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Analysis on carbon reduction effect of key technologies in

digital intelligent construction of large caisson gravity wharf
SHEN Wei, LI Xueye
(CCCC Water Transportation Consultants Co., Ltd., Beijing 100007, China)
Abstract: Aiming at the problem of quantifying the carbon reduction effect of the application of green and low-
carbon technology, combined with the expansion project of a container hub port in Hainan, the carbon reduction
effect analysis and research on the key technology of digital intelligent construction of large caisson gravity wharf
are carried out. The carbon emission factor method and inventory analysis method are used to build the carbon
emission calculation model, and the difference of carbon emission between traditional process and digital
intelligent process is compared. The analysis results show that the three core technologies adopted by the digital
intelligence technology, namely, the underwater riprap and leveling integrated construction, the integral hoisting of
caisson prefabricated reinforcement and the caisson intelligent floating installation, have achieved 364. 46, 441. 28
and 206. 69 tons of carbon reduction during the construction period respectively. The average carbon reduction
rate of direct carbon emissions from key processes reaches 16. 92%, and the carbon reduction rate of purchased
electricity exceeds 13%. The technology system can significantly reduce the carbon emission intensity of caisson
wharf construction stage, provide a reproducible systematic solution for the green construction of gravity wharf,
and has practical value for promoting the realization of carbon neutrality goal in the water transportation industry.
Keywords: caisson gravity wharf; green and low-carbon; key construction technology; carbon reduction

analysis; direct carbon emission; carbon emission of purchased electricity
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Fig.1 Three-dimensional rendering of reinforcing

bar binding frame
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Fig.2 Overall binding and hoisting of steel bars
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Fig. 3 Crane frame structure plan(unit; mm)

B4 TAEREEEER

Fig. 4 Overall lifting of caisson steel bars
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integrated ship
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Fig. 6 Caisson intelligent installation system

and control principle
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Fig.7 Analysis of carbon emission sources in construction

phase of port engineering
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Tab.1 Carbon emission factors and transportation
distances of common construction materials

BT eHEC A iZ B /km
W 2 375 kgCO, /t 500
ez 2. 34 kgCO, /kg 500
T4 2 350 kgCO, /t 500
42.5 /K 735 kgCO, /t 500
YA 4.03 kgCO,/m* 200( 7K 1)
C40 JREE L, WEARAR 40 mm 267. 23 kgCO,/m’® 30

®2 TERIMIEESHEETF

Tab. 2 Shiftcarbon emission factors of main

construction vessels and machinery

B TR P+
i P v B R Sl (IR 7 550 kN 321. 93 kgCO, /i Pt
[#8] 7 HVFF 2 3 (RS EE B ) 500 t) 2 752. 26 kgCO, B IF
775 (B 600 t) 43. 34 kgCO, /fHBE
J7 5 (FR T 2 000 t) 390. 08 kgCO, /B HF

ke (FHLTF 441 kW)
ke (FHLTF 721 kW)
Hi%e ( FHLTH 882 kW)
ke (FHLTH 1 228 kW)
ke (FHLTE 1 941 kW)
IR (23RBS 3 500 t)
HLBIAE ( FHLTIHE 44 kW)
HLEHAE ( PR 88 kW)
P ( FHLTIRE 510 kW)

FR AU (RERET 50 0)
WK

JE A 2 He S 45 B AL

JE R ML (BRI AL 40 ©)
JE s AR E AL (ST FR 50 t)
IR AR 3 m?)

TREE L BEPEE (ZE 7% 120 m*/h)
RSB 4 (S AR 8 m?)
TREE 4% 4 (Jirk & 70 m/h)

i€ KN

WA FEYLGERE JIHE 150 kKN-m)
A S AR S L( 425177 100 kN)

1 566. 53 kgCO, /M BT
2 303. 35 kgCO, /BT
2 993. 74 kgCO, /[l BE
4 188.75 kgCO, /M BT
6 492. 10 kgCO, /[l PE
1 168. 52 kgCO, /M HE
114. 55 kgCO, /fEBF
229. 10 kgCO, /fBIE

2 072. 58 kgCO, /BT
219. 90 kgCO, /I YE
7.36 kgCO, /41 H
267.73 kgCO,/EHE
135. 13 kgCO, /& Pt
139. 99 kgCO,/EHE
262. 00 kgCO,/E I
748.75 kgCO,/H HE
194. 16 kgCO,/E HE
239. 80 kgCO,/H HE
291. 36 kgCO,/HHE
62. 37 kgCO,/E YE
42. 49 kgCO,/HIE

