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Experimental study on direct coupled combustion of biomass and coal

NI Gang"?, YANG Zhangning"> ,RAN Shenming'* LI Weicheng'>,MO Chunhong"?,ZHANG Xiuchang'"

(1.Clean Combustion and Flue Gas Purification Key Laboratory of Sichuan Province,Chengdu 611731, China
2. Dongfang Boiler Group Co. ,Lid. , Zigong 643001, China)
Abstract : In order to study the influence of different blending position, proportion, primary air temperature and air rate of biomass and dif-
ferent coal blending on NO emission and combustible matter in fly ash of boiler,the thermal experiments of biomass particle blending com-
bustion was carried out based on a 50 kW downer pulverized coal test boiler. The results show that when the proportion of biomass input
heat is 6% and biomass is mixed in from different locations,NO emissions are reduced to a certain extent,and different locations have dif-
ferent rates of reduction. NO emission decreases the most when biomass is fed into the reduction zone,The decrease of bituminous coal is
23.47% ,and that of lean coal is 13.64%. After the biomass is mixed in,the flue gas temperature at the outlet of the furnace rises to varying
degrees. The biomass blended with bituminous coal should be added in the early stage of combustion,which is more conducive to the burn-
out of pulverized coal ,but the biomass blended with lean coal should be added in the later stage of combustion. When the proportion of bio-
mass blended with combustion is increased from 6% to 12% ,the reduction of NO emission increases from 23.31% to 39.5% when coupled
with bituminous coal. When coupled with lean coal combustion, the reduction of NO emission decreases from 13.61% to about 10%. When
lean coal is used as the main fuel ,the absolute value of NO decrease is higher than that of bituminous coal. The reduction of NO by differ-
ent biomass is related to the nitrogen content in biomass,and the lower the nitrogen content is, the greater the reduction of NO is. By in-
creasing the primary air temperature of biomass, the content of combustible matter in fly ash decreases from 13.88% to 7.62% ,and the pri-
mary air temperature of biomass should be increased as much as possible without affecting safety. The change of primary air rate of biomass
has little impact on combustion efficiency.
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Fig.1 Systematic diagram of a 50 kW

biomass—coal coupling test device
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Table 1 Proximate and ultimate analysis of coal samples

i TCE I/ % Tk /%
RIS AN Quet,r/ (MJ - kg™")
Car Hdl‘ Siu‘ Nur Oar Mur Vur ch. Aiu‘
SR 57.02 3.27 0.25 1.04 11.58 12.08 25.98 47.18 14.76 21.62
TR 51.10 2.04 1.89 0.63 2.92 3.48 8.83 49.75 37.94 19.43
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Table 2 Proximate and ultimate analysis of biomass

TCE T/ % Tk 57/ %
TR0 A Quet,or” (M = kg™)
H, Sar Ny, 0, M Vad FC, A
Ak 45.85 5.41 0.04 0.66 39.01 6.42 76.55 16.40 0.63 16.76
IKAE 38.52 4.71 0.17 0.90 36.20 8.28 64.90 15.60 11.22 15.30
INFE 40.07 4.76 0.18 0.54 36.36 8.54 64.95 16.96 9.55 14.63
e 39.20 4.65 0.20 1.28 34.88 9.39 64.54 15.67 10.40 14.51
E N 41.00 4.78 0.17 0.92 37.54 8.47 68.19 16.22 7.12 15.23
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Fig.5 Effect of different coupled combustion of

biomass on reduction rate of NO emission
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L 7 AT AR T — IR KR A 339% Tt 31| 66%
Ji 4 T CO B, #RTE 40x 107 LA T 5 Bl 25 Fic X
4, NO M 235.4 mg/Nm* JI % 246.9 mg/Nm” , 1415
BN TR AT IR A AEAS T B, AT R AR TR — R
TRV 2 1o T 2 8 o 3 X 3 S B ) I 2 PR AT
I TR DX A0 A i A RE A 9 52 N7 3 R 4 B P
ARk, AW TR A 43 1A SN R AT AR T X
P NO I JEACREI 55, HE AR LAY o — IR KR X R
PRE R AR
2.7 AEEHR—EREIT NO K5 R H#NE

AP T — O KRB, 5 5 b D NO
CO HEFCRF 1 B C R nT IR P i A b, 1R HCR =
2.8% PR NG AAE , — R KR A 30,50 #1170 °C
BF,NO BRI RCR anEl 8 s .

