X
Gﬁinré wok o fe s 941 B 8 W 20224 8 f

Eco-Environmental ENVIRONMENTAL CHEMISTRY Vol.41,No.8  August 2022
Knowledge Web

DOI1:10.7524/j.issn.0254-6108.2021041702

FUME, BAIG, HBEs, 55 ZRURMER T 25105 K D s O B R 240 (1], SR, 2022, 41(8): 2606-2613.

XIA Linlin, WEI Jianfeng, YANG Qiling, et al. The historical emissions of polycyclic aromatic hydrocarbons (PAHs) from coal-fired power
plants in Anhui and influencing factors[J]. Environmental Chemistry, 2022, 41 (8): 2606-2613.

TR ST R F EH B R M EE S
A s HEHB IR

(LA T REIRF AR TR, 1M, 5100065 2. BRI REIREERE, )7, 511443)

i OE 20104, thEBABEHT RV ERE B i R STS P b B A IO - R T 2 380518 (PAHS) 1Y
HEBOHS Jmy. AR5 LA AP R T P M O B, EESE AR L ) PAHS D7 SR HERE L, 50 M 2010 A F)
2017 4E[8] PAHs BOHERCHOAE | 38 B FIARAE B9 28 4k 2017 4EBER b FIARE 2R 0 46 S 58 b i PAHS HERC B T
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The historical emissions of polycyclic aromatic hydrocarbons (PAHs)
from coal-fired power plants in Anhui and influencing factors

XIA Linlin'? WEI Jianfeng' YANG Qiling® WANG Ruwei* **
(1. Institute of Environmental and Ecological Engineering, Guangdong University of Technology, Guangzhou, 510006, China;
2. School of Environment, Jinan University, Guangzhou, 511443, China)

Abstract The polycyclic aromatic hydrocarbon (PAH) emissions have changed dramatically since
the great change of infrastructures of Chinese coal-fired power plants (CFPPs) after 2010. The
current study aims to construct a unit-based PAH emission inventory for CFPPs in Anhui province,
which is one of the most important coal habitat in China, to characterize the PAH emissions from
CFPPs between 2010 to 2017. The total atmospheric PAH emissions from pulverized coal (PC) and
circulating fluidized bed (CFB) in 2017 were 8600 kg and 7800 kg, respectively. At civic level,
Huainan, Huaibei, and Ma’Anshan ranked the top three cities in 2017, with total PAH emissions at
3650 kg, 3100 kg, and 1800 kg, respectively. The emission rates and intensities for CFB units
(7.2 kg-t " and 2.1 kg'MW ") were ca. 7 and 11 times higher than those for PC units (1.1 kgt and
0.19 kg:MW ™). The decreased PAH emissions from CFPPs between 2012 and 2017 was attributed to

the accomplishment of ultralow emission technologies and phase-out of outdated coal-fired units.
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The increased PAH emissions in 2013 and 2017, when there were a warmer summer and colder
winter, respectively, compared to other years, may resulted from increased coal consumption of the
CFPPs accompanied by the electricity consumption for cooling or heating.

Keywords coal-fired power plants, circulating fluidized bed boiler, PAHs, gas-particle

partitioning, emission amount.
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ARRONE, HAEPREE i Tz A AE UL BRI T SR PR v A TS e W ) Ei SR ) FRER B LT
Tic 2% V9 0 A I 20 R0 A 15 Bt B AR T LA R R 25 5 NO,.. SO, MR 255 LR S5 YWy, HIME L) LB o 25
5y N N 08 0T 3k D8 A Uk 4 . T B 25 R ) A PAHSES P,

AR, BRI R T RATS G i HE TSR - R HE O B KT e B IR S B SR A, O BLAE
TR BRI | R AT Y HE BRI « B3 404 L DA R DX S 15 300 5 Ty TR A o 8 e O~ B0, IR
] HERL PAHSs PWF5T B G RRIE = Yr b PAHSs 095 & . 20 A0 FIURAERAS 19 408, LA BSR4 o 400 <
HE et 72 PAHSs B IAF AR B e PR 22 45 5 a0, DG TR s ) PAHS 1R B+ R R A A 57
B, UL = N [R5 4 KR PAHS 1R 40 A HE S R DA R L Dy o0 HE s o i) SR A A e . 56 T,
AW 5T LB R, 456 GERMIEE | SEHB R DT AL SC IR, < A R i B A TR BRI R TR
S PAHs {97 S HERCHE B, LAATBAS  MLAL  RATS Y das il 15 it LA B AR HE Tl i ad X 42 AOBR B e T
PAHs JJj L HE R B SRR {E.

