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IPCC (Intergovernmental Panel on Climate
Change) > (%17} 2 (Paris Agreement)) g5
J& =1%o $PELS°CHY RSN T FF s
(IPCC, 2018) » HREFR L 75 HEE 2 HAE -
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A FA2050F 05 2 B EHET (net zero emissions)
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(Hamilton et al., 2021) » JEFH > fE S 5= thar
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W ECH @FE9%~12% « {EF BAERZ & 2 E N
T EH20%~27 %Y K 75 B RS E b I AR
7B A L fif(Carbon Capture Utilization and
Storage, CCUS) » ZEK 8 S ERY L 5 I
220507 F B HERERAE ST T B R R BB
CCUSH AR E \ER | ~ B2 -

SRR R BTG 2 BN R &
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(Transportation) S| EH {7355k B2 P A A RGP
TR HER T 0 20 FEE - AR RE
FeffgaH & - ZUe RO A T 2 bkl B Bl
f#(Carbon Capture and Storage, CCS) ~ ifii%E
B A (Carbon Capture and Utilization, CCU)
B R AN — & Z kil S E FEL A F CCUS
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DNVER T LU BN E 71 2 BIFR P8t
Z—FXHGN  H R SEFTHIE 2 AH BE A i
FAERETN AL E R Z IV EIEER - PlIEE A
SHE SR Z B 2 DNV 43 TR R &1 251 Rz Jail
185 A BIPR A4S - DNV (Det Norske
Veritas)# ACCSHflr LAF #1204 » WFEHI 4
BR S — AN R i 7 5 1 i B 58 12 e 1Y B PR A
o HREZEPEEAE(LAHAKISO (International
Organization for Standardization)#zF > 78]
S TEACCSHUTA R 2 3EfEAE » 73 il Rebikdi 4
fTDNV-RP-J20 1 £ FEISO 27919-1 ~ — & (Lh#iE
i+ DN V-RP-F 1044 EEISO 2791381 — & {Lh%
EHFERTDNV-RP-J203 % EEISO 27914 « Fjit: >
RICWTE Rt B B BIPR R R 4 2 AR B
At > #r5 | FIDNVAEAELE Ryl SRRl AH B 2 i
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2. iWAB iy sE B EE

SLEERRERFR R Z M S > HIERESLL
ZPRBAE TR A AU IR BE TR BLIE 5 =02
RFEPERCZ AT - AR LA RER - 24
> PABRE S BEJR(final energy) Y EZCE
&R - RERTFR R EE BT &
PLIE S > R P EREE R #EZ RGN
20224E3 A30H AT 2 T ZIE2050;F RS

EE2050;F B C RORISHER (B R B EEE G > 2022) -
>CCUS in Clean Energy Transitions, Report extract A new era for CCUS. https://www.iea.org/reports/ccus-in-clean-energy-

transitions/a-new-era-for-ccus (IEA, 2020).
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5 PR IR MR = (B 220504 - (L ARETHE
THEHE A 50%M A - fiA5E 20450 - BIRSAE
TRAEZ (IEA) G $1 ¥ 2 ER W) AR AR R 2 75 KB
B RATERHEATERET - AR RE TR 45 228
£ (Main variables) 485 & « A I45RS ~ B
K ERAEESEEML - 1 T REEREE
5t(Sustainable Development Scenario, SDS) | —
T RE S 2 F| 2R 0 H A7 48 % e H KR ek
D7 T Al 5E B 1T Z BACAE TR AE4S
(modern energy services){iE4-2 T » 20194 %
20304 Bk 2 B I fFRR S AT 20% /2745
FRENRAT4,500 K L « /NI - H&E ks
B H A& JI7EK - NIt > B RE TR
B PHYSEERFE20194EHY 19% ETFEI203042HY
24% ° FrEeRELERCLL 2 AIEKE - B4R
B H ATE R4 BETREL BT 15 %R & 245%

Units: GtCO,/yr
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DAa=BRAy AERE - sias R EE =
R EREARER B - REEETF2050
FEFER HEEE - A S0%H b A RER
JAFFEILE - AR E RS EEE - RiE
LS CRosZE Atk HEE - BRA&H
HYBBR R T T - s R PR PE B e SR E S5 3%
EHEAREIRZ T - JREILEE AR B

FREE202 VER 2R 1.5°C B iz
FRELSLE > DNV Pathway to net zero emissions’
WEATARE 2 BB > {KIEDNV ETO 20217
B i Ao fras 5 » By 2EIPCC (Intergovernmental
Panel on Climate Change)ff7 78205043 215
T AL 2B TR IR RS CZ
HEE » IKEHATRIRZEERTE » 2050F A
22.9 GtCO,Z A FEFAE(AIE D) - AR ANER] 22
A ERE o Hh 7 FEATY R 1 38 B R AR & il g

= ; Absolute gap of Sources of emission:
; / 22.9 GtCO; to be
: $/ closed in 2050 — Total CO; emissions
=2 including
: A AFOLU
; 7 === Pathway to net
; S SIS . Cumulative overshoot gap e
L S of 1250 GtCO,; to be closed by
: Carben i ‘\‘ moving to a net zero pathway
- foRliSiEw "y ;
- 055 :
oA r - :
I / "-;,:.,-,..;-_ LSS S :
: i i : T —— o [y p—— a
2020 2030 2040 2050 2060 2070 2080 2090 2100
1 TRBEERRRTHE(Carbon budgets) (DNV, 2021a)

PEE050;F B HEIER RIS MR (HAR B ER A - 2022) -

“ Pathway to net zero emissions (DNV, 2021a).
*World Energy Outlook 2020 (IEA, 2020b).

