hE ISR 2024,44(11): 5990~5998 China Environmental Science

EOEJH RIS U SRR KA R TG R (). TP E PR, 2024,44(11):5990-5998.
Wang S, Zhou B, Qu J B, et al. Air pollution impact of thermal power industry in Shandong Province under carbon peak and carbon neutrality scenario. [J].
China Environmental Science, 2024,44(11):5990-5998.

WixlF= FIURE KBTI XRSKISREMN

TOEUE O RCENS AR LA LR & YR B B EReEEIR A
FUEA B ) AR BE AR i Pl 5 v S A TR T A S0 3 VT 0 R 2100235 2. b ORI vl RS VR 9 e, N 80 eI ]
BARGEF 0, ACST 1022115 3AEAIREE, [ 5 IR CRG7 FR 55 52 00 VT A BUEASDL 7 2 500 4, db 5T 100012 4. b5t TR
IR 5 TREA, AL 100029; 5T A REER:, LA I1EUT 276000)

FE: ABFSTLLR IR A LR R, TH B T Rl e, bR S R KO BAT MRS B SR ) CALPUFF A5 B T AN 5 R i 4R 48 K
HIATIE SO2+ NOxv PMig S PMo 5 V5 A Dbk DL 45 7R, FE IR IR 5 R, I AR K AT AL SO2v NOW PMig Sz PMy s FFISUR 55 2018 AFSLHER SHAHLE,
GrME> T 2483.42,23448.71,364.31,341.01t, K HUATMEAEIE) SO2v NOww PMig B PMos X 20 3R T I ik BEARE 2018 SR ILHENG 50 50 Sl AR T
0.22%~26.61%- 0.66%~51.21%. 0.63%~23.82%F!1 4.36%~24.38%.7EHk H A 5t N, I ZR 4 K HAT Ik SO2 NOL PMig & PMys HEJSCEE 5 2018 AFFEHE
SARLE, A3 T 10947.71,44358.58,1606.00,1503.29t, K AT HEHK SO2. NOw PMig S PMo s of -4 1T DTk FE L 2018 AR FEHERS S5 4353 e
T 22.66%~44.14%. 7.10%~54.37%. 23.08%~42.02%F1 27.20%~42.44% TERKILUE . HirPAIE 5E N, KR HLAT 2 1 2R 48 REIR 22 A RIS A1 R 1 s
AT ki P A W Rl 0T L 2R Kk AT b 28 R AL

KGR KM, BRIKWE; BB CALPUFF; 7545tk

FESES: X51 SCERFRIRED: A XEHS: 1000-6923(2024)11-5990-09

DOI:10.19674/j.cnki.issn1000-6923.2024.0229

Air pollution impact of thermal power industry in Shandong Province under carbon peak and carbon neutrality scenario.
WANG Sheng', ZHOU Bin?, QU Jia-Bao®, LI Jian-Hui*, YU Li-Zhao®, WU Xin’, YANG Ying**, XU Xin*"", BO Xin* (1.State Key
Laboratory of Low-carbon Smart Coal-fired Power Generation and Ultra-clean Emission, China Energy Science and Technology
Research Institute Co., Ltd., Nanjing 210023, China; 2. Artificial Intelligence applied Technology Research Center, National Institute
of Clean-and-Low-Carbon Energy, Beijing 102211, China; 3.State Environmental Protection Key Laboratory of Numerical Modeling
for Environment Impact Assessment, Ministry of Ecology and Environment, Beijing 100012, China; 4.Department of Environmental
Science and Engineering, Beijing University of Chemical Technology, Beijing 100029, China; 5. Linyi People's Hospital, Linyi
276000, China). China Environmental Science, 2024,44(11): 5990~5998

