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ABSTRACT Since 2018, Shandong Province has successively issued a series of pollution prevention and control programs for air
pollutants from the coking industry, which plays a key role in coke production in China. However, a comprehensive assessment of the
effectiveness of these measures is lacking. For a better understanding of this issue, based on the published air pollutant emission
inventory for the independent coking industry and related policies formulated in Shandong in 2018, this study developed business-as-
usual scenarios (BAU-2018, BAU-2025, and BAU-2035) and emission reduction optimization scenarios (ERO-2025 and ERO-2035).
The emission reduction potential of PM;,, SO,, NO,, PM, 5, and CO, and their corresponding contributions to Shandong’s air quality
with the air quality model (CALPUFF) were assessed under different scenarios. In terms of scenario settings, the gross domestic product
of the secondary industry and the coke output of independent coking enterprises were used for linear regression to predict the coke
output in 2025 and 2035. The mesoscale atmospheric data model, Weather Research and Forecasting, provided simulated three-

dimensional meteorological field data for this study. Regional terrain data (90 m) were obtained from the United States Geological
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Survey. The resolution of the land use type data was 30 m, according to our previous research results. We adopted the MESOPUFF 11
chemical mechanism to simulate SO,, NO,, SO,*, NO;~, HNO;, PM,,, and PM, 5 pollutants. To ensure the accuracy of the enterprise
location information, we examined the enterprise latitude and longitude information one by one using Google Earth location recognition
and manual visual inspection. The results showed that in the BAU-2018 scenario, the annual contribution ratios of SO,, NO,, PM,,, and
PM, 5 in Shandong Province were 0.06%—0.84%, 0.01%—0.63%, 0.04%—0.19%, and 0.07%—0.21%, respectively. Linyi has the highest
contribution of SO, and NO, concentrations to air quality, whereas Jining has the highest contribution of PM,, and PM, 5 concentrations
to air quality. Compared with the current scenario (BAU-2018), the emission and contribution concentration of each pollutant showed an
alarming decrease in the ERO-2025 scenario. Under the ERO-2035 scenario, the results showed that SO,, NO,, PM,,, PM, 5, and CO,
emissions would be reduced by 60.12%, 78.24%, 75.07%, 74.20%, and 37.47%, respectively, compared with those under the BAU-2018
scenario. In the ERO-2035 scenario, the average contribution concentrations of SO,, NO,, PM;,, and PM, 5 decreased by 60.74%,
78.56%, 75.00%, and 74.53%, respectively. Moreover, the results of this study showed that the comprehensive implementation of

ultralow emission standards in Shandong Province had a considerable impact on air pollutant reduction in the independent coking

industry, and the synergistic reduction of air pollutants and carbon dioxide showed huge potential.
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Fig.1 Coke production of independent coking enterprises and pollutant emission of each city in Shandong Province in 2018
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Fig.2 Relationship between the coke production of the independent coking industry and GDP of the Shandong secondary industry: (a) relationship

between GDP of secondary industry and year; (b) relationship between natural logarithm of the coke production and natural logarithm of GDP
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Table 1 Grid parameter settings

Parameter options

Settings

Mesh type

Reference point definition
location/km
Number of grid points
in the X-direction
Number of grid points
in the Y-direction

Vertical layer number
Based time zone
Projection
DATUM code
Latitude 1
Latitude 2
False easting/km

False northing/km

Rectangular coordinates,
bottom left coordinates

(237.7750, 3791.9910)
96

65

10
UTC+08:00 Beijing
Lambert Confomal Conics
WGS84
25°N
47°N
237.7750
3791.9910
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Table 2 Parameter settings of the CALPUFF control file

Run option

Settings

Regulatory option
Based time zone

Running time
Chemical transformation
method

Meteorological data format

Calculate the grid points in the
X direction

Calculate the grid points in the
Y direction

Receptors

Do not inspect settings as required by

EPA regulations
UTC+08:00 Beijing

January 1, 2018—December 31, 2018

Computed internally
(MESOPUFF 1[I Scheme)

CALMET binary file
(1, 96)

(1, 65)

Grid points and national
monitoring stations
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Table 3  Air pollutant emission limits in emission standards and Shandong’s implementation of ultralow emissions

Concentration (GB 16171—2012)/ (mg-m )

Concentration (ultralow emissions in Shandong)/ (mg-m )

Emission source

SO, NO, PM;, SO, NO, PM;,
Coal preparation — — 30 — — 10
Coal charging 100 — 50 50 — 10
Pushing 50 — 50 — — 10
Coke oven smokestack 200 500 15 30 100 10
Quenching 100 — 50 50 — 10
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Fig.3 Distribution of the independent coking enterprises after closure of small capacity enterprises
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IO it , I 0 ) T A ke Al FH ¢ € 340 D 5% 5 AR A
BV S HE— 2 T B Ik 1 T SR B D T
) 2025 47, T5 Y W 04 HE R BT R VR B 1 R RS 18
F) B¢ KA. Wi 7E ERO-2035 15 5 1, SO,. NO,. PM,,
F1 PM, 5 434 TRV B 7E ERO-2025 A9 JL il | />
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Table 4 Comparison between the predicted and monitored concentrations of independent coking industry pollution in Shandong Province

Average annual Average annual

concentration of SO,

concentration of NO,.