S Pathway to net zero emissions (DNV, 2021a).
" Energy transition outlook 2021 (DNV, 2021b).
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BE Rt Z EREUR - PR AR BB RORHER
T B BLEHF(CCS)Filg < 3 R HERZ 1220404 A
#2050 HIE B BB MEERLE 2T » #
RETRE FH20%~27% 2 XK %% SR HE i 68 Ko B
TR > SERR IR AR H EE4Y60%~70% fy 4 AR
TE > 9%~12% R EE - DUEZFIERS B (L e Lk
bz HEE - sFAE2 -

o FE B B B 50 = SR RS PR O i 2
(20214E/R)" - TRl — EALBRBERUR KB 43 Fy

REJRBNFT ~ TS8R Rz an I ERFT ~ KD
FIMIBEZEDERFT © H1990FEIEE20194 -
CEALRPE E E 124,078 T S (bR E
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{9120% - (5B 2 ARG PEICEST95% - AE
IRERFTEL S S E A B B AT RE TS E) - A
R Z T AR E A E PRI FOREL > &Y
258,719 — S (LR E & > £91594.59% - HH
[ PN TS B e e {52 P B P 25 PO B 5
RCFEBEERE) LB LENEBRES 4
14,5530 —Ffbhix & 8 - 49155.32% - MHEHE
SEEPI S bR PRSI B S PR EFE AR £
SERKARIE R AT E L 2 8Bk - €929 T
FIERRE & - 49050.01% - BEEEYE0 P &g
B &Y A BBEEE R - 49214 T
FULBRE & > 49150.08% » FFANES -

TR AR Tl 2 E F PRAE S #T BHPA B ELIA SR
FARRE S B MR BRI P EE A — SR LR
TTEZAN » HAFRBOR 2 — S bR S LR
P& Z ik SRR TSR - R H A EUPE R
FZEVFEPRBERZ ML - ST ERTHETE
JBUIR Z b i S R AT TR 12 i N EL IR AR

ARWRRRIME
oy  SONEEREMENA  100%FRIESEMR
TEENAE gy wmih 30% RESMIBWETRBE  BiB85% REN
BREIS%  mmmE HEs 35% WENE L5 100% b
WS EREN KRR R G F LS 100% ERSEARE N
300 T3 SR D H I 15% E R 4k EETHEAERRE .
- A RS B EDIE100% (AR  Comi ampmpn = BB EBRRE
20 1 ' =R LR IE60%
: T ‘ WHE  HELL60% |
& WHME HELE70% |
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g 100
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HEERE100% KCCUSHREIER

HEBE 40GW
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BAERER S E S8 60%
BRI ERE 100%

R - MAER
WAER

B2 EEFEEARRCRE L R (R # ER R E - 2022)
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Jith = ARSI SN 2R $ 1 3 BU A P AE BRI B 4R 15
iy EFHAEEE /48 » SRR SR B 7 S A A
Ptz 2 HE I » DAY B P KR A i
TSR Z 58

3. iSRRI E SR DD

T L B e S B A Rl
R CATZAE AR E SR R - Fal
AT RS B 22 R AHRBR SR & < B -
S Pl 2 BR R 4G S i B R ETERL 0 &
PRI Ry St e Z i ES » TSTEHERHRIUR Z
R S E T A R - IAERGETT - 5
A EERFE SRR (Zero CO, emission)”
HE -

2 ZNETL (National Energy Technology
Laboratory )T a2 7 Bt 5 K B8R (CCS
Database)” » HA8 T H Fij A FH 2 HE 5L HAHRH
BRATHE ~ AN HLEES R BUR A% 2 bikdi 65 Bk
FEE  ZERERTEE AR £ F (storage)
Ty R E (R IR 4k i — S AL bR L 2 A4S
SHFEME S (depleted gas reservoirs)oiZE ] EE /K
(deep saline aquifer)” BEEZEF] > TREHEF
& &= (Enhanced Oil Recovery, EOR)#Z T ZE$E A
N - BiE20184F4H K il - BHBHEGCEE
Z/P299T R - SHEE TP EC AR Ik B AR
HFHEE - GaAToIHEBEHE 2B ~ 7ol
EIFE R ELIATIENRIA 8 KB 7 < B2 - SRl
4 o 55 5 kI GCCSI (Global CCS Institute) &z

?ﬁgg'g%'ﬁ;m CARBON CAPTURE & STORAGE
TL LABORATORY

‘ﬂ'\ U.S. DEPARTMENT OF
\8/ENERGY

a new window

[E4 NETLZE Bh= 85

IR Z 202185 BUR - RERERHEE > 48
£ & (total capacity) HEVIFFFENE £ - Hifd
faH - R ERPEERUE Bl SRR 2 H (2022
FETH) Ry 1k - HABH AT HERE FHI4TA 135THE
> HpyA27TIHD e E A - AER T
10275 2% o B S5 A P2 (B BT {2 i o - RS - 55
ATTHHFHICCSHE R R 202 1EMHRH - £ERER
T fRi 5 & (total capacity)& 2202149 H 11 » ELf¢
20204 (YA 73 B ME(Mtpa) b IS 7111
I EIE(Mtpa)s FANHES -

