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ABSTRACT Emission Inventory serves as a valuable tool for effectively characterizing pollution profiles and greenhouse gas
emissions in the study area, offering a robust scientific foundation for developing pollutant prevention and control measures and
collaborative emission reduction strategies. Amid global efforts to promote green and low-carbon development, the iron and steel
industry, one of the key industrial sectors, has drawn increasing attention for its CO, and air pollutant emissions. The low-carbon
transformation of this industry has become an inevitable trend. As low-carbon innovative technologies continue to develop and be
implemented, emission inventories for the iron and steel industry are progressing toward greater precision and comprehensiveness. The
emergence of new technologies, such as electric arc furnace steelmaking, hydrogen metallurgy, and carbon capture, utilization, and

storage, offers innovative solutions for reducing carbon emissions while simultaneously increasing demands for more accurate emission
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inventories. Traditionally, emission inventories have relied on generalized emission factors for estimating emissions. However, the
advancement of low-carbon technologies introduces greater diversity in emission sources and variations in emission characteristics,
necessitating the development of more refined emission inventories. Therefore, research on air pollutants and CO, emission inventories
in the iron and steel industry is crucial. Drawing on extensive domestic and international literature, this study summarizes and organizes
the development of emission inventories in this sector across four key dimensions: (1) accounting methods for air pollutants and
greenhouse gases, with greenhouse gas accounting primarily focusing on CO,; (2) emissions at global, intercontinental, national, urban,
and urban agglomeration scales; spatial distribution of inventories; (3) uncertainty analysis, along with identified limitations and
(4) future prospects for improvements. This study highlights several critical issues in China’s iron and steel industry, including
challenges related to the diversity and quality of emission inventory data, the construction of an unorganized emission accounting
system, deficiencies in CO, accounting systems and methodologies, challenges in characterizing component spectra of volatile organic
compounds (VOCs) and particulate matter profiles for key processes, obstacles in developing detailed time series for steel enterprises
using continuous emission monitoring system (CEMS), and concerns in the practical application of emission inventories. Future efforts
should prioritize diversifying the types of emission inventory data in the steel industry and enhancing the collection and analysis of
measured data to improve the accuracy of foundational data. In addition, establishing a comprehensive, unorganized emission accounting
system and optimizing the CO, accounting framework and methods are essential. Incorporating real-time CEMS monitoring data and
integrating composition profiles of VOCs and particulate matter characteristics from key processes can remarkably enhance the
resolution of emission inventories. Furthermore, expanding the applications of emission inventories, fostering interdisciplinary and

international collaborations, and promoting green and low-carbon development in the iron and steel industry are vital for achieving the

synergistic control of global air pollutants and greenhouse gas emissions.

KEY WORDS iron and steel industry; emission inventory; greenhouse gases; carbon dioxide; integrative emission inventory
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Table 1 Variation in the emission factors of major pollutants in the Chinese iron and steel industry (2010—2020) across different emission inventories

Emission factor/(kg-t ")

Pollutant Reference

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

0.002 0.002 0.002 [6]

0.48 [24]

2.19 0.47 0.31 [31]

SO, 3.31 3.25 2.96 2.76 2.38 1.89 [42]

2.78 3.67 3.32 2.89 2.61 2.16 1.30 0.95 0.78 0.64 0.39 [43]

3.45 3.37 [44]

2.95 2.72 2.57 2.52 2.14 1.71 1.53 1.22 1.07 0.90 0.82 [45]

0.01 0.01 0.01 [6]

0.91 [24]

2.55 0.90 0.72 [31]

NO, 0.98 0.97 0.93 0.91 0.88 0.87 [42]

1.56 1.39 1.34 1.23 1.23 1.30 1.68 1.65 1.45 1.16 0.87 [43]

0.94 0.95 [44]

2.50 2.51 2.48 2.26 2.26 223 2.26 2.11 1.96 1.75 1.41 [45]

0.45 0.45 0.44 [6]

0.94 0.42 0.31 [31]

4.32 4.19 3.74 3.29 2.67 2.19 [42]

Mo 2.58 3.01 2.50 2.38 5.20 4.44 2.21 1.49 1.26 1.00 0.46 [43]

2.86 2.90 [44]

2.82 2.76 2.68 2.19 1.93 1.64 1.46 1.23 1.17 1.08 0.98 [45]

Notes: The emission factors are calculated based on the emissions from various emission inventories divided by the crude steel production data published

by the National Bureau of Statistics of China in 2010—2020.
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Table 2 Comparison of carbon emission calculation methods among international and domestic iron and steel industries