1 #MBLE5 )7 (Materials and methods)

11 BIPHLLE ANC TS e i 15 i b B4 43 A

SEHL VB T AR 86 FIRMEHL T I R LA L AT Y | R L KR SRR
FEE B LR MR R N ERTORE, M EE T LR B i T A S B BE 1 i B R 2 4E 2010—2017 4R
BAE 173 BERRBENLE A 21 BB . BEAME BARE0 E | HLA S o Bl 28y | AR (|
HERE AL BV ) | B AT i L KT Y it OERS . AR . BRZE) FIAILAL AR Y. A2 2017 4RIE, &
AR BRI ) AR I ML A IS 1 B O 0—32 4F, SFXAE ISl 11 4F. X BB HL ] 4 A 7E BR 8 Ll LASIMAY
15 A3, P B b 95 &, TALIRYT 75 65, 85450 3 6. R I LA & 0 43.9 GW, 5 BN
() 92.4%. WAL IR Y 2 HLAS A 3.4 GW, (5§ BEEHLA R 7.6%.

TE M A L0 A TG A (SCR) A 2 18 1 A Ak IR A ( SNICRO) J2 2 BOBRIE vl | 1) 2 B B 2 AR
R PR T SCR AN U B % 25 (WFGDs, A1 KA - F Rk . 20k . A iE iRk e ) . ik R b
BEMD SCR 7 HEAEHLATRAY 75%, HAAEAERL T SNCR. W N BEES 2 I Ak R b il =B A 7 28, o H AL
AN 86%. HARTEALIRY AL T WFGDs( (5 BEHLAR 1Y 7.8% ) Fl2 1L B (5 HLA 1Y 6.3%).
BEAR, B HE b R A R 5B il T R 2 ke
1.2 JRAREE ) S A R B 3 B A7 450

2010 4E 3 2017 4R [A], 2 BURMERL ) & B AN 142.0 TWh 34 3 231.1 TWh, 5t [R] s, 458 77 2%
M\ 61.8 Mt 3 2 87.4 Mt, /N T+ HiL i (1S HC R 42, 0 IARJE vl T i P L ZH & v K38 ) e R T FE I
Wi, RO A T 48 SRR D, LR B I 21.5 GW, [ 2017 AR L BRI HL T R LA =
45%. b, R 2017 RIS, REHLEE 5 >300 MW A9 K8 00 5 24 SR HLAS 12 1Y 93.7%, T2 L2
<30 MW F/NER AP i 448 RBERILAR 19 1.7%. 1 b KR /N B ) SE e, e ORI L T - 35 BB FE DA
2010 4F A 322 gee'kWh' [ 2 2017 4EAY 301 gee-kWh 20,

1.3 HERCE A

BT AR B B A 28 R R AT e R, B R 173 B R RIS 43l 6 25 BER 1
(600 MW<HLZ 25 B <1000 MW) , HERH 4 2(300 MW<HLLL 25 <600 MW), JEHH 3(6 MW<HLL & <
210 MW), Ji AL IR ST 106 MW<HLLLZ5 <210 MW), 3 fL IR 2(3 MW<HLZ 25 7 <60 MW), Jit b IR I
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33 MW<HLA A E<I5 MW).