NETL CARBON CAPTURE AND STORAGE DATABASE. https://netl.doe.gov/coal/carbon-storage/worldwide-ccs-

database.
'”Global status of CCS 2021 (GCCSI, 2021).
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a Nﬂe‘q‘ L ﬂ!ﬂfﬁ

&S P AICCSEtana T 8uR(GCCSL, 2021)

AT AR bk A B B A S A Rl
SZERPE R - hRIm SRRl 2 FE s E L 23
%151b - MHEIEE 8 (power generation) ~ LNG
(Liquefied Natural Gas) ~ 7KJJE ~ §ifi§% - FEEEY)
L= (oW 5 HEFERZER T
5 (Direct Air Capture, DAC) i /& & (hydrogen
production) 27 AYSEIEL A MHEIZE G 0 B By
#1.5°C HiER20507 BiZ » £ S EIHEHES)
MR R il 38 fe 2 (et 2T - AH R o
ORI EE B S A Rl 2= BTN Z A 0 -

R B TR Sl 2 51 e L A Ik B GC CST
202 1425 (GCCSI, 202 1) 7 Eh B
E6FT » T8 ) 2 it SR Rl Rl o5 B
RELIF2T% » HTREACERREAERZ 28
A R AR IEAHRE - SEE RIS R 17% K
13% -

JE(waste-to-energy) ~

4. imSER M B A R IER

FRIEDNVH&EHDNV-RP-J201" » DI{EA
PRk (fossil fuels)# 88 BIFE (power generation
processes) Ff5l o i H A LRI WS I
£ FEAGERBLIT =TT PR
15 (Post-combustion capture) ~ PREERHHE
(Pre-combustion capture)Bil & 4 PAJE (Oxy-fuel
combustion capture) o it =Ff 5 ZE > fHERE
SEUIMET o AR = AT RN E R T 2 FE
H o B RN ERAR - DUN R hiE 2 E
DESEL T

AR b NEZMNER(Flue gas)/F R (Tail
gas) SR B it BEs (5 CPR B/ R SR s i ~ Rl
F— e  EA S bk THERH
R TALERAEL - TERRBR LR AR Z 1R HY

""DNV-RP-J201: Qualification procedures for carbon dioxide capture technology (DNV, 2019a).
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Fossil fuels

)
| 2%
e F ]
W GE P
2%
AR
3%
L
4%
RN
4%
Y
6%
R RE
7%

PN
13%

@6 CCSHithfiE F Bl E

BIRE T MR EE ZER/BR I G
R R A R BUAE e e B S T B2 2 MR
Ao EE M A ERIRE - BEEYI(SOX) -
FALYI(NOX) KB T EER ERHIEF -

Extag

Bxhaust
A
Power Plant Flue gas
| Coentional CC, capture
Paw_er Plant
1 HO Herich fuel
H;
H, CO, v t
Hydrocarbon COy, HO H;, CO,
2 »| ogjmeram »| CO conversion »| CO; caplure
i
CO;,
v
Power Plant " u
CO,, H,0 _| CO, "capture
M ¥ twater removal
fo. !
o HO 1: Pogt combustion
Air separation | yhemanngair 2: Pre combustion
(N2 3: Oxy-fusl combustion
7 R AbhEE TR 2 R EREI(DNY, 2019)

Co,
| compression

ol

-

59 387

27%

LMER
17%

CO; o
» transportand
strage

PR A bR U R R R oy B AR
EAER o ANETHLFT R 0 R E R ] Loy Ry AN
1% B2 (Post-combustion capture) ~ AN FITHH EE
(Pre-combustion capture)Bil & 48 P& (Oxy-fuel
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combustion capture) =i -

55— IRERIE Ry AJEE £ 3/ 5 (Post-combustion
capture) > b PRRHE H A EEEE ([ (Conventional)
2% FrEA IR EARE A bR
AR A IS EIE - EREHIE KRR
Al > &8 TS L BRI T R bRz
Bl o Bzl Ry E AT 5 i A R B
B R b HER T = D R
BEte H LR BUE Z IR BRI 1T K 24l
% °

[ 7 55 — for B 1% Rl Ry A 88 i 3 5 (Pre-
combustion capture) Z if2 /& o {EAERVEHE
YRBERT » & e &R HEE (L (Hydrocarbon
conversion) Z @2 - KL APAEHE(L BER -
—&bbR - R8BI FOK - BE—FALBRFE
K B A A ARk - S xS
Rl #1777 B - 8% FE A R BTG ER =X
s SE i (Subraveti er al., 2019)5¢ 35 5 Fifs B 4H
(Steam Methane Reformer, SMR)ZIFZ(Oh ef al.,
2022)t o

