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ABSTRACT The emission inventory can effectively characterize the pollution characteristics and

greenhouse gas emissions in the study area, providing a scientific basis for the formulation of pollutant prevention

and control measures as well as collaborative emission reduction strategies. In the context of global efforts to

promote green and low-carbon development, as one of the key industrial sectors, the emissions of CO, and air

pollutants from the iron and steel industry have attracted increasing attention. The low-carbon transformation of the

iron and steel industry has become an inevitable trend. With the continuous development and application of low-

carbon innovative technologies, the emission inventories of the iron and steel industry are evolving towards higher

precision and greater comprehensiveness. The introduction of new technologies such as electric arc furnace

steelmaking, hydrogen metallur and carbon capture, utilization, and storage (CCUS) not only provides new

solutions for reducing carbon emissions but also raises higher demands for the accuracy of emission inventories.

Traditionally, emission inventories have relied on rough emission factors to estimate emissionsr However, with the
-,

advancement of low-carbon technologies, the diversity of emission sources and th in _emission

characteristics make it essential to develop more refined emission inventories. Therefore! i tial to carry out

/ A . .
y/%mventorv data, the issue of constructing an

unting systems and methodologies, challenges

detailed time series for steel enterprises based on €E itations in temporal resolution, and concerns regarding

7

the application of emissions inventories. It is recommended that future efforts focus on diversifying the types of

emission inventory data within the steel industry, strengthening the collection and analysis of measured data to

amework and methods. Utilizing real-time CEMS monitoring data and

system and optimize the CO2 ac&)u ti

X

incorporating VOCs compaositien pro is and particulate matter composition profiles from key processes helps to

enhance the temporal res;lu fthe,emission inventory. Additionally, expanding the applications of the emission

inventory, strengthening ifterdisCiplinary and international collaborations, and promoting the green and low-carbon

development of the 1 fl‘@ dysteel industry contribute to achieving the synergistic control of global air pollutants and

greenhouse gasesBised otnan-extensive review-of the literature, this study summarizes-and-organizes the-compilation
work-of the oflidgioninventory-for-the-iron-and-steel-industry-across-four key-aspe :the-accounting methods 1o
. d . . . . . . )
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Table 1 The variation of the emission factors of major pollutants in the Chinese iron and steel industry during

2010-2020 in different emission inventories

Emission factor (kg-ton™! crude steel)
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Pollutant Reference

2.19 - - 0.47 - - 0.31 - - B1]

0.48 (241

3.31 3.25 2.96 2.76 2.38 1.89 - - - - - [51]

SO, 2.78 3.67 3.32 2.89 2.61 2.16 1.30 0.95 0.78 0.64 0.39 [32]
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 (331

0.002 0.002  0.002 - - - - - N - - 7




2.55 - - 0.90 - - 0.72 - - [31]

0.91 [24]

0.98 0.97 0.93 0.91 0.88 0.87 - - - - - (1]

NO, 1.56 1.39 1.34 1.23 1.23 1.30 1.68 1.65 1.45 1.16 0.87 (2]
0.94 0.95 - - - - - - - - - [44]

2.50 2.51 2.48 2.26 2.26 2.23 2.26 2.11 1.96 1.75 1.41 (53]

0.01 0.01 0.01 - - - - - - - - 7

- - 0.94 - - 0.42 - - 0.31 - - B1

432 4.19 3.74 3.29 2.67 2.19 - - - - - [51]

PM,, 2.58 3.01 2.50 2.38 5.20 4.44 2.21 1.49 1.26 1.00 0.46 [52]
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 (53]

0.45 0.45 0.44 - - - - - - - _ 7

Notes: The emission factors are calculated based on the emissions from different emission inyentories divided
by the crude steel production data published by the National Bureau of Statistics of China dubing$exthe-years20120-
2020.
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Table2 Comparison of carbon emission calculation methods in the international and domestic iron and steel industry

Source of accounting Calculation . . . it Scope of
Year Accounting boundaries Overview of emission factors S
methodology methodology applicability
Published = IPCC National Greenhouse  Three calculation methods (the = The accounting scope includes two The method encompasses carbon  Greenhouse gas
in 2006 Gas Inventory Guidelines, emission factor method, the components: emissions from fossil fuel — emission factors typical for various  emissions are
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and
revised in
2019

First
edition in
2009, and
second
edition in
2016

1998

2011

2013

2016

2022

prepared by the
Intergovernmental ~ Panel
on Climate Change (IPCC)
National Greenhouse Gas
Inventory Task Force

The CO, emission
calculation methods
proposed by the World
Steel Association (WSA)
include the first and second
editions.

CO, emission calculation
methods for the steel
industry jointly developed
by the World Resources
Institute (WRI) and the
World Business Council
for Sustainable
Development (WBCSD)

Provincial Greenhouse Gas
Inventory Compilation
Guidelines (Trial Version)

Guidelines for the
Accounting and Reporting
of  Greenhouse Gas
Emissions for Steel
Production Enterprises in
China (Trial Version)

Guidelines for Greenhouse
Gas Emission Accounting
and Reporting
Requirements.