Source of accounting Calculation . . . - Lo
Y A f f f appl 1
ear methodology methodology ccounting boundaries Overview of emission factors ~ Scope of applicability
IPCC National
Greenhouse Gas Three calculation The accounting scope includes
Inventory methods (the two components: emissions Greenhouse gas
Guidelines, prepared emission factor from fossil fuel combustion and emissions are
. . . . The method encompasses carbon
Published in by the method, the mass emissions from production emission factors typical for accounted for by
2006 and Intergovernmental balance method, and processes. Notably, all R yprea different entities,
R . . . . various processes within steel . . .
revised in 2019 Panel on Climate the direct combustion processes in steel enterprises including national,
Change (IPCC) measurement production, except for coking, P ' corporate, and
National Greenhouse method) were are categorized as industrial project levels.
Gas Inventory Task  provided. process emissions.
Force.
. A lifecycle approach This approach is
Th . . . . .
e CO, emission is employed, The accounting scope includes suitable for studying

First edition in
2009 and
second edition
in 2016

calculation methods

considering input and direct and indirect emissions, the carbon footprint

T h . .. The emission factors ar n .
proposed by the output at the process considering carbon emission © CImIss1o actors are based o of the steel lifecycle
World Steel . weighted values from 160 global .

L. level, complemented offsets from the recycling and . and exploring the
Association (WSA) . . companies. .
. by a comprehensive  reuse of by-products outside the potential for low-
include the first and . .
o plant material steel plant. carbon emission
second editions. .
balance. reductions.

Scope 1 emissions are calculated
using published emission factors

CO, emission based on the quantity of

calculation methods

. Emissions are purchased commercial fuels. The method is
for the steel industry . . . . . .
jointly developed by calculated using a The accounting scope includes  Scope 2 emissions are calculated applicable for public
Jt he World Resources material balance direct carbon emissions (scope  using electricity consumption reporting and
1998 Institute (WRI) and approach or 1), indirect carbon emissions shown on meters and published  participation in
. stoichiometric from electricity generation emission factors from specific voluntary or
the World Business L . .
Council for method based on (scope 2), and other indirect suppliers, local grids, or other mandatory
Sustainable specific facilities or ~ carbon emissions (scope 3). entities. Scope 3 emissions are greenhouse gas
process flows. calculated using published or programs.
Development . =
third-party emission factors based
(WBCSD). ..
on activity data, such as fuel
consumption or passenger miles.
The overall The accounting scope primarily
Provincial methodology follows includes the steel production
Greenhouse Gas the calculation process, with CO, emissions This method encompasses carbon The method is
2011 Inventory methods outlined in  arising from two main sources:  emission factors typical for applicable for
Compilation the IPCC National the high-temperature various processes within steel accounting at the
Guidelines (Trial Greenhouse Gas decomposition of iron-making  enterprises. provincial level.
Version). Inventory flux and the decarbonization
Guidelines. process in steelmaking.
The method is
R . . applicable to legally
Guidelines for the The accounting scope includes recoenized
Accounting and The method emissions from fuel £z
. . . . . production
Reporting of considers the inputs  combustion, emissions from . .
. . . The method is developed based  enterprises engaged
Greenhouse Gas and outputs of industrial production processes, .. . .
2013 .. . L on the actual conditions of in the creation of
Emissions for Steel  materials and energy emissions from net purchased . .
. . .. Chinese steel enterprises. steel products, as
Production at the enterprise electricity and heat, and .
L . L . well as independent
Enterprises in China  level. emissions embedded in carbon- . .
. . .. accounting units
(Trial Version). containing products.
regarded as legal
entities.
Using the The accounting scope includes .
oSme . & scop Default emission factors for
input—output emissions from fossil fuel . .
. . . various materials and energy
approach, without combustion, emissions from .
S have been established by
considering the externally purchased carbon- e .. A
Lo . . . combining existing emission .
Guidelines for internal flow of containing raw materials and The method is
o . factors recommended by .
Greenhouse Gas carbon within the decomposition and . . . applicable to the
. . . . . domestic and international .
2016 Emission Accounting various processes, oxidation of fluxes at various . . statistical work of
. . . . . calculation methods with actual .
and Reporting CO, emissions in the production stages, emissions o . . . CO, emissions at the
. X L conditions in China. In addition, .
Requirements. steel production from purchased electricity and . steel industry level.
.. enterprises capable of self-
process are heat, emissions from generated

measuring emission factors are
encouraged to conduct their own
measurements.

accounted for from a output electricity and heat, and
macro perspective at emissions embedded in carbon-
the enterprise level.  containing products.
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Table 2 (Continued)
Source of accounting Calculation . . . .. A
Year Accounting boundaries Overview of emission factors  Scope of applicability
methodology methodology
The method is based The accounting scope includes
on the product level, direct emissions (from
analyzing the steel stationary sources, mobile The recommended default
production process  sources, and direct fugitive emission factors in the method The method is
Greenhouse Gas : . . S .
. . by each unit emissions), indirect emissions  are based on the average values  applicable for
Emission Calculation . . . -
o operation. It from scope 2 (purchased of emission factors from multiple studying the carbon
Guidelines for Steel . . e S . L .
2022 considers inputs and  electricity), and other indirect ~ steel manufacturing companies in footprint of the steel