FEHEBEREAMBE(Oxy-fuel
combustion capture) > {E4[ & YRR EIRE
HArEANRERA D KEIRE Bl - (EFEAR
TERARBRAIZKZER o ZKZE R AT R FH [ (o
G T A EARRR - 1 S bR E B ETT1R
Wpa it o AR L HEHHEEETSEN
i —ARBIE B AR IR TR - A EERAE
(Gladysz et al., 2018) ~ 7/KEfk(Gerbelova et al.,
20175 o

bl =FE D F S T AREY AR KR
1% %8 3& i (Transportation) ~ £}{F(Storage) ~ FH
FIFH (Utilization) 17 BR4E Bl HoAth g B - SR
at > “EALCE R B E R R RS
AIFRESMIIEAH BATE = A LR AL SRR
ZHba s - e TR Em 2P 0 H
TR B S B R R A R A s 5

M BRI B SRl 75 3 2 ) e P i R e oy s
2o BEE EHVEE RS BRI S WEE -
REFERTE - PR RCR L ERE R B S TH R
o B Rax HRBUEFTE & Z e SRl - H
{1 B 2 A A R T ST B loa Al - AR &
{EBRIEE Z i F5ERK ©

PG Ll = TR bR BRI T 2 0 B
it — S ALbREL o 2 57 RITRT DUF] R AH BE 4 2
AL T AR ST A AL T B - AL
i 7 5 BUAR - B w] o s A U2 (Absorption
by solvents) ~ I [ff#[F T2 (Adsorption by
sorbents) ~ JH fHE(Membranes) Bl (& 5 %
(Cryogenic separation) » s£41[E8 o T _Fafibd
Ty BEROtTsh - 2 ] IR B A Ria S04l o>
Fo 2 T SRR BERL AT (Metz et al., 2005
Bailey and Feron, 2005 ; Eide and Bailey, 2005) >
R0 L A i B R e 41/ 22208 % A B (Chemical
looping combustion)Z » FEANFE] -

2 TR B B R i R B R I b Ak 28 &R
B AN JRA]TE T EAth A SR 2S5 ~ 7KUE
FEFSALARR A ENELSE - HRitE
EATHURSHY AR B R iy - HL BT RRAYRL
flafie - AL TR EE T - B RTis g L
— AL CRAR A R E A Y - H ST pE e A
R o RN —A b TERREE 2 35T H
(Y - Sl IR A R AR bk Z R BAR A
I AR N R SR Rl {5 75 ZE R IS T S A A
R S (integrate) ~ f (b (optimise) DL Fi
TR (scale up)FEFe il e T HET T -

bR R e 2 SR A e -
BRI A B — bk 2 REE S (E R
F)HRC  ORIE - B] - ZRIbRE R AL
bk < ZFREME > HRTATER LRI
TR By — S b 77 BRI A58 A 2 AR B2 K
EENR PRI E) - A ETAMEREEA Y
BRI SRS ER T TEERFUR -

" Petra Nova - W.A. Parish Project. https://www.energy.gov/fecm/petra-nova-wa-parish-project.

" Boundary Dam Carbon Capture Project. https://www.saskpower.com/Our-Power-Future/Infrastructure-Projects/Carbon-

Capture-and-Storage/Boundary-Dam-Carbon-Capture-Project.

" The final report from Working Group 1 Power Plant and Carbon Dioxide Capture (ZEP, 2006).
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Co,
Sorbent
+CO, T

4— make-u
CO, Capture Sorbem. ¥
Regeneration
- =
Sorbent i
Gas with
- Spent
sorbent

a) Separation with sorbents/solvents

Gas A
GasB @ =D Gas A

Distillation
v
=> —> —))  GasB
Gas Gas
(A+B) Membrane (A+B)
b) Separation with a membrane c) Separation by cryogenic distillation

&8 B BRI (Metz et al., 2005) a) R IR AT 27 38l o)A FHSHIHA e o) F1) A B 2 688 7

1 BRAEESDER R B RRifEE"

mzEE e
\ {EE2IEK I (Chemical absorption) (EfZamine » 17 #E[&REENZ hindered amine
WA R A inorganic)
(Absorption)

YR U (Physical absorption)

835 BRI [ (Pressure swing adsorption)

R i3 88 B b (Temperature swing adsorption)

(Adsorption) T BEENIE ff (Electric swing adsorption)

EZE fff(Vacuum swing adsorption)

B H# R (Gas absorption membranes)
(Mzgrfji ﬁes) S 7 Bl i (Gas separation membranes)
SHiE K7 e 25/ 82 4H 8 (Membrane reactors/reformers)
5 I | ey
(Cryogenics) ER%E k2 24,2 (Compression and refrigeration)
Hr LR Tl {BEEZE R I7REE(Chemical looping combustion) ; [ Z:4% (enzyme-based

(Emerging technologies) | systems) ; [EIFSI{7](solid sorbents)

" DNV-RP-J201: Qualification procedures for carbon dioxide capture technology (DNV, 2019).
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K2 ORHERIT TER"

e i 1R BRI
Ay e CO,/N, CO,/N, CO,/N,
Wk | BAT e B e . ok
o IR B e | PRI {52
i | (EEEn | | DO | AR | | (Biomimedic
’ BRI R ARl BN E solvents)
R | wE | mmmm | s | R mn | gk
W) | Edm | woim | ostm | JEE | mi | (Peovskies)
VI e
AN P2 Hi e
o s BT
WEDE | AW | waspory | Baw | RS gy | R
oo S transpor)
(Contactors) (Contactors)
EEE | ot | BAmMCHR | mlb | BSMCER | EE | EEme
N [ 735
5 B . o Eps
AERARE s Bumen | 7 | A Bumen)
(Energy W IER | MRS e e
conversion) an-I_EQ ?é ﬁm J:gf;g = DXD-I_EQ E