Greenhouse Gas Emission
Calculation Guidelines for
Steel Production published
by the American Iron and
Steel Institute.

mass balance method, and the
direct measurement method)
were provided

A lifecycle approach is
employed, considering input
and output at the process level,
complemented by a
comprehensive plant material
balance.

Emissions are calculated using
a material balance approach or
stoichiometric method based on
specific facilities or process
flows.

The overall methodology
follows the calculation methods
outlined in the IPCC National

Greenhouse Gas  Inventory
Guidelines.
The method considers the

inputs and outputs of materials
and energy at the enterprise
level.

Based on the input-output
approach, without considering
the internal flow of carbon
within various processes;CO,
emissions  in  the ) stg€l
production process are
accounted for fromia'/macro
perspective _at’ the ‘enterprise
level.

The method,ds™based on the
produet level,\analyzing the
stéel /production * process by
each “wunit operation. It takes
inputs’and outputs into account

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

combustion and emissions from
production processes. Notably, all
combustion  processes in  steel
production, except for coking, are
categorized as industrial process
emissions.

The accounting scope includes direct
emissions and indirect emissions, with
consideration for carbon emission
offsets from the recycling and reuse of
by-products outside the steel plant.

The accounting scope includes direct
carbon emissions (scope 1), indirect
carbon emissions from electricity
generation (scope 2), and other indirect
carbon emissions (scope 3 ).

The accounting scope primarily
includes the steel production process;
with CO, emissions arising fromi\two
main sources: the high-temperature
decomposition of iron-making flux,and
the  decarbonization _ precess <in
steelmaking.

The accounting s¢oépe/ ' includes
emissions from/\fuel ‘combustion,
emissions frém industrial production
processes, emiSsions|” from  net
purchased  electricity\and heat, and

emissions jembedded in carbon-
containingproducts.
The = accoumting scope includes

emissions from fossil fuel combustion,
emissions from externally purchased
carbon-containing raw materials and
the decomposition and oxidation of
fluxes at various production stages,
emissions from purchased electricity
and heat, emissions from generated
output electricity and heat, and
emissions embedded in carbon-
containing products.

The accounting scope includes direct
emissions (from stationary sources,
mobile sources, and direct fugitive
emissions), indirect emissions from
scope 2 (purchased electricity), and
other indirect emissions from scope 3
(raw material extraction, fuel and
energy-related activities not included
in scope 1 or scope 2, upstream
transportation, and distribution).

processes within steel enterprises.

The emission factors are based on
weighted values from 160 global
companies.

Scope 1 emissions are calculated
using published emission factors
based on the quantity of purchased
commercial fuels; Scope 2 emissions
are calculated using electricity
consumption shown on meters and
published _emission factors from
specific suppliers/Nocal grids, or
other entities; ScOpe\3 emissions are
calculated using,published or third-
party emission, factors based on
aetivity \, data, " such as fuel
consumptionsor passenger miles.

This \method encompasses carbon
emhission factors typical for various
processes within steel enterprises.

The method is developed based on
the actual conditions of Chinese steel
enterprises.

Default emission factors for various
materials and energy have been
established by combining existing
emission factors recommended by
domestic and international
calculation methods with actual
conditions in China. Additionally,
enterprises  capable  of  self-
measuring emission factors are
encouraged to conduct their own
measurements.

The recommended default emission
factors in the method are based on
the average values of emission
factors  from  multiple steel
manufacturing companies in the
United States, and the use of
Continuous Emission Monitoring
Systems (CEMS) for direct
measurement is encouraged.

accounted for
by different entities,
including  national,

corporate, and project
levels.

This  approach s
suitable for studying
the carbon footprint of
the steel lifecycle and
exploring potential for
low-carbon emission
reductions.

The  method is
applicable for public
reporting and
participation in
voluntary or
mandatory
greenhouse gas
programs.

The method is
applicable for

accounting at  the
provincial level.

The  method  is
applicable to legally
recognized production
enterprises engaged in
the production of steel
products, as well as

independent
accounting units
treated as  legal
entities.

The method is
applicable for the
statistical work of CO,
emissions at the steel
industry level.

