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Emission and control of heavy metals in municipal solid waste incineration

power plants
LI Shuai', HU Hongyun', HUANG Yongda', XU Sihua', ZHU Jingjing',
GUO Guangzhao®, GONG Lifang"*, YAO Hong" *

(1. State Key Laboratory of Coal Combustion, Huazhong University of Science and Technology, Wuhan 430074,
China; 2. Grandblue ( Foshan) Green Electricity Solid Waste Management Co. , Lid., Foshan 528200, China)
Abstract: With the increasing production of municipal solid waste (MSW ), MSW incineration power
plants have become one of the main emission sources for heavy metals in China. Aiming at addressing
the pollution problem of heavy metals caused by MSW incineration, this paper summarizes the emission
status of MSW incineration power plants in China, overviews control standards of heavy metals at home
and abroad, and points out that the emission and control of heavy metals should not be ignored under
the continuous increasing production of MSW. Besides, the migration and transformation behavior of
heavy metals during MSW incineration is summarized from three aspects: volatilization behavior, speci-
ation transformation, and mass distribution in incineration products. The influencing factors of volatili-
zation and reaction mechanism of speciation transformation are analyzed. The effects on migration and
distribution of heavy metals when co—incineration with other organic solid wastes are also introduced.
Finally, the control technologies of heavy metals in MSW incineration plants are summarized. Mean-
while, the removal effects of adsorbents, air pollution control devices and fly ash treatment methods on
heavy metals are introduced in detail. It is of great importance to strengthening the synergistic removal
capacity of air pollution control devices ( APCDs) and developing high efficiency adsorbents which

could resist acid gas. Moreover, the leaching risk of heavy metals should be paid more attention in fly
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ash after solidification and stabilization.

Keywords: MSW incineration power plants; Heavy metals; Emission characteristics; Migration and

transformation behavior; Control technologies
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Table 1 Emission limits of heavy metals from MSW incineration flue gas in China, EU, USA and Singapore (daily average)
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GB 18485—2014 2010/75/EU US EPA 2006 SS 593.2013
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mg/Nm?® 1.0 0.5 0.1 0.14 0.5
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Fig. 1 Migration and transformation paths of heavy metals during MSW incineration
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Table 2 Melting and boiling points of heavy metals and their compounds C

TR LT K[y =] Uikt TR

Hg -39/357 276/302 —/357 —/300 —

Se 217/685 — —/315 100/— —
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Cd 321/769 568/967 —/1 559 1 480/— 1 000/—

Pb 328/1 740 501/954 886/1 470 1114/1 281 1170/—

Zn 420/907 283/600 1 975/2 360 1 700/ — —/1 020

Cu 1 083/2 595 630/993 1 326/— 200 " * 590/650

Cr 1 857/2 672 1 150/1 300 2 266/4 000 —/1 500 100/—
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Fig. 2 The reaction process of gaseous heavy metals and multi—source particles
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Table 3 Mass distribution of heavy metals in waste incineration products %

JLHE M IR i i EZ BTN

Hg 47.0~100.0 0~52.0 0~36.7 [16, 35-38]

Se 0.3~1.3 85.7~87.7 12.0~13.1 [35]

As 1.0~8.0 23.3~84.5 11.6~76.0 [16, 35, 37]

Cd 1.0~33.0 38.0~90.0 10.0~48.0 [16, 36-37]

Pb 1.0~5.0 25.0~99.4 0.6~71.0 [16, 35-37]

Zn 1.0~4.0 37.0~74.0 21.0~59.0 [16, 36-37]

Cu 0.1~1.0 2.5~10.0 89.0~97.0 [16, 36]

Cr 0.1~1.0 1.9~39.0 60.0~98.1 [16, 35, 37]
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Fig. 3 Contents of heavy metals in fly ashes before and after co—incineration with medical waste
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Table 4 Adsorption capacity of heavy metals ( Hg.As.Pb) by different adsorbents

4 W i 55 SV iR/ C Ui &S B EZPCN
AR 200 80 % [46]
PRSP R 80~120 88 % [47]
BCHE P 150 90 % (48]
Hg PPk 4 140 91 % [49]
CuMn, 0, 50~350 >90 %
Nano-MnO, 100~ 300 92 % [50]
MnO,/Al, 0, 100~ 350 92 %
AW B R 150 0.1 mg/g [51]
MR 350 10.0 mg/g [52]
PR A 350 27.2 mg/g [53]
CaO 600 0.6 mg/g
Fe,0, 600 1.4 mg/g [54]
A AL O, 600 0.2 mg/g
a-Fe,0, 600 0.3 mg/g [55]
v-Al,0, 750 7.1 mg/g [56]
s+ 950 0.2 mg/g
[57]
Btk g 4 950 0.3 mg/g
Mt 700 50 %
[58]
Al, 0, 800 42 %
Si0, 800 11 %
Pb i+ 800 40 %
A 800 25 % [59]
BRA 800 14 %
AIRA 800 6 %
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Fig. 4 Schematic diagram of air pollution control devices in MSW incineration power plant
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