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Abstract

Carbon emission monitoring is the primary technical method to acquire accurate carbon emission
measurement, and it is strongly supportive to the carbon emission trading system. The carbon emis-
sion in steel manufacturing industry counts for 7% of the gross carbon emission globally. Carbon emis-
sion monitoring is seldom performed due to the complexity of the carbon flow within a steel factory
in comparison with a power plant. In this paper, various techniques and devices concerning gas flow
and chemical composition measurement that are practical in a steel factory are analyzed. A proper
carbon emission monitoring strategy fitting pelletizing, sintering, blast furnace, converter, rolling
and power station in a steel factory is proposed in accordance with interpretation of the carbon flow
in an integral process steel factory. A fully understanding of the manufacturing equipment, process,
producing compatibility and pollution containment capacity of the specific steel factory is necessary
before performing the monitoring. The monitoring concerning pelleting, sintering, intermittent
stove, rolling heating furnace and power station shall be prior in case that the monitoring resources
are finite. A carbon emission monitoring was performed in a rolling workshop owning 4 rolling lines
of a certain enterprise. It indicated that the workshop emits 1107 t of carbon dioxide daily, which is
6.9% lower than the theoretical value due to the fluctuation of manufacturing and unorganized emis-
sion.
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1. 5|8

AR L R IR R RE . T g, EHEUT Y, RERANERAEAE ELIEHEIR 26 120 CO,, (H42ER CO,
HEBCR ) 7% [1]. TREANM 7= O A SE 26 -t L —, 2023 FFEHLAN & 5 2B E 21 53.9% [2].
B E WL R A AR AR R KRR AR T8, EHEL N 18 2, 4 E e HE
(17 15% [3]. RIHFREAREIE SAT W AR BR I B 302 1R K, BLA R “ X7 L AUE B KA1k
I = REVR R R 2%

T R AT COL HEBRIHES) S (I i AL, HH 5 & EAH 4% g BB HE B S 2 i 4% . 2024
ESATH, (BHEBCE 58 BT #00) [41EN17 . AR 5 T EA @ T I, arRdE . niix
BRIRIZ TR R, @R MRV AR MRV 7R RAE R 5 A RIMREE, 8 CRIE ML AT HE RO 2= <
RECHE PO HER I . LSRRI AT L, BB LB LA S FCRIAE 55 o BR B ASZ LRI 28 MRV 40 Bk
THRER, BB IE RETIH R ME T EBEEN[S5]-[7]. GB/T 32150-2025 Tk Ak iE = < Ak
TR SR FNAR 5 3 ) D[S 1A 1 B A T SR T B0 R Sz 3k o G o - B0k A 3 HE ik R -3 A R P 0
HERRR 1% 2 B T s ROk vty (10 HE TS R M 7 Vs, 0 0 R (B 458 MRV R RO S R B 550 FRE S 1)
HE 7 (A HE SR PVE S IR TR RS R IRER SN R AR &, THEAS S Cor HEsR -
VOREP 72 e AR T B e A, P N Rk rp ) i 2 a2 B s Rk R ) AT P T A
CO: il E .
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FET H ARSI 7 N IR IE, B S HEBOESE I 32 45 (CO, Continuous Emission Moni-
toring System), &FK CEMS. [F]i K B8 THEFD I I 25 10 BAT R S5y Ay o 98 AR (R 4 3 o ) 4
W PAT IR = ARG B, FERRGIE R &L F CEMS R48[9][10]. 2020 4E 6 H, A &IREEE
KA CESHEMM RN E (2020-2035 4E) ) [11], BREE LR = SAA RN . 2021 4£9 A LA
e S VT ik R A 7 D [12], 7 S BESRAE K HL S AR A0 i R SR ST SR S5 U T e s A
2024 A EREL Tk 2 AT YB/T 6215-2024 CHIER Ak — A BRHE O IUHE AR RITE) [13)4— T &7
AR LR, XHANPAT I AR W AT ARHE LG . 2025 4F 3 H 20 HASHEEH R L TEHR (4
E B HE O AE 5 T35 78 se ik KU SRR AT ML TAE T 22) Il AN 14], brE & MBIl 1E s N Bk
TERLAE 5y AR AR PR B FI TSR SR W 00 s M A b B TR AT 5 (R FE A A4

