o [E] BR 5 R 2 2018,38(6): 2062~2074 China Environmental Science

ETHEZIENA 2015 FHEXBHIRFE

BT RN A RS T R AR R B AREE SRR T (e
R FIAEE R S TRE2BE WAL A KIE 0500005 2 SRR IAEE TAEVPAG 0,650 1000125 3.75 5248 K
SRR BRVE VEZE 710049; 4 E PSR IILR A6 RT 1000125 5. R UK EMEE AL VLR BI AL 2100235 6.
[ A BRI ST e S0 00 B At 2100315 7.7 EBRBERIEMFT R, JL A 100012)

. AR BB o E AT )7z B, I AT ML HEBOK S © R AR T 35 A8 AT OB H B0 S R A i
SRR W T R LS G SRR A L T A K B AEZR HEM(CEMS) BRI v R 5 VT S5 St —Fh BRI g Ak g 5r
o RAT MO SR T ik 5 A G T A PR, W T VA (KR s TN THI 25 J8 T K ATV AR AR, S BRI 1 55 3K P45 25
DA 2 A Ay S 81, AR S T H 1 K AT JBCR R 8 AT TR 2015 45 oh [ K AT HE G FL(HPEC). 5 & W 2015 A4kl
T SO, NO FIHE AT I HE ok 2 15 B 43 51k 7.88~208.57. 40.33~238.2 F1 5.86~53.93mg/m> b5 bk IR ACE B (b5 BB
T 050G AT 3 7R (2014~2020 45)) € AR EGE H AR 48R 44 6 SO2. NO EZR M BME /N T HEVG Vi rT AT v 8. b [
TRHEHLALRY SO2v NOyw MHARHERE T FIME 53 5k 0.67. 0.76. 0.16g/kg(WIAY ). 4 K CO. VOCs. NOy. SOz. PMipy PMys
SHERCE S5k 403.87, 10.73. 122.94. 146.68. 28.72 Fl1 22.80 Ji t/a, F-HIHSAE 4> %10 1.06. 0.03. 0.32. 0.39. 0.08. 0.06g/(kW-h).
KR RS R BMRHERG HES VR AR

PESES: X51 XHRFRIRFD: A XEHS: 1000-6923(2018)06-2062-13
DOI:10.19674/j.cnki.issn1000-6923.2018.0226

High resolution power emission inventory for China based on CEMS in 2015. CUI Jian-sheng', QU Jia-bao'? BO
Xin"*, CHANG Xiang-yu®, FENG Xue*, MO Hua?, LI Shi-bei’, ZHAO Yu’, ZHU Fa-hua®, REN Zhen-hai’ (1.School of
Science and Technology of Environmental, Hebei University of Science and Technology, Shijiazhuang 050000, China;
2.The Appraisal Center for Environment and Engineering, Ministry of Environmental Protection, Beijing 100012, China;
3.School of Management, Xi'an Jiaotong University, Xi’an 710049, China; 4.China National Environmental Monitoring
Center, Beijing 100012, China; 5.School of the Environment, Nanjing University, Nanjing 210023, China; 6.State Power
Environmental Protection Research Institute, Nanjing 210031, China; 7.Chinese Research Academy of Environmental
Sciences, Beijing 100012, China). China Environmental Science, 2018,38(6): 2062~2074

Abstract: Ultra-low-emission technology has been extensively applicated in China's thermal power industry.
Accompanyed with it, the emission level of China's thermal power industry has undergone significant changes. Therefore,
inventory emission factors and emissions in China's thermal power industry is unable to reflect the current situation of
thermal power pollutant emissions. In this paper, a bottom-up method was proposed to establish China's thermal power
industry emissions, which was based on the data of continuous emission monitoring systems (CEMS) for thermal power,
environmental statistics and the data of pollutant emission permits. Compared with traditional way, the proposed new
method was characterized by a more comprehensive consideration of the ultra-low-tech thermal power industry, the actual
concentration of emissions and activity levels and other comprehensive factors. It is a concrete example. And accroding to
the proposed the bottom-up method, this paper calculated high resolution power emission inventory for China based on
CEMS in 2015 (HPEC). The results showed that in 2015, the average emission concentration values of SO,, NO, and
particulate matter in different provinces are 7.88~208.57, 40.33~238.20 and 5.86~53.93mg/m’, respectively. Beijing and

