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Biomass Co-firing in Coal-fired Power Plants: Review of Technologies
for Carbon Reduction and Synergistic Pollution Control

Ye Xin' Wei Zijie' Wang Bingxin' Zhang Gejun' Hu Yongfei' Li Jingyuan' Zhou Peng' Yang Hongling’
(1. Longyuan ( Beijing) Carbon Asset Management Technology Co. , Lid. , Betjing 100034, China
2. College of Chemical Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract. Biomass co-firing has emerged as one of the most technically mature and industrially viable
pathways for decarbonizing coal-fired power generation while enabling the large-scale utilization of
agricultural and forestry residues. It followed a coherent logic of fossil carbon substitution, synergistic
pollutant control, biogenic carbon removal, and carbon chemical conversion. Three biomass co-firing
configurations, including direct, indirect and parallel coupling were systematically examined, and their
technical characteristics, operational applicability, and deployment boundaries were compared. The
mechanisms by which biomass co-firing affected slagging and fouling, high-temperature corrosion, and
combustion efficiency were analyzed, and the synergistic mitigation of SO,, NO_, particulate matter, and
heavy metal emissions was evaluated. Particular emphasis was placed on recent advances in integrating
biomass co-firing with carbon capture, utilization and storage ( CCUS) to establish bioenergy with carbon
capture and storage (BECCS), as well as on emerging strategies for the CO, valorization of co-firing fly
ash. A comparative analysis of policy frameworks in the European Union, the United Kingdom, the
United States, Japan, and China was further conducted to identify opportunities and challenges pertinent
to large-scale deployment in the Chinese context. The findings indicated that biomass co-firing was
evolving from a fuel substitution strategy toward an integrated technological platform capable of delivering
low-, near-zero-, and even negative-carbon electricity generation. Future research should prioritize
sustainable biomass supply chains, safe operation at high co-firing ratios, system-level integration of
BECCS, and high-value utilization of co-combustion by-products.
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Fig. 1 Schematic of three main technical approaches for co-firing biomass in coal-fired power units

KLIB R LIS , I 58 TR 43 LA 1) 26 A W) BTk HL B
R PR Avedgre HL G L fi 22 Amer Hi 3 [R] B R
T 2t AR . 3 [k A5 5 i (0 % J A ') 2005
AR 12 J AR SR B H 7 A E bR B
SR, 2018 4£9 H L AEHLFEH 10. 8 MW A=)
B G 6 SHLA ™, U E N AR — A M E
TR SRR A R TR 2022 4E B fiE
HRH) 68 )7 T IHLAF &Y FUs i B idis
PRy, BT A W I & 45 i 34 MW, 2024 4% 8
A E ) A T B R A 2 S, B R L
13.45% , )52 47 70 Py 52k 4t 2 x 660 MW AL
bSO A R Ak H AR A B, A A B AL AT
SEIR 30 v/h AR ORI B (6 N T 48 8 HE 2
20% ) ,AFE4542 5. 37 x10° t JfHE CO, 29 7.7 x10° t,
1.2 EEBEBERAR

Wi & 58 L4, ARG R S R ek R
Pete e e H £5 58 h, R B R 32 B Gk,
V) 220 5 P 0 2 A 0 T S 0% 0 T S B B Ak 2 e
b, 38 H R AL T OB A ) B % 4k LA CO JH, Al
CH, 2 FE AT R SR, Ak 5 36 A8 b 8 A0 40
FERY o AW TR B K 5y RN R 43 B 4 JE AR A R
B 3 AR G v R KR

B 110 A ) o 4R A LL 615 7 ] 3k 20% ~
50% &4 et RGBT 60%  EH TG,
ZH AR AT K AL AR S is AT R, OF
2% Lahti B, faf 22 Buggenum Hi, ] Fi B Virnamo I
HIS TR T Y B AR A & R . Fan 250
L S SRS G R SE TN R A IR A ) < Ak