M RTRAT M BRIk A (s R @ e T R AT A . AR SRR AT B
HZ A B A, BRIV K T AR LSS R 35 7T B S 80U 45 RAPE MM ZE[15], HafR ST BE
DAHEATAZ B AR ] LU, AR ASCHEBRAS 5o TANBRAE = HRER B R IR RE I LA SR =& A CO,
MIHEBUIE LN 2%, FFIE COp S MM Al B i A T AR SR i/, BT R FH (1 MR 5 Rk B T
AT AR . A7 FRiE YB/T 6215-2024 CGAREL AL — S AL BRHEBUE I AFTEY Rl T8k T b aeHE
JHCSEIN P 0 o B AT, B T MO B, (E B = 2 SRR Al Y 1 % 3 TR R 7 A DG 1 5 5 M B HE T
MRz EEZ, e DTN ER A ML R HE B #4746 5

ST H TR Al COp 42 LB AR THE T R X AT IR, b A S S8 H — 2 i 5 mg
WAL LR HE T X 30 REF KRN A7 g AT I RBE, Bk R TENER A = R sh Rtk i i R, &%
H R AN R AL CO MR S 1) 8, 25 & VTR B4 T35 2B/ L2 IRBAR SR
BB R 2, RIS S KRR A P L ) CO, MEIIAT B ANE . 75 Z IR 2, ASCHTRER 2
AR A P S RS T DA I A5 3R AT S ) COas AN B NP R RN BERLE 1T 7 A 7 o R v s
FRICTBRHETS, ANUE B | B 3 R b 7E J5 2 A 7= BOIRASE O 8 v 7 A PR B HE TR

2. COz HERUME M FE AR

[ N AME 5% COp BT AF FEAN TARE N YK 22 5 Tk B R s 8 e, 6 2 P 2 K AT
W R HE R = AT 2 — o KHEHLH TR R R A REIR AT 2] CO, MR R, AR R R
M2 S SR i s AR A R Y, R BOVEAE BT S B, & S SRR R R AT HE TN
fiEr 45 R AT VB M (R AR DS BOR T B, 3 3o I 00 U5 92 10 4 B2 R B e % IE P S ERAT ML AR B o SR
FEZR W VEAE [ A AN BRI R, 2 A0 F M TARIMEUL T Bod 7%, Rm kR, &R E
AL BRI AR . Ackerman SE[16 1% S E FL ) BRHEBCEBEAT THLAIEIN, 45 RZR7OUON 2.3%;
Evans SE[ 171070 4 S RGP B CRE A, R 2 MOTIRRHRICE S R E SR 15%~26%, 5
IREE RAR T M o 2= 0GR S (180 bL 1 AR 2k IS DN B HE RS TSR 25 8, R WA AR 2R i e R TSR T
SRR, ZRVEHE 5%~30%, [RIN R BUBRHEBCS W s B L R IR R, Bk
Al 2 AR IGR FR e — MDA 2 I HE IR 22 1) 3 2 Ji PR Al ) AN S PR OR, AR d
THLHET -

BT S8 0 1 B A B B 2 0 TR AR TP IR COL iR IR R IR MO ATAE
LRHEIN, SE U SERRHEICE . CEMS ARG EH i UMCRIEFIT, WA B b ATt Kl A2 A T Bl
LAzl RG4S, W URE AR BN AR ST E . AR IS B ET, HRE AR CO kM
FEMERA .
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21. SERENE

TR A S AR R R R R VR IR R AR SE19]. TR 2R A L
T TR, RIEESFRE, WERASS R AN EEZE, HEARRAAR KRR, W
BT AR NITE S WAL, UALEMIER AT A =0 e FE A pE R 2. 584w BRER. 1SO H
B o R[] [ AR AT A 3504 B 078 I A I8 2 R VR, L R B AR /2 GB/T 16157-1996 FH HI 75-2017
& BIEERETHREER S, (HRESR MR PA S EE, JHAESMEE BN TR E &
2 BB AT, NEAESEL N (BEGE 2L A RS, WAE, SEMEIINE. #S
IR LA TR O AL, AR EE RS R AR AR 2 (R T R RS R R, MR R TR A
Wt S, BAHEN RS, 2R RBONERE. St 2R TR IREE S, FEER
BEANVERROR, SRS FERUR . 8 75 R BT P IR AE B B N 0 P A F 1 2 3 B RS2 [20], 38 I & < P s
A PR TR SRR B . R TG AN AR e, (EN RS R, SR T,
SRR AV BEAR I 5% o ZRHE R SR [2 1 )R FH A AR R v R T SR R, IE I S
BRI R EE RS T RS RET . MRS N ER AR, Wad, Bk
FRASKIRBRAG, BB A =2k CEMS B 33 7772