The method is

applicable for
studying the carbon
footprint of the steel
lifecycle and
exploring carbon
reduction potential.
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RS FEHEBE S PE (R EDGAR - v4.3.2 JiAS, H AT R $] EDGARVS.0), i 4Bk AN
He R = ARG (SO, NO,» CO. NMVOC. NH;. PM;o. PM,s. BC 1 OC),
HAEREAA BRI R 23 353 DL R 0.1°%0. 1°F) 25 (A 3R, LA ek Tk A A Tk 2 —
HEAT4% 57 Janssens-Maenhout 58wl Y] HTAP_v2.2 ZHa£ENIH& 4L 1 2008 4EF1 2010 “F 1 [X
R AR R, B RAABTS IS0, NO,. CO. NMVOC. NH:) i Fikids)
(PM;o» PMys. BC #1 OC), HH AT A A E M TR AAZE 4, Klimont 55
O T 22 A PEAG R GAINS gl T 1990-2010 S4Bk A N BRI HE S 5, B 7 is4em
SKIEFNEANEAE,  FEA AT D A D TR [ S BEAZ B SR A IR AR R 1 HE s s
FRTE R A 2 R AR B S B R S R A T ORBEIME ], (R TESR I 7k FRI 1B R
] % it i) 60 2 o) ) — 50 T AP AE 25 5 1T ELAR A8 AN Aff s kA TE A Hoesly 5159144
BT 1750—-2014 477 2 N NS RN SRR RS IR AR5, e PSRRI
AR O — B HEBGESA T5R, AEAT e g N Tl I PR SRR T b, 4
BRAT M I HERS A T 0 2 30 Tl 38 T TR TR SR A, TR B A ek A TR 7 5 v R AN A
M3 HEEE, & T 22 W 3 4 A AN AR M BSOS ) 3L R BR PR 7R 2 T R AT A I
JECRFAERIEZI - A AR DA A0 1) 2 A BT X P R s HE S s

Kk, RGTT R T APAT WA B HERUE SR A8 2 RSN AT M [ S (. BT
7] R (1) B TR N B AR R AT b7 SR HE RSO 34 e ke TR, Zhang ZEISHRHE 1960—4-42
2019 FH5 EARPAT AR E AT TR, XEBRAT 2 Fh 2 S 05 S H O AT 1%
B, R T AR X ISR AT M HE RN R IR R Rk O BRI BUR . A7
REFE AN R b 2 il 3 AR R AR A BRI T RS TAW BRI L R JE RS IR AR, B
R T 1) AR S MBAR IR B P AR R vk, Lei SE0OE TR, KR, BRI
PR 55 2 T B A RN AT W g n B it (5 5, PR T 2019 4R A0 5 A2 FR 4883
FARER) T, it 19678 ANA AL 1 A BRI ERAT W BHE SO i, 458 5 FE AR AE . I
BB KRR . AR TR SR IO A Hw, M 7 ARRINERAT L T i seng, JIf
il 7€ A BRI ERAT ML HE 8 28 Xu 25 ZRGT. 1 2019 SF 4 BRANEHE MUEE /2 (Global - Tron  and
Steel Emission Database, ‘GISDYs, X &gk 1) CO, M ELEAME AT 7 @88, FIH 5
77 e LU SR HE TS P PRAS AR REAT SO R 0T, T T = S B ICHE SR G 22 R
e $m ROR AN A R AR T AR P IR IR DGR AR, PR B HE I R i e,
o A PRS0 SR RE SRS AL 1 5 016 TR IR A RN AT b R HE G X T 2R AR
AL PR R B ROl RHEBUR . DS R BE B B L

25 FRTIR, SEERNERAT ML HE TG B R DR R P B o R 17 5 7 SR (AR AT A5
HE R A ER R S R R AT O HE I N B AR AZ B, e = 47l Py B AR HE 7R
PRSI IR, B S ERASRARGE H 2], DA (RS R ) (%% s,
] BR 4 2 6 BE DA AS AR AL AR AT M HE G S 0 75 SR H 2 3 K R0k, I 4EoR,  ABRENERAT L
HeeE Bz Wi m T GRS ANL, RERE RGN A T HEBURE, e T WA T2
WAENE T REZTHMEER, MNONEF R HRR, SCRFBURH E, EaEkiiHE
PRSI IR ¥ (1 005 B Bk B elE B AR SRAL T R 22 K.

# 3 FRIFEHEHRRENFITIHBIE SRR

Table 3. Summary of global emission inventory of iron and steel industry in different years.

.E mission Research Scales Resolution and details Type of material Refere
inventory year nces




EDGAR v4.3.2  1970—2012 SO,, NO,, CO, NMVOC, NH3,

° ° orj i (7]
(EDGARVS.0) (2024) Global 0.1 0.1° grid resolution PM,o, PM, 5, BC, and OC

annual and monthly gridded maps of
HTAP_v2.2 2008, 2010 Global anthropogenic air pollution emissions
(0.1° x 0.1° grid resolution)

SO,, NO,, CO, NMVOC,, NH; 8]
and PM,,, PM, s, BC, and OC

1990~— PM,, PM, 5, PM;, BC, OC,

° o gri ; 191
ECLIPSE V5a 2010 Global 0.5° x 0.5° grid resolution and OM
1750~ emissions are provided annually by CO, CH,4, NH;, NO,, SO,,
CEDS 2014 Global country and sector, and are gridded on a NMVOCs, black carbon, (9]
monthly seasonal basis organic carbon, and CO,
PM, s, PM;, TSP, BC, OC,
/ 1960~— Global a total of 225 countries and regions are SO,, NO,, CO, PCDD/Fs, and [15]
2019 included heavy metals (Hg, Cd, Cr, Ni,

As, Pb, Cu, Mn, S€, V, Zn)

point source (19,678 individual
CEADs-GSEI 2019 Global processing units located in 4,883 €Oy (o1
individual iron and steel plants)

it encompasses 116 countries or regions
1990~— Global and all operating facilities that make iron
2019 and steel products as well as related
intermittent products.

