2023.1N.*§I st
KIeR Great |

Domestic and foreign CO,
capture technology trends for

carbon neutrality
(B2 E S

vim BH2Of| X[ 7| & ¢ gl

ol &
T




/CCUS







KIErR Great R

’/ \\‘ -

B Idng\

~-\“umm To other transformation

Non-energy use
\ Ses Y
Losses
osses

Global energy flows in the NZE Scenario

I

= OO E
ZX: Energy Technology Perspectives 2023(IEA)

- ob= X B0 X[(%): M7] 19.7, M7 49.1, MEF 137, TA|7kA 104, AR S 7|EF 43, LNG 1.6

< =TLHof|{X]|(2021)

- M7| 20%, Goj|L{X| 80%

- 87% 0|4 2=

<+ MA ol X[ (2021)
AR 7|8 o L X|(83%)

o EIASEI('21 - '50)

§}A_—||o=| (MQ MEF HAHTIA)

29| X|&XQl AL



.
2030 7|24 7tA A== E(NDC)

—~——

e 2018'A CHH| 40% MZ : CCUS : 10.3 — 11.2 WILECO, A&t
- CCS(6.84BLE, 60.7%), CCU(4.48HTLE 39.3%) 3}8: 2, ME: 1.6, 32: 0.8 HHOLE
o L ccus EtAZF2 7|0 K : 3.8%(2030) — 8~12.3%(2050)

(EH9l: WEHECO., BEE 189 CfH| LHE)

KIErR Great R

A o 20184 2030 S H
Hi =2 7|& NDC ('21.10) 7 NDC ('23.3)
Ui =2 Al 727.6 436.6 (40.0%) 436.6 (40.0%)
H & 269.6 149.9 (44.4%) 145.9 (45.9%)"
o 260.5 222.6 (14.5%) 230.7 (11.4%)
H = 52.1 35.0 (32.8%) 35.0 (32.8%)
o= = & 98.1 61.0 (37.8%) 61.0 (37.8%)
sSEit 24.7 18.0 (27.1%) 18.0 (27.19%)
HZ|& 17.1 9.1 (46.8%) 9.1 (46.8%)
%= A (-) 7.6 8.4%
B2E S 5.6 3.9 3.9
E= PN ETd (-41.3) -26.7 -26.7
. ccus (-) -10.3 -11.2%
A ZH A= (-) -335 -37.5%
¥ 7|EAE=(18) HIEE2 (BHIEY - S5-HAHEH

1) Bi¥E, == 5 &%
2) TR E|LEHEST4 +1052HE) =
3) L CcCcs A prHoosMTtE) CcCcu dE3E 58 1
4) 2EH AMY &

Yo =L BRI

[¢]
o11g!

e R

=<
CHAS L

EPEE

FX = 52 SOl S NE=

S X1Kt =7} 7| 2 A = (2023.4)

CQUs 520 BrHoasUztE)
g ZHCHO1HEkE)
4008HE =fOl



st

KIR Great 1

1M e 100) 7|2 (21.9)

—_—
(o]
=

SaSHEH J=

/0| x|

™
e
=

%)

o

~
o
o
=
%
ml

Klo

4
urd

o

LN

I He)
Bl mv

n
i
N
3
o
=
nll
ki
4
mi
=]
LN
o
(QV]

E™ ('21.12)

FXH5 /017178

A
—

7|2 71 (R&D) (
2 AT 0L %]

k

CCU

af,

gt
AL
=

Eb2 0| L X| (CFE)
- 7|8 | HT|

O
T




EIAZ=ElS 2|5l ccys et KIER Great |

o XAFHARE H5 1.5C &5 HSHIPCC) : X|F2| 7|=2 CCUS &8
2l H A (IEA, ETP 2023) : CCUS 7| = 10%
- IEA('20.9) : ‘'70'd A 100 E(CCS 90%, CCU 10%)E U=XT 15%
o BENUX] ArELE 24714 HE X Zat A0 BfE0| S7tulst HUFE
=

2 CCUS ME8S Eoff EtA=E

>
)
o
0
o
m
0|)|

— 100% .
O Other fuel shifts

O Hydrogen
80%

@ Behaviour

Emissions reductions (%

mCCUS

m Bioenergy
40%

O Efficiency
20% B Electrification
31%

O Solar PV and wind
0%

2021-2050

o =091
R EE 0'" I—]I| jl L ZX: Energy Technology Perspectives 2023(IEA) - Other fuel shifts : e.g. switching from coal and oil to natural gas a



.
O| ASIEFA EE 7|7 L £0f KIER Great "
o HiE ZOF0f| }HE O|MeEra =F 7|2 7R BH

I

2, HE, MUE, 47319/8+ }

« Gray Hydrogen — Blue Hydrogen

N J
MEHOCCS) }
v J

- I§7| & co, =T (DAC)

BECCS (Bioenergy with Carbon Capture and Storage)

rrnlie i} AL I|E0121 * OCCS . Onboard Carbon Capture & Storage in Maritime o
— |_ “ ]I‘I To 2 %$_ :(x.|o:|7|.A 7Hx| A—|E|-7|.A3|. +CCUS



ol g2 X729
o 23t ZHE
BUE0|7HE

KierR s



=S\ == T 3
MA ALz =8 45 S8 a2 KIER Great
]
2000 -
8
< 240 MW
S 1,600-
o
=
3
§ 1,200- 110 MW
©
5
a 800 -
48]
Q
8
g A0 25 MW
-
-
< 0
Shady Point Warrior Run Mountaineer Plant Berry Boundary Dam Petra Nova
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The APBS(amine promoted buffer salt ) is a mixture of hindered amine (2-amino-2-methyl-1,3-propandiol), potassium salt of amino carboxylic
acid or amino sulfonic acids and about 75 wt% of water.
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- 240 MW(4,776 TPD), KM-CDR Process™(KS-1), KS-21 : <2.4 GJ/tCO,

