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Abstract: The carbon emission factor of steel is a critical basis for carbon emission accounting in civil
and structural engineering. Nevertheless, the existing factors provided by current standards and litera-
ture exhibit significant variability and fail to reflect the time-varying characteristic of steel industry evolu-
tion. This paper collected production inventory data from 10 representative Chinese iron & steel enter-
prises using blast furnaces and converters as their main production equipment, along with data provided
by the statistical annual reports from the China Iron & Steel Association. Based upon this, a material and
energy inventory database was established for structural steel products over the past five years. By using
the input-output method, the carbon emission factors for steel products were calculated from these statis-
tical data. Considering the environmental performance data provided by the steel industry Environmental

Product Declaration (EPD) platform, the data samples and statistical parameters for the carbon emission
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factors of steel rebars, section steel, steel plates, and general steel products were established. Based on
this analysis, recommended values for the carbon emission factors of commonly-used steel products in
civil and structural engineering were proposed. The main conclusions are as follows: 1) The recom-
mended carbon emission factors for steel rebars, section steels, and steel plates are 2150 kg CO,elt,
2260 kg CO,e/t, and 2240 kg CO,e/t, respectively. 2) The carbon emission factors of steel rebars, sec-
tion steel , and steel plates calculated herein are 190 kg CO,e/t, 105 kg CO,e/t, and 160 kg CO,e/t
lower, respectively, than the corresponding values specified in the Standard for Building Carbon Emis-
sion Calculation(GB/T 51366-2019) , demonstrating evident decarbonization of these steel products over
the past five years. 3) Compared to the carbon emission factors reported in the 2004 literature, the
values calculated in this study show a reduction of more than 1300 kg CO,e/t for steel rebars, section
steel, and steel plates, demonstrating the remarkable progress in the green and low-carbon development
of structural steel products in China over the past two decades.

Keywords: structural steel; carbon emission factor; steel industry EPD platform; steel rebar; section

steel; steel plate
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Table 2 Input—output inventory survey data of different steel manufacturing processes

TTE " L L ) )
Ty WEARK o W1 477 2 B 3 AR 1 At 2 MR 3 Hth 4 A 1 HIEN 2 R 3
BRIA By t 0.938 1.065 0.970 0.976 — — 0.981 0.906 — 0.990
(7=t R m’ 155.0 22.7 19.2 — — 37.9 522 — —
1t
s PR m’ — — 35.2 — — 33.4 25.3 — 28.7
W) W kW-h 412 23.8 41.7 36.6 — — 57.6 36.1 — 38.7
IR t 0.217 0.917 0.270 0.960 0.089 0.718 0.639 0.880 0.800 0.346
K t 0.078 — — 0.059 0.056 0.054 0.086 0.100 —
A t 0.038 0.074 0.053 0.056 — — 0.049 — — 0.117
B4 Aof 1 — 0.029 0.080 0.062 0.087 - - 0.045 0.039 —
(7 A0 £ t 0.007 0.032 0.040 0.050 0.065 0.037 0.047 0.038 0.028 0.053
1t
pegs B t 0.149 — 0.120 — 0.161 — 0.229 — 0.280 —
W) T t 0.022 — — — — 0.015 — 0.005 0.018 0.004
IS, m’ 27.4 — — — — — 3.26 — 29.9 —
E TR m’ — 51.3 498 — 107.9 — — 48.3 — —
) kW-+h  45.1 43.1 23.9 459 38.0 47.7 452 35.7 58.6 52.7
bk t 1.190 1.183 1.420 1.474 1.636 1.428 1.198 1.074 1.240 1.470
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GIREN t 0.991 1.030 1.010 1.027 1.018 1.020 1.020 1.083 1.020 1.133
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Table 3 Carbon emission factors of steel rebar products posted by

steel industry EPD platform
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Table 4 Carbon emission factors of steel plate products posted by steel industry EPD platform

