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Study on VOCs emission characteristics of 400 MW opposed firing
subcritical and 1000 MW tangential firing ultra-supercritical coal-

fired units
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Abstract: In order to understand the emission characteristics of volatile organic compounds (VOCs) in the flue gas
of coal-fired units with different capacity and the control effect of air pollutant control equipment (APCDs) in
different tails on VOCs, Online and offline sampling tests were carried out at 400 MW subcritical offset
combustion unit and 1000 MW ultra-supercritical tangential combustion unit of Yunding Meizhou Bay Electric
Power Company in Fujian Province to obtain the whole-process concentrations of methane, non-methane total
hydrocarbons and other VOCs in flue gas. The results show that the total non-methane hydrocarbon concentration
before SCR of 1000 MW unit (24.66 mg/m?) is lower than that of 400 MW unit (33.36 mg/m?). This is because
the load of the 1000 MW unit and the furnace temperature are higher, and the coal stays longer in the tangential
combustion furnace than the hedge combustion, so the coal burns more thoroughly. The SCR system of the two
units can remove more than 70% of the total non-methane hydrocarbon, and the SCR removal effect of the 400
MW unit and 1000 MW unit is 88.43% and 74.32%, respectively. In the electrostatic dust removal (ESP) process,
the high voltage electrostatic field may cause the fly ash to release some VOCs, thus increasing the VOCs
concentration in the flue gas. After all APCDs, the VOCs emission concentration of 400 MW unit and 1000 MW
unit was 8.40 mg/m3 and 8.47 mg/m3, respectively, and the overall removal rate was 73.98% and 63.02%, and
almost no methane was detected. The off-line test results show that the main components of VOCs after coal
combustion in Indonesia are n-hexane, benzene series and benzaldehyde. The organic content analysis of various
solid samples (such as coal, ash, gypsum) showed that there was no obvious correlation between VOCs type and
unit size. These findings fill the gaps in coal combustion abroad and have important significance for further
understanding the impact of coal-fired power plants on air quality and optimizing the design of pollution control
equipment. In actual operation of coal-fired power plants, pollution control equipment should be optimized
according to specific conditions to achieve the maximum removal effect. At the same time, it is also necessary to
consider the unit size and operating efficiency to effectively control VOCs emissions.

Key words: volatile organic compounds; emission characteristics; indonesian coal; unit capacity; coal burning flue

gas; total non-methane hydrocarbons
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Table 1 Summary of VOCs emissions from coal-fired units
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(MW) (%) SCR#] SCRJ5 ESPHj ESPJ5 WESP R WESP )5
350 TR - - - - - - 2.20
300 TRAHE - - - - - - 0.28
600 TR - - - - - - 0.26
1000 TR - - - - - - 0.23 (2]
300 L7 ¢t - - - - - - 1.38
300 L7 ¢t - - - - - - 0.84
600 L7 ¢t - - - - - - 0.87
300 AR 100% 4.62 122 240 231 1.71 1.47 s
300 AR 50% 221 145 103 193 1.82 1.38
220 AR - 12.40  11.88 1542 13.46 - [16)
300 - - 0.25 0.10 010 0.08 0.12 0.03 Bl
300 100%  10.82 140 081 1.15 - o
300-H11 50% 8.23 093 107 088 0.34 -
2 PRIENLZEMR P R o3 BT 5
Table 2 Industrial and elemental analyses of coal
LRI (%) TAbAr T (%) I B EAR AL
R R
C H 0 N S M \% FC
(Cal/g)
E 5 5988 456 3406 121 0.26 6.58  28.06  46.29 19.07 4693
FUJedE  63.96 574 2810  1.04 1.16 14.50 386 39.5 7.4 3691
2 3 PREENLA FEARE I L AiJ5+ ESPHiJ5. WESP #ifa4t 6 My E AT 7K
Table 3 Coal consumption of coal-fired units FEMEE, AT 3R A5 Ho5 G HE R AE J2 %15 G4
HE I E A 10 2 1) BTN A LTS Bk HE I B, SRR A
UL R o B V1B o TS SR B AT LR 6% o L
” WL I AATLIN 60%. PIFPRFETT VLA
SCR il & 33.55 64.45 S STRE A R RS AL R AT, LB ke
WOMW e 1330 ool [ mﬁé)ﬁmﬁﬁf (]t 0 L (5] B AT
b WESP #i 5 33.55 64.45 AR
- ' ' 1.2.1 fE43%
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G ol 30 3 A 2 3 N 2 0 P A VR AR T
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Fig.1 system diagram and sampling position of coal-fired unit and pilot plant
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2.1 S PELRFEBIED T