Average annual
concentration of PM;,

Average annual
concentration of PM, 5

ay Predictid/ Monitoged/ Ratio/% Predictid/ Monitofd/ Ratio/% Predictid/ Monitoged/ Ratio/% Predictid/ Monitoged/ Ratio/%
(gm™) (pgm™) (gm™) (pgm™) (gm™) (pgm™) (pgm™) (pgm™)
Jinan 0.055 16 0.34 0.062 44 0.14 0.104 107 0.10 0.072 51 0.14
Qingdao 0.012 10 0.12 0.007 31 0.02 0.040 72 0.06 0.030 34 0.09
Zibo 0.066 24 0.28 0.094 43 0.22 0.109 106 0.10 0.073 55 0.13
Zaozhuang  0.100 19 0.53 0.159 36 0.44 0.137 115 0.12 0.087 59 0.15
Yantai 0.006 10 0.06 0.002 27 0.01 0.026 66 0.04 0.020 29 0.07
Weifang 0.051 17 0.30 0.063 36 0.18 0.089 104 0.09 0.060 53 0.11
Jining 0.126 20 0.63 0.192 36 0.53 0.174 92 0.19 0.109 52 0.21
Taian 0.055 18 0.30 0.064 36 0.18 0.106 102 0.10 0.074 51 0.15
Rizhao 0.018 12 0.15 0.018 35 0.05 0.050 79 0.06 0.037 42 0.09
Dongying  0.039 18 0.22 0.045 36 0.13 0.082 94 0.09 0.056 49 0.11
Weihai 0.004 7 0.06 0.002 17 0.01 0.022 50 0.04 0.017 25 0.07
Laiwu 0.058 23 0.25 0.075 41 0.18 0.106 110 0.10 0.073 58 0.13
Linyi 0.151 18 0.84 0.263 42 0.63 0.178 106 0.17 0.104 54 0.19
Dezhou 0.022 17 0.13 0.018 37 0.05 0.055 109 0.05 0.040 56 0.07
Liaocheng  0.040 14 0.28 0.039 39 0.10 0.085 120 0.07 0.060 60 0.10
Binzhou 0.056 22 0.25 0.065 39 0.17 0.097 98 0.10 0.065 54 0.12
Heze 0.040 14 0.29 0.042 39 0.11 0.081 119 0.07 0.057 58 0.10

T 20.19%. 7E%F BAU 1% 5t 1) 43 By v, 2035 4F 7~ 5t
VD XoF 4515 YL W0 1) BT R VR B AV R 7E 38.00% ~
38.45% Z 8], P I 4 1 A 7 AP HE OB 1 X 35
Wy U HE KR T S 3. NO, AR Y BT ik vk BE R I
K, X5 AT b B AR HE L i T % X NO, 1)
ol HE R i o e | PR i B A P,

M3 T R E KA, ERO 1 5/ SO,. NO,. PM;,
DT R R A e 8T A I U T, PM, s T RV B e
Wt i T R S B AE SR, ERO-2035 1 &
#% W T # T BAU-2018, SO,, NO,, PM,, fll PM, s
BTk e EE A ) BRI T 58.57% ~ 65.63%. 77.00% ~
81.94%. 74.04% ~ 76.98% Hl 73.60% ~ 76.35%. Ik,
4h, SO, 5 NO, 1 B Wi 5 IR A 2 5% 7 1, 43 51K
58.57% F1 77.00%, i% /2 i F T £ K m e
REAT b w5 o e % B I St T 58 ) B ST, ok T
S A B /NP BE A B D, HAt T 4 /N = BB A b =
P AU T T AR A Ak T B0 B KO BT
PRI 35 7 T 20 1 A 3 T % 7 S W o R ok B 1 D
b H AR
24 RBGIER S HMBFRARTEE

ABFFERE T IGYTH , Pr . T M
T HED T AT (AR e ™ o o 6 4 ks £

A Al 1 74.58% ) 116 [ 42 3l A %) 5 0141 5 1 ) {1
HEAT B 23 e X 3 B (L AR 48 B 4 3l A 43 A 5] 6
JIE7R ), A Br s AN 2 6. R4 I 455 25 50 A 75 3
PE TAEFE F G AT) W B PR b v R? > 0.287), 548
SR R A, Y T W R

