREEIINT X ~DIERIRICERA T & F3TEYREAM C &b  EUAIRIX DEIFE
2) BRAXANFEEREARZRWNZ/INAOYSRT—I)VCOEREE. ERME. RIRREFHE

2022(5 F4)EE 2023~2024(55F15~6)FEE

(RN EIRBEE /N OvRERER &SR
-EHAMBLNDCO, -EIEFAER(40t/day)
7 REEIURFEER sINTG AR B ER

B BL % 7E T AT B BR

/N4 Oy MERAERE R D 7247 - 514
-NEMLGHMEETOERDOEE
a ; el = AMITVITRE—LORE

= EARNFZD 27 e | ERMEICAEFR/NIOY RBRERICE DL

55 - e ¥ | BRI ORBRUEE TOZ A DEE L

-RARM. EEFHEED R
CO,&EH, 0D EEA DR AT
BEIE 1L —3avETIV INA O SERBRER R A BRI C[AF 72

NERHERLR J O AIRET BEEI 1L —3VETIVDRET RU R




A — RIT&
N0 hﬁﬁ%ﬁ%ﬁd) al EEEK i

INY FERERIC K DRBEN AN S DCO, 7Bk EIIR
* )| IS ETHIC TR N/ 1Oy MAREEICRITEM E AL RRE 16

<IRIRTAZ > <@\iTiE>
S AYOCO, S
i P
Bl B
S - REHOCO,BE 3

SRHEH IS DCO, RN ZEHEER
RPFHADSEHE TCOL,ZEIXTET D & &R
SR EHOGRRE R T E
13



SUY—4 ) R—ya U BEEEE/CO,D5 BEIRES RfRIs RIT@

Resparch Instit

(RAHRIMEA ZHA RS DIEIZFCO, 28 BN SO RBAEOER) =
[(B&]

IKCOLRE (4%R11R) . & ORE (13%) DRAT ZKNFEEFHITANSRERNICCO, ZnEkEINT S
= ERES{EMEZ B I SETE BRI DR
@EXXTI1—-I) | B8yl

2022 2022 i A RRMEAR — TOEXERE  =HRES

¥ﬁiﬂ@{$ﬂwl)lﬁwﬁﬁ%07‘hﬂ %jj‘z%ﬁi\iﬁ RIT@ \w CCUI;QIII’UYRUATI?UAN J 8 (3

G 24627 LRET, RABEERIT g BEpE

40°C 40°C

H—Hw R CO2IBE
. S - EN20°COBREZLTTO%EE:
£ :
33 — © -
5 HERP S B HIRAR A 2023FERSRY S EHIRIH
0 2 4 6 8 10 0 2 4 6 8 10
£5 [kPa] A [kPa]

[EFEETORRESEDTE]
ENVRREZE(ETCOLMMINENKRE<EILTBT7IVERFAEL. BXEZRZEBA 5 COLMRINEZEZEMN
SEEIIRAREUVZ7IVDIERECOEEEEHE T DL EOIIRNVFERICHIT THOE /EIT .

14



Global DAC Deployments

Global DAC Deployments

This map tracks all of the announced,
developing, and bulit DAC facllities
globally, Created by AlliedOffsets and
Direct Air Capture Coalition. To
contribute to the map, please submit
your data here:

httos://forms.gle/6KvHZGPCuixzx48i7
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Planet Saver:

amonstrato

AspiraDAC

Project #1

roject Wallaby

MegaDAC Database [CEEFINTLBDACEZ: 177+ (RAKE87%L) 2024F9816HES

https://daccoalition.org/global-dac-deployments/ 15
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Publicly announced DAC VCM commitments with price available, $/tonne CO,, and volume

1,000 Not Exhaustive
Sust=ra
o
Q) AspiraDAC
500 o
3 MISSION
Quantity (@) ZERO
(Tonnes) £ climeworks
¢ N e Heirloom
' JORIGEN =REPAR N,
Target price of CO,
per tonne by 2026 ®
=€‘ climeworks
L
0 i L 1 i L A i 4 A L J
0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000 2,200