Shanghai had reached ultra-low emission requirements as a whole. In most provinces, the average concentrations values
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of SO, and NO, online monitoring less than the average implementation of emission permits standards. The average
emission factors of SO,, NO, and particulate matter (PM) for China's thermal power plants were 0.667, 0.764, 0.162g/kg
of coal for coal-fired power plants, respectively. The emission performance values of CO, VOCs, SO,, NO,, PM;y, PM, 5
were 1.06, 0.03, 0.32, 0.39, 0.08, 0.06g/(kW-h), respectively. The emissions of that in 2015 were 4038.7, 107.3, 1229.4,
1466.8, 287.2, 228.0kt/a, respectively.

Key words: emission inventory; power plants; ultra-low emission; pollutant emission permits; continuous emission

monitoring systems
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Table 3 Annual average emission factors of coal-fired power plants in each provinces (g/kg)
M SO, NO, JHzk
¥l 95% Ffe X i) BIE 95% {5 X i) Bl 95% {5 X i)
b 0.12 -0.63~0.87 0.51 -2.16~3.18 0.05 0~0.1
K 0.33 0.28~0.38 0.77 0.43~1.11 0.16 0.01~0.31
ik 0.33 0.29~0.37 0.47 0.44~0.5 0.08 0.08~0.09
i) 0.64 0.58~0.71 0.73 0.68~0.77 0.12 0.11~0.12
SEan 0.73 0.65~0.82 0.69 0.63~0.75 0.18 0.15~0.22
U 0.76 0.64~0.88 0.95 0.81~1.1 0.24 0.18~0.31
ELL 0.66 0.48~0.85 1.03 0.81~1.25 0.20 0.15~0.26
AT 1.00 0.8~1.2 1.28 1.13~1.42 0.31 0.26~0.37
g 0.31 0.24~0.38 0.46 0.28~0.64 0.05 0.05~0.06
PN 0.45 0.42~0.48 0.59 0.54~0.64 0.11 0.1~0.13
WHT 0.45 0.42~0.49 0.57 0.54~0.6 0.09 0.08~0.1
IR 0.39 0.34~0.43 0.49 0.44~0.54 0.10 0.09~0.11
2R 0.47 0.43~0.51 0.69 0.6~0.79 0.14 0.13~0.15
Einyz: 0.40 0.35~0.45 0.52 0.46~0.59 0.12 0.1~0.13
A 1.02 0.75~1.3 0.84 0.71~0.96 0.19 0.16~0.23
TP 0.67 0.65~0.69 0.85 0.81~0.89 0.15 0.13~0.17
e 0.69 0.62~0.75 0.81 0.63~1 0.14 0.13~0.15
iRl 0.67 0.58~0.75 0.93 0.77~1.09 0.13 0.12~0.14
L] 0.90 0.77~1.02 0.94 0.8~1.08 0.38 0.32~0.45
IV 1.57 1.34~1.8 0.83 0.66~1 0.37 0.26~0.47
picAee] 0.95 0.87~1.02 0.69 0.61~0.78 0.12 0.11~0.12
G 1.53 1.28~1.78 0.83 0.53~1.12 0.44 0.22~0.66
Py 1.15 1.03~1.27 0.68 0.61~0.75 0.10 0.09~0.11
=l 1.45 1.29~1.62 0.91 0.78~1.04 0.18 0.16~0.21
= 1.03 0.77~1.3 0.72 0.58~0.86 0.18 0.12~0.23
Bk g 0.86 0.65~1.07 0.96 0.72~1.21 0.21 0.15~0.28
o 0.73 0.6~0.86 0.91 0.8~1.03 0.24 0.18~0.3
Tl 0.56 0.49~0.63 1.87 1.32~2.42 0.26 0.22~0.31
TH 0.82 0.64~0.99 0.73 0.57~0.88 0.14 0.11~0.16
i 0.63 0.43~0.83 0.83 0.69~0.97 0.27 0.16~0.38
B 0.85 0.76~0.94 0.85 0.78~0.92 0.20 0.19~0.22
S 0.67 0.65~0.69 0.76 0.74~0.79 0.16 0.15~0.17