AW TR kST B4R AT L SO, NO, Fil PM £
P TTHR VR B 5 LA 5 R A Tk ok B EAT T L
B, NFR 7 R . AR 5T 0TS Y P ok vk R
E ARG, A LLUF 3 MK

(1) FEXTF Sl ik Ak i A5 op, A4
I e T 2018 4FE 6 H 1 H ~9 H Y A5 Y
B, PRI R YIS Sl KT, T G HE R R
s (2) W R AR AT M AL — 4 I AR AR A
Aol FEEE o 6 v AR A Ak Y 359%, Bk,
e L SN AT Ml T G ) HE R v T ST A Al A
Al B (3) AR 5 1k ST AR AR ATl 9 HE TR ok TR
F CEMS %4, T LS fin v o i) 44 80 4 4k 4k 1)
HECRHAE.

3 g

(1) 2035 4E 1 4548 2 S7 A Al £5 % P i Tl
8T 2018 4E F R 37.37%. T 0~ 24k 7l 4
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Table 5 Comparison of BAU-2018 and ERO-2035 predicted pollution concentrations in the independent coking industries in various cities in Shandong
Province
Average annual Average annual Average annual Average annual
concentration of SO, concentration of NO, concentration of PM;, concentration of PM, 5
Y BAU- 0035/ Declined  BAU ERO2035/ Dectined  PAUT ERO2035/ Declined  BAUT ERO-2035/ Declined
2018/ 3 . 2018/ 3 . 2018/ X . 2018/ X .
(ngm ™) (ng'm™)  ratio/% (ngm™) (ug'm™)  ratio/% (ngm™) (ng'm™)  ratio/% (ngm™) (ug'm™)  ratio/%
Jinan 0.0549 0.0223 59.33 0.0620 0.0139 77.52 0.1038 0.0267 74.31 0.0717 0.0187 73.93
Qingdao  0.0116 0.0046 60.55 0.0073 0.0015 78.89 0.0397 0.0102 74.36 0.0303 0.0079 73.93
Zibo 0.0664 0.0263 60.44 0.0937 0.0205 78.12 0.1093 0.0271 75.18 0.0728 0.0183 74.84
Zaozhuang  0.0999 0.0388 61.14 0.1589 0.0332 79.08 0.1374 0.0340 75.22 0.0867 0.0219 74.74
Yantai 0.0063 0.0025 60.47 0.0025 0.0005 78.71 0.0258 0.0067 74.22 0.0199 0.0052 73.73
Weifang  0.0507 0.0181 64.34 0.0634 0.0119 81.19 0.0888 0.0209 76.48 0.0604 0.0146 75.87
Jining 0.1259 0.0521 58.57 0.1922 0.0442 77.00 0.1740 0.0445 74.43 0.1091 0.0282 74.16
Taian 0.0549 0.0219 60.04 0.0644 0.0141 78.12 0.1063 0.0267 74.86 0.0740 0.0189 74.45
Rizhao 0.0183 0.0072 60.39 0.0182 0.0039 78.55 0.0500 0.0127 74.59 0.0367 0.0095 74.16
Dongying  0.0394 0.0157 60.15 0.0454 0.0100 78.06 0.0817 0.0206 74.80 0.0563 0.0144 74.39
Weihai 0.0041 0.0016 60.32 0.0015 0.0003 78.42 0.0216 0.0056 74.08 0.0169 0.0045 73.65
Laiwu 0.0579 0.0199 65.63 0.0750 0.0136 81.94 0.1063 0.0245 76.98 0.0733 0.0173 76.35
Linyi 0.1511 0.0598 60.42 0.2628 0.0569 78.37 0.1780 0.0444 75.07 0.1040 0.0264 74.58
Dezhou  0.0224 0.0090 59.83 0.0181 0.0040 77.83 0.0552 0.0143 74.11 0.0400 0.0106 73.56
Liaocheng  0.0397 0.0163 59.01 0.0391 0.0089 77.15 0.0846 0.0220 74.04 0.0600 0.0158 73.60
Binzhou  0.0557 0.0211 62.12 0.0645 0.0132 79.59 0.0967 0.0237 75.49 0.0651 0.0164 74.88
Heze 0.0399 0.0157 60.68 0.0418 0.0089 78.68 0.0811 0.0206 74.57 0.0571 0.0148 74.02
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Table 6 Results of the CALPUFF model verification (Pearson correlation coefficient)
City SO, NO, PM,, PM, 5
Linyi 0.48 0.61 0.58 0.56
Jining 0.44 0.48 0.62 0.67