HEFL R F (EFpayy) 2 TS5 45 H: EFpay = VX Coant/Coonts FeH VM E (mP-h "), Cpapy F2 4
S PAHs IR (pgrm™), Coon A58 57 B /NIRRT 2% B (tons-h ™) . THEAF Y 6 RIS 47 PAHS (1)
Hel 7 (32 1). PAHs HECE BRI F 55— 15 B 0 HE R 7 R e T A e T HAREA

E=>"3") M x EF,, (n»
i k m

Horr, EJZ BB AR R i (kgra™), M2 5 — S BB I IO FE S 4 (tons) , EF J& R —FP i Jr S ALY
PAHs WHEH F, is k. m 53 5250 0 280 | LA 25 5 TS G g il Bt 2 780 i o 5 e T P 2 250l
K B Z A R
1.4 Bl S 0k

PAHSs i Ffl N bR s B, A 9 AN [RI MR A6 B i PAHS AR dEE R (10, 20, 50, 100, 200, 500, 1000,
2000, 5000 ng-mL ") Zx il AR M 2. B A W0 bR it 22 09 B0 03 2280 R YT 0.99. F 5 b [l
R %5 -djo. FE-dyo. BE -y JE -dyo T -dyy B9 [0TSR 53 901 R 56%+12% . 73%+13%. 69%+10%.
84%=11% H1 71%£14%, J5 AR A 0.009—0.017 ng- g™, 1E 7] 352 BUFE HE LA .

T 1 AR I IS B AR B
Table 1 Basic information of the six coal-fired units in field tests

Bl hE/ IRBERCR/(th) RS/

PAHsH(H

lffljklir icﬁjij; MW ﬁiﬁfp% APCD® Combustion (m's™) Saﬁjfes“ Number of
Capacity efficiency Velocity of flue gas PAHs
P05 A ] 600 BC SCR+WFGD+ESP 95.8 9.3 P+G 16
b2 ik 300 BC SCR+WFGD+ESP 37.8 10.4 P+G 16
BER3 iR 60 BC SCR+WFGD+ESP 18.7 8.7 P+G 16
ARy R 300 BC, CGEIC  SNCR+IFSC+FF 53.6 9.8 P+G 16
mALRY2 WL 15 BC, CGH{IC SNCR+WFGD+FF 252 8.3 P+G 16
WALRY3 WL 15 BC, CGE{IC  SNCR+ISFC+FF 9.1 9.7 P+G 16

TE:, BC: M, CG: Mt A1, IC: IR BT °, SCR: EREMEAEALIEIEUBITH, SNCR.: AR REREPEAEILIE FUB Y, WFGD: MEXBiA, IFSC: 4
P G, ESP: #HLERZD, FF: 28 BR2D; <, P: WUKIAH,G: A

Note: a, BC: bituminous coal, CG: coal gangue, IC: inferior coal; b, SCR: selective catalytic reduction, SNCR: selective non-catalytic
reduction, WFGD: wet flue gas desulfurization, IFSC: in-furnace spraying calcium, ESP: electrostatic precipitator, FF: fabric filter; P:
particulate, G: gaseous.

1.5 AN 5B

H T RE A RN A, LA 4 IR T TN 5 R A S, R 5 4R AR RUARL ) 2010 4F E
2017 SR BRI T PAHSs MY AEHERCE:, A S EO9 B A X EOE S50 1. 25K B BILAE Crystal
Ball 7.2 #1347 10000 ¥X.

2 28R 5308 (Results and discussion)

2.1 AN[FEIZSHURIEA I PAHS A HERL K 1 Fi 12

2017 4F, ZERURBE R PAHS B9 K SHECE S 16400 kg, BERY R 8600 kg, TiALIE Jy 7800 kg. H
HOER b L R b 20 R b 3L AR R Y 1L mARIR Y 20 WAL IR Y 3 1Y PAHSs HEL & 4 S L
27.9%. 15.8%. 8.9%. 14.9%. 20.2%. 12.3% (& 1). iX 6 F g b A9 BB B 5 Eb 43 51 R 69.6%. 13.8%.,
4.0%. 7.0%. 2.8% Fl 2.2%. iX F B HLAE 5 B R ARG 0 1 TRRBE 0K 3 /&, H RS Y il it 251
TSk, DTS G HEC A AR i TN 2053 AN TR 201, HERS (3600 kg) . EL (3100 kg) F15h 8k 1L
(1800 kg) HHE R it e K. 3X =2 K Ry 3 A3k iy i R S AR T B0 KL A, e BRI T (Rl B« e i)
FVE IR TR ) =2 KA (BB 1), 30 PAHs AR HEACE 28 /N F LRIk (DL . = M)
AR T (AL .