#=3 FEiWYRBHEEREF
Tab.3 Carbon emission factors of main
transportation machinery

B IAY BRARCR T/ (kgCO, -t ™' -km™")
H S (BT 25 t) 0. 067
MR G 2H (T 60 t) 0. 021
BR KIS % 0.010
PSR A is 0.015
3 EROISH

3.1 TEH M

T B AR A X A W 4 A AR Sk FHACR A
FHAPCAE LG, B 2 4 20 J7 Mg A A
B, WITAEA M 300 77 TEU, 533k R F i i+ %
e, WSk 6.0 m, A IR T =
H-18.0 m, R 10~100 kg P 7552, FEARRFTH
s, LEiRE 200~300 kg HAPE, 15
SLUCHE IE 98 15, 85m, H AP RTEESE 1 m, JAAK
19.45 m, #520.2 m, ULFAATEER 40 cm, J5BE
J& 35 cm, “FATES L 5 1) R R 30 em, E ELAY
Sk M FR RS JE 25 em, JRARJE 65 cm, FAAULHHE
il 2 781 t, VLA LELDERE , TR+ 5REESE
Ph CA0, UGG B E AR, A5 15 ]
YELERE , JE 7 MU PO ED . I E TR L R

#4,
x4 MEIRESE
Tab.4 Project quantities bill
SRR T AR T H £ TR
" P2 8 m? 144.899 2 Ji m’
R TR LS 3 500 m®/h 7.589 077 m’
fith S PRA A7 36.969 7 J7 m’
oA 9.847 37 m’
Fa 504 P i b 46.744 3 1 m’
K5 N A 8 301. 00 m*
Fa 5 A 3113.00 m*
. i+ T8 10.242 2 Ji m®
AR AR AR 72.118 2 Ji m’
W) BRI 15.711 575 m’®
W) SBENERE R A 13.444 9 Jj m’
Btk + T8 40.954 0 Jj m*
st () 3 105.601 7 Ji m®
g5 52 133.290 0 Ji m*
G g 8.886 0 Ji m*
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Fig. 8 Analysis of proportion of various carbon emissions
after application of low-carbon construction key technologies
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Tab.5 Carbon emissions of various sub-projects in construction phase of caisson wharf

T A5 Sy TR B MW e AR AT e Mg ke /e A TR/t
Bk L 6 886. 42 0. 00 0. 00 0. 00 6 886. 42
+an TR 7091. 16 360. 54 14 126. 00 12 995.33 34 573.04
A5 Hh I 5 Atk TR 531.75 648. 50 9 472. 16 88. 18 10 740. 59
TZ RHE+ TR 6 043.91 1239.37 78 758. 99 1252.04 87 294. 31
18 TR 178. 58 435.15 28 882.92 24. 44 29 521. 09
Hofth T2 212.21 71.27 3525.81 3.05 3 812.34
Bk T 6 886. 42 0. 00 0. 00 0.00 6 886. 42
A TR 6 726.70 360. 54 13 730. 20 12 670. 03 33 487. 48
A b 5 Al T AR 522.40 644. 53 9 474.24 88.21 10 729. 39
TZ REE+ TR 5542.31 1 093.01 78 758. 99 1252.04 86 646. 35
A TR 178. 58 435.15 28 882.92 24. 44 29 521. 09
Hoph T2 212.21 71.27 3525. 81 3.05 3 812.34

3.2.2 BEBRESTHT
X, OB AR R A G + A
7 5 TREE A P I 43- 0 TR A A B S A AU
AL 30 0 DG B R I W B I, Ak
PR BBt T T 25 J5 JE PRI 300 T 399 e e ik
HIH/D 364. 46 3 L FHORIUTAR 732 01 40 7 2 1k