7 it ALK /mm ] ‘ 3
g 4 i - - o A ST
1 NG &AM AEN R PR 6~120 1400~3800 2022 2440
2 JE A B HTE W R 6~150 1500~4100 3000~24000 2022 2420
3 JE A B %2 PR Bk 6~50 1600~3250 2022 2550
4 JE bR I Bk — 2022 2560
5 JE AR I\ — BBk 8~80 2021 2340
6 JE AR o R A R 12~90 2022 2240
7 JE A i A g 6~360 1500~3660 6000~13000 2022 2540
8 JE Y AR 9k 6~150 1500~4100 3000~24000 2022 2420
9 JE AR ESIIEIES 5~300 2023 2500
10 JEAN A (3500 5L AL ) JANISPRS ST LR RIS 4~50 910~3150 2023 2450
11 JEEAN A (4300 5LHL) VL BF 08 R 4 2k 8~610 910~4100 2023 2410
12 195 5% 1 JEE AW A PR 8~80 2000~3600 2021 2380
13 RGEFLAI B S Bk 1.2~16 2022 2280
14 BGEFLRAR BNl FRM 1.2~25.4 2020 2280
15 3% FL AW AR B 5K Al et W 0.8~25.4 800~2050 2021 2260
16 3% FL AR AR BN Al et W 0.8~25.4 800~2050 2020 2300
17 g LA AR BN Al 1L VG e 1.5~16 2023( b2 4F) 2170
18 HaEFLARAR BN Al R Bk 1.2~20 1000~1620 2022 2260
19 FRELEIAR BN Al R Bk 1.2~19 1000~1620 2021 2400
20 ERELHIAR B A 7 552 Tt 6 Y R 1.2~25.4 960~2023 2023 2330
21 WELA % BH 2k 1.2~19 800~1630 2022 2470
22 WEL N —H Bk — 2022 2500
BE (P A2 %0 2386(2405)
T v 22 (18 57 AR 800 111(0.046)
R 5 HIERAT L EPD V- 5 BB 7 i R TR
Table 5 Carbon emission factors of section steel products posted by steel industry EPD platform
RE o rRER X 7 ML BRI PR
CO,e-t™")
1 H R AR Bk — 2023 2190
2 KHMF DK H200-H800 Tii*’i ;?1;21_22022'04 2404
3 NHA gl H100~H400 %f"kiﬂf}i’ 8;?%;;2;2022704 2377
4 mEHME Deuge R S0. Hi;:ﬁ(r);Mo JARETE 000 2240
5 L g — T 114~Iiil(;,xff3i£~%fl[§(.)3x~l[ozob,ﬁs%ﬂ 2022 5050
B (AL %) 2252(2240)
e 28 (V8 S R B0 144(0.064)
M A S R AN AT 0. 063, S F AR AR $iHiE R 2 7 32 HEAY 10 23 Bk 4l 38 B A% 58 R8s

A8 SRR A PR N o AR R CBOARCRIGE B TR B A B HE DR T A 43 1 2093
WM B 4 B A 2144, 2268, 2363, 2295.,2235 kg CO,e/t, #HE T F ¥ {H (% 10) 1Y 22 (H

2273 kg CO,e/t, W 57 B 43 5 & 2150, 2258, 2390, S -51.+27.-128 kg CO,e/t. A W, 5] A EPD
2251 kg CO,elt, B REAEAE T BN HE R AR R R
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Table 6 Key technical indicators of different manufacturing processes in the annual statistical reports of member enterprises of the Iron and Steel

Industry Association

Ty bR 44 FR T AL 2022 4F 2021 4F 2020 4F 2019 4E
eSS kI RHE AR kg/t 920.77 916.99 914.79 910.43

gk e A5 B 4% 7 H AR kg/t 149.58 148.37 157.69 146.70
(7 1 obESs ™) P LT o AR T s 0 kg AR HE 45.09 44.01 44.03 44.89
P MW R DATEY kg bR HESEN 47.31 49.20 49.18 48.20

BRI B 5 2k SR R kg/t 890.67 975.89 983.71 982.91

BRI B 455 77 1 AR kg/t 13.47 15.59 18.56 20.41

\ BRI ZR 25 T AR kg/t 15.55 16.22 15.19 16.30

(=1 ﬁiwﬂ) BR A B AT A A5 AR kg B E A/t 8.04 8.72 9.35 11.13
BR AT R R BRI #E kg B A/t 14.35 15.72 18.67 15.65

Bk IS FE m*/t 50.98 57.10 61.66 58.11

BRI T 7 57 e FE kg bR I/t 26.09 26.23 24.98 25.45

SR A 1 AR kg/t 1670.76 1649.67 1663.73 1662.51

N 3 Y I A6 kg/t 1466.67 1466.06 1470.37 1500.23

ik KR A1 AR kg/t 167.34 205.82 165.61 150.42
G7 1 gk ey 44 kgt 495.63 496.45 498.58 49927
54 L kg/t 151.24 146.48 144.53 144.18

