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Mercury distribution in solid waste and mercury emission
estimation from coal-fired power plants

DIAO Xing YUAN Chungang ™" GUI Bing ZHANG Kegang
(School of Environmental Science & Engineering, North China Electric Power University, Baoding, 071003, China)

Abstract; The concentrations of mercury in coal, fly ash, slag and gypsum were determined by
atomic fluorescence spectrometry after wet digestion. The distribution characteristics of mercury in
various waste and coal samples were studied and discussed. Three estimation models including Mass
Balance (MB) model, Emission Modification Factors ( EMF) model, and Flue Calculation ( FC)
model were applied to calculate the emission amounts of mercury from five coal fired power plants.
The calculated emission amounts generated from three models were compared and discussed. The
results indicated that the values from different models for the same plant varied significantly. It is
urgent to develop more effective and practical models for mercury emission estimation.

Keywords : coal-fired power plant, mercury emission, estimation.
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S, SR HUA ) AR B A% 2E AKRIREAN 175 e ) 81 77 0 A A T B 7 v 1R R e B RO R e B A Y 3
A7 YGRS MR R, R 0 R KR AE A it 2ol e SR A AN () [0 12 P 9 20 A 155 D0 B T 2 ifn PP A R AR
SRS YR IURAAE., [R] I3 2 i i S i ) B S

M T AR B R R 2%, RO N 3R 22 MR S FoRHEC R RS 22 AR R 05 X L. 140 4 A
IAAT BAT S N B R RO | 15 N b2 35 5 B [0 L TR RO R T T A5, %45 Qe Al
FIBCR i E BA B A S50 8. F R SR Fht il o HIF e A5 10 32 A i A B IR IH - A
AUHAE 3 AR,

ARV 5 JREREA T R AR A AR B ARLRE B (A A -4 B ) BRI Sl D WIS XE R, o i 5
TGS R R R AR JRE ORI AT A1 R B 0 A I OO, 20512k FT LA B 3 RS RS o HE TR
17 TASSE XA R AR R BT A 45 SR AT T R

1 SZEG#PJ) ( Experimental section)

1.1 FERLCREE

Fri Ha R HLAS S AIE 300 MW L, HLBCA i BR 42 4 (ESP ) i xCl At k€ & (WFGD) i iif
SO R 55 A B C.D ECREE [R5 Ml s 4T To0 T AS R Skl B K
FBEBRAT AR S ADBER A IR AP a0 i A i R B Tl bt () s o (Hi)
W T B B 2R A I ICRAE 11 IR A0 B B B A8 L B BIL. S B D e ot e e 7R 4R
JREFE 30 min J5PHRUCRE IR i A BFEM S FEMBIRE 5 kg REJG IGHTIA R O (PE) B A4S
1.2 FEshALRE

BRABERERAARGE TR EMEEG T 80 HIf, B ARSI ; 5 /KRN , IR 4 1 K AR
FIKBEIRT 5% , ARV IR AN T B AT TR Ak 3 W R AR (R SRR R IR it 43 3 8 TR, R
VU3 ATHIRE DS I 07 (80 H ) I A R I A% A2 T TRA T & A,

1.3 R E

S T R B A R Al iy TR W R 5R  SAFr i R B 32 3075 e B A AR AE 50% (V/V) TR
R 24 h R4 LB KRGV,

S SR FH T G ik A TR i v SR A DN PR B o [ AR A T AKGEE AT T e O e I
FAVRE ff I TR 25 15 P 7K 28 AR LR It 3 Yk, AR 25 78 = 10% LA N 6 WA S8 205 B B 5 A il
FE 1 PR IEI I, MR 2572 £10% LA R IULERSTT R AP T #E— 20 ORikil e 25 L i HERf 1 | St e
A IE T H AR ES YT (GBW-07405) , KRS %{H 4 0.29+0.03 mg-kg ™, [FISHAE 80%—120%Z ).