~ 500} @ — 115
£ NO N
Zo g 400+ 112
2 300} 19 ;%
BE L, KA | &
2 O T =
o) I 1. X
S 0o -/.{. 3 5
O 1 1 1 0

40 60 80
B RE S — OXR/C
B8 — R RUIR X MR B i %
Fig.8 Effect of primary air temperature of biomass on combustion

202

F L 8 WIHT, B 5 A= o — U XU 30 C T
70 CJ&,CO F e ik, 76 180x 10 LU T ; iE A W)
Jr— R AR TR, NO AR {E AN B 8 35 7E 500 mg/Nm’
LA AHRGR TG SR AT R & s BRI B ., DA
13.88% % 2 7.62% ., — WX T 55 2 70 °C Xf A=
YR R AR 0N | 7 BB R A AR A3 /N, BT LA
X NO MR, T KUk BEHE & A= 10 R e DX 3
B IR i R T A A I R 1 b2 S T
JE, 55 AR A TR JR X 6 A I X3 R R
BER R, AR I g T DXOR e R v A R T
BRI BB RO M BRI A BTN R A N 52 i
LA OLT , AW Tk be e R 2 3 s — R
2.8 HEWRBANESEERNEN

FEYERE AT |G RS KRR (117 L
T, AN Bhe Y i R A A W R RIB R e b
Ji AR I DX AR I 5 e AR AN 1 9 TR

1 400f RPHREEC B

1200}
1 000 F

800 & R Ik H 1A
._"’__.___.———0——4’

eo0r

0L S R
WP BT B2l B3 BN BT
B9 A B GE A
Fig.9 Effect of burning positions on flue gas temperature

I 1] 9 AT AT A L alibe i 100 , SRR AR iy
JhtJoR e DX 3 LA R b it b T 0% L R #R A AS T e B
T, D PR SR AR IR B T A= ) B & A BV AT By
HFRBE , B iR T A B R AR s T
RS , B TS . I 6 Al g, A B
BJE K T BRI 35 Hh IA R 78 B2 B AR ; Bl 5 A ) Jox
AN E [T A8l Sk be DX R b b b 10 R T
R BE K R TR R R A b AR f I A
P Je A 4 T A e JR R AR X A e i)
PRV A, i 3 w2 WO AR R S
B, QK e i fe 1K

M 2.5 AT, AR A o A K L 45 b
J& B NO HEBOR R R BERE AR, X AT g2 i TAEW)
JEABBEE | I i A o DX Sk A= B2 v, Al 9 BT
7, MR T R e DX 3k i A IR E T 18 ~ 26
C,FE T IR be X R E E T 0~32 C e s
Ky BREr RIS, A R TR N = A2 NO FEJR R
i DI F R, 73 I X A R I, e 20 b
FNO HERFEAL

P R EE/C




i WIS AR o S A B S e IR 5

www.chinacaj.net

2021 455 3

3 &

1) AN NO HERCIE L, A0 0 5 BRI 5 o6
BRPE AL AL B IR R, I T80 NO i R e
K, KRR IR 23.47% , FURREIE A 13.64% , MR
RAREF TR A 5T B MR BERT T A ; XF
TR A B E N BRESE A

) W FB R LI N 6% 1R 5 = 12% )5, 51
SRR G RAREET  NO HE IR A 23.31%3 2 39.5%;
SRR A IR e nE, NO - HE I R i A8 £E AN B &, A
13.61% FFE2 10% 47,

3) BEEARFRAEYFXT NO FEIEARE,NO [R5
AP R ARG A IR, NO FRIR AR,

4) B A ) — R XU , RO T SR ) A AT B
B30 CFHE 70 °C B, KK AW A RO
13.88% % 2 7.62% , B AE AW Ky RG L 41
TEOLT AW TR e S i — R KR

£ % 3L # ( References) :

(1] Hp¥ate PR, skar, 46 AR BURE A Do T RE IR A I T B 23

Brid] . EIRBH 2 B2 i ( AR B AR , 2015, 17 (1) :
102-105.
YANG Yanhua, TANG Qingfei,ZHANG Li,et al. Present applica-
tion status analysis on the new energy of biomass[ J].Journal of
Chongqing University of Science and Technology ( Natural Sciences
Edition) ,2015,17(1) :102-105.