Production published
by the American Iron
and Steel Institute.

outputs at the process
level, supplemented
by comprehensive
plant material
balance calculations
for verification.

emissions from scope 3 (raw
material extraction, fuel and
energy-related activities

excluded in scope 1 or scope 2,

upstream transportation, and
distribution).

the United States. The use of
Continuous Emission Monitoring
Systems (CEMS) for direct
measurement is encouraged.

lifecycle and
exploring carbon
reduction potential.

IF AR B RAT M AE R Al ST T TR AT A SR, i S A
FEAAAE Tl B 113 5 b R 47 23 B (36 3). i,
Crippa %5 # # T 1970—2012 4E 4> Bk K W 5%
HE i BCHE JE () EDGAR v4.3.2 A4S, H i 5 5 3
EDGARVS.0), {55 43k A\ A HE 19 2= SR Fs G
¥ (SO,. NO,. CO. AEHEEHE R AN NMVOC),
NH;. PM,o. PM, 5. BC il OC), H.A 4E & Fl H FF #Y
I 1] 43 3 R LA B 0.1°0%0.1°0 25 [] 43 B 3%, Hovh 4R
FATIAE R Tl IR Z — 17455 Janssens-Maenhout
218 g A HTAP v2.2 %048 48 ) 42 fiE T 2008 4F
1 2010 4F [ IX 3k K 4= BRHE L A%, (46 KRS
15 4L ¥ (SO,. NO,. CO, NMVOC, NH;) Flf#% Fi i
Ki¥ (PM,o. PM, 5. BC 1 OC), HH 4N ekl Ky
HE ) T B AR IEAE, Klimont 50 3L F
ZEA TR AL GAINS il T 1990—2010 4 4> Bk
Nk ks 4 T R, B TS e ok R AR R
FEAE, A B A7 A R Tl Y ) O S A% B XoF
g R LR ek RO A HE BT B 7 KA AL 2R A

iy 2% AR e A PR SR TR R HE T OGS AE L, (B2
FE G 753 L 1) B 5 3 R B B ) RN S ) A — 2
PE T A AE 25 5%, i BLAR A & R P R
I, Hoesly 2P T 1750—2014 4E 7 s A 4k
2 BN SR TG T SO BT AR, W R T Bk R
AL L At BIF 5 X K 1 — S0 HE O
K, MERAT I B A Tl o B AR kit og
o AR AT Y HE A T R 43 3 Tk AR T AT
KB 5, 3 EL A 3R 253 (0] 3 55 0 RO
B 43 B 2R 38 FH T 2 0 3843 BT R 4 R 1B 5F Tl
FE . LR BRAMETE T 200 T B AT R AT 0 HE R
RS e, e LA VE AR PG A A ST X A ek HE
FEM.

B, 24001 i 3 A ATl A< B 19 HE i
B PO R S B AR AT 2 | IR O 1) KR
F DB A TR A B0 A AT M iy 5 HE s B K 3K
%, Zhang % MR 5 1960—2019 4 45 [ 4K 42k
Tk 2 B A 7= T A AR, 32BN T £

3 AFERRIRRLRGAT L HERCHE HI 8

Table 3 Summary of the global emission inventory of iron and steel industries in different years

Emission inventory ~ Research year Resolution and details Type of material References
EDGAR v4.3.2 1970—2012 0.1° % 0.1° erid Luti S0O,, NO,, CO, NMVOC, NH3, PM,, 6
(EDGAR v8.0) (2024) 1701 grid resolution PM, 5, BC, and OC 6]

annual and monthly gridded maps of
SO,, NO,, CO, NMVOC, NH;, PM
HTAP_v2.2 2008, 2010 anthropogenic air pollution emissions 2w B e [8]
. . PM, 5, BC, and OC
(0.1° x 0.1° grid resolution)
ECLIPSE V35a 1990—2010 0.5° x 0.5° grid resolution PM,,, PM, 5, PM,, BC, OC, and OM [9]
emissions provided annually by country and sector CO, CH4, NH3, NO,, SO,, NMVOC,

1750—2014

CEDS 75020 and gridded on a monthly seasonal basis BC, OC, and CO, [59]
PM, 5, PM,,, TSP, BC, OC, SO,, NO,, CO,
1960—2019 225 countries and regions included PCDD/Fs, and heavy metals (Hg, Cd, Cr, [15]
Ni, As, Pb, Cu, Mn, Se, V, Zn)
) point source (19678 individual processing units co
CEADs-GSEI 2019 located in 4883 individual iron and steel plants) 2 (10]
encompasses 116 countries or regions and all