PRER Ly B REAE kg bR K/t 384.02 385.33 385.05 387.43

B iR 4 Jm RHIE AE kg/t 1082.84 1083.93 1084.20 1085.08

A AR kg/t 1060.59 1062.49 1062.37 1063.75

A BRIHFE kg/t 919.01 902.22 924.87 933.02

ot JE SN BH AR kg/t 143.47 162.36 137.55 134.69
G7 1 U AK) Al Rk T RE ket 7.39 5.87 5.85 6.78
G e kHHEAE kg/t 16.90 17.74 17.76 17.18

TR Ty BT RE AR ke bRUfEIEN -19.18 -17.71 -15.43 -15.32

B WP AN B L % 99.94 99.90 99.87 99.88

BE— BAL B — UM 2 % 96.98 97.16 97.00 96.94

(FEHJ???H%VJI*)}) AELAN A FL R FE kg/t 0.50 0.48 0.52 0.57
PELAN B T B BERE ke bRl 47.19 48.17 48.57 51.43

A Z2 B MR i 19 EPD PR BT SRR O AR 0 1
45 4 0TS D AN AR A O IR S VRS R LB
T8 A5 JFL by 51 355 119 B9 B 7 M ol T At 45 R
WM A= 77 TP T O A A, RE AR T, AR HE T
FAEXT T AL TR AN B AR, W,
AT A BUB A T R HE R TR E S R
10 $2 A {3 550, T A9 A 1% e HE s DR A R (B 0 =
R TR AR G . O R T K 4
Z: 2 (B 4% 10 09 F5 FOBCRE AR Ay LBt HE 3 IR 1 BBUC(E
RV 5 BL 2150 kg CO,ef/t, B HL 2260 kg CO,e/t,
B B 2240 kg CO,e/t, 38 FH I B 2250 kg CO, e/t
2.2 sty

A SO B HE R A oE 45 R ok AR 38
B LR, Ll M GB/T 51366—2019" 41 fit
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FAC AL VEATXT e, e 1L AT 2 ffzs o Al 50, AR
WFFE 32477 i 0 e HE 5 DR 7 300 4K F I At 9% )
LI A R HE R o ASE 9 A2 R B AR A L TR AN R AN
ek HE B 7S Y9 {E e GB/T 51366—2019 A R B
{843 HME 196 .97 .166 kg CO,e/t, B R H4 4N # Y
B HE IR 7 ICEU(E U e GB/T 51366—2019 A )i
HUE 43 S 190,105,160 kg COLe/t, AT LI 5 4F 44
A TR AR B A 7 AR T — R R . S
ik A R B 2 SR A L AR F 5T R RE S B N A
TR Al e HIE T3 PR 30 2 v /0N, TR AN AR Ak AN B S
2R . 52004 47 38 350 6 HE L T A% B4
SR L, ASBIESE 3 S BRE 7 il 00 B HE T3 TR 5 % R 4
T A, B IR 2 4 5T 1300 kg COLef/t, W IR H
T 20 47 Sf B0 4k 7= i 10 S AR 1L Kk SR AR T B
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RTOBERAE Tl R BB T o B PR A B R
Table 7 Accounting results of carbon emission factors for intermediate
and final steel products in steel manufacturing kg CO,e/t
besk KWL B R HL
PELEET BRAIDT Bk MK WA AU iR

WL 482 255 1635 1847 2137 — —

W2 466 256 1591 1705 2026 — —

B3 488 317 1711 1864 2116 — —

W1 405 204 1674 1670 — — 2001
W2 540 — 1699 2025 — — 2500
Wanl3 432 — 1752 1900 — — 2251
Bhdl4 371 207 1596 1760 — — 2185
il 475 230 1568 1685 ~— 2393 —
Wdl2 461 — 1759 2042 — 2276 —

W3 359 181 1611 1687 — 2217 —

¥ 448 236 1660 1819 2093 2295 2235

R8T W T U2 23 LA GE T H AR RS 1 T B HE A
GRS
Table 8 Accounting results of carbon emission factors in different
manufacturing processes based on the annual statistical reports from

member enterprises of the Iron and Steel Industry Association kg CO,e/t

hedth B PR Bk P AL

S A5y 14 e e e Pl Pl
PeshE BRI Bk K A
2022 455 238 1867 1954 2211
2021 457 258 1888 1951 2213
2020 459 266 1890 1993 2267
2019 456 264 1901 2012 2292