Zaozhuang 0.37 0.43 0.57 0.45
Binzhou 0.19 0.49 0.54 0.66
Weifang 0.47 0.45 0.59 0.60
R  HHATTBIE vk EEXT L
Table 7 Comparison with simulated pollutant concentrations from other studies
Concentration/ (ug'm )
Industry Area Simulation time Model Sources
SO, NO, PM, PM,; 5
Coking Wuhai City June 1-9, 2018 WRF-CMAQ 0.52-1.42  0.61-2.04 0.37-0.99 Shu!'®
L . January, April, July, and 13]
Iron and steel 5 cities in China October 2018 WRF-CAMx 0.21-1.47 1.09-4.12 0.91-1.80 Tang, et al
Independent coking  Shandong Province 2018 CALPUFF 0.06-0.15 0.08-0.26 0.11-0.18 0.07-0.11  This study
72.73%. 68.76%. 67.67% 1 21.65%. ERO-2035 % People’s Republic of China. (2022-01-30) [2023-07-31]. https:/
%% {?7;,% % 5 CO2 El"] :HF ﬁi%ﬁj\%u 7{ ERO-2025 ,rjﬁ; wap.miit.gov.cn/jgsj/ycls/gzdt/art/2022/art_753fa62al6ea4c97adf4
cff1580039ad.html
SRR B DT 20.19%. B S A S
- /]jj'n' e 7 ‘ #m AL AR (Fp A A R AL A AL . 2021 4F AR AL AT L3z 4T
3l T3 315 CO, (P AR 1 K BL[EBIOLY, tf 45 A F& S0 Tll i 5 L 3. (2022-01-30)
(2) BAU-2018 ", LA 1l S A kA AFE ) 57 [2023-07-31].  https:/wap.miit.gov.cn/jgsj/ycls/gzdt/art/2022/art_
@k{kﬁ%%{}ﬂ“ﬁﬁﬁ? ttijc" %.fﬁ SO,. NO,. PM,, A 753fa62al 6eadc97adf4cff1580039ad.html)
PM E/‘Jﬁzi@i—‘:ﬁk th@uﬂ/\:ﬁi[ﬂ é_},%u ﬂf] 0.06% ~ 0.84% [3] Zhao C L, Qiao J. Environmental dilemma and green trans-
2.5 ~ . ~ V. N
formation strategy for coking industry in China. Environ Prot
0.01% ~ 0.63%. 0.04% ~ 0.19% F1 0.07% ~ 0.21%.
L .. Chem Ind, 2019, 39(3): 321
Ly [BE = &k SR =N oy o o . ) N )
SO,. NO, Ji f ¥ 5 51 R Ho ) d5c oK 19 2 W T 717 BT, 7. T 5 7 L TG 0 5 5 R B B 5 e s
PM . PM, 5[5ttt 94 JB2 BTk LU 91 e A 22 0 17 T L THRE, 2019,39(3): 321)
(3) TEHALIE 5 ERO-2035 H , 30,. NO,. PM;, [4] Bo X, Wang G, Wen R, et al. Health risk assessment of coke oven
1 PMy 5 4F 34 Tk I I i€ FEE 6 53 54 60.74%. e s ML
- - ;, BRI RS, & B HERZ SO B XU T
78.56%. 75.00%. Fl 74.53%. 4= 11K 7
- F N WA A 9T, TRl 2014, 35(7): 2742)
v s = ,7 vt 2 e Eeey
{EXT {GW%M:HFQ&%{“II ﬁ%‘ EM& @Jyﬁfﬁkr ’ [5] Mu L, Peng L, Liu X F, et al. Emission characteristics and size
ERO 5 BAU ‘I‘%a % ':F' SOZ\ NOx\ PM 10 ﬁﬁkﬁ %(7& distribution of polycyclic aromatic hydrocarbons from coke
BT M IET T, PM, 5 ﬁfﬁkﬁ%%{ﬁ{%% production in China. Atmos Res, 2017, 197: 113
ﬁﬁ]— %7 @?Ic 'ﬁ: fﬁ *H %y&ﬁ? @ j]l] gﬁ th *H 3‘%/7—5%}% % E/‘J [6] WangY, Cheng K, Tian H Z, et al. Analysis of reduction potential
H ﬁF ?ﬂ‘ﬁ@ of primary air pollutant emissions from coking industry in China.
B .
H Aerosol Air Qual Res, 2018, 18(2): 533
5 2 % # [7]  Huo H, Lei Y, Zhang Q, et al. China’s coke industry: Recent
2 [4
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[1]  National Bureau of Statistics. Coke production [DB/OL]. National environment. Energy Policy, 2012, 51: 397
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