T LA, 3R NO, HEB flE ™, K H Ak

e BEAT T AL AR R 0E, NO, HESA 7 I
“WrEgal” FREE 5(b)].NO, FRIHEBUS & E 2L
He R 7320 3 903 2 DUHEIUR 1 2R 1R B X
v, Zhao Z5PTZ IR [F 2010 4FMRKE L) AOHE
W AR 1.5~112g/kg 2 [a), 8 4 4T B3V i
CEMS £l &I 2011 45T ZRA BRI L) NO,
HEBR FHE 0.77~4.57g/kg 2 18] A 5745 H 2015

EA BRI A NO, HEE 1 P5~P95 {H A
0.33~1.5g/kg.

X RIORL ) 1 HE B 7 B 5 2 BL PMe BR
PM, s A ==, 75 26 1 0 SURL R AR BT X 43 AH
RS g Fan &l 5(c) 7. 24 K Al I HE
Bl IME R 2010 K XA T HE M T,
GB13223-2011%1%% Ht (K0 22 HEhRHE )y 30mg/
m’, BT GB13223-2003 45 M A 45 = I B
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Fig.5 Comparison of emission factors of coal-fired power plants with published literatures
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Table 4 Average emission factors of thermal power using varied fuels

UL R R JHA SO, NO,
(/BRI BIME 95% ELA% X I BIE 95% A5 X |1 Bl 95% A5 X 1]

k?* P (g/m’) 24.55 0.1 0.08~0.12 0.05 0.01~0.08 1.46 1.31~1.62
SEHA (g/m’) 24.55 0 0~0.01 0.03 0.01~0.04 1.43 1.29~1.57
M%Emfﬂ(g/kg) 4.806 1.02 0.08~1.96 1.94 1.5~2.38 1.5 0.81~2.18
B (g/m?) 5.894 0.14 0.09~0.19 0.62 0.24~1 1.67 1.29~2.04
A AL (g/ke) 6.24 0.24 0.15~0.33 0.78 0.58~0.97 133 1.02~1.65
FABBELA (g/kg) 7.722 0.1 0.03~0.17 0.94 0.64~1.25 221 0.91~3.51
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2.5 2015 4 E K B HEB G TRUE SRR
45 HPEC W 545 KRRk 5), 4 E Kb
CO. VOCs. NO,. SO,. PM;o. PM, s F-HJHE
SBEY AN 1.064 0.03. 0.32. 0.39. 0.08.
0.06g/(kW-h), A [F] X 35 1 HE s 2 37 — 5€ 1) 2%
st. CO RSB H 2 0.03~1.09g/(kW-h);
VOCs Hi T8 & 28 76 Hl 2 0.01~0.08g/(kW-h);

SO, HESETE A 0.08~0.82¢/(kW-h); NO,
HOB S TG F A 0.16~0.97g/(kW-h);PM, o FlE i
GBS R 0.01~0.23g/(KW-h);PM, s FE G %L
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Table 5 Emissions of air pollutants from thermal power plants in 2015

AT ) 15 R HRE T va)