2.2 MR, ERRENKITIHBEARRER

BRI 5 R HETBGE B R S VR 5 DX 45 N IR RIS SRS VP AG XI5 A A [RI B IX 2 [1R]
(PRI S B FE S XA S () 52, AT A o) s B 0 P (1) A 35 7 B SR it 1 )
ARG R 4). BN B R R HEBOE 5 A AN ARG R AT MO R, (BT 2
I, O 20T HRAL T B B AR 35 Streets 258 Zhang 2573 )4 1 2000 FE V. 3=
BN RRIFT 5 G HEGE AN 2006 4790 X IRGUE AT I AE P IR IR 2 S5 2 HE
JHE - INTEX-BLOO- 61, g B X 3 R 1K 257535 Gk i i et 32 L2540 =2 1 Klimont
LRI SOov NO, FIE B I A FRIIE 5, B ) ROBE I
2000, 2005, 2010, 2020 12030 4=, #RAL 7Py seHFECE R I 7 AR HES, A
PG BOR T it i s ma AL 1 8 B HE Kurokawa 256318 4 1 3V P X I HE i B (REAS)
2 2.1 fRA, R 2000-—2008SEAV PR IX (ZR V. ZRFg V. T VA A I LS AR 2 Hr ) S 34
ERAT YR 22 8 TS0 AR SR, R AL 2 E2R(0.25°%0.25°) (1138 H IS 4L
W, YN % 7 STv AR Rt A SR il S S it B B2 2% B A [ B[] & VR AR SZ i
PIARWIRN, [ PR RGE 5 5 2B HEBOH 5 g i TAE.Li S 4R HE MICS-Asia 111
FEER S 05 Yeicfi TAREN(TF HTAP) R HEFAAL I gmti] T 2008 4FF1 2010 4P 29 4>
] R A X ey AR AR I K05 G s B MIX, A X 3oL B2t — S HE TSN
Ohara ZF103#4) 8 TAIEYH 1980—-2020 4 AR I HEBGH 5, 22— AN LAGL— I 7 VR i
T 52 BRAERILA SR B O RE T, D B AN R X M 9 ) 28 /35 e ) R B e 1 1R s
St b RN IO IR HE TSGR 5 N 1) 2 05 G AR it 7o AN DX 3y Je i v B 4 1 O E 4L
P SRR, TANERAT AL B 7E TR 1T P R AT A B 22 R 2 T 8035 R PR T 98 AR A7 2 A0
TE LA, Klimont 28100125l (1] 1990-2010 4F RPN R HERGE B J Lee 510715 T4 p= Al
TH PG B0 K P 8 G ] 00 B TV HEBGH S 3 AR AR AT ML AT BBl . R e 3k
BN B FRURE (1) HE TSGR B N B 25 50T A S R S e 125 [X 305 e B i At T SR 40 a S F
AN ERAT M FHEARAE AL T T3 T

A LG TN FRORE B GE B, 5 RS PRI 8075 R R 8 BV 24 s P+ 6] 5% P )
TR AT ANHETROOR A7 HE 380) X 8 2 S AR AT ML B HESURRAE A B KR 7T, Sugiyama
SO T 1990—-2000 4 H A S 70 HE R 1) PMo s HEBOF &, s 18 S NSAT e A I
400 M) Alyuz SO T 2010 4 £ H I CO,w PML SO,w CO. NO,. VOC. NH;