GISD 1990—2019 operating facilities that create iron and steel CO, [11]

products as well as related intermittent products
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Ffr s S 05 Y W HE R AT AZ B8, 38R T A BRORT IX
WERAT ML HE TS [A] 22 Ak 1y B Bl R 3R (Al 1
FIPBEBOR | A 7 o B R o 58 ) B R). IR TE
SPRJZ T L e TR T L & R (4 3K 3y P 22 FN
HEWE J7, (HRe T 1) B9 28 08 0 B R 3K 3l 1
WA, R, Lei U Je TR £E | bedh | BR
AL B R RN AN A5 32 2 T 1 A BRAN AT 15 it
GUORFERE B, FEE T 2019 440 7 48k 4883 M
BRI, 3t 19678 A P2 HLZH A A BRAN B A Tl Bk HE
HCEHE e, 256 7% I REAE | (R B AR & L AN
PR R A8 I 5 AR OGS B bR, W T sk ek
A7l T GBeae S W, I A 4 BN 2R AT M el HE
k. Xu FEHEST T 1990—2019 4F 4 BR A9 Bk HE L
B (Global iron and steel emission database, GISD),
XTI TG ) CO, 1Y) B HE HE R E A7 T A5, AL
J 45 7 i R VR R B S FE AR AT AR K
£5 BT, THE T SR BRI Gk AR
AE . B R ORI U B e ) T AR 7 R el HE T
JIRAH S A, $it HB me HE Tk 22 fire 15 e, Aok 2 A 1Y
HE AL B RN R HE SR W PR AL TR AT I TR Bk
AR EAT M A HE O B0 T 2 A A R A 7 R B
BE sz i vl HE R L DL R HE S H R B B
EE -8

25 LTIk, A ERE AT HE RO B & e
T 2 P Bl A R 2 I T SR I AR AR T B D T 1
FL 0T A A R HE R B i A 38 R A Tl i HE TR
AN BEARAZ L, e = 647l 2R HE T IR Y 48 B0
g3 SR, BEE RS R R H &5 iR, LA
B ) 0 25 58 RN St , [ s 4k 2 X T SRy R A
B BRERAT L HE O B 75 oK H g 3. R, 3
ARk, AR AT M HERTE B W I T A
Y1k, e TE A B A T B9 HERRRAE, R 55
WA= T8 BB =S 2 T HEE, A
T Ay Al b s AL HEFBOIR, SCRFIBUR il 2, #E 2 3K3E
Bl P S5 BN M R 0 T B H B it 1 Rk 22K i
22 bR .ERRENKITLHMZEARBERE

PHBR G2 R BE HE T 5 AE 8 i i R S Xk
P HE BN 2, PP Al DX 3P A [R] b DX 22 1] 9 HE il
25 5 J FORE X3 23 A0 0T o 1Y R T, DT Ay o e B
A7 X P B PR B A BEOR WS P LR AR (R 4). R
N R RUBE (9 HE 3T B b B9 A 7 ) HE T A
AT ST AZ S, (A 2 1T, A 2 W4t T
2 1Y BOHE S RE . Streets 551 Fll Zhang %€V 43 5
il T 2000 A 3= BN SR A TS Y HEOE
FAF 2006 AP X A 5 B 2R A T 78 9 B9 R TR

25575 e Wy HE RO B INTEX-B, iy 3 fige [X B R 8
s TS Y B e e B S SC 4. Klimont
A 120K Y 3 W SO, NO, Fl &5 Bk 7% i 11 HE
il T B, BN ) RS G 35 2000, 2005, 2010, 2020 Al
2030 4R, $EAE T D7 s HEHCBCHE I I T Rk i HE
T B, P AL BOSR T TR it A S e $R T
A . Kurokawa 45 1 5 350 7 M7 Y X35 HE BCE H0
(REAS) Z 2.1 lUAS, 1 35 2000—2008 4F 3V 1 H [X
R, ZR . R M TSI DL K A3 5 07 %) S 9 3
41) WK 280 3 2 A3 05 e W Rl & AU, I it
151 4 BEFR (0.25°%0.25°) 1935 H A% AL BCHE , Sk S 9
2% B 2 R AR A R T AR HE R A Rt S
% Wt FE B B) A VR A ARSI A TR A, B N
[ BiF 5 35 0 2 5 20 9 B HE 3 5000 g i T 1
Li 2514 4R 3% MICS-Asia I Fl12BR 23 75 Y iz i T
YEBA (TF HTAP) 1) & fEAE AL - il 1T 2008 4F A1
2010 4F- 3P 29 /> [ 5 A L X i A 322 N R IR
KT Y Wy HE R B MIX, Sy IS4 0L 42 4k — 3%
() HE A . Ohara 25T # £ T 7 9 1980—2020 4
S0 1a) B HE O B, SR 5 — A DA G — Y 7 A
SN D3 5 L BRI R R HE O SR AT, A B AR A
T X S Y ) 28 AT G () BB T IR S LA . A
SV R JEE A T B A S B 2 TS YA B o
S DX 575 Y 7 A $2 AL T SC AR B0 S, T AR Ak
Al AL & A T & 1T N AT A% BV Z B0 )2 T
HE A% 37 20 10 F 5% 0 AF AR SRS 0. 1 4N, Klimont
28 (68T 2 41 9 1990—2010 4 [ I 55k 47 HE i 775 20
I Lee %517 Fe Az 7= F1H 9% 58 1116 30 K- 50805 4
il P TR T HE ST B2 AR X AN R A Tl R A T B
B R BIE 5 e B U B IR 1 HE ST o R fi
2% K75 Yl A5 By A S it 1 X e TS e B VA BRI T 6
Bl S RE, AR AT M I AR AE R A ST R TR T
A