Price ($/tonne)

1 Heirloom Carbon Technologies encompasses both direct air capture and mineralization technology

Source: Stripe 2020, Spring 2021, and Fall 2021 Climate reports, “Frontier facilitates first carbon removal purchases” (2022)

$300/t-COLLLE(EIZ$ 800 /t-CO L L) T . EBDRL)

Pathways to Commercial Liftoff: Carbon Management DOE April | 2023 20




Capture drives the majority of unit costs for CCUS and
represents the majority of cost reduction potential

Rll&

Research Institute of Innovative
Technology for the Earth

Demonstration and initial commercial projects are critical to
achieving cost declines through “learning-by-doing”.

0

o)

&

2 |y

.
vy

@ Critical drivers (2) Other drivers [l Low L7 High

Current 25-1751

costs,
$itonne

Cost
reductions
possible??

Large reductions

Economies of scale, targeting
largest capture sources

Current cost
reduction

levers
Technology innovations for

novel capture technologies

‘ Learning by doing

Modularization and
standardization®

Moderate reductions Small reductions

Siting close to reservoirs to

Siting on well-characterized
minimize distance

site with existing infrastructure
and good monitorability
Economies of scale (e.g.,
increasing diameter and
added compression),
aggregating various CO,
sources in a hub

Economies of scale,
leveraging large reservoir
capacities

(" Reduction of MMV costs by

Utilization of existing rights-of- \.*/ R&D and learning by doing

way

1 Refers 1o CO, capture broadly across sectors examined m this report (see Figure 1); Costs drawn from EFI Foundation, “Tuming CCS Projects i Haavy Industry & Power into Biue Chip Financial

nvestments”

2 Generalized across sectors. Individual seciors wil have sector-specific cost reductions

3 Approximate costs based on pubkshed studies by the European Zero Emission Technology #nd innovation Platform, the Natonal Petroleum Councll, and GCCS!I process simulation for a 30 year asset iife
All costs have been converted 10 & U.S. Gulf Coast basis. Lower end of pipeline cost assumes 20 MTPA, 180 km onshore pipeling . Upper and of pipeline cost assumes 1 MTPA, 300 km onshore pipeline

4  Utilization routes aiso exist including. but not limited to, conversion of CO, Into synfuels or plastics and ulilization of CO, in EOR and bullding materiats

5 Figure represents a levelized cost of sie screening, sita selection, permitting & construction, operations. and site closure and post-njection site care

6 Modutarization wil ba a more critical driver for cantan technology types than for others

Note: Supply chain nsk and technical risk acress the CCS valua chain has been found 1o be low (DOE CCS Supply Chain Deep Dive Assessmant)

Source: Caplure costs from EF| Foundation, “Turning CCS Projects in Heavy Industry 8 Power into Biue Chip Financial Investments”, Transpon costs from Global CCS Insttute, “Technology Readiness and

Costs of CCS'; Storage costs from BNEF

Pathways to Commercial Liftoff: Carbon Management DOE April | 2023 21
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Figure 2.21 = Global CO:2 capture by source in the NZE

8 ......................................................................................................................... other
M Direct air capture

~ Fuel supply
.{. I Hydrogen production
' Biofuels production
® Other
Industry
Industry combustion
Industry processes
Electricity sector
M Bioenergy
W Gas
m Coal

2020 2025 2030 2035 2040 2045 2050

IEA. All rights reserved.

By 2050, 7.6 Gt of CO: is captured per year from a diverse range of sources. A total of 2.4 Gt
CO: is captured from bioenergy use and DAC, of which 1.9 Gt CO: is permanently stored.

XIEA, Net Zero by 2050, A Roadmap for the Global Energy Sector (2021), https://iea.blob.core.windows.net/assets/deebef5d-
0c34-4539-9d0c-10b13d840027/NetZeroby2050-ARoadmapfortheGlobalEnergySector_ CORR.pdf 23
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