2 R 51718 (Results and discussion)

2.1 KBRS =

HEBR Ay BT 45 L2 1.5 AT B9 A BB R & BETE 0.06—0.24 mg - kg™ Z ], E & K
0.14 mg-kg ™ AN VR O R o 25 S AE 5 AMERE R R o i S IR A LM 22T 4 45 A
FEITAHHRE FR R A -84 -tk 5 SR AR 1 3 LRI T 250K 3 B (0.16—0.33 mg-kg ™) M50, HLfr kit
SR B FIEM AR (R*=0.84,P<0.05) , 5T 33 &40 2 B E MK LR (R*=0.85,P<0.05) .45
SRR IFSTRIRE P R Bk BT P I EHLE . A B ST SRR A PR Tk [ Tk
B0 BRI, ZEASTIFE PO AR S B AR A R A S A O K T i R PR SRR T 0 4 o TR
ARG
22 KA PR TR

F—Fh G R IEE  AEMRIET B b | O TR 2 B AL A, B — B 43 DL 25 R (Hg™
Hg ) FEELASN , 4 43 R LA TG R AR (He ) A7 T 0 A 6L AR T 778 T rh i 343 He i
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R RIURL P e, o A 003 He 76 %R SHVE T s B0k 26 1h 19 4 LA i A 8Pk o SOk
(Hg™ 8% He3") . G ash 76 B e e ik DX 6 4 B e R =0k A AR T 7 R SR B A e R o 30 3 i e
%, 353 H Bl B 7 20 /)N K 242 J0RE 2% 11, T2 BUBURE 45 5K (Hg ) URLAS SR A5 B b7 5 T 1) e FiL o 22 2%
(ESP) G 2R 80 ] LU i 99% L b R it ESP X 0k 245 K 1Y 2 BR30% 53 08 B, 22554 ESP
B REL TR SR SR A HE I T LA /D 239% S DA . 280 ESP RUJG , M A9 R (AL4RRES He Fl He™ )
FIAE ESP 4R ok (1488 41 WU W B2 He 1E AR B9 I A . b T e 8 He™ BA TR & /K%
PE |, Ho™ B s v i E A ORI T, RIS 3505438 1 ESP b 30 %) 240 Ukt 75 it 0k A 0, B I it P — 2
SRS F A0 R K R ARV A AN B () AR TT 2R 8 A MR R HERICHE AR AT L e kR Ok B BR
PR ZEBR AR IR AR5, PRI Ry B R B At A Hh kA T T RS

R1 AR T

Table 1 Quality analysis of coals from coal-fired power plants

FErboR &K4 RS TR e AL K Pk
Y 2K Ry BED (o) il .
ercury in coal/ Moisture Ash Dry base . Lower heating value/
Power plant . . Total sulfur/% Fixed carbon/% o

(mg-kg™) content/ % content/ % volatile/ % (MJ-kg™)

A 0.24 7.00 36.30 12.02 1.04 — 19.21

B 0.16 7.00 28.88 12.92 — 57.24 21.60

C 0.14 10.92 18.23 24.64 0.47 — 22.42

D 0.06 17.86 17.02 41.23 1.31 43.47 18.38

E 0.08 20.57 15.10 38.19 0.46 — 20.27

T =" ARINEE.

2.3 JRIGEIEN S R (1 o0 A AR
AWTFERAE AR A i i R P ) AT A 1 .
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Fig.1 Sketch map of sampling sites and mercury transportation

KB 5T BB KR KATRE SR ARAG R PR AW FE R B P0AR Z3 BE AL R SR RE A AREIK
Jris BT SR N SR ASOGH T A A ity v B SR EA TN A2 | AN RIS i v o 35 B 0 4 2R L3 2.

T2 HEMOWER(n=3, RSD<15%)
Table 2 Contents of mercury in various samples(n=3, RSD<15%)

e e BETPORERE e RMIRE B R o AEREE
ghlaht B A ey JOTRERE S EIRE ey AR
) Mercury Mercury PPt e Mercury Mercury
Installed Coal g Fly ash g . Gypsum g
Power . . content in ; content in Slag yield/ content . content in
capacity/ ~ consumption/ yield/ o . yield/
plant MW (1-d") coal/ (1ed ) fly ash/ (t-d™") in slag/ (-d ™) gypsum/
(mg-kg™") (mg-kg™") (mg-kg™") (mg-kg™)
A 300 2500.00 0.24 220.00 0.27 67.83 0.02 83.33 3.00
B 300 2200.46 0.16 219.18 0.07 41.10 0.01 41.10 1.48
C 600 4685.61 0.14 5.93 0.33 52.42 0.09 148.77 2.10
D 330 3250.00 0.06 150.00 0.12 40.00 0.02 66.00 0.22
E 350 3500.00 0.08 193.52 0.97 68.30 0.01 105.75 0.08