CO VOCs SO, NO, PM,o PM, s

Jexe 1.48 (0.38) 0.03 (0.01) 0.31 (0.08) 0.61 (0.16) 0.04 (0.01) 0.04 (0.01)
Kt 5.43 (0.94) 0.17 (0.03) 1.05 (0.18) 2.62 (0.46) 0.37 (0.06) 0.27 (0.05)
B 19.95 (1.03) 0.44 (0.02) 3.12(0.16) 4.82(0.25) 0.78 (0.04) 0.71 (0.04)
LG 25.63 (1.18) 0.6 (0.03) 7.99 (0.37) 9.61 (0.44) 1.49 (0.07) 1.28 (0.06)
e 41.47 (1.34) 0.87 (0.03) 12.65 (0.41) 13.13 (0.43) 2.79 (0.09) 2.29 (0.07)
Ly 18.88 (1.49) 0.42 (0.03) 5.64 (0.44) 9.16 (0.72) 1.57 (0.12) 1.18 (0.09)
AR 9.92 (1.81) 0.44 (0.08) 2.71 (0.49) 4.55 (0.83) 0.77 (0.14) 0.56 (0.1)
AN 12.09 (1.64) 0.43 (0.06) 4.14 (0.56) 7.17 (0.97) 1.34(0.18) 0.88 (0.12)
[t 5.33(0.87) 0.12 (0.02) 1.03 (0.17) 1.61 (0.26) 0.18 (0.03) 0.16 (0.03)
DN 35.59 (0.91) 0.96 (0.02) 7.34(0.19) 10.85 (0.28) 1.84 (0.05) 1.58 (0.04)
Wi 19.95 (0.95) 0.58 (0.03) 4.73 (0.23) 5.88 (0.28) 0.96 (0.05) 0.8 (0.04)
I R 22.63 (0.84) 0.49 (0.02) 4.26 (0.16) 6.13 (0.23) 1.13 (0.04) 1(0.04)
2 18.65 (1.02) 0.67 (0.04) 4.32(0.24) 5.49 (0.3) 1.26 (0.07) 1.07 (0.06)
finkad 9.13 (0.9) 0.24 (0.02) 1.71 (0.17) 2.4 (0.24) 0.53 (0.05) 0.47 (0.05)
AN 6.58 (0.93) 0.2 (0.03) 3.3(0.47) 3.03 (0.43) 0.56 (0.08) 0.45 (0.06)
th 4R 44.77 (1.13) 1.28 (0.03) 15.08 (0.38) 17.57 (0.44) 3.61 (0.09) 2.92 (0.07)
b 23.71 (1) 0.65 (0.03) 8.24 (0.35) 8.71 (0.37) 1.69 (0.07) 1.4 (0.06)
ikl 8.79 (0.95) 0.37 (0.04) 2.67(0.29) 3.53(0.38) 0.53 (0.06) 0.45 (0.05)
i 6.02 (1.02) 0.25 (0.04) 2.81 (0.48) 2.89 (0.49) 1.04 (0.18) 0.58 (0.1)
i 3.59 (0.98) 0.13 (0.04) 2.52 (0.69) 1.44 (0.39) 0.59 (0.16) 0.37(0.1)
piae) 1.83 (0.92) 0.07 (0.04) 0.8 (0.4) 0.79 (0.4) 0.1 (0.05) 0.09 (0.05)
EI/N 3.75 (0.95) 0.08 (0.02) 3.23(0.82) 1.57 (0.4) 0.9 (0.23) 0.5 (0.13)
| 3.49 (1.08) 0.07 (0.02) 2.16 (0.67) 1.21(0.38) 0.2 (0.06) 0.17 (0.05)
el 9.37 (1) 0.19 (0.02) 6.29 (0.67) 4.33 (0.46) 0.86 (0.09) 0.68 (0.07)
=M 2.81 (1.3) 0.11 (0.05) 1.18 (0.55) 0.88 (0.41) 0.23 (0.11) 0.17 (0.08)
vy 12.24 (1) 0.26 (0.02) 3.75(0.31) 5.11 (0.42) 0.88 (0.07) 0.73 (0.06)
ok 6.06 (1.1) 0.12 (0.02) 2.23 (0.4) 2.56 (0.46) 0.65 (0.12) 0.46 (0.08)
Tl 0.82 (1.27) 0.02 (0.03) 0.22 (0.34) 0.63 (0.96) 0.09 (0.14) 0.07 (0.11)
THE 9.74 (1.02) 0.2 (0.02) 3.21(0.34) 2.98 (0.31) 0.49 (0.05) 0.43 (0.05)
gkt 8.48 (1.06) 0.18 (0.02) 2.11 (0.26) 3.13 (0.39) 0.75 (0.09) 0.6 (0.08)
B 4] 5.68 (0.92) 0.11 (0.02) 2.12 (0.35) 2.29 (0.37) 0.54 (0.09) 0.44 (0.07)
St 403.87 (1.06) 10.73 (0.03) 122.94 (0.32) 146.68 (0.39) 28.72 (0.08) 22.8 (0.06)

A5 5 WO RS8R [/ (kW-h)].

2015 4,4 [FH Kk H, CO. VOCs. NO,. SO,.
PM;o. PM,s HECE 4>k 403.87. 10.73.

122.94, 146.68. 28.72 1 22.80 Jj t/a.HE =1
A AT WK 6 Bz, CO AR B4 £
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Fig.6  Spatial distributions of air pollutants emission from thermal power, 2015
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