GISD €0, (11

10



AINLO HEBGE L, s 1 7 ANE BRI 53 AF300], AT Ik oA = 2 Tk ARk
Ui, AN T B HABOE B TSGR 5 2 3.3 B 1) AP-42(Compilation  of  Air
Pollutant Emission Factors, K75 HWHER R S ) R 3 B R S5 S HERCR B0 2E
700, e T S AR T MLAE N SR ol R RS B (0 2 S5 Y HE R 1, O HERGE
Gt S BRI DL R A OGRSt T R B A ST A N A
JXRE 22 35 T THETGS B A AR AT b AR HE R AE 43 B RS 0 T R B 14 17 2 T X A Sl A
Zhang FEEE ST 2001 4 E BRI ROE 5, EIRSEIL TN o BN AT TR A
(TSP PM o Fll PMy ) HEI AL A2 23 A0 A1 = B2 R 43 (A% 53 Lei 2602451 7 3 [E 1990—-2005
N RUERRLA) B R F A A HETBGHE 5, 0 AT 1 AR AT MV BSORE A7) B I B AN 2 20 4y 1O
TG S A A 34 RT i BE 3 A A IE D2 Streets 2511 Zhao 2543 BRI T 2001 £ [E ) CO HEK
THE L 1995—-2010 F R [E ) NO, HEBGE B3 74, BRI 78S NSATILAE A B CO Hl NO,
He 25284k Zhao S5 7SI T 2005—-2010 4F 5448 F14: [ 19 N K S35 4281 CO, HE
OE R, s TR T A E IR AERR R S R T (RN AR 7 8] 43 A
[FIEZ1A . Zheng SFU7600) 2010—-2017 4 H [ AL E AN AT AL N I S ilE 35 81T T &4,
ik — w7 HERGE A 1 S EIREN R F I Ah, B R TT R YT I [ 2 RO HE R
15 HUAE Y (Multiresolution Emission Inventory for China, MEIC) &t S-SR F[E [X 35k K< 35 Yefift
FeH A2 N IHERGE B2 — U7, Z AR R T B K Pl DO AR A . T
W RA L SN AN FZESTH 10 FORATs B HcEcE, Foh ek a8 T
TV#E].2015 4E78 JE G (I 3ERE_ETH 3] MEIC v1.2s (Oi U85 T MEIC v1.2, Z&5%E T
HORCRM Z R HARA AR M LTSN R ANV, REuas TR M7 L
PRI SRR A HUHE TSR 7« JRARFAE K 20 30 T IR R 57 45 R . Gao 259 T 2018 442
[ K05 YW 5 B HEUR #.(China High Resolution Binlission Database, CHRED 3.0A), #7
TENERAT LA COy R 280 05 BT S B HE RO 2 — AR L TN Br A ieE o, ER R
RO BAE S SRAT Mk I HECREAE 7 T B AR AR 3, SR, LA AN AT L A
A TRURRAE B 2% V5 AR R S5 07 T AT A7 A SR PR .

M BV ERAT ML HE O B S AR R B HE RS, 3B Re R s AN [ A2 7= 2015 TR HETSURFAE
X TR VT A 124 T Ml () DRV g A SR (g B 42 0 B L TR HRBURAIE T THT, 2 S 180 g ] 1
2011 SEFR FARERAT LSS 6 il S5 &8 (Hg. Pb. Cd. As. Cr. N)FIHEREGE ., R TN
AT WA F 7 (19 5 B BURAIE . Gao SIS T FURMA RN . IR Er= il 5
PP I ER A BERER SRR, #0577 2015 b EANEAT WL K5 S HiaE ., 2
AT T HER B 23 R AE S A AR AT A SR R K5 B HEBGEAT T Pl Wang £505104Y
BTN S A ik A AL AR R I e AN AT SO, NO, PMys. PMy Al
TSP HERGHE #e, WY TN 2 20102015 4F, 4347 1 5 4L e Tl i 34 DA KR ] 454
T PR AHE B A TSR 7 7 T, Wu SRR SR BRI T 2012 450 2013 45 (1) [E4N
BRATI B 1 KA RO s 831, i S R s T
SO, NO,. /VOCs. PCDD/Fs FURIA, i & T H AR K el A1 f Bk i 1
2030 F EFVFHN(S0sw NO, TSP)HIASKHES R J5 3 75 FE 1T REHFR AR R v v B4
AR VST A FERHES 5 TS RS 71 BUA. Chen 28B4 DL 2018 A 36 HEE, BET
ANFIBEAR B LR I REURIEAE . BUBHTHAR B BBk 26 42 DL K05 e i [ se ), R 2R3 T i
AR BR AR T 4 1w AR R A 5 42 8000 T SE g - HE R H br BEE B T A WHR N, H 385
{E FRGIN B3 (R 98HE (1) 25 L IR 25 Wu SR ST 1 R [E 2020 FEAERAT ML 2 T CO, HERURITR
KI5 P)(SO, NO, PMys Fl CO)t EHERGE B, VAl T AR 54 R T &
PM, s AHOCGHETS,  SAA S5k e 5 Ml AR I Ak e s () 4 i 08 A1 B B2 S 43 AN ) 1 SR AR AR AT
G, BESIRE TG AT e ZERAT I I BRI, RN A B AN AT
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M BT ARG, AL T 2012 AT SR AN AT R S5 B (PM, s+ SO, A NOHE
OB, PR T R TIAETE PR AN 5 TN R AT b5 G R B E . B e A
F1 % BARMEAL R 0 M7 T AR EAT L B 4% 1) COLv PMy s RIS IR e A A Dkl 5 5. 3Rk AfF
FMRGATVJZ IR T HEBURFAE . JRHEE /) FI3R S FE it 7.