TEA[F) i, il e H ek R v Bt AL A 1 I, AR A E S . A (B P v T AL S AR ) R
HATUD, ) A AR S T BAABOR &R0 0.24 mg-kg ' M1 0.16 mg kg™ 7 KB HEA
ARTR] AER AR v ope 25 22 531 . 25 TR RE s B A B Hh oK 1 75 e o AR 22 B AT L R Ha ok
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AL G AR B i A O T H AZ BB A3 B IR B IR I it 38 4 120 30 4 R 2R 2 [ 52 i

PR B A B R SRR E IEAM (R =0.89, P<0.05) AR LA EEAR A, HErh ok & Bt Al
I T BRI RBERAS MR B A TAERCR RN R 5T 45 T T Y 22 57, 2 30 Hg 7E A R AH
RS 53 A1 AN ).

IRAEFTIAR 5 ANHL ) [ B RS S N3 3 From R A0 SR e R IGE A M0 IR K s A I8 A 5 o e
15T FAYEL N 5 AT I SEER 45 R A AE TH s R BT b7 LB 7E 0.13%—0.74% 2. 8], 255 5 C
BR[12-17 ] —5(0.10%—0.90% ) AELE TR ICFIEBR A1 85 Hh o8 0 B0 T W I 19 23 S B B R PP ok BT
F oM 0.30%—63.80% , Wi A7 B R BT o5 LA A 2.95%—46.51% . SR AER I A AT A 8 R BT o L 451
FELEQNIL R AR 22 | SR WIORAESRIE L R v 32 RS oA R R = i 3k 18 2 e S e 2.

R3 OREFRETRITR R

Table 3 Migration of mercury in various wastes

HL]” Power plant A B C D E

WK Fly ash/% 10.03 4.44 0.30 9.23 63.80
Y15 Slag/ % 0.21 0.13 0.74 0.50 0.17
B E Gypsum/ % 41.56 17.30 46.51 7.26 2.95

ORI B SR A RE ) =22 CORRAR OB i F5 1t DA S RO B3 45 DR R s ). OB 4, L
TR, ZE D BRI IR, IR BSOS AT , ORAE K Y B SR I B AT 0 5 R W B R
WP B R RE A A Mt %) 45 B st TR L Bt 2 188, R T I 58 4, KR S ik AR C LT A BRI A
SRR, BB K oK & i BRI A VK BT i T LA AL, B BRI, S iR A
L, FEORE EH TR,

PR I OR S R BIMIG , EE TR N R N T 800 °C By IRIABE X, b SR LT 38 Ry ot
FOR He" I3 B AE M A b R HE s 10 eyl B eI, ) Bl A 1) O 2 /0 38 43 465 A IS IR AR 2%
T, A2 KR o BEAR S AE AR B AR Uil % i B 00 005 e il 1 4%

I A B A TRAT AR A B BRACR , TR T 54340 S5 0 R G MR B 453§
PGPS e R AR, LR T R n R A RO R RS A B0 B G g AR A R 255 R i)
ANBH S E B 2 AL B0 Aar 3 T, YR T AR AR A AR B 0. T B A T AL 2 E
o AR K AL T 24 B AL, KER A A B 2K s K B 0. C HL) A B B 2 G K, 2
BT K, GO R SRR BT AE R & s ARMK, BRSO E R R R K
AR 15 A% 22 1T EL 209k i L B 2 22 B
2.4 SRAEARIYIAH 0 43 BURRIE FIEAS i

22 W AT Ak B AT R A 5 ) A SR R O 2 7K T T R AR P R R o A %) 5 i A5 i R A A I
TP SRS R AR SR MR AR L I R AR I T [ AR R A HP %) 0 IO AR AE AN B 2 R 2 s R
HIRZFEELAG , 2 33%—83% M R i A HECHE A KK

(=3
(=}

EEE BiiA FGypsum
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T By #KFly ash
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The percentage of mercury content in waste/%
wn
o

B2 ORAER R R IT R

Fig.2 Distribution of mercury in flue gas and solid waste
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HRIGR 2 FPIO P ATAE R R BRI i R BB R R AR SR LRI
i A AN TR] [ PR Hh i, S5 2R 3R 4 PR,