A 660 MW S5 HILA Y M RE, 25 SR R AR
M 4 000 kPa F+Z 8 000 kPa Kt 5% 4 HE M 1 B (44
132°C ) 5808 (24 92. 68% ) A8 fb B 48, Jn & S 4k
AT B Fe 7 36 4R 0 B g I R R T XU
20% SALKE A8 B I B A PR B 93, 66% BE &
91.64% , i i iz 47 7T {f HL 4 4F & L A BE AR
57.6 J1KIC. [E N 32 B I H AR AL B AR Y R
5.14 x 10" t,4F B L 5.9 x 107 kW -h, 5 kR4 2
1.8 x10* t, )8 HE CO, %5 5 x10* t,

ZHEARMARTE T, S R G A8 g A AL
1o s RN AE U SR AR 2 R gk oE is 17 s Rkt
FRAFAERE 0L | 52 ) B 03 5 2R W B RORHEE 25 A8
R, M AL B R
1.3 HEBEBERA

FEIRAE A AE R T X P B A S X 8
ST AR W S SR, 8 A 28 VR R R R
ML MR EE ML R G 82 o % BRI 48 10 A% 0 REAIE
TETHY MR R G5 R o 2 i, =3
& AT BT AU 28 R T A 2R W] 1 HOK R B
A=W S B b P A ) 2 TR BRI OB 6 A TR B ML A
Ty, ] 55 0% B 28 VROR A 3 R 3K 2 1] R AL
R HBAy I Z AR W B AR P R P 45 K I A4 B
TR ZE VR A AT 55, R 8 50 e Dl 71 53 28 03 Y i 4
B ERS TR,

5 RS MR A A L, JF IR A ) B K
PEAAE T AKX AT SRR R = A AT Ao g ), A=) I
R B 4 LSS R Tk 2 o A ST A A W SR R
PR, AN S i A BRI B b Y A2 R H R G0, AR AR



%21

MRS BEERBLAL AR W BB R R A5 R T RS P [ B AR B 5 U 27

kb T AR e A R A i BRI R i S ik
SETRERAE 2 R AR B A B
AN 32 RS R Je A5 F A0 BRU AR, AT R i X s U A
SR 0 R PR R RE ] T AR RS B
Fm LB A S5 o ZHR C A LR X AR5 7
AR T o FHZE Studstrup HLJ 3 S HL4L (362 MW)
T 2016 4F- 58 B\ KR KR 2 A I8 00 1 R R} | HE A=
VB Roe R 55 5 R AT AL 48 BT 3K a2 A1 2R A
AN FHEZ 2 A B E B s T DL S H AR 3 43 SR AL
IR R I BRAR A B X, R 1 15 R J5 50k B A% b
A% 35 W 3 AT B AL AR W T K HL

IEIR A G 0 Jg BR P () R I . 5 T R
AW AR R B R G RN B B, B AT
EETHEMAG TG ERPHERSHER SR
AVREHLILH , REEMNE R ER m I H &0
JEE AR IX 358 A= 0y T 9 R 1) T AR AR P R AR AR
R T 3E T AR ) B R R 7R R HLGA
SR HG B A A A AR b X
1.4 3 FEARELEEDLE

3 PP ROR BE LR AE MU B A B ) I
PR L Bk )00 R R Lk Ak BRI AE AE W
(F1)omnmml

®1 3MENRBREABEEAILER

Tab.1 Comprehensive comparison of three biomass co-firing technology routes
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Tab.2 Comparison of fuel properties of typical biomass and bituminous coal
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Tab.3 Trends in emissions of key pollutants at different blending ratios
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Tab.4 Comparison of economic viability of

different technical approaches
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Tab.S5 Comparison of technical and economic parameters in typical BECCS case studies
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Tab.6 Comparison of composition of pure coal fly

ash, biomass fly ash and co-firing fly ash
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Fig.2 Integrated effects and technological evolution path of biomass co-firing in coal-fired power units
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