SR, ERERERAT b3 5K 22 SR HE S R 7T e v R R AT ML G M HE G A
Th, FETA RN T HE O e EE, HEms T v S R 2 B EAN (A1 S H (iR
BHis e or & I Pa BRI 5RO AE),  ToiE SN ERAT b T TR AR = K
FLRE S T AR R, 0 TE 3 R W5 (1) R S0T5 e M HE UK T B 5 3 HE FsOb 14 SE2 it i 1) sk
R

v B ), A0 8 A HLRLA AN AT AR 2R S I B s A S G e, AR
PEHISR T — BB I (5 /N E)- 25 (B HETBCIR) i 7 e N R S US BRA%A T V8, o0 il
P T 2015 4FBOFN 2018 MO [ 5 0 FE AN AT W K75 e HE G e s 1 4N
BRANY F A T 5 R E ARSI 2 BB AN E R,
BERLIR AN ARG 5 10K 5 S HE O R s i DTk, ot S 2 SR BB AT M o
BRI E . AR R SR B IA AR LRI DA B RS X IR Y R R S
RFAQ ) B BAE AT B 70 6 gk — PR 7 2012, 2015 F1 2018 B HRENERAT WL % T 7
R X 1R KA 5 G BRI 52 S Rk R g ila $48Y, SEL Dags DIl (/N ik 2 3 (R B A% B
A A0 B A BRI A i 25 18] 43 3 26 (78 255 1) RS g B 2L A W R 22 24 B % B SR, 1
4b, Bo SR THIEE N 2014—-2018 4 A EIER ) Bh(RENID)- 25 (5 150 £ ) b P V5 e )
(PM. SO, Fl NO)HEBUREHE P, R I B B2k AT AR ALAE P75 Y HEcR N % T — 3,
Frfi A ik V- TR 8 5, U0 BB W IV BE S R A BURT 1Y) 32 BB U5 ). IR T
FIN T LN BNAS I R R EAAREHE, A0k AU R SRR S . A RS
(e, i 2 4EFE IR TS R, B HEOE R AR A T SR AR, A TR
GINFET CEMS [T [A]HE 747, 19 AR F5 S MNERAT M o 20 2R HEJBC A O ] AR ok 2 e
=+ CEMS IEIER: 2 PR AN A S A A L B SR SR R RIE 7 8% FE g\ T
CEMS [¥IR (a1 38 0BT, DA B G M SR AR AT M HE B A 284k, bk, s 75 Insmam e ar
TELA LR 73 A, AT S S B o 4 A AN R AT ML HE G B, AT BN AT e HE S s
FRAL T AL .

RASEERMIR. BRRERKTLHHERLE
Table 4. Summary of inventories.of iron and steel industry emissions at the intercontinental and national scales in

different years.

.E mission R Scales Resolution and details Type of material Refere
inventory year nces
the majority of regional models are designed

/ 2600 Asia at a resolution of 1° x 1°, whereas studies S0O,, NO,, CO,, CO, CHy, 601
focused on urban scales employ a finer NMVOC, BC, OC, and NH;
resolution of 30"x30"
. . spatial resolution:30 minx30 min seasonality: SO,, NO,, CO, NMVOC, 161]
INTEX-B 2006 Asia monthly PMyo, PM, 5, BC, and OC
2000, 2005,
/ 2010, 2020, Asia / S0O,, NO,, BC and OC [62]
and 2030

S0O,, NO,, CO, NMVOC,

PM;o, PM, 5, BC, OC, NH;, (631
CHy, N,0, and CO,

spatial resolution: 0.25°x0.25°; seasonality: S0O,, NO,, CO, NMVOC, NH3,

spatial resolution: 0.25°x0.25°; temporal

REAS 2.1 2000—-2008 Asia .
resolution: monthly

MIX 2008 and 2010 Asia [64]