R4 R A A

Table 4 Input and emission of mercury through different phases

H1J" Power plant A B C D E
i A SRR Mercury input via coal/ (g-d™") 600.75 350.53 664.42 196.63 294.07
WA R Fly ash mercury emission/ (g-d™") 60.28 15.56 1.96 18.14 187.62
ki R i Slag mercury emission/ (g-d™") 1.29 0.45 4.89 0.98 0.51
1178 &y K Gypsum mercury emission/ (g-d™") 249.66 60.64 309.00 14.28 8.67
HAS K H R B Flue gas mercury emission/ (g-d™") 289.52 273.88 348.57 163.23 97.27

2.5 KRG TSR HER S AL A
2.5.1 JRE A (Mass Balance, MB)
FRAE L 1 SR AT RS R | FE ST ORI K e o A v S o v P A R

Hg’r-lnpm = Hgcout Helimesone = HE v emission (1)
Her micsion= HEsolid-emission + HgLiquid—emission + HE (o cmission (2)
He s id-emission = HgSlag+ Hgmy ash T chypsum (3)
Hg cocemission = H8pe (4)
PO TEAS S v | AR 7K o A & R BCAT A8k | TR gy, = O MR )40 ORI
Hgy, = Hg'r-lnpul_ Hes ia-emission = HE o~ ( HgS]ag+ Hgm ash T HgGypsum) (5)

WAEITRE(S) 583 2 PAEE, PTAGE I 5 S )8 URHERCR 7390 289.52 ,273.88 ,348.57
163.23,97.27 g~ d ™' AR A MR HL ) AR5 47 RACK 360 d BEFTIIEE, I AEHEAL 53 514 104.23 98,60,
125.49 .58.76 .35.02 kg-a™'.

2.5.2  HEEUE IE R F#E 5 ( Emission modification factors, EM)

HEJSUE IF [ F EMF ( Emission modification factors ) 28715 B i, 336 404 A 9 3 HE e 31 K rP A kil
F AR T I I PR BRI R IR AR A TTRR A1 A, B2 T LA DA A v i HE e
10% , W22 8 A HEBUE TE P 1—0.1= 0,952 HE R A0 2 57 1 by SRR 38 K SR HE 1Y 4 10
F AR RS TE I 7 AOR HEBG AR 0 T

Hg oo emission = Mo XCHg—voal X[y,
I HE o niosion SRR LS B P SR HFIBCRE () 5 Mo, IRAEAS SRS I H I THAE R (1-d7) 5
Coigeona W PR i (mg kg™ ) 5 Iy RS DARAE TR N T (EMF) B AL FIHERIA 144 5 AL
Ry ORHFBCRE A R UNEE 5 B,

RS CRAHE N TGS R R SRR

Table 5 Estimation of mercury emission by EMFs model

CIVAE R APCD 2H PREE AR SRR A (B
Power plant APCD type Burner type Estimation values of Emission amounts/ (kg-a™")
A ESP+WFGD [UtpEiR2)} 107.90
B ESP+WFGD [UtpERo)} 62.96
C ESP+WFGD JY £ 9] [ 119.33
D ESP+WFGD [UtpzR2)] 35.31
E ESP+WFGD [UtpER2)} 52.82

2.5.3 AHSITEAAL (Flue caleulation, FC)
HRIGIE R IR P BRIE 28 S TRk 8V (md kg ™) FIy= A A SERR S Vy (md -kg™ ) TR IR 22
(1) s Tk i

FHETCIKIEIE R 5 (V%) > 15% BIHRIE .
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V, = 0.251 x O +0.278
1000
K, Q. BN A A (kT kg ™).
Vo <15% M 3 HERN TCHH AR -
V, = Qo +0.61
41415
(2) PR
TCHEE B BT -
1.040,.,
V, = +0.77 + 1.0161(a = 1)V,
4187

A o Jyad 2 RE AR a=1.8.
P rh B ok i 5 HARRHE R RV FE R G R ANT
10° x C, x P
-
Ao, B RHEBUG IR B (g my’) 5 € IR I & R & (g kg™ ) 3 P OB SR GE 0 KSR HEC ]
B 839% .
5 AHL AR HEBOAR BE AR HECR ISR 5 R