B 7 BRI R, SR B AT A IR I AT AR AN T BEE A R R A9 B K g [22]
[23], HEEE AT ARG S A TR AR A, o m] DA S ik . AR . SE e ST
DABE U A o SRS (24 B 35 920 T &, BT T 6 B HE AR I R 6 SR AN R HEAT VT A8 B
A SERAE[25 MO BY N A Ha AR R AT BB AR AN, 45 5 SEBR T OUESIE AR R e P, IR AR A0 5 A
BAR, WEIRZE/NT 4% BUEETHE 1 7RG & RO B Re ik UM TAE &, HO I TR A B
W, A= TSR E R, AR SN % 5

2.2. CO, 1 CO IREEME

FE458 COL MR PEIN & 71 A E W, A8 AN 5] 8R40 2 TR W SO L s 43 (R U4, mT LA CO,
CO. AFAE 1) B A 2 W ST 0 250 A 00 B0 TS A U AR AR, VRS &, ISl g . M.
T, BT R B BRI AR, RS fEZR IR, B E T ISR B AR W CO ik
FE & B SRS AR B AN IR (Non-Dispersive Infrared, NDIR) % 1 4 B IH-A5 # 21 4K % 1 (Fou-
rier Transform Infrared, FTIR). ] i1 #0%  B0O'% 1% (Tunable Diode Laser Absorption Spectroscopy, TDLAS)-
Z o WSO B 1872 (Differential Absorption Lidar, DIAL)ZE[19] [26].

Horpr, NDIR 25T BE PR GE A, RIVARRE I AR 5 A 23 70 R 18 UK £ A1 PR g 3 W WS 12 e il
EHWAE, AR s A BRI AL HBR SUR R TR A BURR, Rl O 2R I AR IR R R e
WK/ E A, FHMERE. FTIR 2R H M TR B 2 SR Fm, 58 7+
AR A, e B AR ROl S SRS AU R R R L R BOC R AT B AR R AR T 2 AR,
AR e RO, PR BRAURAUA TR B EE, 5 R 45 NS 1 . TDLAS A1 DIAL 22k TR &
SRS T HEOC S BAER, i P B O A AL R I R b R s KOG R SIS LR A BT R B . AR AR
R RE R, WERH, POESNr, TEATEMAIE . fE7E 82 752 SRRES S HOE T M,
ZRUNE 2] B [E 0 B SR TR P R 5 . BRI E R R KA B, TR AT AR e A R, R AR
P 1% PR AT A B C B AN AN [F) T 7= AR U, COL M B2 22 BR IR, WTREN T 2%~70%
X 1], #45r TFP ] COp W FEA SR SR B 124 7= AR A R BOR AR AT AL, SR Bk &
TR PRI CO R HEAT AH N3 T A1 2
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R AN HEBUR SR AR E R CO, mTHPAREER, CO it FImAS il 200 , I M RIS I
%EE%W@G%LMCOWmmrﬁ%mEWﬁﬂ%Fﬂ@%ﬁicomiﬁﬂﬁicoﬁ%ﬁ%%w
ARV HIE TAERREEd, Fith CO M = BAE R RS, XM & I B R 2 M R, s kil
HAE CO. MR AV A E T HERUE S I CO R 25 ER, BRE & REWS i 52 m i 3 K
X (. WE CO MFETEE COy AT, # 5T i I8 i 2 S5 5 2 B KR IR, CO,
B KN 0.800 um, 17 CO FIMRI I KN 1.567 um [27]. ZE& LA L, 3EEAERAT LR ) Bk b R
J5 G 8 AR 4T AN RO TRE (FTIR) BT 2Bk QCL W' 85 Bl 1 O W SO B (TDLAS) [281%5

