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Abstract: [Significance] Under the “Dual Carbon” strategic goals of peaking carbon dioxide emissions before 2030
and achieving carbon neutrality before 2060, advancing the low-carbon transition of coal-fired power generation is
critical to safeguarding national energy security and addressing global climate change. As renewable energy
develops rapidly, coal-fired power still acts as the mainstay and stabilizer of the power system due to its reliable
power supply and flexible regulation capacity. To systematically sort out the low-carbon technical routes of coal-
fired power units, identify core technical bottlenecks and future development orientations, this paper reviews three
mainstream low-carbon technical pathways for coal-fired power: biomass co-firing, hydrogen/ammonia co-firing,
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and carbon capture, utilization and storage (CCUS). It combs the technical principles, engineering demonstration
projects and practical application status of each pathway, makes a comprehensive comparison from the dimensions
of technical maturity, carbon emission reduction potential, economic efficiency and resource dependence, and
evaluates their development status, application potential and existing challenges, so as to provide theoretical and
practical references for the low-carbon transformation of the coal-fired power industry. [Analysis] Biomass co-
firing is a mature technology with low retrofitting cost and remarkable short-term carbon reduction effect, but its
large-scale application is obviously restricted by the instability of biomass fuel supply, seasonal and regional
resource characteristics, and high supply chain costs. Hydrogen/ammonia co-firing has achieved rapid technological
progress and important breakthroughs in large-scale unit engineering demonstrations; ammonia fuel has better
storage and transportation safety and infrastructure compatibility, showing more prominent application advantages
in the medium and short term, and the co-firing scenario of industrial by-product hydrogen has favorable economic
efficiency. CCUS is the core foundational technology to realize deep decarbonization of coal-fired power, with ultra-
high emission reduction capacity of over 90%, and mainstream post-combustion capture technology has a solid
engineering foundation, but it faces problems such as high initial investment, large energy consumption in operation,
and strict requirements for CO: source-sink matching. All three technical pathways are confronted with common
challenges including imperfect policy and standard systems and insufficient industrial chain collaboration.
[Prospect] The low-carbon transition of coal-fired power should adhere to the parallel development of multiple
technologies and advance according to local conditions. In the future, it is necessary to strengthen the research and
development of key core technologies, improve the supporting policy and standard system, enhance the
collaboration of the whole industrial chain, and actively explore the integrated application model of co-firing
technology coupled with CCUS, so as to support the safe, orderly and scientific low-carbon transformation of coal-
fired power and boost the realization of China’s “Dual Carbon” goals.
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50, BN IUA BT REIE A I A AE TR LR R, AETHIE
il PRI AR B LK I R L, R SR AR B 1 L 0 e
WoHERE, HIT KPS, BERTIVLH R
U RE

53N “ TR EBRe” st ST A
WA MR S A T, Xl
Al A B AU B Rk iz
BRI E « ARG, HAT S A &L dh )
BEEALAT T -

54308 “HNEEB R s, B A
BIL) RER, shmEd) #7835, a6 Hl
HAT RPN BRI DX, BORT TR AR, H
SR BB B -

55 FN “axa ke AU REIRIC ik " I,
B IR A ), AR E R e
JERAE A, S SRBUR RISk A7, sl ia
T B A 3z 32 iy A 18 AL 2L 45 e B
Wi RO THR R 2R AU T BRI
HE, 3R OB R YRR b SR IUA M 2

BAATIE, Wil 2. 5 ERHIAEBLA®E
BRI, STHIES W GE” KRB
ARFE I BT KRB ERAE s 5t 3 R 4 JUARHA
A T X B AR E A EORIE, 18 & TV SRR
WX RREEHE “-2-=" LR AW
%, DABRNEFHESERESE PRI, N
BARGHANERTE , 5 AT H KA L oA BTG
S A SRR W A s HTUA E0E AT T, I
B (<20%FAELL) SR T HHEREEE. <
WS RS, HAL S A TR HIAE 200 J6/kW
LA s tbfl B e C SRt . i R aeil
W5 R EPERRT I, BALLEERARIE 500~
800 JL/KW . MARLERATT T, Tk B St 1 be 2
BT RIS, RRERI T R DO SR
13~1/2; TMERE - SRR AT AT R
HAFEIE e B S B RAS T il A it 52
SRR R S