13268 T 20 5 DL A T 7 J00 it T 390 s e e ot ik 2>
441.28 t; NHRBIGUR R RETFIB L4 T L 205
UUA HhiE | 2o T RHE ORI 206. 69 t,
FEW BB HE 138 B 70, a5 T2 5400 T
S THLIEREXT e W26 6, Bk HE a5 45 AR
®7.
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Tab. 6 Comparison of labor, vessel and machinery consumption between traditional and low-carbon processes

it T3 H N T2 FR FiAE AL R T2 ikt T2
AT - TH 8.22 8.00
ke FHLT)H 441 kW AL 0.17 0.08
LB AE T 44 kW B BE 0.26 0.08
VL I 600 t fEBE 1.46 0.49
FERYAT it T I8 R 2 000 ¢t A YE - 0.08
(5 100 m® JH#ER) HF T Fi. Bl i 2l e IR 71 550 kN fEBE - 0.19
JE A 2R S HZ SR AL R 2.0 m? =i - 0.19
Wkl - 4AH 3.43 -
A GREAL (R THTTE 40 ©) PETF IR 40 t =i 0.56 -
JE AR AL IR 50 ¢ Bt - 0.19
AT - TH 16.03 8. 00
BRI HLE FI4E 150 kKN-m HIE 0. 65 0.49
TUAH 190 it T ity -2 3 m? B 0. 04 0. 04
(5 10 m® JHFER) TRBE -3 Pkl A4 120 m*/h HYE 0.04 0. 04
TRIE T 1 PR 4 Pshz R 8 m’ B 0. 14 0.14
TREEH iR R 4 ik 70 m*/h & 0.07 0.07
AT - TH 12.90 10. 32
R Z#HE S 3 500 t S B 2.97 2.52
i FHLIRK 882 kW AU YE 0.41 0.41
ke TR 1228 kW APt 0.41 0.41
. o Hi%e EHIIE 1 941 kW fEBE 0.55 0.55
UL ﬁ‘}zﬁﬁj IRz FHLIIF 88 kW & B 0.99 0.99
(HEFER)
ki FHLTIAE 510 kW B PE 0.25 0.25
TR LA HTEREST 50 ¢ P 0.40 0.34
G ERG THF+H & 6 000 ¢ B 0.32 0.25
BRI HLHE F14H 150 kN-m B 0. 67 0.59
F Bl B AR 2 A A L 25| J5 100 kN B 0.50 0.43
AT - TH 13.27 10. 62
[T 2 U A HETEHE S 500 t Pt 0.48 0. 40
i FHLIHER 721 kW AU YE 0.13 0.11
ke FHLI) 882 kW AL 0.44 0.38
VURR 23505 T s EHLIR 1 228 kW BB 0. 44 0.39
(A HAERD) HLahfi FHLER 88 kW e PE 2.00 1.70
i FHLIIE 510 kW i 0.63 0.51
TR LA HTEREST 50 ¢ BT 0.13 0.10
PR K FEAILZ 1% 150 kW & 1.44 1.23
WKEE H O A% 150 mm = 4.32 3.69
Fx7 FBEBREBEAGHHETESER
Tab. 10 Carbon emission calculation resultss of key green low-carbon technologies
Xif i B TR . ﬁiﬁﬁ&ﬁk &bm@m@%ﬁk Mﬁif%%ﬁlﬁ %%‘iﬁﬁ%ﬁk ﬁi%ﬁffﬁﬁ(%
T Jiltdgt /e R/t /1t Jilt i/t At
Wil T 1 635. 51 0.00 1 546.29 1 388.50 4 570.30
FEIRAM A 36.969 7 J7 m’ Rt 1.2 1271.05 0.00 1 546. 29 1 388.50 4 205. 84
[S2a 364. 46 0.00 0. 00 0. 00 364. 46
e il T 1252.72 1036. 12 48 176. 61 713.76 51 179.21
ggj{ H 14.411 2 75 m® K T2 952. 66 894. 90 48 176. 61 713.76 50 737. 93
Rtk i 300. 06 141.22 0. 00 0. 00 441.28
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T XTI 2 e - e e .
T T/t R/t U/t A/t Hitn

e~ LT 2230. 84 34.36 206. 62 0.29 2472.11

0 ;; “gi 122 4 B T2 2 029. 30 29.21 206. 62 0.29 2 265. 42
& |

= Rhik 201. 54 5.15 0.00 0.00 206. 69

Wl T2 5119.07 1 070. 48 49 929.52 2102.55 58 221. 62

i H Fa 3t B T-28 4253.01 924. 11 49 929. 52 2102.55 57 209. 19

[ i et 866. 06 146. 37 0.00 0.00 1012.43
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Fig. 10 Carbon reduction ratio of direct carbon
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