AH B F YN B RUBE () HE RIS B, R R B HE
T B BE A% T 20 b sz e H R R PN B HE TR S
A AR B, Jf 2 3] DX duk 22 S R i Ak 19 HE
HCRRAE . 7F [ 28 RO J7 1, Sugiyama %5 f &t T
1990—2000 4F: H 4% 155 43 B HE 1 PM,y s HERUE 5, W
T AL A BRAT L AE N Y 400 AFRTT. Alyuz %5
T 2010 4F + H-HAY CO,. PM, SO,. CO. NO,.
VOCs, NH; Fll N,O HEBC W 5L, Wi 7 7 > F 2K
SIA 53 A0, Hd Bk ATl o B Tl HE
/@ N e ol = 2 T - L O 2 9,/ A
75 M. JE[E ) AP-42(Compilation of air pollutant emis-
sion factors, 375 Y ¥ HE I R B %) 35 EH K
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Table 4 Summary of the emission inventory of iron and steel industries at the intercontinental and national scales in different years
Emlssmn Research Scales Resolution and details Type of material References
inventory year
majority of regional models designed at a SO,. NO.. CO-. CO. CH,.. NMVOC
2000 Asia resolution of 1° x 1°, whereas those focused on BT D ’ [60]
. BC, OC, and NH;4
urban scales at a finer resolution of 30" x 30"
. . spatial resolution: 30 min x 30 min; S0O,, NO,, CO, NMVOC, PM,,,
INTEX-B 2006 Asia seasonality: monthly PM, 5, BC, and OC (61]
2000, 2005,
2010, 2020, Asia SO,, NO,, BC and OC [62]
and 2030
- . spatial resolution: 0.25° x 0.25°; SO,, NO,, CO, NMVOC, PM,, PM, 5, BC, OC,
REAS 2.1 2000--2008 Asia temporal resolution: monthly NH;, CHy, N,0O, and CO, (631
. spatial resolution: 0.25° x 0.25°; S0O,, NO,, CO, NMVOC, NH3, PM;,,
MIX 2008 and 2010 Asia seasonality: monthly PM, 5, BC, OC, and CO, [64]
- . . . . SO,, NO,, CO, BC, OC, NMVOC,
REAS 1.1 1980—2020 Asia 0.5° x 0.5° resolution CO,, N,0, NHs, and CH, [65]
1990—2010  Europe SO,, NO,, VOCs, NH3, and primary PM [66]
1991 Europe 50 km x 50 km Ca [67]
1990—2000  Japan PM, 5 [68]
2010 Turkey CO,, PM, SO,, CO, NO,, VOCs, NH3;, and N,0 [69]
2001 China TSP, PM,,, PM, 5, BC, OC, Ca, and Mg [70]
1990—2005  China 30" x 30’ resolution TSP, PM,¢, PM, 5, BC, OC, Ca, and Mg [71]
2001 China 30 min % 30 min resolution CO [72]
1995—2010  China NO, (73]
2005—2010 . SO,, NO,, CO, TSP, PM,,, PM, 5,
3 China BC, OC, Ca, Mg, and CO, (74]
20102017 . L L S0O,, NO,, NMVOC, NH;3, CO, TSP, PM,j,
China China’s emissions by sector and year PM, s, BC, OC, and CO, [75]
. estimates of sector-based emissions for S0O,, NO,, NMVOC, NH;, CO,
2010 China different species PMj, PM, 5, BC, and OC el
. CO,, CO, NO,, VOCs, SO,, PM, 5,
CHRED 3.0A 2018 China 10 km x10 km PM,,, NHs, BC, and OC [77]
2011 China 0.5° x 0.5° resolution Hg, Pb, Cd, As, Cr, and Ni [78]
2015 China SO,, NO,, PM, PM, 5, PM,,, and PCDD/Fs [79]
2010—2015 China SO,, NO,, PM, 5, PM,, and TSP [42]
2012 China SO,, NO,, VOCs, PCDD/Fs, PM, 5, and TSP [80]
2013 China SO,, NO,, PM, PM,, PM, 5, and PCDD/Fs [81]
2018 China point source database records steel gnd cement CO,, SO,, NO,, and PM, 5 82]
plants under each ownership
2020 China 811 steel enterpqses across five major S0,, NO,, PM, s, and CO, [24]
production processes
2012 China PM, 5, SO,, and NO, [83]
. 937 steel enterprises across different S0O,, NO,, PM,,, PM, 5, PCDD/Fs,
HSEC, 2015 2015 China production processes VOCs, CO, BC, OC, EC, and F [84]
. 996 steel enterprises across different S0,, NO,, PM,, PM, 5, PCDD/Fs,
HSEC, 2018 2018 China production processes VOCs, CO, BC, OC, EC, and fluorides (2]
2012, 2015, China high-resolution temporal (hourly) SO,, NO,, PM,,, PM, 5, BC, (31]
2018 and spatial (by emission source) OC, EC, CO, and VOCs
CEAIS  2014—2018  China high-resolution temporal (hourly) PM, SO,, and NO, [12]