8 4] SRR LRI T 22 3105 S 4 D S HE O S ) P9 28 23 A 2609

4000 -

ECFB 3 —
3500 ot
[ CFB 2 N
3000 CFB 1
D PC3
<
g, 2500 i
PC1

2000 -

1500 -

PAH emission/(k;

1000

[
Z Al

| 77 pesnssansssssssd [N

el

B |
) NS Q> Q> Q> ) > >
& a“sﬂo 04\90 &\90 S : \ﬁé\ ‘z‘é \\5"& @& S &
LR S R ST & T <

1 2017 LR RIS RRIE L ) PAHSs A9 HEL &

Fig.1 The PAH emission amounts from coal-fired power plants in different cities of Anhui province in 2017
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PAHs) R #8307 A ARG DRk B v, R DR e 1) /B b R b 3 R AL R b 3) S5 B0 A e v
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Fig.2 PAH compositions emitted from coal-fired power plants in different cities of Anhui

PAHs 4 HE % (kg-t ) FHE B3 B (kg MW ), 43 51 % A PAHSs HE i i 5 8 % 31 2% &, DL
PAHs HEBC SAHLAL R HLES 500 LUAEL, SRR (05128 1.1 kgt F10.19 kg MW ) I 2 K Ttk
PRI (7.2 kgt F1 2.1 kg MW ). X 22 B T AL R BP R B2 5 AR X B IR (800—1000 °C), PRI I AR
F i HE L PAHSs (A B BRI LA 25 B AR X B R B 0 1, R b 2 R AR IRy 1 HE I E b iy
HE R FNHE R B T /N (3R 2), JE B2 BT R A i (R R 8 U B RN 0 R . A, AR R b 3 Y
PAHs HEBCRFHE R B 55 (55 2).
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R2 WP HLA A B M PAHs HiicE: . HERCER , Hejile
Table 2 Basic information and PAH emissions, emission rates, and emission intensities from different coal-fired units
PAHs PAHs PAHs

e PAHSHE o e e

RO iy wER weRER e gy PO IRRCRRREL

3% Boiler MW Denitrification Desulphurization De-dust (ng'kg™ & (ke't') (ke )
Coal y . . . > PAH PAH PAH
. Totalcapacities device device device PAHemission . o .

consumptlons factors €mission e€mission €mission

amount rates intensities
TR 6120 35,340 SCR WFGD ESPs 75 4600 0.75 0.13
JEA 2 1220 7780 SCR WFGD ESPs 210 2550 2.1 0.32
PO Y (K] 350 1064 SCR WFGD ESPsu{FFs 420 1450 4.1 1.4
AR 620 2808 SCRE{SNCR IFSC ESPsE{FFs 620 3800 6.1 1.4
A2 250 487 SCRE;SNCR WEGD ESPsH{FFs 740 1850 7.4 3.8
WAL S3 190 300 SCRE;SNCR IFSC ESPsH{FFs 1150 2150 11.3 7.2

22 AEERB AP 255 PAHS HEBGHE & X4 T

B BRI P IR AE R 0 R 625 0—54F (2015—2017), 6 —104F (2010-2014) , 11 —154F
(2005—2009), 16—20 4F-(2000—2004 ), 21—25 4F-(1995—1999) 1> 25 4 (1986—1994 ) . )\ [&] 3 7]
A1, 11—15 AE R RARERR i % PAHs HEBCE 2 19 STk R, 7 46.6%, FLUCh 6—10 4EF1 0—5 - B,
535 L 25.0% F19.8% (&l 3). A [RIAE % 5 7 i) PAHS HE B it 32 22 32 B LA 1 AR e 1 52 . K
BLA S CHER A 10 kb 2 P AR 1) 288 b (0—5. 6—10. 11—15 4 ) PAHs HEjil & /9 3=
ZETUER A AL R b CEERY B 3, T AL R b 2 R A IR 3) )2 85 2 B b (AR 8 Bl 16—20,
21—25., >25 4% ) PAHs HECiE 1) F 2ok & (& 3).