BN SR B K H AT I i 2 Bl

D) #pHE o 4k B K akikse SRS E R
A B SERBORE A e 35, BB il
Wi sk = AR s SINER N, FrEicE R
AT, 12T BOREIBALHE

2) A IERK LGB L R
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REMIRA LA, FHNIERCHEARNFE—P T
FEALIGALE -

3) ik YEiGEISER TR,
BB Rl KIRHE = R AR, w Ak B FH 4857
WK SIAE

O REEBR URTHRBBEBE N AIE
ITARE 15 W HE bR M AR 4, 2 T HAR W)
[ERIZEAA:E D
3ixiEgE. FIASHE (CCUS) HAR

CCUS HR At m a5 frox. CCUS F4
¥ CO2 N TNV HE OB S 43 5 ok, G ad g4l
JE46. sy, mAIMUAR] B A TR s Ay iE
TR KA CO2 IR BEI I — RAIBAR SR, HoAx
OFETR CO2 1) “ MIHENC” A B

CCUS# 4
=
l’“l i LT B A7
. gﬂ — (I ims

W CRMEE T RALBEAR C
“: pESi )

i AR

= - 7 —
B ¥ % da
gl EMEE R T

5 CCUS AR LRI
Fig.5 Full-chain roadmap of CCUS technologies
3.1 CCUS HARRIE, HASKRIIK
311 #ARDERRHE

CCUS #Z mij2 CO HIHili4R, T E4tx KA g
HEBGR, dngREEr ) AR R KRS &
MRIEF LSRR SR FE AR A 77 30, AR
EHART 3R 3 R BRI BRI ATHIZEAN
B AR e

BRI I i ER A AR BHIR B2 J5 7= A= R <
H3 B CO,, MRIALE T Al BLA ) AT B, &
M AR RS, BEAESEA. A5 K
S EMND (SO0 BEMD (NO KR
55, CO A BUAHXAUE (L2 10%~15%, A
SHL) ) 3%~5%). HET, IS R
Wik, AT EERIER (— LR, MEA) 5
JHAH) COo RATT WAL 22 RN, FEARIR T IR
CO,, FAEMMIEEAET (100~120 C) i CO, R H!
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Sk, T SEEL & 416, phah, IEHYIFIRFE (
AR PSA). AN B 4%,

PR Joe AT 47 £ = B T B AR S B A 1 ER
(IGCC) A G il AL R, S A A okl (i)
B TR 58S, AR L CO Al Hy
NERERS . ARAHLS KSR,
CO #4bH CO2 FFr=E 210 Hoo Bl 5K AR 2
) CO, (15%~40%) 5 Ho B Hisk. MR
LRAR AR REREANT AL, (HARBERE R, VIR
K, BEIE R A el

B SEIRBERAR XFR 0/CO TEIRM R A, K H
EAERAR GRE RS SEEHTD REESK5K
REEEATIRGE, FoAELL COp K 2SN A 19,
IR (EER N CO) I Rl ke =
DAFEHI KGR, B mT 3RS Mk I CO2 UL
PRI ] B B K 2l Ak R AT 15 B S 4R COpe
AR T JEEEM CO2 2 B2, (H 2843 il A 1T 6
FEEK, A2 H AT 2 H 5 i 32 ZR 0,