and spatial (by equipment)

G Y HE R R RO PR Y, R e T A kAT
b AE PR A8 b T i A 0 Bl A 2 KT A HE
SIEAVSE: 3 SR N R WDk e Stk S VAP PSETS
B B S P T B A AR AT

75 N B 4 [ RUBE B 22388 1T HE O 5000 S8 AT Al 1)
HEBCRAE 70 A FRE 0 o3 sk P 3L 17 2 1% 5l 2R Al
{51l 41, Zhang 557 #5719 2001 4F v [ JHORL ) HE
T, BRI T R E AR TR (TSP, PM
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1 PM, ) HET 1R A2 20 A A 2 2R O A% 5. Lei
S 2530 T 3R 1990—2005 4F Ak VR R4 K 5
A2 2 o HE T B, o3 A T AN ERAT Ol TR K
U AR 21 3 0 HE O SR R A A b By A
FRAE. Streets 2272 F1 Zhao 2273 3 BIF T 2001 4F
Hh [ (1) CO HETE B R 19952010 4F 1 [ ) NO,
HEWOE B, 4R 98 T8 3 ERAT L ZE N 19 CO AT NO,
HEC Y 2 2578 4K . Zhao 557 & T 2005—2010 4F
A A E N RAST5 B CO, HEUE ., 5
NN RV RO MESDNSR R (1 RS 7 < R
1] (ELAG N BRAT k) F2s 6] 43 A1 (9 52 ). Zheng 4517
XF 2010—2017 47 [ 4 5 kAT Mk A A9 HE
AT T EAR, I E T R
FEAKE R . W Ah, hIE R I R I 45 1y vh
[ 2 KB HE B A #R A (Multiresolution emission
inventory for China, MEIC) J& i 4F 3k 3% [ X 3l K<
15 QI 58 v dse SR 1z 0 B HEROTE B 2 — 1, 9%
B AYTR 55 1 o Rl b X A AR FNE H s L T
v R A3 AL A FEEB T 10 FhK R
15 3 W 09 HE R, AR AT U s T T
I']. 2015 4E 72 5 A /Y B 4ily | T2 %) MEIC v1.2, Li
U BT MEIC v1.2, Z55 % 18 T HEBOIR 1 2 4
PE . FORAH G et TS TR AR, &R
G5 A5 TR B ERAT M AE YA A5 2 TR Y A H HE T
R L PRRRAE B2 43 38 11 HE s 2 A 5 45 2R . Gao 45177
T 2018 AR A RIS Y S HRIE B (China
high resolution emission database, CHRED 3.0A), #5
N THSAT ISR COy MR ZH A S5 Yy £
HERCIR 2 — . AR T I B HE O B, 1 RS 1
JHCTR B A A A AT Ml 1) HE R AE O TR A B 2 AR
B, SR, AR AT SO P2 A ERAT e 1) B HE TR AR
TR 2 5 A8 WL 45 T T AT A 7 SRy R

b S7 B B9 AT M HE O B SR A TE I HE T
B, 10 BE 8 /8 AN [R] A 7= BT B HECARAE, X uf
B P AG 3247 Ml #9930 I Tk O R B A R 2z O
TEHEBCR AR D7 T8, 28550 g i) 17 2011 4F e 5
AT LS 6 Fh A EH 48 (Hg. Pb. Cd. As. Cr. Ni)
(O HEBTE B, s TN BRAT I A [6) T 1Y B 46
HETBCRRIE . Gao 55U BE T JFURMRBHE A | v fa) 7
ai AR PRI TS QR R BOR AT RE SR SR A
B, HESL T 2015 AF R B BR AT Al RS G W i
WO B, A3 M T R I S R AE, O X b N R AT
b ARk 8 R A5 G W HETSCHEA T T 0. Wang S5 )
P 1o — A TR Y E R ATk SO, NO,.
PM, 5. PM,, Fl TSP HE 5 id 5., B 18] 5 B2 oy 2010—