Abstract: This study took Shandong Province, a major province of thermal power generation, as an example, calculated the
emissions of atmospheric pollutants from thermal power under the scenario of carbon peaking and carbon neutrality, and adopted the
CALPUFF model to simulate the contribution of SO,, NO,, PM,, and PM, 5 pollution from the thermal power industry in Shandong
under different scenarios. The results show that under the carbon peak scenario, the emissions of SO,, NO,, PM;,, and PM, 5 in the
Shandong thermal power industry decreased by 2483.42, 23448.71, 364.31, and 341.01t, respectively, compared with the baseline
scenario in 2018. The contribution concentration of thermal power to SO,, NO,, PM;,, and PM, s in each city decreased by
0.22%~26.61%, 0.66%~51.21%, 0.63%~23.82%, and 4.36%~24.38%, respectively, compared with the baseline scenario
concentration in 2018. Under the carbon neutral scenario, SO,, NO,, PM;4, and PM, s in the thermal power industry in Shandong
Province SO,, NO,, PM;y, and PM, 5 emissions decreased by 10947.71, 44358.58, 1606.00, 1503.29t, respectively, compared with the
2018 base scenario. The contribution concentration of thermal power to SO,, NO,, PM;,, and PM, 5 in each city decreased by
22.66%~44.14%, 7.10%~54.37%, 23.08%~42.02%, and 27.20%~42.44%, respectively, compared with the baseline scenario
concentration in 2018. Under the scenario of carbon peak and carbon neutrality, thermal power generation is still the "ballast stone"
for energy security and stable supply in Shandong Province, and the collaborative control of pollution reduction and carbon reduction
is crucial for Shandong thermal power industry.
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Fig.1 The location map of thermal power discharge ports in

Shandong Province in 2018
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Table I Quantity statistics and pollutant emission of thermal

power enterprises in Shandong Province (t/a)

E S SO, NO, PMo PM, 5 B (AN
T 4293 11179 638 612 40
FE M T 1559 3908 253 239 23
REH 1135 3446 159 140 21
T 1546 4560 200 185 23
G 2381 6513 302 270 22
b alich 3129 10248 383 362 36
Mk i 2659 7929 346 328 28
I i 2197 6374 317 301 36
&y 753 2957 166 156 30
H il 478 1684 105 100 10
R 1236 4886 228 215 30
JBE T 810 2946 137 129 18
Yy 2200 8364 348 328 55
MG T 2740 7155 317 294 33
AT 1440 4181 258 243 25
St 2096 6703 339 309 34
St 30652 93033 4496 4211 464
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Table 2 Comparison of power supply structure under
reference scenario and carbon peak scenario in

Shandong Province

A 5t kR Bt
REAA Rl RS BN RN R R
(LWt 07 kW) I (2 kW) Hi%)

KHL 54882 93.3 53243 62.0
M 9500

1392 19487 227
Jek 4500

.. 393.9 6.7

e 1000 7279 727.9 8.5
HoAth 21225 27455 5827 6.8
Bt 5882.1 100.0 8583.6  100.0
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Fig.2 Average annual concentration distribution of SO,, NO,, PM;, and PM, 5 in thermal power industry in Shandong Province
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Table 3 Comparison of annual predicted and monitored concentrations of pollutants in thermal power industry in Shandong

Province
e SO, HEHIH E (ng/m’) NO, 4F IS (ng/m’) PMIOEI@;W(ug/mS) PM, s (E 3K (ng/m®)
TS WEIREE  LeBl(%)  BONWE WRIRIE  LBl%)  PIREE BEIIRE HBI(%)  TRINREE WEIREE HBl(%)

g 3.09 16 241 5.10 44 1.45 0.58 107 0.07 0.54 51 1.06
Wi 1.53 10 1.70 3.06 31 1.10 0.37 72 0.06 0.35 34 1.03
AT 2.54 24 1.77 5.18 43 2.01 0.49 106 0.08 0.46 55 0.84
AT 1.18 19 1.24 1.97 36 1.10 0.24 115 0.04 0.23 59 0.39
& 7 0.86 10 1.43 1.83 27 0.13 0.19 66 0.05 0.18 29 0.62
e 1.52 17 1.79 2.89 36 1.60 0.29 104 0.06 0.27 53 0.51
v 1.26 20 2.10 2.53 36 2.34 0.22 92 0.08 0.20 52 0.38
Rz 0.92 18 1.71 1.62 36 1.50 0.20 102 0.06 0.19 51 0.37
H 0.42 12 1.16 0.72 35 0.68 0.10 79 0.04 0.10 42 0.24
RE 0.96 18 1.34 1.32 36 0.91 0.21 94 0.06 0.20 49 0.41
JEE T 0.43 7 2.04 1.06 17 2.08 0.09 50 0.06 0.09 25 0.36
HeJeti 1.03 23 1.49 2.00 41 163 0.20 110 0.06 0.19 58 0.33
T i 1.18 18 1.63 234 42 1.39 0.22 106 0.05 0.21 54 0.39
M T 1.01 17 1.98 1.48 37 1.33 0.19 109 0.06 0.18 56 0.32
W3 0.86 14 2.05 1.20 39 1.02 0.17 120 0.05 0.16 60 0.27
M 0.95 22 1.44 1.28 39 1.09 0.19 98 0.06 0.18 54 0.33
T 0.64 14 1.52 0.86 39 0.73 0.12 119 0.03 0.12 58 0.21

2.3 WIS ST ) K BAT M HE B DT R 5 e

WIS S (1 5 1) R, IR K HATIE SO,
NO,.PM,y & PM, s {73 il 4 28167.6,69584.18,
4132.10,3867.86t/a,5 2018 =75 Yk istAH b, NO,
ST R B KIS e, B s 21 25.2%.