PRt S A ST AN - TR H A RR 2K
THHAZ W4t B s B E

PUH i R Ko 2 WRIBER T SR LB A TR
WoE R B > H A A {5 B e A AR Ryt B
A H AT EE A R USR] R AR
BEE » CEREEHE( LSRR CEZET]
REFE(R ~ (RITHY ~ SRR Z ki B Rl -

—fRMS » 3 BRI TR b (large-
scale industrial) 2 pEHE 5 (commercial scale)”
RCAHYRRIR R » bR T iSRRG Z S
FE A SR 7 AR R Y - BT SR BUARTH
HARMICAERNES - RIFEIAHEET 2
ERETT - il REIVHIE - PreEmEOR ez Bl

REHE M E K E SR MR EAR
> ASRRE ~ TR A TR o B
AR SRR AT AT S BRI AE A -

5. IR SRR T Bk EREA TR TE IE

R ERTEREES - EAHBEREWIER
iy fEATES A - I A bR R H
(Y - 28T > TETBIRE IHECE A RIS SR H
A E > RIERT A K A A A EE
M2 SR J7 MEGEZER - AR b=
TEA [E b SR R AT RS A A58 H AT 38 3R BT 7
e B PR R A E T -

'Y DNV-RP-J201: Qualification procedures for carbon dioxide capture technology (DNV, 2019).
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NERWRER ~ PABRATEE B E SRR
- S E AR I EREAIHRERD FReRE b
HIRE - (RIS EIEV RS 5 | - Bty e
FEFRKERINAFTARE - BRI SRR
AEE > B HARMTT S - 3R R UL
il {E By oy i — SALORAVEE S - Ry AR
(absorbent regeneration) & EEBLEEFEH 7 BIY
PREERTHH SRR - — S bR B LUK Ry )R
IRRREERAE IR 5 E TAVRE ST EE AR
s B PE e — E LR T BV E AT WRELR G Y
paHf(fuel gas processing) - Ry ELANREffT2K
S REMER T EIE & AR RO HYRERE
H oy Al B S R A /S AR - BR T _EACA TR
s EEERE SO - HFARRSE T REY
SRAR SR — 2D B Ry R AR BB I SR
ARRE DL 12 S B B T P FE A2 Z ERE > I
Ry 48 = R SRS A AR A 2 5] Fr I B Y Bk
B -

B REREI S - B BHE SRS MR A E
LAaBNREFT AR EASRIRE - R AL pICAR A Mt HRHY
SERE > DAbR 2 BIEIRE S 2KER - RENVEJIALE
SR IARIHIIREE - B EECE SRR = R
FEA o (R RBREAE(E bR SR il Z HRBUR _EHY
i o BREAKHEE R S AL T o B
FEAR 5 28I GRS RE TR (B (B s B AN
FEFEE R TR eRAVES - BE BRI
BB GRS - FERK - HRERHEE
RERIE I > CCSHLAMG | - REERS AE s (5 (H #1E
BRECRAEAE - Rk S LA e Z 1 g
o BRTREIREIFTA N 2 TSR SRR B At AT R bR
EREB 2 2 - RS BRH HIEEhF
Z RIS -

TER T3 R BB & T AT AE
PR FE B AGHIRIE - TR Fy BB AR EERE R PR
Z— o MHERRERTERERCR T - BT8R
s ESE A NS - M B RRE S TR 2 2
8 RBURHYARBI AT RS Z Bty ~ i3 fed

EEALRE TI7R Ry H i SRl 2 e S5 RE - 40{e]
TEYERHE RRGERTRIIE Z T - B R g Z AHRE
REFE ~ Z RIRIRIN A RAFHIREIE K H Al
17 ] _E R A SRR T AR -

5 DUE BT i AR AR B AR RIEE 1% T
E Rl —— B 4 B R 2 e B A A SRR R
BE1& e 2 2 S SR/ R R (flue gas/tail gas) » H
PE R/ R T & A 2 BRI e < R 4
g BUASHER/ B R BB R E o
TEBER/ RBRAZIEEIFEM - Bl
fifi (desulphurization) =l 4 % & (Scrubber) & -
FA o BRI (o P A e W Ok B A o s T I
(degradation) Z [SRE » B T R EEY) Al REARA
BRI [E AR AR E - AR 2 K
BRORGAEE NS - EEEY T RREANE
BRI R TR T PkER . — o ' 1 (Islam er
al., 2010)

YR Y T 7 ER 110 2o FE #E H v R 2R KK
Jsi(hydrocarbon)#i{b By SRARAH B 2 B R AL (coal
gasification) 7l - FlA1hH# %L (carbon-based)FA
FHEA(L Ry B B AY @ & (hydrogen-based) AR 2
{E7% » HHEAIT22(Gnanapragasam et al., 2010 ;
Bottino er al., 2006) & T8 B A R i 55 A%
A A E &k (hydrogen-rich fuel).Z fE AL
S5 U DA Y HIHE R H LRSI SR
HHEERAAT (K (Rao and Phadke, 2017) - {H
TEELRRHH BE2UAR h SR iR i e A REFE
MIRE - (B RES ST 3 B 2R R R R A TR 5T
B R - MHEAERIREZ ZOIRUR - BiES
RER SR - WRBERTHH SR U B A E RS
P B LAY B A BRE (Petrakopoulou, 2012) - £ 58
A E R B R LB S TR S E A
(Integrated Gasification Combined Cycle, IGCC)
(Metz et al,, 2005) » {H H A% B RIE ] < E
RIFEEMD -