2015 45, A0 A7 135 Gl W HE A0 B ] S 2L AN TR
2 o 425 ot X U A S ) R Uk HE VS 0 O T, W SR
FIEX 2 S8 43 51 # T 2012 4F A1 2013 4F Ay
BRAT b = 2 T I R AT Y W HE RO B, R 5
)75 YW #4464 T SO,. NO,. VOCs, PCDD/Fs il
TORLY), H A T B AR KR kSR HE kA ] R
I T 2030 4F £ 295 444 (SO,. NO,. TSP) i A&
K HER i 5 S5 75 T R CHE B R RIR i I
A, VAT AN R 0CHE 1 52T 15 Y 9 1 D8 HEVE O AR
A% . Chen 25 M| X 2018 4F by FE AR, 3 T A [H] $
R LR I BE IR TH AR . QBT B 1 B 5 A% LA B K
S5 G W B B[R] 5 ), PRE R T R AR A DT
r ] Rk B A O BT T S B R HE L E AR
B 25 AIF 5 10 AN T R A, B B 58 4t 32 40 A P [ 0
(1) 7% FE R . Wu Z8 20 g7 T o [ 2020 4F 898 AT
AE 53 TP CO, HEB AR ST5 444 (SO, NO,.. PM, 5
F1 COy) Al A HE O 5, PEAG T A [F48  40 8k Al
5 TR HERC PM, s X ROB A PE T- R B9 52 IR, N
TSI A 52 5 Wi R 7 AR sk I [ 4 ) B8 A T S A
AR T R DAT A B, A7 0527 (1 5 506 40
YR E MBI S R, RS =
T A EANERAT L BT A HER, T T 2012 4F
BT H IRV KI5 5 (PM, 5. SO, AINO,)
HEBOHE 5, AN TR AT AE W B A A O
T X A9 A ATl TS Y HE R B SR L e 1 &2
H AR 3BT T MR Tk IRl ] CO,. PM, 5
FSAS 1 e A D HE 77 48 . b R B 5% N 4 A7l
JETE TR T HERCREAE | JHETE ) FER B Al A Y

SRIMT, b IR AR AT M 1 B K 2 R HE N+
2T 8 b AR R AT T e i HE R A T, 3
T BR 0 80 Bk T HE 1000 R B R, HE TR T
VW T 22 P B 18 R0 1) 2 2 50 Cndskk v is e
T ISP BIA FR A R BR AR ), Toik R Bk
FARAT M Ty ] 1 HE ik 2 5 B B o ) A2 Ak 1
P, T8k S WA B 1 R =TS e W HETROK S B A
B HE AR 1 St e A DR HE SR

Sk v B b 34 [, 9 44 A A AL LG v T AR Ak
A7 7 288 W 00 50 H0s R I B G 1T B, B P b 4
T — R (F /N )-2E ( HECIR ) & 4 PR
BB R A HE O BT, kg T 2015
AR 2018 4F B rb ] & A0 BER AN B AT R RTS
Je Wy HERCE R, W T B Ak A T
J¥ 75 G W HE B AN TG B KO (PR i A B A
HAR | FUBLE) 5B, BB A AR = T AR
15 Y HE O PR BT (0 5 i BTk, F 5T 45 R O
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BRAT b 1 el HE B i L = AR R Ak s AU
TR AR LR DA B KA X S 4 1L T B R
Bl SR AN R FE AT R A S AL i — 2P R
BT 2012, 2015 F1 2018 4F Hp [E &R A TV 45 T M
25 Hiu DX AT G W 1 A B R ) R R R K
B, P T R F TE) (NS R ) A B A S R A Ay
T A AR (A HE ) i 223 [8] 43 B R (£ 25 [B) 0 1 31
ELR A 1 28 25 B R AN SR ). e Ah, SR g
5 2014—2018 4F AR IF (RR/INRE) 23 (4% 3%
%) =R S 42 ) (PM, SO, Fil NO,) HE il K B ¥
J2, S B A R AR R AT L TE AR P9 TS Y HE R R
R T —2F, T 48 I TE BRIk 0, BRI ST,
“UF T B DI I3 ER A IR A 3R B R
U2 FIRBFSE 1A T SEI B 25 B9 S R AR,
AR IR T AR th SEUROR B £ L N E T
AR (), I 2 Y B IR T A A, e T
HE TSI BP0 A R AT SRR SR, AR BRS R AN
AT CEMS BB 8] 3 43 B, oK % [ 247k
G 4 23 HE R AR G TR) . oK R () IR 58 107 % R A A
FE T CEMS B[] 3% 43 B, D3 5 4 b 4 442 490 4k
b HE L S A AR Ak, BeAh, iR 75 05 K kA7 alk JE 24
SVHE TG 43 AT, DA A 57 B 0 4 T A9 4K 2k A ol HE
JHCTR BRL, DT Shy AR AT oMb 19 sk HE 5 s 44 4t B Oy )
2 B
23 WA ERENKTLHRERARTHRE
3T A4 T A R N R AT L HE O B, A D
TR 2 BT Y YR G B HE A B, SRR
TEARHT T3 Je WA a4 Bt 55 SR 05 e By if i
M H A RS R (R 5). AR TR 32 S YL R 5%
S HE B s B A 9 5 1T, Huang 26 ™1 Fll Zheng 45 1)
Sy gm i T 2007 K = A HIX E B AN KRG
YL B ¥ A WL HE B B K 2006 AFER T = Ff)
DX 1R 43 B R B 2 HE RO B, s T A