HH ] 3 R D B A7 S (1 55t 10) B AT IR
VG YIERR B DTIR S 2018 IR 52 A5 (K
2)B 0 — BRI s (1 s IDARET 2018 4RI
AR5 K EATIA 1T SO,. NOw PMyo & PM; s

B RAE UL DTk Bk > (R 4),80,+ NO, PM
Je PMy s S35 GURRIAR FEE BRI 43 700 A 15.94%136.97%
14.80%F1 15.75%.8t4F,SO,+ NO,» PMjg A2 PM,s
B NAF SR FE Y AR B g T, 53 0ok 2,564 3.37.
0.49 A1 0.46pg/m’ BRI 52> HIFAK T 17.06%-
33.95%- 15.84%- 15.18%. K HL X 43 117 o koA S5
SO, NO,+ PMjo J PM,s 80T 2018 AFHEUENG Stk
By B BEAR T 0.22%~26.61% -+ 0.66%~51.21% -
0.63%~23.82%F11 4.36%~24.38%.

x4 BEEFRTUREEDARTIVSERYEREREKS 2018 FIIRITLE
Table 4 Comparison of the annual concentration contribution of pollutants in thermal power industry in Shandong Province under
the carbon peak scenario and the status quo in 2018
SO, HEIK JE (ng/m’) NO, SEHK % (ug/m) PM, o SE 4 (ug/m®) PM, s 459 i (ng/m’)
T
(%) 0 o (%)
G 2.56 3.09 17.06 3.37 5.10 33.95 0.49 0.58 15.84 0.46 0.54 15.18
T 1.28 1.53 16.56 1.83 3.06 40.14 0.31 0.37 15.31 0.30 0.35 15.35
T 2.22 2.54 12.69 331 5.18 36.15 0.43 0.49 12.48 0.40 0.46 12.86
KA 1.03 1.18 12.33 1.31 1.97 33.72 0.21 0.24 10.98 0.20 0.23 12.52
MG T 0.71 0.86 17.15 0.97 1.83 46.91 0.16 0.19 13.90 0.15 0.18 14.02
HeYiTH 1.19 1.52 21.75 1.62 2.89 44.08 0.24 0.29 17.96 0.22 0.27 17.18
i th 0.92 1.26 26.61 1.27 2.53 49.68 0.17 0.22 23.41 0.16 0.20 20.47
Fazli 0.88 0.92 437 1.27 1.62 21.86 0.18 0.20 11.02 0.17 0.19 11.90
H il 0.417 0.418 0.22 0.72 0.72 0.66 0.10 0.10 0.63 0.10 0.10 4.36
ARE 0.91 0.96 5.25 0.89 1.32 32.42 0.19 0.21 7.36 0.18 0.20 9.00
JB I T 0.32 0.43 2491 0.52 1.06 51.21 0.07 0.09 18.71 0.07 0.09 23.08
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SO, EH K ¥ (ng/m’) NO, FFIK E (ng/m”) PM “F 4K (ng/m’) PM, s F K (ng/m’)

el ik 2018 BLR T WiklgE 2018 IR T frikige 2018 BLIR T Weikig 2018 BRAR L
(%) (%) (%) (%)
S0 0.91 1.03 11.25 1.37 2.00 31.55 0.17 0.20 12.82 0.16 0.19 13.99
/i) 0.94 1.18 20.69 1.30 234 44.53 0.18 0.22 19.47 0.17 0.21 20.12
NN 0.74 1.01 26.33 0.80 1.48 45.76 0.14 0.19 23.82 0.14 0.18 2438
T3 vl 0.74 0.86 14.37 0.77 1.20 35.96 0.14 0.17 14.88 0.14 0.16 14.73
TN T 0.81 0.95 14.85 0.84 1.28 34.54 0.16 0.19 14.07 0.15 0.18 14.77
JFPETI 0.48 0.64 24.64 0.47 0.86 45.41 0.10 0.12 18.86 0.09 0.12 23.90

3 BHAETE R R IAE KEATE SO, NOg PM g M PM, 5 SRR E 23 Aii
Fig.3 Average annual concentration distribution of SO,, NO,, PM;y and PM, 5 in thermal power industry in Shandong Province

under the carbon peak scenario

2.4 THPAIE SR I KR AT ML HE B TR R 48674.31,2890.41,2705.58t/a,5 2018 4EHEBINARAH
B AR S (1 510D R, 1l AR B K AT R tbo, 2> o sk 2> T 10947.71,44358.58,1606.00,
SO,+ NO,. PM ;o & PM, s HECE 5394 19703.31, 1503.29¢t/a.