(2] L7 mg, sk ol AR 9 B ne I % J BRIl [ 1] Al

RGBT, 2013,32(1) :20-22.
MA Guangpeng, ZHANG Ying. Discussions on current situation
and problems of biomass energy development in China[ J].Manage-
ment of Agricultural Science and Technology, 2013, 32 (1)
20-22.

[3] A, skas 3, LR 2R, 55, A9 BT Re I & R i M O % Jre 22

[J]ARBUEBFFE ,2013(3) :7-11.
WEI Wei,ZHANG Xukun,ZHU Shusen, et al. The overview and
prospect in biomass energy exploitation and utilization in China
[J].Journal of Agricultural Mechanization Research, 2013 (3):
7-11.

(4] &Y EEMRPR WHARKIRR[I]. R EIRR,
2015,31(1) :50-52.

JIN Shan.Exploration of biomass direct combustion technology[ ] ].

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Electric Power Technology and Environmental Protection,2015,31
(1):50-52.
FUER, BB % ANV B B ERBE R[] LRt
$7,2014,29(3) ;:59-61.
JI Jiarong, WANG Yunjun. Review of the research progress of bio-
mass power generation technology foreign countries| J ].Shanxi Sci-
ence and Technology,2014,29(3) :59-61.
FE—R, T2, SRR, 45 Rl 7 5 A AR B IR AR R A 5T
[J]. 41 % H,2016,45(8) :6-13.
DU Yifan, YU Dunxi, WU Jianqun, et al.Co—combustion character-
istics of rice husk and different coals[ J].Thermal Power Genera-
tion,2016,45(8) :6-13.
PRIV Eoel, T2, 55 IR B bt Y BU 22 5 1 4y
BELT]. #41% H,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.
HIGGINS B,YAN L,GADALLA H,et al. Biomass co—firing retro-
fit with ROFA for NO, reduction.[ J]. Polish Journal of Environ-
mental Studies,2010,19(6) :1185-1197.
SAVOLAINEN K. Co—firing of biomass in coal~-fired utility boilers
[J]. Applied Energy,2003,74(3) :369-381.
GOLD B A, TILLMAN D A. Wood cofiring evaluation at TVA
power plants[ J]. Biomass & Bioenergy,1996,10(2) :71-78.
HAEG, B, XIS, 5. AW 0 5 MR S R R e o
K NO BIWIHERCR R [ C 1/t EE S E S8 L T AR (L )
O A SR AR S R P L TR 42013,
20-27.
MOLCAN P,LU G,BRIS T L,et al. Characterisation of biomass
and coal co—firing on a 3 MW Combustion Test Facility using
flame imaging and gas/ash sampling techniques[ J]. Fuel,2009,
88(12) :2328-23347.
FERRR XA, 2505, 45 AR ORI e e 1 43 1T 5 o
FLCT//PEST TR Ll & 25 Z e R %L
Tz IR P E S ) AR 22 ,2006:61-64.
R Y BUR MR B RRTE SE g K B )2 F5E [ D]
AU AEAb AL R, 2013 18-28.
LU Guangwu. Experimental and kinetics study on combus-
tion characteristics of biomass blend with coal[ D]. Beijing: North
China Electric Power University,2013;18-28.
BAZTE. Y B RE I M X A A S F R R RV [ D] 22
M 22K ,2013:1-20.
HE Renfei. Geographical distribution of biomass energy and
access on its development and utilization in China[ D ].Lanzhou:

Lanzhou University,2013;1-20.

203