* Thompsons, TX (near Houston)

®* 240 MWe slipstream at NRG Energy’s W.A.
Parish power plant (originally 60 MWe)

® Fuel: PRB sub-bituminous coal

®* 90% CO, capture (KM CDR Process®) 1,400,000
tonnes CO,/year

* EOR: Hilcorp West Ranch oil field(130Km, EOR)

* Total Project Cost: ~$1 billion
DOE Share: $167 million

Key Dates Status

= Project Awarded: May 2010 = Foundations completed for quencher, absorber,
regenerator, compressor & HRSG

" Air Permit: December 2012 = Construction in progress on quencher, absorber,

= NEPA Record of Decision: May 2013 HRSG, cooling tower & pipeline

= Regenerator being shop fabricated & compressor

= Financial Close: July 2014 ¢
being manufactured

" Construction: March 2014 (LNTP); = Start absorber/quencher foundation Feb. 2015

July 2014 (NTP) = Overall EPC effort: 52% complete
= Operation: January 2017 = Construction: 13% complete
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- SNC Lvaline At2} Shell X}2]AHQl Cansolv Tech.(EPC) =%l 22 EOR X%
ZE — 41mile(pipe line) -~Weyburn field(EOR) in Saskatchewan

: SOx, CO,

SAM A

Original Unit 3

* Pulverized coal (lignite)
* 124 MPa (124 bar); 538" /538° C

+ Commissioned in 1968

= U EA7

Replacement Unit 3

* New unitin an old box

+ Carbon capture ready

* 124 MPa (124 bar); 566° /566° C

* 110 MW net with carbon capture
+ To be commissioned 3rd quarter
2013

; 2014.10(7}8) - 2022.3: 4.3

Ref.: https://www.saskpower.com

: 12.42(1.24-billion $)

Boundary Dam(7HLIClH-CO, =& STHE KIER Great 1"
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- 7{LIC} boundary Dam EH A HAH X F(110MW)

Item Contents
Location Saskatchewan
Customer Saskpower
Precess Cansolve Process
Solvent Shell
Scale 110MW

CO; absorber

35ft X 35tf X 145ft Concrete

CO, recovery capacity

3,300 metric ton/day

CO, recovery ratio

0%

CO, concentration in flue gas

12mol %
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CHJ l .
Steam HT Shift
———+ Reformer Reactor
H,0 .

lemm B[ZOYLITIIIZ201191  * SMR: Steam Methane Reoforming($=5 7| M EH7H & 7|) @
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- 452$ EXHH|, 650HE/H SE5AM4H (833,333 Nme H,/h)

« 20264 7}= (Ascension Parish, Louisiana)

) BHELE /1, CO, HE

CO, Capture Permanent Sequestration in |
Air Products Dedicated

Underground Facility

\J

Natural .
Gas Natural Gas
Gasification
Bl Hyd Injection into the
>750 Million SCFD R o Products

~700-Mile Long
Hydrogen Pipeline
on the Gulf Coast

Oxygen

Nitrogen

S
>

* Blue Ammonia
Ammonia Plant Exported to Global
Hydrogen Markets

S —— 201719
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Ea Hy-rich
posco | N | Hosinz N N S
| " EEEE “
o | | *
CHj, containing Gas CO containing Gas posco Reducing D
= i i (LNG, Shale Gas, Biomass...) (LDG, FOG...) HYUNDAI gas
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coG e L }
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Ref. Hydrogen-Based Reduction Ironmaking Process and Conversion Technology
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Yy SHIP BASED CARBON CAPTURE (SBCC) GLOBAL DEJ:'VERSOF
ACCELLERATES DEMAND MOGI(IATION
RRoOT)

MARITIME DECARBONIZATION!

TOTAL ENERGY DEMAND SHIPPING > 2,5MW CO, OUTPUT PER VESSEL CO, OUTPUT PER MW
X v
130 @ R : WITHOUT WITH
SBCC SBCC
100
2 LIQUIFIED CO,
= CAPTURED BY SBCC
2 100% i LNG = 10 T/DAY
N 100 DIESEL/MDO/HFO/LNG NEW CO, o DIESEL/HFO/MDO = 12,6 T/DAY
A 50%
2 IE| NEW CO,
g | e ;
& 758 :
= ¢ 20% CARBON NEGATIVE - - ~
<Zt > ’ 100 ¥
= i ship based carbon capture (SBCC): 30% NEW €O, '-
) ?g?rifr?::ijate sta:if maritime decarbonisation - 7 7 il 70 cl‘mtm‘mlﬂibco
G l 2 Large quantities of captured (liquefied) CO, is 1 e } ::-‘::'AF:ZL j 7 ;;/z::
; affordable feedstock for a.0. Methanol production o"‘ﬁ\ CARBON NEUTRAL i E _-#
& i TOTAL = 11,9 T/DAY
- 9“
- _ »6"'*05 METHANOL CARBON NEUTRAL
0
o NO CO. QUTPUT NO CO, OUTPUT AMMONIA =  OT/DAY
2023 2025 2030 2035 2040 2045 2050

E FUEL AVAILAB!LITV

- A9/l Y BT E %"‘.’3 — Ao X|&H o2 Mo x| Algez Mut BEEd Cco, £E 7|= ER

o
i — o
wfmy OIOILITI|E& 2! Ref.: VDL carbon Capture CO, Brochure, 2023 * MDO : Marine disel oil, HFO : Heavy fuel oil @
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