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Abstract: As a zero-carbon fuel, biomass energy plays an important role in China’s energy transition and “carbon
neutrality” strategy. Experimental investigation was conducted on straw co-firing based on a supercritical 660 MW
unit once through swing tangentially-fired boiler, and the effects of biomass mixing ratio on combustion
characteristics, unburned carbon in fly ash, boiler efficiency and cement characteristics were studied. The results
showed that, without adding new device, the biomass could be grinded well with the original F-layer pulverizing
system and then sent to the burners at the top layer. At 600 MW and 500 MW, when the biomass mixing mass ratio
was 11.8%~19.7% (quantity of 30, 40, 50 t/h), normal ignition and stable combustion were observed in the furnace,
and no advance ignition was detected. The temperature change of flue gas at outlet of the furnace did not exceed
30 °C. The boiler efficiency maintained at 93.9%~94.1%, and the influence of biomass co-firing on NOy and SO,
can be ignored. After biomass co-firing, the 28-day strength activity index of the fly ash was higher than 75%, and
other indicators like stability, water demand, specific surface area, stability and bending strength met the standards
of building materials.
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Tab.1 Experimental condition for biomass co-firing
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Tab.2 Proximate analysis of the coal

W(M)arl%  W(A)l%  W(\V)aadl%  W(S)arl% ARA K BE/(MI kg L)
17.50 18.25 38.26 0.17 19.04
3 EMRILSH
Tab.3 Proximate analysis of the biomass
WM)arl%  W(A)/%  W(M)aad%  W(S)al% ALK Fi/(MI kg
25.10 26.15 60.60 0.26 11.17
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Fig.1 Pictures of the biomass
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Fig.2 Combustion flame of the biomass fired at burner in F layer
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Fig.3 Effect of the biomass feed rate on flue gas
temperature at the furnace outlet
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Fig.4 Effect of the biomass feed rate on furnace
temperature distribution
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Tab.4 Effect of the biomass feed rate on flue gas
temperature at the inlet of air preheater
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Fig.5 Effects of biomass feed rate on emission of NOx and SO2
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Fig.6 Effect of primary air in F layer on furnace
temperature distribution at 500 MW
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Fig.7 Effect of primary air in F layer on flue gas
temperature and pollutants emission
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Tab.5 Effect of biomass feed rate on unburned carbon mass fraction in fly ash and slag
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Fig.8 Effect of biomass feed rate on boiler thermal efficiency
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Tab.6 Test results for the gel sand samples produced by fly
ash at 500 MW
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Tab.7 Test results for the gel sand samples produced by fly
ash at 600 MW

600 MW A=)l #5be i/ (t hY)

K24
30 40 40* 50 0
K RELEL/% <941 <92 <948 <937 <921

L% 5.4 5.1 5.2 5.0 51
ik 24.8 24.7 25.2 26.3 24.7
L% 6.4 6.4 6.6 6.8 6.5
Pk 30.3 30.2 30.9 31.2 305
25 Himm <10 <10 <10 <10 <20
LR A (m? kgt 738 726 736 730 750
>633 =630 =643 =671 =630
=773 =771 =779 =795 =719
e *A/N—IRRE T

34 it

7d 3% /MPa

28d 3% /MPa

iE %

1) ASCAE 660 MW RIEHLLTIE (F 2D #Rke
BB, o0 T A B EE R B
PEL BRIPRCR S T R HE BN R K VR T I 5
Wi o A4 T E JRIEEATLZEL 1) o L R s B L |
BEGISOR B, HEN RARBITIES, BEEYET
HLUL A, Hp B AR A A 4 M 2 R A ) o 1
il £FXF 660 MW HLAL, BEHIAEDD R RN, %
HIER AL O XKER AN 150 C, HH KR 50 C
FA, —IRNE 85th, Ak EA T 50th
(B 19.7%).

2) FEWRAB IS, W AT AR RR IR A KRR E
BRI, I HE I AR AN R, W AR

http://rlfd.tpri.com.cn

FHRIRRTIG « VTSR i i E R E 2
M/, 7E 600, 500 MW i S AN B A9 $5)e 2
T, WP H CEAIR R R 30 C. Bleds
VI AT G S S AR N RSB A K. 5
BAEVIE, BRI TERE R, W IR a4
{R¥FFAE 93.9%~94.1%, HIBEAEYTF NOx SO
HETBCER 152 LA

3) WS Ry B IK PR AR 1 A 72 AR 5 o
28 KRB IHTEFEBAE 7T5% LA b, HamtE. 22wtk
TKE. LRI Pryrom eSS s b B & &
B M bR AE

(& % 3 k]

(1] EWEE, R AW REA I HOR 5 BRI AL 4RE ).
[ AE Y5, 2018, 40(6): 16-20.