& FR B SRl RN 2 e ] 2 B e i
ZOUEHMA - M EA SREERAVZE RER

'"Emissions of substances other than CO, From power plants with CCS (IEA, 2012).
"® Evaluation of reclaimer sludge disposal from post-combustion CO, capture (IEA, 2014).
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BB R 2R R B A EE 25 (combustor) 1 #ET TR
B - FRELARHRH B ER R e A ol — B BLK
ZORURE > oA A A A — 2D B S AR
iy o FHELH S A NIRRT - [REE BB A
BYMEL R bk 2 E S E E A - HEUEE
SRR I T E AR Y — S LR ELAE SRR 1
ZRER - BEERHERL - HAREING
(bR AN IR A ALhR 2 B s BRI T
TTIERESE - 280 > AR PRBEIR il Sl
% T EBCR IR A R E = I B AR ) - NS4l
&S AbbRES - RPE R R S &
DUBEREE T 2 3t + ARIRARHIEIEMEE IR
JRRFRIFTSE ©

PRIEERT SR B E AR SRSl - W
WRBER I AR Tl 2 [RR [E Y LB REAE Y » RIER
M A P s 2 o — 2 ¢ 3 R AR 12 458
T B MR SO/ R U/ R 1R
JRBREEL R R EE OB R HY R B A R RN
SRS+ U R Fi i SUARAR A e R
1% o RIS R SRR B — BHERE - R &
BB AR BREIE P 2 1% - IR PR RAE
RFEERUN > ERlREEERSEER - #

B R BUERHVELF -

B T 0 25 97 B2 R A A IR kB L R
b > (LSRR Z A bR E T 2R R
ERMTF AR HYERRE » S T 2Hy & bhk
B BRI - B A A E R
A NERME R E - B A
> HEEHEBEOR A RSCRER-E - KEZ 8
A BR R R S LR R 4 R AR B R ST
RGN T AT - S EhR BRI e B BRI
R RO RS AER IR R S HIREFE
HEZ— -

S F AR i 5 Rt 5% e IR i i
AR EETT S - BB R AR - 5
Febirag s - i aRE B ] AR S IH IR EE © 24

VR R R R AT R AR - 2015) -

i HATsH 2SS RIS 2R >
EREIN BT 2 iRl - B2 5 [#EAN
BY B R NE R ARl & RS R/ HER
bRt SRR i 2 Ay - IR T AREY R bbk &
Fa——EHFECEAI - R B A E ZREEZ Bk
B AR Ewik s BERERE Y — - HHEE
BE R R bikEFEE I 2 M ERE
FrafiE A0 S E A X LR ERE
A RER T A EBOF BRI E BN - &
AIREE A H Y5 -

(28] 4% 1 55 DA Hl SR Rl 15 DL B e i 2
JRA - BT & B Ry T 2R (AR E (Paris
Agreement) ) ZXJTES » AYMFFE 1L S fE L
Rt 2 AHRRA LSRR Zn A B o HrR il 8 e = 4808
Was o MEEBRAHE G - Pk S
Rflom s » FEEER A 5 B R B 2 I HY
BURAZE AN - 50 BRI
EERdl 2 [E0F - FEBCHE & RO BRI (EOR)
R - BT ERERYRIR R T A ~ 525 7
H o MR tig S TR a8
FRER o R BLAE AR TEORKL filf 2 BUZR »
188 4507 B R I ol B 52 B R flg 3 e 2 B A
o RSB BUR G K BRI EAFRRIEZ

" BfE(Carbon tax) ; ~ [ ERf#(Carbon credit)
1 Ui 52 Fh(Carbon trade) | bR E 5 1 il 5

)

\|

i

FLERE H AT Z A B BCR AR E] - (RIR20214F
EFTRH . CRERBREREHE) "EIE
BZ > HURHZEEREER ChERemEHR
BHE) o BB RIEE H R EAHRTTE
B il Btk E (Carbon fee) HRUEETATT
KFE > FREIFH B B BOR L CAZ I B - 28
> SELEZE 20228 H Ky b Z HHEAESHEK
BB e 2 e E O KRB E TR S
o AR AR ST 202 1S 3"
PR EIRY - [EBRE A SRR S T R R b/

PRI EHIEERE © BRE(ES /DA ST 2 https://e-info.org.tw/node/234045 (BEESE L 0 2022) ¢

! UERMOGER ) S GRS R AE  2021) -
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kbR 2 AN e #sR > HRB RS EHIE R -
B B 28 T B Ry IR Rl 3 e 2 HE T > {EE
FHER EME 22 Z R B B R > i m] RE BB R
EFENE T ERS e St s - HIREALRE
Floig 2 S RE S A AL HIE R G - RER Ry T e A
TEE R AR RS > B EREHIERE
Pl 3% FEE TR B o (7 2 TRV R A e P 2
— D EameyZE] -