monthly PM,4, PM, 5, BC, OC, and CO,
SO, NO,, CO, BC, OC,
REAS 1.1 1980—=2020 Asia 0.5x0.5¢ resolution NMVOC, CO,, N,O, NH3, and [65]
CH,4
/ 1990—=~2010 Europe / SO,, NOX., VOC, NH3, and (661
primary PM
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/ 1991 Europe 50x50km Ca [67]
/ 1990—-2000  Japan / PM, 5 1681
CO0,, PM, SO,, CO, NO,, VOC, ]
/ 2010 Turkey / NH;, and N,O
; 2001 China ; TSP, PMyo, PM,5, BC,OC, Ca, 7
and Mg
/ 1990—==2005  China 30'x30’ resolution TSP, PMio, PM, 5, BC, OC, Ca, (72)
and Mg
/ 2001 China 30 minx30 min resolution Cco [73]
/ 1995—-2010 China / NOx [74]
S0, NO,, CO, TSP, PM,,,
/ 2005-—-2010  China / PM, 5, BC, OC, Ca, Mg, and (75)
CO,
SO,, NO,, NMVOC, NH;3, CO,
/ 2010—~2017 China China’s emissions by sector and year TSP, PM,, PM, 5, BC, OC, [76]
and C02
/ 2010 China estimates of Asector—based.emlsswns for SO,, NOy, NMVOCHNH;, CO, 87]
different species PM,¢, PM,5,BG,and OC
CHRED . CQ,, CO, NOy, VOCs, SO,, (791
30A 2018 China 10 km x10 km PM, 5/PM o, NH,. BC, and OC
SO» NO"CO, PCDD/Fs,
. . PM7%.PMj,, TSP, Pb, Cd, Hg, (a4]
Y, o o
/ 1978—=2011 China 0.5°x0.5° resolution As. €r.Ni. Cu, Mn, V., Se, and
Zn
/ 2011 China 0.5°x0.5°resolution Hg, Pb, Cd, As, Cr, and Ni [80]
. SO,, NO,, PM, PM, 5, PM, 51
/ 2015 China / and PCDD/Fs
/ 20102015 China / §02, NO;, PMz 5, PMyp, and fs1
TSP
. SO,, NO,, VOCs, PCDD/Fs, .
/ 2012 China / PM, s, and TSP
. SOZa Noxa PM, PMIO, PMZ_S, [83]
/ 2013 China 7 and PCDD/Fs
/ 2018 China point sotirce database records steel gnd CO,. SO, NO,., and PM, s 84]
cement/plants tmder each ownership
/ 2020 China 811 steel enterprises across five major S0, NO,. PM, 5, and CO, 1241
production processes
/ 2012 China / PM, 5, SO,, and NO, (831
. . SO,, NO,, PMyo, PM; 5,
HSEC, 2015 2015 China 937 S‘ee]re‘yerﬁ“iesra“"ss different PCDD/Fs, VOCs, CO, BC, ts6
production processes OC. EC, and F
. . SO,, NO,, PMyo, PM; 5,
HSEC, 2018 2018 China 996 Steelri‘gsggf‘esriccgssseg‘ffe“’nt PCDD/Fs, VOCs, CO, BC, 14
p p OC, EC, and fluorides
/ 2012, 2015; Chia a high-resolution temporal (hourly) and SO,, NO,, PM,,, PM; 5, BC, 51
2018 spatial (by emission source) OC, EC, CO, and VOCs
CEAIS 20142018 China a high-resolution temporal (hourly) and PM, SO,, and NO, 12

spatial (by equipment)

2.3 S A A R MR T AL HERUR R R

S8 T AR RUBE AR R AT ML HE O B, A B T 1) 3 05 GRS SE IR B, AR
TG RLUERENT S 5 G T BT T R OR RS G B S B S R SRR R 5) AR
B G RPRANSC HE U BUWT ST 1, Huang 551 Zheng 55730 4| 1 2007 SEK =X
BN KT G S AR AEAT WU HE IR B [ 2006 SR BRI = i X 35 0 2 (1 e 23
JEGRE S 8, FEIR T A S IR RAT L AE A AN R T T RIHRBCRR AR, il A R Ui
BSOS SR B S5 AR T 2010 AR R M X H 5K MIX HERBR SR ST 1
2012 44 E KRG G i 2 o JR HEBOR A, O AN AT OV SRR R, N
DA TR S X PM, 5 75 53R A HEBCZ i SRS S LR 2 .

FETS BSOS BedB i 5, R ZE 5 BOEE T Al A 28 M U HE B E (CEMS). L iS5
Qe R B R AR AT L I, SR B NI BRI, AL T 2012 R RTESO X AR

13



A7l R IR 23 43 % 2 ) HE G B (BTH-Steel version 1.0), {54445 1 SO, NO, FIARH 4,
It TASFEEERIE SN TS YRR MR, SO TIZS A PERHEGE R, A
KT Re s A 8, I8 CAMx AT 1 DUIRAL AR BT 7 F At Bt XA kAT
AEXS SOy NO, A PM, s IRIFEM. LA, A58 S0 T 2 [ AR Al 7 24 W I HE A e
(CEMS), 37 1 aENEATI ARSI S HBGE R RS, Sl 1 HEGE #1858 B
EIRHE OB A R HEBGE R TS R Y B LE S E ARG, Nk
AL ARSI BEANY S G I SR O 1R A R

LR ERTA, ML TaRUE . hr. E SRR RBRAT AL HRBGR 5, ki Ao e ek
AP HEBGE PR At T RS A HERUE B, DB TT DXk i SR A A BB iR s it 1 R
TRIRMARAE ST, HATsA> £ TP VOCs Ao i MRTRiA) B S 1wt e, LR HE T
CEMS FRIAN R Ao b P 20 [R]85 (4 73 Ar AR OR N B SR IR a4, i3k — 20 58 S b 17 /k v R
BRAT W AHECR B, I ] 52 SE A T £ S B v SR

R 5 TESMETH /TR RERKITWHBERLE
Table 5. Summary of inventories of iron and steel industry emissions at the Grban/urban.agglomeration scale

in different years.