YUAN Jingzhu, ZHU Tong. A review of biomass energy
utilization technologies and policies[J]. Energy of China,
2018, 40(6): 16-20.

(2] Skede, FEE, EME, & EYBEEHT IR KR
KK FEAIK[I]. P E BB, 2019, 34(4): 434-442.
MA Longlong, TANG Zhihua, WANG Congwei, et al.
Research status and future development strategy of
biomass energy[J]. Bulletin of the Chinese Academy of
Sciences, 2019, 34(4): 434-442.

(3] ®Ebe, i), i AV R HEORTEAE b 1
MR ITRERELD]. T FRAEREIR, 2021, 39(8): 1007-1012.
YANG Wolong, NI Yu, CAO Long. Progress of biomass
direct co-firing for coal-fired boilers[J]. Renewable
Energy Resources, 2021, 39(8): 1007-1012.

(4] XUZA, EH#, RS, 55 KRB el Bk
FLED BT FCREREL]. RO, 2019, 25(5): 17-23.
LIU Jiali, WANG Zhichao, DENG Fengjiao, et al.
Research progress on direct blending biomass in
pulverized coal fired boilers of large power plants[J].
Clean Coal Technology, 2019, 25(5): 17-23.

[5] MADANAYAKE B N, GAN S, EASTWICK C, et al.
Biomass as an energy source in coal co-firing and its
feasibility enhancement via pre-treatment techniques[J].
Fuel Processing Technology, 2017, 159: 287-305.

[6] RONIMS,CHOWDHURY S, MAMUN S, et al. Biomass
co-firing technology with policies, challenges, and
opportunities: a global review[J]. Renewable and
Sustainable Energy Reviews, 2017, 78: 1089-1101.

[7] VERMA M, LOHA C, SINHA A N, et al. Drying of
biomass for utilising in co-firing with coal and its impact
on environment: a review[J]. Renewable and Sustainable
Energy Reviews, 2017, 71: 732-741.

(8] ki, &uul. TCMIKEIS be AW MR o8 7= o HE TS e
PE[I]. #77Kk H, 2014, 43(9): 92-95.

ZHANG Chao, LU Guangwu. Emission characteristics of
anthracite co-fired with biomass[J]. Thermal Power
Generation, 2014, 43(9): 92-95.

(91 MEbJe, fide, . MR bl A Y e B & A ke
REBHE ARG ILLER[I]. HAITKH, 2021, 50(2): 18-25.
YANG Wolong, NI Yu, LEI Hong. Biomass direct coupled
combustion power generation technology for coal fired
power station: a review[J]. Thermal Power Generation,
2021, 50(2): 18-25.




54 HES 5 Bhe st 660 MW BN S 52 5 29
[10] £, X, TURMS, 5 MOUENLALR I EEAh & (17] [E4E", 2ehsy, &V, 55 300 MW SRR 1715 be

[11]

[12]

[13]

[14]

[15]

[16]

AW 5 R RN AL A B MR AF (9], # R HRL, 2021,
50(12): 80-91.

WANG Yikun, DENG Lei, JIA Zhaopeng, et al. Study on
the influence of large-scale direct coupled biomass power
generation coal-fired units[J]. Thermal Power Generation,
2021, 50(12): 80-91.

BVFE, NG, K, 55 ARFEB RIS Bt
WRRGES 1T #ITKH, 2019, 48(10): 92-96.
LU Xuao, SUN Lei, LI Yonghua, et al. Thermodynamic
analysis of co-combustion system of biomass and coal
with different blending ratios[J]. Thermal Power
Generation, 2019, 48(10): 92-96.

e, Wi, ki, & VIS KRR KK
R TR IE]. 0K H, 2019, 48(12): 31-37.
JING Xinjing, CHEN Yun, ZHANG Hailong, et al.
Biomass coupled power generation technology and power
generation calculation methods[J]. Thermal Power
Generation, 2019, 48(12): 31-37.