RS5O OR AR

Table 5 Estimation of mercury emission by flue calculation model

M G Vo/ Vy/ B/ AEHECR
Power plant (md-kg™) (md-kg™") (pgemy®) Annual emission /(kg-a™")
A 5.24 9.80 20.34 179.40
B 5.82 10.87 12.17 104.79
C 5.91 11.14 10.57 198.62
D 4.89 9.31 5.39 58.71
E 5.37 10.17 6.86 87.91

2.5.4 3 PEEALHER AR ST L A A

K3 o R HT 3 A5 e e Al S AR B0 5 AR R T R SORAEHE RS . [A]—HL T R AN [m] A8 A4
Al B 235 SR 1 s 25 A R R R AT A 8 1 A4t 5 235 2 T L VO A A A B 5 SR 5 Ol o 3 T 5
B 5 AN AT AR IR 45 543 ) Bb o S A Y 5 72.12% .6.28% .58.28% ,—0.09% ,151.03% ,
OB IE IR AR 66.27% 66.44% 66.45% 66.27% 66.43% 5151 A (C LT, Joi P-4 AU R 1F X 1
PR AR S AR — 2B D LT, B A A AL RE S AR A () 25 A 2.3 R AL I B R A
B R & T ACE AT AR 3 B S B W S ANE e Pk | 2 BR T A B oK.

200
o Ji B iR Kl Mass balance, MB

180 N [ & IEHFH#ER Emission modification factors, EM
T, 160 C B MR B A Flae calculation, FC
)
= 140
= L
Biof N
‘E 100
L
z 80
3 L

60 -
s °Or

40+

20

0 A B C D E

Power

B3 3R ORFHE R A 2 R T

Fig.3 Comparison of the annual mercury emission amounts evaluated by 3 models
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WA LA S 3 R FHHE O AR S 3 AT AR A R 3l 14 8 TR (RS R AR S R AT
B2 M) FEA F RIBREHLLE B 255 5 L], 45 100 MW HLAE EGRHEI SR 7E 40 — 50 kg-a ' oA 045,
B 215 4 5 PR A 18 B S FH s ] A A0SR HE A i B 8 T B 2 R HE R 1) 30% 224, i J <A
RIGHERC R 12—15 kg a™ A 525600 1o 2 V- 45 2 25 -0 S, 4% 100 MW LA SR HEC
9 10—35 kg-a™ .k, X HL IS IRAEAR IR R AL TN o B M BE 3 1, SRR B A e N 2 e B 4
Pl e K2 AT BRI SR L 2 50 (8, K % 18 B F Sl 59 b AR G Bt 12 A RS 5 ), 15
5 P R DI R A A T PR A A R T R BT B 2R Y AR Dy X T T R A MR B A
P2 R Bk, B0 TR R T A5 B S B A P bR AR T, 48 18 R 1 FUR A BR A ) SE PRt 45 SR i 4 11
Bl [FIREAAE R TR0 RN 0 T R Y- A A5 28 i 5 S 0O 40 ok 1 S Bl o 45 R, LA 45 v g
HEE. TS 8t HA AR = (0 AT S84 | Ly (B AR B SE B 0 235 SR A A7 7E — 58 WA B 2 2 | F R TRl A
Jo H SR R B A S AR A 43 BT 3 R R R IR 25 5 B 2,3 FIOR R AR B3 TR 45 AL AR AR R Bk
SR TS YR 1 H T A B PR R AR o 0 R T, PR ST A A AR R AR s A S A A R

3 78 ( Conclusion)

PP ORI 7 HEBITE 0.13%—0.74% 2 1], K3 Aok B o5 EeAG1 R 0.30%—63.80% , It & A1 65 7K Jir
b7 LN 2.95%—46.51% SRIEH R T LAG , 29 33%—83% I K S A HEGH AR

FHAR AT SRR 1) ik B35 SR ) dd A LB PSS A 8 SR /80, 5 A sl 11330 285 21 4 i) b o o P A
MR 72.12% . 6.28% . 58.28% . — 0.09% . 151.03% , W A& 1F N T #5585 66.27% . 66.44% . 66.45% |
66.27% ,66.43%.3 PRI S EAFAE W AN 8 Ve, OB S A A 80 A H ity Al SR R AT 0 T
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