_ 55
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Fig.3 Percentages of PAH emissions, installed capacities, and coal consumptions among different age of coal-fired units

23 EBURIERTT PAHS 19 g s HEE

M 2010 4F 5 2017 4F, ZRUE BRI L) K PAHs AYHEBCR M 15200 kg 3411 & 16400 kg, 4F 343
K 11%. 208 R AR T BT Bl 18 14 (5.9% ) F K HL B A1 1 4.(9.0%) . 75 6 oA [m] 286 20 1 g g
G IR 3 AN b 3 B SRR B, 2003 5 o HERCE Y 28.2%—30.2% FlT 14.0%—19.9%. &
M, SEAS P 3 B TTRR R A 2013 4R BT T BB S (AN 4) X 2R PO B 1E 2013 &
2017 19 5 A ) B, SEHCAR T 17 SENRURRE L, FE A B (19 PC3 LA o AR B 3 AL AR Y
89.2%—92.7%, FEUER T 3 H I HEL PAHS B4R/
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Fig.4 The historical PAH emission amounts from Anhui’s coal-fired power plants of different coal-fired units
between 2010-2017

TR, A 2013 4FROR, T OGS/ N T R B I 7 e RO D 1 SR 1880 kg LA,

HH T 2014 AR 1 (42T S AR AR i T AR AR

-4

H He

i TAETDT 58 ), XK T A T AT i

Ik 2017 4F IR, LR 3L 67 B P LA AT RHR HE R S0, 13045 Uk 2017 4F, Zad BARHEL

2, BRI )8 /> PAHS HECE R 760 kg.

24 PAHs Ji e HEC it 55 “CIR R k2 I R A X R
SERUE AL 0 LB BRI 2% RUR PAHS OSBRI LA T B IR (1 5).
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Fig.5 The logarithmic values of PAH emissions (PAHs), resident electricity consumption (RE), urban electricity consumption
(UE), industry-wide electricity consumption (IE), extreme high temperature (EHT), and extreme low temperature (ELT) from
2010 to 2017 in Anhui
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W HFSE KB, 2010 4F 2 2017 4F, ZHUREER )T PAHSs HERCE 194 AR L 5 2 3E B B A T
PR IRA AR A B A AR, Fn: 2011 AR LR B T — AR 4 (1997 4 LR AR , Bl & 21
BIAOR EAEAEARZY 1 °C, % AF PAHs P9 HE R 2 30— W1 W A 041 2013 SRR 401 T — 1A
57, WV 2 S B SR U AR AR B 2 0.7 °C, TZ AT PAHSs BYHERCR t 52 80— 0 8 A . Rk, SR
() FF v B AR 2 3 B0 B H i 9 28 Ak (i 8 sl A T, 25 IR R i S 3 38 m ), DA ] g 3
SRS T O A 0 AN B 22 SR 19 PAHS HECR A HE .

2.5 AR

BRBEHL T PAHSs HEBCHE AL S R vh, B 2 | ML i RIS L AR RRIEE R LR R
PAHs B HERCH 73 T Hr I HLERAF 57 FR AR 010 182020 ORI el T A R T s il 380 it A 28 (4R IR T 22
TR IO ey S i R F, 20T AR 4 SR A A s . H 2010—2016 45 (18 £ AR 45 o B AF BRI
TAMEEAS B AR . I, 228 K% 815 2] 2017 4E PAHs HEML 2 09 A 86 € BE N -25%—26%, i
2010—2016 4F PAHs 77 52 HERC & B AN E E H-39%—40%. “Ie b /N B 20 PAHSs 18 /0 i HERL & 1)
AN 5E FE N -58%—59%.

3 %515 (Conclusion)

(D) LA IR T PAHs IHERC R M 2010 4F11) 15200 kg 381 % 2017 -1 16400 kg. 8 4F-[H] it
HERCE A 126000 kg.

(2) BRI AR IS R A, 3 AL ZEL 40 0 AL/ INEILEEL 5 0 43 i) S 0—15 A FT>16 41 (9 4 0 A 3 22 B ik
. K PAHS MHERCRAHE R B LIS 8 b 28, 28R A i B BE 25 14 F WFGDs %€ il .

(3) 5 MBI HE A s 7 ok 119 PAHs J80HE S AH LL, Y8 /NS 7 SR 1 PAHSs JiHE & FE K.

(4) IWIRISE L) PAHS (1 )77 S HEC AR ALk B, XS AR AR b (AR B R TR A R) F30T
25 ] FH FL A A 35 IR 5 17T >R PAHSs HERC = 35 .
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