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Calculation and analysis of carbon emissions during construction stage of
steel cylinder island-wall structure
LIU Libin, XIE Jun, ZHANG Xi, XIE Jinbo
(CCCC Third Harbor Engineering Co., Ltd., Shanghai 200032, China)

Abstract: As global climate issues intensify, society is paying more attention to low-carbon development. Carbon
accounting is crucial for achieving carbon peaking and neutrality, with carbon emission calculation being a key
part. Land reclamation projects, known for their large scale and large engineering volume, have significant carbon
emissions. As one of its core structures, the steel cylinder is of great significance for carbon emission
measurement. This study uses the carbon emission factor method to calculate and analyze carbon emissions during
the construction stage of a steel cylinder island-wall structure in a certain project. It also compares these emissions
with those of slope-type and bucket-foundation breakwaters. The results show that carbon emissions during the
construction phase of steel cylinders mainly come from materials, accounting for 94%, and steel is the main source
of carbon emissions. Indirect emissions from material use are higher than direct emissions. Transport ships and
crane ships rank among the top two in terms of carbon emissions in ship machinery equipment. The carbon
emissions per meter of the main material for the steel cylinder breakwater structure are 77 t, which is higher than
the 69 t of slope-type breakwaters but lower than the 103. 5 t of bucket-foundation breakwaters. This study
provides a scientific basis for the formulation of engineering carbon reduction strategies and helps promote the
development of land reclamation projects towards low-carbon direction.

Keywords: steel cylinder; carbon emissions; construction phase; carbon emission factor
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Tab.1 Carbon emission sources
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Tab.2 Material and energy carbon emission factors

MR R fHERC LA
S&ih 72.59 tCO, /TJ
F, 0.581 kgCO,/(kW+h)
Wt 2 340 kgCO, e/t
TREE+ 295 kgCO,e/m’
ESTIF e O 735 kgCO, e/t
v 2.18 kgCO, e/t
13 2.51 kgCO, e/t
A 1. 84 kgCO,/T.H

1.3 ALY

AR AR 7l T By B e HE O 1) 43 A 25 b
BEL Rl HER -, IR it TR B Al HE i
#HITEAWT,

Ep =NpFE,p (1>
Em =IVmF‘E,m (2)
Ee =NeFE,e (3>
E=E, +E, +E, (4)

K. E, AT GHEC ; N, ST H (R
TH= NEXTHERED ; F,, Wi TG S FEfE
BRI A 1 (kgCO,/ T H ), &% Q/CCCG SY105—
2022 /K iz T 5 0 o HE I B BR HE ), HE
1. 84 kgCO,/ T-HI1HL; E, SAAFREAE = i Fas HE

ity N, AMPERERE R F, ARPRHVE S R R AR
T E, AU BEIIHFERRHE IR N, ARE
UIHAESR; F,, NREIRBRHEICN T SRR T
TG T ARG T AR R Z

2 REISH
2.1 TREMEA

LT RIS Z4AE) Pl - HE A 5 i Ao B S e A
WERBRRZH AL, ForbFHEUNIR R R K 2 998 m,
EABERHE SR 476 m 4K R ) AH bR 3222 LU 5] £
FNREIRS L P 7K BB, P 3 Iml SE 0 I 41 35 e vk
RESRRLHE A AT AR S AL B, 76 40 153 F5 T 1 VA
F—M, B eERERE R 1 m R, RS PR AT
AR T

AR e R SR B W T 25 A 2 A R T R AR
e 0.5 mEREARIZ 0.5 m B A (S 1:2) |
FFLIAT 10~100 kg (HFF 1:2) | 1.2 m J& 400~800 kg
B¢ 300~600 kg HeAE)Z (B 1:2) , 6 t5( 8 t
TR PR (BB 1:2) . 0.8~ 1.5 t PRI
A, HBrm LR 2, FEEE TGRS . AR5
1B, B, RO, MR, &SRR R TT
B, WRERREI . ABE T, EA%)Z, T
AHIZE, WHE 3,

C20IRBE+ MR AT400 — 500
YEAAS R B B .
IREHIIE)ZE S/ NEEE400 380 gH ok T
SR TEF500
I
TEEL 8 LT F k1 970
itk 110.9 400~800 kgt A2 1 200
S/ 85 9.3
N /:
- NVS'O T < <23.0 08~1.5t
- 10~100 kgHR A I N PR
ML et || s LG 10100 ke 7o ~L:3
A - T 7 7 Wﬁﬂ};l 000
FD 15000
il 43 52500
Rl EA+ TR
W H K E3+500
-25.0 H
R “-30.0
19000 3000 33 150 ,
T 4000 FEABEFIARI 000,
2200 JalER1 950, BHF20%

B2 WEEHSMERRSHE (R :mm; 5% m)
Fig.2 Cross-section of steel cylinder-slope revetment

( dimension : mm ; elevation: m)



- 260 -

K E I A2

2026

216 985 t, ditthRy, O EEBHARIORIR, B
PR 2 998 m, WIEIERAPRIBRHERCE N 77 t/m,,
AR 25 A 9 e B M it T T 2 2R P S A
B, TARBINBEE, RINEHE, Bz, T
((SHEPSarE SIS

x3 TEMBBRAME(E,)

Tab.3 Carbon emissions of main materials(E,, )
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Fig. 3 Process of steel cylinder vibration sinking
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Tab.4 Carbon emissions from machinery and equipment during manufacturing process(E,, )

T H BALF)ER/(KW-h") M /(KW-h") A4 /h HLFE/ (KW -h) T HE i /e
YIFIHL(S & 33 165 762 125 730 73
WENL(2 & 300 600 762 457 200 266
BEHL(LH) 36 36 762 27 432 16
HIENL(1 &) 30 30 762 22 479 13
BEIIHL(1 &) 10 10 762 7 620 4
B RBRET (43 ) 50 2129 762 1621917 942
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Tab.5 Energy consumption of machinery and equipment
during construction process
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Tab. 6 Carbon emissions from machinery and equipment
during construction process(E,, )
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Fig.4 Comparison of carbon emissions between steel cylinder materials and mechanical equipment
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Tab.7 Carbon emissions of main materials for

bucket foundation(E,)
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