6. tbim SRR T B BR 2=

B A P R TT I R 2 S AT
TZEMR > A EERIERR TRz 50 -
19784 » EHFHYILE(EEE /N F](North American
Chemical)}jASearles Valley Minerals{2 T Jig/iE
I T —ER H R E R T 800ME > FE Hi A TR
WOERIRE - AR TSR AR R Ay — &k
fj¢(Herzog, 2018) - &y H AT Ry 1k » 5% LRAHTE
FrgEe IR MBSV BRI A B
BT ITHIR - Gl I AT R Bl
Z4i——delta Reclaimers » fHEARFZCHE H
IERIELEZ Z AR EBHIBD T REEY RS 2 BE
(Elmoudir et al., 2014) - HEEEERH - bRIEERIMT
HEIGE 0% - B8 MBIt E R
Rl AR SR R B R R TR AR AE -

FE 7 e T 5 B AR B B Y B B 4RO
PR EE A
E AR E RSO T - BHRAS HLEE R HE
U e Lt o Bt DART DU 31 R A 1 4 e P
B8t A B R B il 1 [ PR 2 5 e T BB S 5 ol
% » (B BE 2 R 2T Y Rk B AR AY EE (R B A R
BURPE@ENHIE - ¥ BEASE ARG B i
A EEZEHRBOR - thPEERRAaE S - BR T &
TP 2N TEBRETRZ R ZRE - RiE
B HEEARRTREREREN - A5 e  AOE
PRBERE RIS 2 T - (ERETR ST - FUURF
NS HY A% 28I > AR At/ T2

(Economies of scale)f3}

JITH » BRERINEHT R R IR Bt SR Rl
e B 2 B 4% e S M5 B8 08 R R Y i — ] 7 238
R

FEHEAt 7/ T3R5 - BRRRE R ATE LR
FEREER - BEARERRERE Y Ak
WHERN KRR Z - BEU{eiEmz B4 E
WROHR 2 SREERRARFLBEE - 4758
HE R 2% B B At AR/ T2ERER - A bhRAYVIRE
HIEIRK A F53%-20%7E 1 > S (RRERE R K
AR - TRRA R =R 2 & -
FHEERTAD - B EF BRI B AR - ks
Fefle 2z % fee - PR U 2 &g -

TR A e B/ R ] SRS
SR B T Bl 2 9] S B ECAH A & SR AR 3 P
o~ MHEA A E S H R - HBh - BRITER
P& IR AR ~ fEE/E 7 8 K B B A
Yy o IR KA BR - 3T
PRBLE R i SR il =01 - B HE B &k
TR TR BN INVE S ERIE IREIGCC

brT Rt FIsh - A MR B &
F KQuest CCSg&itt » FHARFIShell A FARE L
EIBRIRWOER M R E T EEFEN LA
MRy —E ALk - H20154E8 HBIENLAZK » Quest
CCSE it LA 227 H %= A Scotford Upgrader=
EEREESEEEAN S/ > WEFER
100& 1 (Mt) 2 28 g B /K g - DL AK§EPlaza
et al. (2020)WF7EATHE K 2 FR[E TH e (Industrial
Technology Research Institute, ITR)FIEJEE
BEIE AR AISE AR 2 T §5E & (Calcium-
Looping) i & — & (bbffly , » DLEFEARF]
CLEANKER = ZH175Hf F CEMCAPEL 255 » f
BB BH % B @& (Buropean Commission)4gULE k)
HUT 0 $575ER(Cal )2 KeM — A bhiif A
ATRAE AT 2 — -

1A it L 2 e JRE i 2 AHRA ZE 1% > PR
1BEGCCSI 20224F $HEFCCSELflr R E » 42

* CLEAN clinKER production by Calcium looping process. https://cordis.europa.eu/project/id/764816.

* State of the art: CCS technologies 2022 (GCCSI, 2022).
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B H AT SRl < AR A /BRI
RE » A E HHF2 3 5 il g e B 2 20 R L
Rflrs et - HRZ BB BAHN] » Wt
A FEBRIUR 8 e 2 B il & 2 Bt -

PAAir Liquid A SJARER - 5% e h o8
H/DE A STH#E F & 7 B R 2 b i 5
et - A& SR EZ M Cryocap™™ H,
Fefiy > #&rh 8 BRI [ff (Pressure swing adsorption,
PSA) 5 e 255 j5e B8 #4(Steam Methane
Reforming, SMR) ~ H Zhi#H (L (Autothermal
Reforming, ATR)=\ %474 (b (Partial Oxidation,
POX)BIFZ R B AE th il R e AR Y R ALl - 75
B 2 Al E T et b " E bk - @R R
2 BEHE T SR B A LRI AR R A Gk ]
Z B4 SRR 7 PRI 23 (burnen) TEER A - H AT
Fiffir 2 Wit SR 7] 2300 TPD — 5,000TPD >
JFR20124F 2 20204F ] » DURBUM - » A1AR]
BAEEFBG % - 58 B S il LAZ 3¢5t FEED
(Front End engineering)Z T.{F -

