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Abstract: [Objective] To achieve low-carbon and clean combustion in large-scale coal-fired power plant boilers,
this paper takes methanol as an alternative fuel and conducts numerical simulation on methanol co-firing in a
660 MW supercritical tangentially-fired coal-fired boiler. [Methods] A comprehensive numerical simulation method
was adopted to systematically investigate the influence of different methanol blending ratios and injection positions
on the combustion and emission performance of the boiler. Specifically, the methanol blending ratio was set in the
range of 0~30% (with 0 as the pure coal combustion reference group), and multiple typical injection positions (lower
layer, middle layer, upper layer) were selected along the height of the furnace to simulate the co-combustion process.
The simulation focused on analyzing the changes of in-furnace combustion characteristics (including furnace
temperature distribution and burnout rate), flue gas component distribution (including the content of H,O, CO and
C0y), and pollutant emission characteristics (including NO and CH0). [Results] The overall furnace temperature
decreases with the increase of the co-firing ratio due to the combined effects of the high latent heat of vaporization
of methanol and the increased specific heat capacity of the flue gas caused by water vapor in the combustion
products. Specifically, the temperature drops by 96 K at a 30% co-firing ratio, resulting in delayed ignition of
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pulverized coal, insufficient combustion, and a decrease in burnout rate. NO emissions are significantly reduced
owing to the nitrogen-free nature of methanol and its inhibitory effect on thermal NO. Methanol combustion
produces a small amount of formaldehyde (CH20), an unconventional pollutant. As the methanol injection position
moves upward, methanol comes into full contact with oxygen, leading to more complete combustion, and the
combustion center is concentrated in the main combustion zone. The temperature in the primary combustion zone
rises by approximately 81 K, while the temperature in the overfire air zone decreases by about 70 K. Concurrently,
the strong reducing zone in the upper part of the main combustion zone leads to a significant decrease in the outlet
mass concentrations of NO and CHzO. [Conclusion] Considering both combustion and emission characteristics,
15% is identified as the optimal co-firing ratio. At this ratio, the burnout rate is 97.51%, the outlet NO mass
concentration decreases from 270.6 mg/md to 216.5 mg/m? (a 20% reduction), the peak CH,O mass concentration
is 1.34 mg/m? with an outlet mass concentration of 1.95X 104 mg/m3. Injecting methanol at the upper oil nozzle is
the optimal configuration, where the burnout rate is 97.52%, the NO outlet mass concentration is 199.96 mg/m?, the

peak CH2O mass concentration is 2.13 mg/m?, and the outlet mass concentration is 1.2X10-* mg/md,
Key words: coal-fired boiler; methanol; blending ratio; injection position; numerical simulation
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Fig.1 Schematic diagram of the methanol co-firing positions
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Tab.1 Ultimate analysis of the design coal and methanol

Cal% Harl% Ourl% Nar/% Sarl% Qnetar/ (MJ kg
BT 52.19 3.39 5.80 0.90 2.10 20.15
FH i 3750 12.50 50.00 0 0 19.60

1.4 fREHEEL

PRI R K 2 B E RS TR, A
Kt Fluent B00F 52 R BRI KRR A R B
RS 2= SRl i se &l AR B, SR Realizable
k-& FEBIXHAR P R P AT U AL 7100, 3
FARR A~ bk B E o0 A AR HEAT Ab 30T, SR A
P1 AEEHRAL, RERS LB AEREAT BER AR I TR 1)
H,0H.0, CH.0

OH+M
. \/OHHVI

CH,OHH— CH,0H—> CH,0H
/ AN

CH,0H

CH,OH

LHO
O

HUE TS, BB R AR U RE 38 4 [
PR, ASAHHRBE R TR 4L e A R v (AT R
HARIRBEAARL, SRR BOR I 3 71 -3 Bk e
B, T H ARG I R AR K& CHR0 HZE L,
NWEFER I B 1 CH20 FOHESCRFE , 1 Li HLERR2,
ZHLELRE W IR CHLO ZEFiiisAe. B 5 NI T
HEIRBE L FIFRE o

0.+M

H
OH OH O, OH

CH O L~ CH,0— HCO— —— CO—— CO,

H CH OH M\

HCO

0O

O (0] 0 [0}
&\/Na&\/\]i\\ H&%éNQN)L JI\ aé—vN N NO,
H H,
) )

H, 0 HO,

N—N
HO, H,O HO, Hy HO,

5 FREFIELNE (LPRIR R R AS
Fig.5 Flow chart of the methanol detailed oxidation and combustion reactions

ZALH %0 B R TR U R MR CH0
AR R AR, HR D R o AR M U N B A
CH20, Bl T #5570 | M. 13 35 4 /122 54
TERAC Fluent FCEF AT PR 2 Ak SR AY 45 2 97 K fift
o ERUESRIE S, FFR A s, K Li HLEE
S A S SRR N TR RS, W
A BRI AT [ N T, [FIE TS iR FE AR A DL
FHE i I VR 5 0 S S [ REIA, SE IR B 5 VR4
A2 RN R B o I E U S
SRR FARHO AR T, IS IR
RS WSS, T SEEUN B e 4
REFE K CHLO i B B 1) B TN
1.5 {RBIIE

N IGAEAS Y (e, SRR R KRS R T
L (BMCR) HEATHUEAAN, sEprit B 5%
BRI AR EL e 2 FioR. i R . &
AIRPE . NO BRI HIXHR ZE I 1E 5% LA, 9]
T BRSBTS R A A B, A
oLt R B A B = e

* 2 IRMTEERSEMERL
Tab.2 Comparison between the actual calculated results
and the simulated results

http://rlfd.cbpt.cnki.net

i i i NO HFIBHR EE(6% O2)/
3 Q% IRIRIK (mg m)
SEBRIZATSHL 3.60 1304.00 263.58
EAUIEET YRS 3.65 1320.19 270.60
X IRZE% 1.39 1.24 2.66
ERS 5
2.1 BB REL BIRY 2N

211 TR E

FH T FE I R RER A R T ) T e B R
AN, B € L) B T AR i R A
HHwE, BESHNnE 3 fis. £ AB. CD. EF
J2 TR S 1S S5 M N HR I, 3 I A e A T
L ARIESER 5 R W B — B YRR A
WIAHHIR N, BN EEAL B 1) RO NG K, B
TRUE FH IR AR o
2.1.2 FEEH L LA S R B AR 1 69 B vh

Bl LIS IR 73 AT 2 a1 6 Fios o




156 kAL R

2026 4=

F 3 TEHSKREL IR & 54
Tab.3 Boundary condition parameters of different blending

ratios

I — IR — WA PR R
0 0 25.30 53.70 58.80
5% 16.65 24.25 52.79 57.30
10% 33.30 23.20 51.88 55.80
15% 49.95 22.15 50.97 54.30
20% 66.60 21.10 50.06 52.80
25% 83.25 20.05 49.15 51.30
30% 99.90 19.00 48.24 49.80
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Tab.4 Boundary condition parameters of different injection positions
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Fig.12 Effect of injection position on temperature distribution
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