RO AT B AR A v I R B e HE B IR S A B A R
X Ee
Table 9 Comparisons of accounting results of average carbon emission

factors for intermediate and final steel products from different data

sources kg CO,e/t
; B4k BkiAl B
BERL R I P Bk Mk WA RS B9 .
10 Z 4 B £
W R 448 236 1660 1819 2093 2295 2234
AR Tl
2GR 457 256 1887 1977 2246
EPDFH — - — — 2150 2252 2386 —
AL
3 & it

FEET 10 284k Aolk 2023 4F B 19 Fa 78 A= 7= %0

= 105 IRBT
2450
2400} 2386
2350t
2300t
2250t
2200t
2150+
2100
2050t
2000
1950t
1900

=R hSSHER < EPDFR

2295

2246 2246 2252 2234 2246

150

2093

WHER R F/(kg CO,et!)

P A o
g
B R B B b T

Fig.1 Comparisons of carbon emission factors from different data

sources

R0 [RGB 7 B HE R Y 7 27T 250

Tablel0 Statistical parameters of carbon emission factors for different

types of steel products kg CO,elt
B2 A3 R R i A
/MY 2026 2050 2001 2001
KA 2220 2404 2560 2560
25% 3 i KL 2116 2210 2265 2170
50% 531 AL 2150 2258 2390 2251
75% 53 KL 2170 2381 2465 2397
- 2144 2268 2363 2273
o 22 54 121 136 144
5 A 0.025 0.053 0.058 0.063

R A1 RTERIR A b i HE AL T A2 SRR L

Table 11  Comparisons of accounting results of carbon emission factors

for steel products from different sources kg CO,elt
KA
st [6 / HAE > IR BUEZEE WA T AR
iE
2025 AW AW 2150 2260 2240
AW 2340 2365 2400
2019 GB/T 51366
H5ABIEZEM 190 105 160
WA 2310 2308 2425
2018 L&l
HABIE 2 160 48 185
) A BUE 3551 3589 3755
2004 JE 5k

SRS 226 1401 1329 1515

E I D R R R QO N | 7 el A W |45 i KB 4
2019—2022 4F (9 Ge i+ 8 s , 2 W 1 T ] 3 5 4F 99
7l A 77 AR 0 B9 B4 A 7 T SRR A R L e Yk
A7 TR R R HE O 5, 45 A ERAT L EPD - 5 &
A7 1 53 SUBCECHE R T B R AR B A R E
HARE 0 Btk HE PR RSO AR A O 38 ok AR T
oA B HE R R T U D, E LSS IR .

1) W B A5 30 T AR M ok ARSIk %, B
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Fig.2 Comparisons of carbon emission factors calculated in this study

with literature values

B RNTERAT T %™ i 09 EPD B4 (il HE ik A1
T W) KA. A TREW WM AT K
o FRRE B A Bk AR A TR R A ) EPD
B V00 TS AT TR AR ) e HE R AR 3R
B 43 51 21502260 .2240 kg CO,e/t.

2) ASBIF 5 A2 B A A A L 2R A R B AR Al HE R LT
AW AE H GB/T 51366—2019 A 17 BU(E 43 5K 190
105,160 kg CO,e/t, 3 BT 5 4F 4K i | 780 89 1 4K A
B4 A 7 BRUASE— 5 1R R ke B SR o

3) 55 2004 4T SCHK 04 Bk HE R TR B A5 SR A L
A 5T A% 0 A A7 | A A A S HE R TR T I
5%, B 1 24 8 4 1300 kg CO,e/t, 2 B Tk [ T 20 4 K
B 7 i 1 S ATl Ak K R AR T S K

AW 5% A0 A B HE PR A% B8 BN ok R T A9 gk
B EPDF & & Rl St AR, A —
1 )12 M BT T 2 58 4 AR SR AN A7l A 3 A K
S, DAL I A A 5 T A A e HE R R 1 A R R ELAT
— 1 Jey B TR S E R AR R T T BE R Bk
BRI W &, 45 ¥ 50 b e CHE B B A B s
N A SR AT VA R T
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