AR e AR T8 I A B AR TE R R,
SRR NG, TERR S SR B & T
IR HE R, Re =4 CO2 AR 4 E iR, CO2
THEE REAE LUAL RS2 BE AR . Dyl A e PN 5 A
[ [ 2 J97 PR B S 2, 3 A IO B R e S AL
JER AT A5 A s A0 AR 28k B A R L ) B A S A 2
LR EHARRERTE T R B A mE AR
KAdr. PrRiG. R, RN EEABY. Har,
[ A AMITFEN LA ST T 10~5 000 KW ZEpRBeqk,
SEEAEE, AR Ak S0 TREMAORTE.

phah, BEEASHHSE (DAC) B2SSIfI4Y4E
T4 5 E7F (BECCS) &M HEBE A Z R 2
KE. DAC BiAREEMNKSHHi%E COz ASZHEK
PR AT B PR, AT AR ER T S HEBOR o A
RIS o COL AR 7 B AIG (£ 0.04%), Hili4E
REFEAI A H AT iz & T 448 CCUS. BECCS AN
SATAEYIFR R CEYIRAE KSR CO)
WA AR, HI BTzl “HuRERRC , R
RSN TT T 1B K.

IS CO 125 [m) ] 43 NI F A 47 R 2K
Hodr, FIA Cutilization) 57544 CO # A A EAF L
GEERI P . WS A FAE BEIRAIEL “GE” R
PR RS R REWEDT, FIH CO. (it i
FEAE A LA P= R R SR LSS, BRI CO2 BRI
PERIWZE (CO-EOR), K CO2 VENIRGULALE
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T, FETH R R, [E DR CO BHE T
T8I, A7 (storage) NIFE¥KE CO, K HAE 2 7k AHh
AT T HFRAIE S, FERETHKE. s
TSRS . TRISOKE ) iz, BB IEX,
FE A BRBIE COL I R E k.,

3.1.2 CCUS & EHk

[ pr b O —EAREENER CCUS T H .
TR CTOFRINT TH R ABRE AN E TR
] CCUS T H , MM 100 J70ll, iHEpmAL
105 S Jt/t, B4R CO2 FI-T 70 km AR H 9%
W7, S5 E RS+ BL (Petra Nova) T H % 243k
BRI CCUS T H , 4FHiifkRe /) 140 Fimt,
L34 A Y 55~60 35 T/,

Ep, ERKSEZE. B, EETET%ES
IR EIEE, AEBCRSE . IH R VG E PR AR
5 TR A5 4 5t Je 981, FE Ry o H A 5 A -,
o E SR AR ) CCUS T H B2 | A, A
LRGP K. 10 Jimligy K DL BRI H
I 40 AN, FHodr 50 Fimige K DL BT H R 10 4,
ZNE I H IELE R B R e, i, A
RERHIEAEHIN IET&#ACET 2X1 000 MW
s FALLL 150 /5 t/a CCUS & fimit TAE, T
THE R R K AT CCUS BREAY R 1)
FrEMEDH o 7 2 AHAEITRE 300 /5 t/a CCUS 7R yE I
H—¥WTR (50 /5 t/la).

TER AR R, HE S E PR K2R
IEAEPGEGE/N, S HARCIE “H” K. B,
M EER R E N B AR, @i FIA0HT (n
PR SGR]  AHAR R GRD T2 Cngk[a]
REL BRI, HAERECTTRFEE <24 Gt
CO,0-6, g FI-F o - [ BA B & 1 FL Ak 2% CO2 Hifi4E
FAR, #EFRADEREFERE S GH AR T 13 & 1/5189,
TEEZETSHE (DAC) Sk, E 07Tt
L R o AR B35 A A A R 75 SR I 2 PRI 59T,

RLRATI SRR AT AR R =S,
T KR R LA s HEA T, 2024 4E 1 H,
[ B K e A R S 3 T AR K IR AT b B 5 oK
{458 R5E CCUS T H (20 /3 tla). FERA 7T ,
1 [ CCUS 7R 6 10 H A4 8 AR BE R AL T A 3k o 45
KT 4L T A AT ) B — 44670 5
FRASF XU, Z129 105~250 76/t CO,. T HL /74 7K
PATM S CO TR HUEUIG, AR AR =,
4399124 200~600 s/t CO, Al 305~730 Jt/t CO2, {HATY
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L AR T PRk P68l
3.2 BRI CCUS RIeIn B ¥4
3.2.1 4eAE B A ik 150 77 tla CCUS 736 TAZ