B, TR, PMIS, & AW S SRS R K
FERbRERITFE[3]. #AJ0 KA, 2011, 40(10): 8-12.

HU Yunpeng, CHENG Shiging, SUN Peng, et al. Study on
fusion behavior of ash from mixedly burning biomass with
coal[J]. Thermal Power Generation, 2011, 40(10): 8-12.
HEE, YT, B, 5 IR B b Y i
I R BRI (VT [0]. #4J%H, 2010, 39(3): 45.
DONG Jinglan, YAN Weiping, LI Jun, et al. Calculation
of theoretical combustion temperature for biomass co-
firing with coal in power station[J]. Thermal Power
Generation, 2010, 39(3): 45.

Writer, &b, T8F5, & MEE B b L
LUFIE T[], TR, 2013, 42(12): 40-44.

CHEN Haiping, LU Guangwu, YU Xinwei, et al.
Economic analysis of co-combustion biomass in a coal-
fired boiler[J]. Thermal Power Generation, 2013, 42(12):
40-44.

MV, T, BHRE, 5 300 MW HLALS B A
AR WL RTAT PERF AL[D]. ek R AR, 2019,
35(4): 11-14.

SUN Wei, WANG Yan, JIE Qiliang, et al. Feasibility study
of coal-biomass fired boiler for 300MW unit[J]. Power
System Engineering, 2019, 35(4): 11-14.

[18]

[19]

[20]

[21]

http://rlfd.tpri.com.cn

T 52 X 43 07 280 ¥ F B AT (D). REUE L AR
2009(4): 8-12.

YAN Weiping, AN Jingxue, LU Xuao, et al. Calculation
and analysis of the influence of 300 MW power boiler co-
firing rice hull and coal on the boiler thermal efficiency[J].
Energy Engineering, 2009(4): 8-12.

TR, REME, GFEE, 25 660 MW HLAER RS
BEAE W) R B EE B [I/OL]. VE AR 1-11[2021-
11-16].  https://t.cnki.net/kems/detail?v=3uoqlhG8C46
NmWw7YpESKHTPvOGruOOgX1coEOzL8AHS8K6Yg
8AZbu5ZANLJIeWjEOy7DV-oNBcs115ggNMzrcjEwlz)
DWurv&uniplatform=NZKPT&uid=WEEVREcwSIJHSI
dSdmVgMDh6cEFHWWgObGFKYzN6eEK3STFgZnJPe
Eticz0=$9A4hF_YAuvQ50bgVAgNKPCY cEjKenswW41Q
MovwHtwkF4VYPoHbKxJw!!.

WANG Jun, LONG Shenwei, MA Tongsheng, et al.
Numerical simulation on co-firing characteristics of coal
and biomass in a 660 MW boiler[J/OL]. Clean Coal
Technology: 1-11[2021-11-16]. https://t.cnki.net/kems/
detail?v=3uoqlhG8C46 NmMWw7YpESKHTPvOGruOO
gX1coEOzL8AH8k6yg _8AZbu5ZANLJIeW]EOY7DV-0N
Bcs1I5ggNMzrcjEwlzIDWurv&uniplatform=NZKPT&
uid=WEEVREcwSIJHSIdSdmVVgMDh6cEFHWWgObGF
KYzN6eEK3STFqZnJPeEticz0=$9A4hF_YAuvQ5obhgVA
gNKPCY cEjKensW4l1QMovwHtwkF4VYPoHbKxJw!!.
LR, SRV B R G5 R v R K e sl
AR SEIRRTFE[D]. AUN: WL K2, 2018: 5-6.

MA  Weichen. Experimental investigation on ash
deposition and ash sintering behavior during co-
combustion of coal and biomass[D]. Hangzhou: Zhejiang
University, 2018: 5-6.

N, BET, R, & BV SREEE SR
IR FL[]. B, 2021, 27(3): 198-203.

NI Gang, YANG Zhangning, RAN Shenming, et al.
Experimental study on direct coupled combustion of
biomass and coal[J]. Clean Coal Technology, 2021, 27(3):
198-203.

WANG X, TAN H, NIU Y, et al. Experimental investi-
gation on biomass co-firing in a 300 MW pulverized coal-
fired utility furnace in China[J]. Proceedings of the
Combustion Institute, 2011, 33(2): 2725-2733.

(GUEHE HEE)