BRAT MV AE P B AS TR 11 f8 HE AR A, Ay o 2 A 5k
() 25 A0 A PR W R It B S RO R
T 2010 4F 7R 7 Hb DX 5% 0 MIXHE I 50 R0 i
HH ST 1Y 2012 474 [ R AT5 e B 28 o WER HE
T B, U B R E A ATl ok FE S I A, R
oAk BT HE S M X PM, 5 15 42 36 B0 HE s il 5w
PEOERL AR

FE 75 Y W) 1 T ORI e s i 1, A 22 A0
FE T Al 7 2 W DU HE ORI (CEMS), 15 e U5 A
BHE AR AT ML PR AR, SR A B Rk,
HESL T 2012 4F U EEEE M OB T D R I S 43 R
A9 HE i T B (BTH-Steel version 1.0), 75 4« ¥ 55 1
SO,. NO, FUMH M 28, FF o3 B 1 A [m] 45 1l 4% 5 F 1)
15 ey HE R Bl S, 3T % R 4 PR HE R
S5 A VIR TR RE I A 4 00, 8 0T CAMIx AR B4 43
B T BRI 77 BRI o7 T o RS M X A kA Tl
X} SO,. NO, Fll PM, 5 ()52 M ™). e 4, JEF 4> [ 4
B A M 7E 4 W DU HE R (CEMS), #3714 [ 4
AT RS5O HE O A PR 4, S B T HE
TS B 1) B 25 B b R AR 5 A a4 T v A
RHECE B TS e L B R i S o S
PLRGE, R AEAT L 0 R BT 16 BERNG Yo 4 P 4R 4t
TR AR

Zr L RTIR, AT sk R Hbr . BRRE
(A AR AT M HE O S, SRk T /A T R A A A 7 M i
T B AL T R A B HE U B, A X Y
15 YL U5 A M RIS YL B YA SR A T E B B A AR
SR, H RS B> 325 T % VOCs 20 5038 Fik: 47)
AT TS BT, LA K BE T CEMS 19 80 46 4l T 44
B TR1 5% 9 20 BT . A R 07 B 5 DG T X S 4k, 1F— 25
56 5 LTI /40 71T A A R AT Ml HE BT PR, DA ] S R
TIORS 1 B4 75 Y BT 36 5 W

RS AT E A EAT AL RO S

Table 5 Summary of the emission inventory of iron and steel industries at the urban/urban agglomeration scale in different years

Emlssmn Research Scales Resolution and details Type of material References
inventory year
2007 vanstze River 4km x 4 km S0,,NO,, CO, PM,y, PM, 5, VOCs, and NH; ~ [85]
Delta region
2006 Pearl River 3km x 3 km SO,, NO,, VOCs, CO, PM,,, and PM, 5 [86]
Delta region
b0y Beifing-Tianji SO,, NO,, PM,,, PM, 5, BC, OC, NMVOC, (871
n—Hebei region and NH;3
Beijing—Tianji
BTH-Steel 2012 n—Hebei SO,, NO,, and PM (30]
Version 1.0 .
region.
BTH-Steel Beijing-Tianji 239 steel enterprises were included
> SO,, NO d PM
Version 2.0 2012 n—Hebei region comprising 2776 pollution emission outlets 2 NP alt 25 [88]
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HEHOE BANH 22 PR o BT AF 9 B 76 00 A e
PR 2 A EL AR TR, I 38 3 X AN s TR 2 1) s P
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