B T8 A S R B AR A B EE R lT A1
A S A AL BRIR E S 2 R AR A T
FEIER -~ KRR ~ R S A 3
W% 2 Cryocap ™ FG%flir « Fbf T AE##E(T —
Sb RSN - HERMAESE D E R FNOLT
HECE o F R R B A4S & 1 W b BLEOR
URHZ)E% & 1A 2 BRI [T PSA (Pressure Swing
Adsorption) = PSAKFFERAHE R Y — &1k
b > @R FEEOGREORBAE - FIBEL 2 AR
B BT B4 bRy — RAbE - 2Rl H i
TSI A #300TPD — 10,000TPD » 3] fE
FAA Z 8RR E RN 15%HIE R, - 1220204
DIAK > {4 2A58H2,000TPD — 10,000TPD 2 B[
= -

Air Liquid/x 5] i infERIAR4h » S+
&= AIREETT A H T Cryocap ™ OxyFfiy ~ 1
FR 7 65 L gl 8, B4 22 i Cryocap ™ Steel i fiif LA

*DNV-RP-A203: Technology qualification (DNV, 2019b).

FRERTPEI R AR 2 Cryocap™ NGR{flT S
Cryocap' iz 4% il ¥ B GEE J1 3T > KR
HE P /D - S~ a] RS AR o B IR
9 EALBRBE LA K & — S b R 2 Fr
M B RIREERER T S ALhRAVEE -

FI LI Aker Carbon capture/ = (LT fif§
Aker/AENAGER - HAREE A BIFRR ffiTACC™
EI2005 72 RS HE - 20094 ARG - © A7
B HACC A A B BLBUAE Ry B A R 2 e HL
R B NE ARG - 3ZARIEGE—2517R
REFE ~ M ~ i ~ R A ML
IR T EE TR - RS E N — T
HiigE T (energy efficient solvents) » HJ4H &
BB EERES - DESMAACC™
HABIRE RS E S e E 2 1R B HE
JBL

ACC™HER B E HAl Ik » BN E
TR ERAREE - F B~ R BRI
ZIRBE ~ RRE R - KUER - AR B
LT T ARG BB s - BBz el
ACC™HEERLIT H #8387 DNV GLAH](20214F
TEE 4 DN V)i DN V-RP-A203* % i
SEFZFP FeDNV-RP-1201% — & (LA R i i
TEREFF Z HEIE -

k& T _E#tAir Liquid fz Aker/\ E]4) » GCCSI
2022 RS HLBR 1428 BT I 45 e bk 5
Feffo 2 A E RS H T S UR AT B RIHYShell
4\H| ~ Carbon Clean ~ Air products » AxensEid
C-capture®E/\H] 5 ZAMM > A EFR T & AT
R IR EAM B A REE ) 2 KA E]
%1 Toshiba ~ Fluor ~ Baker HughesEAK ANFA % >
FEE B & S s AT Br 48 nh e R A 1 Em
g - LEBRRRRERITETS > 288 T
i (Transportation) 5z Ef{7(Storage) F HHEATNTA
£t » A IR R iT e B AIRAE - B
[FIHF =5 &b O I < Sty w1 B 3 et

®DNV-RP-J201: Qualification procedures for carbon dioxide capture technology (DNV, 2019a).
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7. fomEd 25

FyEAIFE 205075 Z 0k B - ZEFIBIGRHIBK
i 2 A Z R - DA il P T A R ik SRR
ZAAREATS > RFEELUERL - BRI ETIIA
B Ry BRI AR 2 BT 2 — L
AR R SR R B IR B2 58 - BRI AH R
IR 2 88 F - BRI S IERAE - 1
RIS A [E] <Hig A B R A =1 - it
BN S - & Z R RS FEmRPT H
R BRI SRRl 2 S RN EETT - AR
e 2R/ AR - DUEFERIEIREN COR R
FTes Z Py

R HAR > BUNAHRBIBCRAVIEE » 246
RESNI HoAth B 2 M B S5t 4 B - BB HE
EHRESRES o 28T o BR T BUFBRAL - AR
ERSRRBUR RATSCRF > TR Ry 3% JR R i S5 1l
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Towards the 2050 Net Zero Carbon Emissions:
Discussion on the Application scope of Carbon Capture
Technology from an International perspective

Chun-Chuan Kao'"  I-Hsiu Lin> Ren-Rong Chang’

ABSTRACT

The target of 2050 Net Zero Emissions proposed by IPPC focuses on greenhouse gases, the CO,
emission reduction would be the main means of achieving Zero Emissions. Based on the current situation
shown by the International Energy Agency, apart from the promotion of existing clean energy, for instance,
wind power or solar power and so on; the Net Zero Emissions would not be realized if the implementation
of Carbon Capture, Storage, and Utilization technology does not speed up. Besides focusing on coal-fired
and gas-fired power facilities, the application of Carbon capture technology could also be used in other
industries with a suitable carbon capture technology. At the beginning of this study, the global carbon
capture technology development trend and the industrial distribution have been collected. The technology
type and application industries have been proposed based on the DNV Recommended Practices (DNV-
RP-J201). Furthermore, the possible challenges and difficulties of carbon capture technology have been
evaluated. Finally, some important carbon capture cases worldwide have been summarized. This study
is expected to be a reference for the future development of Carbon Capture, Storage, and Utilization
technology in various industrial fields in Taiwan.

Keywords: Carbon capture technology, Carbon Capture, Storage and Utilization, Net Zero Emissions,
Energy Transition, Pathway to Net Zero.
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