3. Mkl R RABAER

BERAT ML B R BE AR IR, AR R R A . 1X S EUR R AR R B 22 RS . B
KRS ISES I HLEMBHLSHBE S WA E S AR E S, — B % E 0 e g ik
TS A BT B B DL R AN B R B i S BB (R R, 7R GB/T 32151.5-2015 (lESAHIZE S
A EREE 5 Har: BEA ALY [29]H BRI E T AR S FORN &2 e B R O N\ i B R S
e TXTT COo T 32 W5 I 6 ZRAM B0 82 R AE 4% T IR s B oL, LK CO, HERCE AR B A1 K
FEepl . At E B KRR R AKIRARAN A E 5, K E AT RN A A G B B RIS A AT R ]
1B, ARHEE 1 s i

O ® O ® O
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Figure 1. Diagram of carbon flow and gas flow in a steel factory

& 1. iﬂ%%AJLﬁ#imﬁﬂ SR TER

T et M R AR S 4T B, GB/T 32151.5-2015 Z5[E kR 1Ths H 7 ok FASRHEECK Bk AR 7= 2k
IINIGAZ B VE R, T AEAS SO BT I AR AL ) COL MR TN R T HERRTESL, MR TALEE . BRIk
ST R IR A TS MR R R, KRR G R R A PR R R RS, T ANk A
RE S — R AT E R R P 2R, BERINWEIR . AR AW A, A —
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TP R I ANE K 2 B B All, R el i R N AT S AN, AR AR P AR B R LA
BRHAPBBCON R 2%, 5 3k i 7

Hxk, WG RITTkE, RS INEAAE I 22 5 . AT 200 T A N JEURE, R
BHUL K REVR 055 B S Bk 15 B A A 7 K 7 it BT 6 3 D B TR E AT A% B o T M () B T S P EL e
(1 CO, T N HE R R A AP IR A B AN GE T o TORE I B A 7 o0t B — B 7 T
PRAEBRHE N B AAAEZE R . T [301FERTAR AW Bk b AT B SR I 0 AT e A e 4 5 BRI B R S
P BRHETGE, 2979 240 2 260 kg BERIRLAN, e ISOBE U SE PR HECN—102.2 kg BEMUAR . TR
FRESIENE, SR AL PR CO AR T HAR T, FelpsKBrslfill CO, 21 A Rl ZBE 1 .

3.1. TkHl. REMARE

[ AR ARk PP R 25 TR N i LRV BRI . Bk . BRR L R R S RRE, R R . Bk e
AR ] LB AL, AL B AR FAREZE R, FRENBRER A BB Hedt Nl b be sl = A ik
SRR, N 120°C~180°C, MR A%, Bk, AR AR E[31][32]. KRS T2, 5
S5 IR G RMERSS L & ZE SR, I T 7 1 dh RS E R R A S R TE T, RSB B AL
G EEAH NAERR ARG HEB RS CO, IR E, Bl RSk . BT hegs i fEkt
— AT A TEARBOIRA, A CO FrERmE, RPN CO WK, MRE[331HRiE T M0
FL SRR AE IR S bess L2, AR FRARHE A K CO, Al CO MREE . 78 S o Mt Il v 97 2% 52 Al %
FRIFRCIRBE S B, a0 sE SRR, Z0AmiR, JERNEES], BB UK EE[34] [35]. WK
SPAEEE A VA G Z R8s, N0, tHEAA NS B otk iR

BREI T 20 CO, Histm— M R A R~ 1—F, H AT AR =2k A0 32 R F 1 & 0] 4
g s SRR BE BN - [ =P (36], For R R AL AR R RE AR L BERE R BRI R R AR
HAl Ca @ik SN - B3 T 2R B 2 g AT AR 3R R e, 38 7 Ak R FH [m1 % 26 1 R kAT
B T hestt il &, TERIFEA RMBAMIE, KA AEH, rTER R E G R
WS A7 o A SRS REHL S e b ML & 422800, A RE Ay T 77 B4 X B RSN R E o, HBE
TR AT 55T 5 e &5 A1 B 7 AL