TZ I H F2 T R R A K PR A F
]~ CCUS &imfeniatiH, HABEEMME L.
THMRFC A IE T ) (2X 1000 MW IR AL
A1), HRIERISE CO.150 Jiif, HERE LR N i 7Y
PR fE . AR E N 1 S AL HEUH
o ARSI COL KK H I S A it 77 =0, @
ik T 1% A K PRI FH P e X T3k (EOR)
AT AF . 1ZI0H RIS, 3R E &
1 CCUS F=kgERE, R T LRI, L. 8%
AE M ERER .
322 ft LR =) 12 7 taCO, #HET B

ZIH A E TR AR ) CCUS HiAR K
R —> BLARR, & T 2009 AEREE, & YA -
BN PVABE R il nTu e E, HoiResirid
k10 4, CNE R LT R R KRR E 2
—. ZIWHYMEL 1 1270, B BEEA &
79000 m# Chdit Do HEZARZFFHEbRIE 2 EH i
ek, HAERERE. WIS B FEA 4R oA Y B AT
W H 2 E PR (o A FE{K 20%. 90%F1 20%) . JIT
L) CO2 2T & & S sk Tk 27 Fh R, 6
ST MR CO2s N SRIK M B E 75 T 4
N

BTzt a, Faefdl T 2021 Fx T T
FHART COL R AR » AR AR JE T8 — 40
EHAR, HIFHE CO, & MrEE NFAEIET#E A 3)
Iy E 9 E ARRITEAR, AT DA AR & A AT DR AR
FRAEARAR AT o DRI S 2 2K VR R U AT PRI
40%LA b, FEAEHGE(CE 1.998 Gt CO2. XER T
I FRAL AR BIH MK CCUS REFERIE KB 1, N
DA %6 BT B P IR UG SR AL T YA
3.2.3 fEAEFH R 2 000 ta #R B AR E R B

ZIH AR AR AR R
Erh IR T &, T 2023 RIS . R
SHEA CO RF BUEAR CGBH 3%~5%). A&
B TR RSERE AL, AHHERARIEH T A TR
TR BIPRER . 20 H R ARG T BRI B A 7L B
H 0 BT AR A R G A T2, IR A
SHLHRS. 1E 500 h Fkskfaeiaitd, Z3HE
SCHL T COL Hi L 90%. 77 i CO 1R AR 73 %




%510 ¥4

B % S ERNAURBA R R SIR . BOREE, TRESCEE ARG Y 147

KT99% (T2 BFIRIEFIERE. HEARFEHE
238 2.73 Gt COz, WRUSFIFEfEFIFE 0.45 kglt
COy, /R T 1% H EHARLERR TR N IIE
3.2.4 B &M 50 7 tla CCUS =3& H
ZWMHRES AT RRIEBIEFNH, T
2024 RIS, KRR A ERSOE R B
2k, WIS CO2 68/ 50 i, WitfiERFE<
2.4 GIItCO2. HEEI) CO2 I ZH T IRy A7 A i
T A STy gs, 2 P K AT CCUS #A
b DAL R AR I E o
325 B &KL B® T 10 7 tla M HL CCUS 7 B
KXMEH] CCUS f¥nuliE 2ENEE
10 JiMEZH R SARIKIE CO iR E, W REN Y &
H KK CO, FHF A1 CCUS &ifeliH , H
HTHEHATA, FENEERIFPISHE R 5K
R I W NZRTER Y A
3.26 f£d & %) 17 tlaCCUS 7 B