F5 mHPMEBEZTURESHABITIWSEYELRERBS 2018 FHIXFTLE
Table 5 Comparison of the annual concentration contribution of pollutants in thermal power industry in Shandong Province under

carbon neutral scenario and the status quo in 2018

SO, FEIHK JE (pg/m’) NO, EIHE (ng/m®) PM, o 4F 39K S (ng/m”) PM, s (EBJKE (ng/m?)
il T B Ll TR TR TR
WhF 2018 BUR . WhA 2018 UK " whA 2018 BLAR " R A 2018 HUR "
(%) (%) (%) (%)
DT 1.95 3.09 36.87 3.15 5.10 38.23 0.37 0.58 35.94 0.35 0.54 35.44
S 0.97 1.53 36.49 1.71 3.06 44.02 0.24 0.37 35.54 0.23 0.35 35.57

T 1.69 2.54 33.54 3.09 5.18 40.29 0.33 0.49 33.39 0.31 0.46 33.67
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SO, EH IR (ug/m’) NO, EHIRIE (ng/m’) PM,o IR (ng/m®) PM, s IR (g/m®)

W BRA 2018 Bk T REEL B 2018 Bk BN RY B 2018 Bk T REEL B 2018 Bk BN RY
(%) o (%) (%)
AT 0.79 1.18 33.27 1.22 1.97 38.02 0.16 0.24 32.24 0.15 0.23 33.41
& T 0.54 0.86 36.94 0.91 1.83 50.36 0.12 0.19 34.46 0.12 0.18 34.55
HEYiT 0.91 1.52 40.44 1.51 2.89 47.70 0.18 0.29 37.56 0.17 0.27 36.96
il 0.70 1.26 44.14 1.19 2.53 52.94 0.13 0.22 41.71 0.12 0.20 39.47
eVl 0.67 0.92 2721 1.18 1.62 26.92 0.14 0.20 3227 0.13 0.19 32.94
H e 0.32 0.42 22.66 0.67 0.72 7.10 0.08 0.10 23.08 0.07 0.10 27.20
KR 0.69 0.96 27.88 0.83 1.32 36.80 0.15 0.21 29.49 0.14 0.20 30.73
Ja T 0.25 0.43 42.84 0.48 1.06 54.37 0.06 0.09 38.13 0.05 0.09 41.45
et 0.70 1.03 3245 1.28 2.00 35.99 0.13 0.20 33.64 0.12 0.19 3453
T T 0.71 1.18 39.63 121 2.34 48.12 0.13 0.22 38.71 0.13 0.21 39.20
TN T 0.57 1.01 43.93 0.75 1.48 49.28 0.11 0.19 42.02 0.10 0.18 42.44
W3k Tl 0.56 0.86 34.82 0.72 1.20 40.11 0.11 0.17 35.21 0.10 0.16 35.09
T T 0.62 0.95 35.19 0.78 1.28 38.78 0.12 0.19 34.60 0.12 0.18 35.13
FPET 0.37 0.64 42.64 0.44 0.86 48.95 0.07 0.12 38.24 0.07 0.12 42.08

4 WA SR LR KHATIE SO0y NOgw PMyg Je PM, s SRR E A

Fig.4 Average annual concentration distribution of SO,, NO,, PM;y and PM, 5 in thermal power industry in Shandong Province

under carbon neutral scenario

] 4 W], K AT T SO2v NOw PMyg
J& PM, 5 5 KAESS IR BE TR %>,8 0,1 NO,~ PM;g
Al PMy s B KAERIR S HIRAE DA M T (R 5), 70
A 1.95,3.15,0.37,0.35ug/m’, H R AR T 36.87% «

38.23%- 35.94%. 35.44%. ik AE ST T
2018 fEILIR,SO,. NO, PMyg f2 PM, s TR 4>
B T 22.66%~44.14%- 7.10%~54.37%- 23.08%~
42.02%F1 27.20%~42.44%.
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