KA AN R ANV EC % A1 KA, BT A Kz TR R 2K 53 R 72 A C O, JHA COL IR SR 5
AL 20%LA b, BRIA KA RSB AT 1 COL ARG M OGSCIR[37]3RIE T A AR 3 R R i
WBR e e, 2L WK PSA AZ IR P, K COL IR BEM 23%FETHZE 92%, FEI R IAT S, Ja4k
JSLFH TN W . 0 AR s AT e 2 PR S AT R AR IR0

3.2. ERERE AR

TR PR B ER S 0 2 S DI, SRR 43 (R AR e R R AR BT 5 P Bk 3% B TE L b s CO AT C O,
DRI B RBNERK . RO KGR S I R B, SEBR B L BB 2.1~2.5
EPRE38], EURE A N EE N REYR AN AR R AR = 1 7 . RER A AT, R R
R TS0 95%MIREIR, SCHEALERT T T W m R AR . ARV RE ERR B THE, AN AR AR
FEZ N 385 kg KR, Horh KBS AR, IR A EUKAIEG . MR B G AR, FERIREE [k
RS ERE R R E R BCR L, SRR IR L) 35%. MBRERAESNT, 291 10%~12%15kE
FRNERER, 2 HBIKIE NIRRT, IXE0 B R AR S AR B P R A BRSO BB R (S LA
85%~87%; HARBKHEERA . KAMEFE . S H CO Al COy (5 LLHTE 18%~26% X [H], 4%
W 4 5 = I EER AR 23%MHT[39], B s — RIS E SN RS, BRAEN AR ERBE. R
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I BRI G EAT I, SEBTH5 CO A CO, IRt EE, I i 8 U X i i 2 O SR B LA TR #E
AW T Bk, S BAME RN E S R EIZ T, S ARE R R KSR CO, &t F A
K, FEHEBOZ B SRS R

TR AR AR S TBORI 10 R 380 TSR R R S 300 PR A XU o 7 TR A2 VA 388 s b P AR IR R 1)
B, PRI N B RS I TSR R B S . AR AR B 2 B AL G i, R RO S AN i ]
W, O S  mrEAR R  1% A 45[40]. BN R @& id r=ae B R i, 2HO8%&
BT RIS R BE[32] o FEPIREBE S B e AR IR, o R RSSO, 75 X TR kAT . Gn SR
AR F 51 R S AR AT S 1) A R SC, T T 75 AT W0 o XV (41 )56 SR A 249 s TS 4 e WAk A7 I A
2000 m? F) 73 47 SR F 24 R R4 [RTUC H 48 [ 230 32,000 Nm/d o H 45 U0 R AR 5 L4738 ek ek
B, AIAE S IR H IS R W — 5 ERHRE 3 s, AR R R R AT St .

TER R REAS JA1R], P T 7R AT RSO, BT R SR, AR XU [l — B TRE R, AH
KERIBEIRER . — Mk, S RESH 4~6 TR KAEIE[42], RAEEIIS IR E DB, HES 4
A TR R], S HT A BB, 0 — O IR USROS TR A R [ AN AR
BRI S 2 B0 Tovk B, BRI CRACFR S HEG wIEHEBOT T I . 25K ZE 25 (4306 mrd AR
PATECHORE G BEREEAT A 72, 38 HABRE 00 R RUATL BT WAy R 5| 5 2% [T o v, EL TR0 23 R R ]
IR GHE AT TR BB B DB A 2R T 200, BRI, LI6RENE, LitE
JHCEE AR RSO, A& — T IS RS, HESUE SR CO MRy, I I I P T A A <7 Bl
TR

IR RARBIMR R TR O AU A, — BRI P T . — RGBT LEHi &, DLH A
M) COURSESO T H . Hifif) HYBRIT #iAR. ®RAER RIETTEIL R H A AR R AR
G, LAJ SB[ RRAE BT 2% Bt I Ji B0 Rl 8L A0 ) e i FL AR (MOE) T 7T 46 [44 ] o X S8R H AT 2 308 40T/
VO R R B, 3 7R TR EARGAT WA KRUEHE o 59— FhJ7 R TR m o () 25t kAT B R R
MAL LA BRHES, A R 2 TGR-BF iy TR SE R [45] [46], FHEABRER, e iasd
TG R IR WP B (4715507 VE R COL T RIAR, $-im CO MREEJG I IR o« %R RERESR
FEAHIAE, PRI, NAEHS EEAE COyy I AR, 75 2481 B AN EAT IR 2 L
EAHES R LR AR . SR AP TR S T2, HEfs e i & g5 R ZE 58
FER E S AR 1 CO2.