T H A E N LGS E T T BURAIERLAL CO 4
SORJERETE, 2019 455 A#™, R CHATE
W B SRt B SR BOR L T 1 73 T FURARLAL
AR ALK B 109/ 47 $R IR E) 95%, SRJEZ
R4, R A IR TRIR 26 E] 99.9%, ALEEFT
SRR AR AL B SR A R ER, =i
ik 1 I,

3.3 CCUS AR5 KEH AR RGIER 5
33.1 HAEBME

BIARIE L A% O AE TR CCUS B3R 5 H
]I RERIFAA R E . RS TR
Wk, VI AR AR R AR LR KR
REZIR, IEAERT I B REH T CO2 R45 5%, 2
SECR] BB TR T H 0 R~10 H Al X
WRIREHEFEAIZAT AR B3 G, F EIF RAKRE
FEVR AR T 2R AR A B IE T

YA BE T AN SR RE B T T 0 AT
WIRRBUESOE H TR HE . MeEifEs
IGCC RGILI R =, HRAER, HEEKR. &
SRR RE = BT CO2 U, H25 il S e
Femr, HRBAGHAR A R R,

FEIS AN B IR, IERCIEI R T “URIL I
Be” o BARREULR ) ARG A EAE (R
JFAK D BRI Canis B T EOR)D f it 53 443 1657,
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BTG IS 4 T I f LR B RS A Ty 2, (R
bR Tt E IRV EE B U, DRk, XFH
JE 121 40 53 2% A () VR A PR 5 DAk & CCUS I H mI 4T
PERIE T2 1) B B 2H 4

332 ZiFiEmuE

CCUS HE AWM B (#0544
HIZY 4 400 JG/KW) FLZE A (FERGEFEFIE
FURHRE) S FL R Ak N F 1 3 LR . 2% CCUS
s KIS HEA B HL AR (LCOED 34hm 0.1~
0.2 7T/(KW h).

P28 % T T P 5 I B R A A AR
PRSI AE . BRAE AR AR A . T ER
R M INMER CO FIH &R, Wit CO, S4EE A I
SRR, WS, SH TR EM, flEw
AMRON o X T B SRAE SIIECR S RE, A E BT I
AN B B LR 5 3 1B T I AL S0
333 RFEH, ERE

b T AR RRIR & Lt . L RGN RiE
R SR H 2 vl . (Hn3E CCUS 2 %) K HiL
HWaAT Rig AR . mHERgS (Rl
RAERGE AR R BRI, S
BEAHLALIR A7 Amr 8 1533 22 R % 40%~60%, HE LA 2
FE D PR T AT 2SR . VR, CCUS R G M nae
FEIE— B BRAK T AL A is AT I I RCR

NIEEHLA RGN, FEFRRIGEITM
CCUS #%Gt. BHIFEHLJ )5 At iy Uiy B P A e 4L
Z B, URIENLAH /75 7R ARt Bede
AR . IX FE BAH B B % A T AL SR
[ s e 7 BB R R AR B AR Clan PRk A8 T I Bf D o
OB K CCUS ML S5hgRe Rg (Wit 454,
FH it RE AR AL PO B AR 55, 1T CCUS MLAH 71 D7 5k
Ff s AT A IR HE o

4 FRERE

BEHAT b (IR AL R R T AT e I 2 42 57X
1k AR OCHE . ALARGERIR T AR B R DA
#Bhe e CCUS 3 5% AR ERAL I 1 X EE

L W et N T R A I BOR A2, B
A IR B AN BOR R P R A B e
B, G TAMBEF X, &g A
AR T AT AT ok R B B B O E R A7
FCRURE A N FH PR A% o0 22 7 P RS AE T 2E W M R




148 kAL

2026 4=

Wefifiz B, BURAMIG 5 iR ot 2 T 0 H 28
DR RIAZ O S o HRUBAL L I S A T F i A
SE~ LUFHIREHENEE, I IR HE AL B 5 IR
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e AT B BRI AR R B4R (1 R SR AR
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