Emission Research

. Scales Resolution and details Type,of material References
inventory year
Yangtze River S0,, N@¢ CO, PMyy, PM, 5, (8]
/ 2007 Delta region Akm>4km VOCs, and NH3
/ 2006 Pearl Rn{er Delta 3kmx3km SO,, NO,, VOCs, CO, PM,, (891
region and PM, 5
/ 2012 Beijing-Tianjin- / SO,, NO,, PM,y, PM, 5, BC, [90]
Hebei region OC, NMVOC, and NHj3
BTH-Steel Beijing-Tianjin- 1301
Versionl.0 2012 Hebei region. % 802, NO, and PM
o 239gsteel enterprisés were

BTH-Steel Beijing-Tianjin- . -4 1]
Version2.0 2012 Hebei region includéd, comprising 2,776 SO,, NO,, and PM; 5

pollution ‘epfission outlets

3 SMEKATIHERE BN HE M 4

HEOE AN 1 AT T S A A E R R BRI, e I e AN R 2
SEMERE BT, BB HETSGA B AT MERA T AR AT M R HETBGS B B AN s 1 32 BB AE
TSR 7 A AR Sk T, AR AR =00 R 2 Fh T2 M, BN~
BTG R AN T ZOARSE T 2 0% NN AN B A B S, i RRLRP AN
FEES, #2 i SACRATE R i PEDs. %6l A, T MMM E S MEMZ R, Flinm
W EE AT VO 25 S, RGN TR BT AN R TR OL R A R E W TR
B T AN ER AN FIT ) VR A 2 7K ST Hicdf (12, 31,49, 86, 1000, R 2 BORE ff e e S BReHETBCS L
TR — B BE K SHL

TEH R AT T, AR B O S 0 IR AR A5 B & B HEBGE B b, AT 5L
AT JZE T T CER] A7 E AN s VT 90 3 08 1 L 2 AT TS RO i, R A
T 25— REUEHHE M 82, Z28% 7 A T 2068 7 BAF ik seng, THEGNTE
P EAETE 2 A HERR IS LR R, AR A8 70 23 S s HE R A B SR B9 T cHE R 3 — 25
Hh, B RERETIE AR BOER T, HE30 7 AT AR BR R G137 A 1) % e A
RiFH, Fenl R e BRI E BT )G, S E S 4 fE AN ERAT b P St 1 2 DB A BUR 7
[, WA T CERIHER AP 101, S 2 2050 FSLHB R A H AR, FEHESIREREN
BRAIE AR R R LA, RCR T B BR AR AR R R 5 R, R AR 3 A= T 2%
002], 25 [F P LB S (GEVEZAEEY) A EEKIE) TR M a0t i\ 1 23 SRK IS
JeHEms,  BERAMER I Je i I OREAR DLk y5 G b Ah, BUffdst AR PRt )
(PTO)FI (4 BERLAR ) (ITC) i FH 7 vk B PSR 980 D B HE TS 1 ARk b H AR I ek B A
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I3, 1041 ot IR 8 g A V14 IS R SR Sl B 2k A M 9 B HIE TS B B AIRBR g AT T 21050,
HABUR R BB G5 R TR M L Z, WE R 5SRO A SO EORTTH , W
COURSES0 4], & fEHD> S ALRRHRUS); o E AP “ Bk, ™ Hisa,
FEBCRIRM, RAT T AT XHARBRAT AL FROE ARHR bR, ZESR Al R FEE U/ 35 G HE TR 37411,
FELORAUHT T, (E g R IR B AT 58, MR BOAR A RR B AN H A [ 5
SR EAOO- A, BrA 3RS FAFROR (CCS)MTEANERATWZ G HE) ™, 3 E BRI 2 FK Ak
TRt T H DA T = AR HE R 120, A AN BRAT W AEAT W BRI S (135 T, Bl
B U R A BB AN SR TR, LB R G ) ROR B2 _E SRR T SN BT
AR R L FH HE T S AR RAT e HE R AL 5 A e A 1 2 R

PG HEROR AN E VR 53 B B E T S R AUE &2 Hr T LUT
J e BATEE T TS 2, Al SR SRR AR IR RS L AT IR AE A DA
FIRBCR AR S AN 5 TR R HE RS - (AN R PE L Bt BN 78 e i e, Il T
JEEHFTUA 510 5 B AN E 1R 0 A SARr R IS AR AU VA BE AT AL B A 2 B AR R I A HLA
I EA e AT, JCHIE M TR Er G5 2 A E e f s 5, BUMBIF 208, H AT,
EERAT Ml FO HETBOT B0 K 22 2R SR R BN 7 R A HETOT B AN e T S L it A A9
AT VRS A ST IR AN R AN e 3, i Sh KT LR Ry SR M AT S 1Y)
BARGEEH&GEE LGRS = i SR HER AN E
PEIZ D K.
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