PRSP B B I B4, TR AR P s R SN A A T, X A b R 7 A 1 R AT
AR, — 2% 2 I 2 B SR AT R TRt XU B R 2 S AT T, B I B R v b b 3
BEHRA, TEIAT I S [F]AR N BT R FH AR 3 AR A () 3 ROR AN, PR AR EE X ) ] B AT
150°C~400°C [48]. B At I # XK F 2 G A ISR U Pl AAGE TE [44], FFE 70 T Rk sk
PRGSO, X M 00 8 45 R S ) P R . TEART IR B B R HE N R i R AL A, R
REMMN B, R HERIB A WEE . SR —REC & 3 B 4 B A, SREUE 2 3% 1
Bobe 2 0% 2 BORES, BEARHERCT 22 LB, A B A R S R AT SR R
3.3. FPEER

BRI T, Bk BRIE WA R E2E N CO, Al AR &4 i P S, 384T RIFIE P
AR BENS 76 S AMEFE YRR TR AL, AR AT BE [E1US 100 m? (£ 50kg) [38]. FEXTHE N COL HEBGHEAT I
I, 2 DX % AR5 2 o — R AN IS

BEIP— YOS AN K R 1B 5 R BRI CO Fl COa, T B 2B B 4 i 1) v R R <
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(1200°C~1400°C). — UM Id 5 i SR AT W B, 280 AR BRI BR A JE VRIS BB IR
HCO RN 60%~80%, & F /e E I AT AR [49]. FEIRMEE IR FIRY B, #6725 IR AN,
MR Siv Mn. S Z 0K SRS EMAE R, 74 CO B WEAHIIKE 4 CO, AR
A EEN B WAEIIBFER, B2 . BUERFMIES IR TIRE I, S o b m
CO WIZHTl, (HEAFE, TEIRBEIE T A TRBZE[SO RN HiE 250 t Far @A B ik
B, ZEIRECEYIRT N 830 s, BRI 616 s, AMUEE A IEKZE 707 s, HARH AR
TR B TER AP AT BE/ B WAAAE CO AR S AZ I B, 38 s KA BRVE RS, PRI T B RS
(RVRNE RS, B P S IS — AR N CO IRE > 35% HAASIRIE <2% [51]. RUILERE IS
3t B RETEF AR B fE R Ay, S I s B R T O R R R R R RIS
IREAT AR RO, WO E SR, AL E ML LR, T BT IR . X HECS Ak ) A
MW A AR SEA R &, — BRI EI N T ZSHUE LR 1, WCEEAHER 1 22 g
BAHfG, PTTEX TR IS /3 HPIE . Sl 2L, B T RTE B ER S5 S AR SR
AR, AT A I A R RS A% 1) B A

B T UORAOR BB AR E R E I R, IR . AR SR AT IR B, R AR IR
FERIK(200°C~300°C), /D, CO M CO, & EEAK. MLm PRI, 8 TH RS,
PR N SR A BE RS B R B TRV R SE A AR R, RN AR IR R R TR A
B, KyuHE IR IRIAS, Sit) A RS R R R S BEHE . Rk, BHE SRR
() B R R R HE O B G AT MR . % RE B R S HE R T 2R AR T 2R R, ATk
AT T I 5 15 AT K T

(B R R S PR AR COLTRABTRIR, S5 3710 E AN R RN R COL IR G IR
AR COIRABIRMHATIRIE, EBH COL AT EUN 8.1%HF, BREF. i Fe BLHERIA B f b 45 4,
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Table 1. Spots and gist of carbon emission monitoring of an integral steel factory
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Table 2. Exhaust gas monitoring of the emission main pipe in a steel factory
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