400 MW JRIENLAH & 507 CHa FIIE B e ik
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¥4 33.36 mg/m?, it SCR & I FE L F# (K &
3.86 mg/m3, HLZL SCR % NMHC fiii (4 %% 5 i% %1
88.43%, XUiH] SCR & & X VOCs H & JEH RIF
() P TR B B AR o AR AR 29 320 °C 1Y A i £k
AJE, Hr ) VOCs Bl AL, B /N
HHL T EE COx A HOM, T IE 2] 1 ¥ [ B
BRI . SRT, MU E AR A A S AT
ASEF, T R RE R R BE RN, 1S
NMHC ¥ JE 53 F A2 19.60 mg/m3. BT FEH
V5 G il %, o Bh v A& 6 A A LA
Hecth B . &5k BESP J5, NMHC iK% it
—BHRTHE 26.98 mg/m3, XA KNS AE ESP )
FEIERT, CKZ B ER B HE R AR B —
5y VOCs SEREM N, £ M R4 (FGD)
Bt N WESP 2§, NMHC ¥ J¥ &k & 10.26
mg/m?, XA 0] RE S R ERTS Y % % 5 ESP 2
T P 2 R R 22 5 S D, 3R P ) TS o A1 e 75 35
53 VOCs % &%, 5 EUHA A ) NMHC % B2 FE K.
2238 WESP J5, NMHC & FE H BUAS B 8 1 PR AR,
fE WESP H H By M A o NMHC & & 5 8.40
mg/m®. TELRELIE R, AN E Y fe ik B2 4l
J90, 021, 058, 026, 0, 0.37 mg/m®, WEHK
(NS

@ gk | |® g
Hige ke
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2 r ? 2 ol N N i i
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Fig.2 Distribution of total methane and non-methane
hydrocarbon concentrations for units (a) 1# (400 MW) and (B)
3# (1000 MW)

1000 MW #A#HL4L SCR #ij i) NMHC & & H
24.66 mg/m3, Lt 400 MW HL4L[) NMHC & &%
ik, XAIHEAE 400 MW HLA N IHFLA, &A™
H, IERURBERCRAR, SEUEBBEATE, M
BIEZ 1 VOCs, KHLARIIRRSER E i, R
HEONME, 5 7 E AR VOCs BT . &t
SCR JEAE R bt a2 & EFEK A 6.247 mg/m?, XA
400 MW HLALI -SSR, RUITEIRHLALKI KA,
SCR A ] LAXS VOCs 2 2 AL S AL PR AT, BRI
KH#B7y VOCs 1) B . M EIIA ESP /il NMHC &%
& FFt, ESP R4t NMHC & & [ 5% M0 & 9 Al
400 MW HLALAH A S, 2840t WESP &, Fi
A NMHC & &4 8.47 mg/m®. M ik 4h
RO B 400 MW HLAL SCR A FHREA A AR H
e s ke 2 1000 MW HLAL & 30% 547, 400
MW #l 41 APCDs X NMHC ) & i fb &0 % h
73.98%, fa T 1000 MW HLEL[H) 63.02%.

K 4 % s AR AR R SRR
Table 4 Methane and non-methane hydrocarbon concentrations

at each point

Hbe FEF B

EX FPe o KA E

(mg/m?) (mg/m*)

1 SCR A [ 0+0 33.36+1.87

2 SCR H M 0.21+0.03 3.86+0.58

400 MW 3 ESP A 0.58£0.26  19.60+1.27
B 4 ESP i [ 0.26+0.14  26.98+3.14

5 WESP A 0+0.01 10.26+0.48

6 WESP i [ 0.37+0.17 8.68+1.37

1 SCR A 0.45£0.27  24.66+1.27

2 SCR A 0.45+0.13 6.25+0.34

1000 MW 3 ESP A 0.44£0.18  15.55£1.57
Bl 4 ESP i [ 1.2240.35  17.39+1.13

5 WESP A1 0.93+0.56 5.30+1.58

6 WESP i [ 0.68+0.48 9.12+1.22
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Fig.3 Boiler operating load curve for units (a) 1# (400 MW)
and (b) 3# (1000 MW)
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Fig.4. The curve of oxygen content and temperature of

flue gas at different sampling points
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Table 5 VOCs concentration at each point of each unit obtained by off-line method

o o IEckE ES FR V% MHZE RHZR SRR R 2% KRR
(pgm’)  (pgm’)  (pgm’)  (ugm’)  (ug/m’) (ng/m?) (gm’)  (pgm’)  (pg/m’)  (ug/m’)
SCR A 155272 48558  18.67 3.90 13.44 3.70 8.63 ND ND 248.56
SCR Hi 11 57.20 27.43 2.02 4.96 1.16 0.54 1.29 ND 8.94 89.54
:40\2] ESP AT 12030  17.00 7.83 4.07 5.53 1.62 3.08 ND ND 330.56
s ESPHIT 99340 47374 1749 4.06 535 2.82 2.59 ND 2.99 116.46
WESP A\ [ ND 34.76 23.11 332 523 333 275 ND ND 440.43
WESP i [ ND 49.38 ND ND ND ND ND ND ND 210.88
SCR A 28756 102502 2236 19.06 33.63 14.41 24.69 26.86 27240  592.86
SCRIM 19339  33.65 33.33 25.82 59.82 23.83 31.11 4094  191.10  590.92
00 psp A 35283 3.82 2.59 2.56 3.21 1.82 2.14 ND 19.74 19.31
:ﬁg ESPHiI1 83811  87.54 4.50 5.87 10.33 4.63 6.41 ND 86.04 91.67
WESP A 236.56 6.94 0.59 0.90 1.12 0.48 0.68 ND 17.79 87.09
WESP H [ ND 273.60 ND ND ND ND ND ND ND 15.2
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Fig. 5 Typical VOCs concentration distributions for (a) 400
MW and (b) 1000 MW coal-fired units and pilot platforms
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Fig. 6 Analysis results of organic matter in solid samples of
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