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Research on energy consumption limit indicators and evaluation methods of
container terminal handling machinery
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Abstract: Based on the typical container terminal loading and unloading process, starting from the transport ships, loading
and unloading equipments, yard layout parameters, loading and unloading work characteristics, standardized experimental
test methods and experimental parameters of energy consumption of loading and unloading machinery in container terminal
are formulated, and based on the formulated experimental methods, energy consumption test experiments of loading and
unloading machinery in container terminal are carried out, and the sample data of energy consumption of loading and
unloading machinery in container terminal are obtained. The kurtosis and skewness test method was applied to analyze and
verify the distribution law of the energy consumption test data, and the energy consumption limit value of container terminal
loading and unloading equipments was finally obtained based on the statistical quota of the energy consumption test data and
the corresponding national standards, combined with the relevant theory of probability theory.
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Fig.1 Typical container terminal loading and

unloading process
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Fig.2 Energy consumption test of quay crane
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Fig.4 Energy consumption test of yard crane
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Tab.1 Results of energy consumption test of quay cranes

.- BB RIva  HHER MEEHR/ RAIAERE/ S
WERER  EFEE/m o RE/m dk (kW-h) (kW-h-t™)
1 41 48 44 40 0.976 26.241 0.656 2005-06
2 41 48 44 40 0.976 26.200 0. 655 2005-06
3 60 58 47 60 1.0 51.54 0. 859 2015-08
4 60 58 47 60 1.0 52.68 0.878 2015-08
5 61 60 / 56 0.918 37.913 0.677 2008-12
6 61 60 / 56 0.918 39.760 0.710 2008-12
7 61 60 / 56 0.918 38.637 0.689 2008-12
8 61 60 / 56 0.918 38.637 0.691 2008-12
9 61 60 / 56 0.918 38.568 0.677 2008-12
10 61 60 / 56 0.918 37.464 0.669 2008-12
11 61 51 62.5 61 1.00 38.796 0.636 2001-03
12 61 51 62.5 61 1.00 40.016 0.656 2001-03
13 61 51 62.5 61 1.00 40.077 0.657 2001-03
14 61 51 62.5 61 1.00 41.663 0.683 2001-03
15 61 51 62.5 61 1.00 43.743 0.717 2001-03
16 61 51 62.5 61 1.00 44.103 0.723 2001-03
17 65 50.5 70 65 1.00 46. 085 0.709 2015-07
18 65 50.5 70 65 1.00 46.410 0.714 2015-07
19 65 50.5 70 65 0.938 52.000 0. 800 2015-09
20 65 50.5 70 65 0.938 56.615 0.871 2015-09
21 65 50.5 70 65 1.00 56.550 0.870 2015-07
22 65 50.5 70 65 1.00 57.265 0. 881 2015-07
23 65 43 66 65 1.00 50.051 0.770 2007-09
24 65 43 66 65 1.00 50.310 0.774 2007-09
25 65 43 66 65 1.00 51. 805 0.797 2007-09
26 65 43 66 65 1.00 52.260 0.804 2007-09
27 65 43 66 55 1.00 60.940 1.108 2007-09
28 65 43 66 55 1.00 60. 995 1.109 2007-09
29 65 77 70 55 0.938 60.720 1.104 2015-08
30 65 77 70 55 0.938 61.105 1.111 2015-08

Lo b g Smirnov 3 56  Shapiro-Wilk #6556 | B S s FF 46 56 A
3 AR SRR Q-Q BRI 15 AR R BB R
31 ERMESHRERRE TCREAURIE v, FEAR I () 7., FEAHE
AR AT S LI REFEE BUK T AT SRR GLPRIEDE N S, WRIEMRRIEDE S, WU HERY
XS IEAS MR S T Kolmogorov- 7 948 7, WEFE) Z VE5) 7, LA
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Tab.2 Results of energy consumption test of yard cranes

. BHBH KIs  AER e/ RRIRERE P
BoERTEA RIEE/m  wIees e BRI (KWeh) (kWeheth)

1 41 15.5 HE4 135 39 0.951 19. 695 0.505 2015-09
2 41 15.5 Hed4 515 39 0.951 19.578 0.502 2015-09
3 41 15.5 4515 40.5 0.987 21.344 0.527 2015-07
4 41 18.2 HE5 336 40 0.976 20. 120 0.503 2015-07
5 41 18.2 HE5336 40 0.976 19.920 0.498 2015-07
6 41 18.2 HE5336 40 0.976 20.560 0.514 2007-12
7 41 18.2 HES5 16 40 0.976 20.560 0.514 2015-07
8 41 15.5 HE4 335 40.5 0.988 22.599 0.558 2007-12
9 41 15.5 HE4 335 40.5 0.988 23.895 0.590 2007-12
10 41 15.5 HE4 335 40.5 0.988 23.004 0.568 2007-12
11 41 15.5 HE4 135 40.5 0.988 21.830 0.539 2007-12
12 41 15.5 Hed 515 40.5 0.988 21.870 0.540 2007-12
13 41 15.24 HE4 335 40.5 0.988 23.409 0.578 2001-07
14 41 18.2 HE5 336 41 1.00 23.534 0.574 2010-03
15 41 18.2 HE5 336 41 1.00 24.313 0.593 2010-03
16 41 18.2 HE5336 41 1.00 24.395 0.595 2010-03
17 41 18.2 HES5 516 41 1.00 21.484 0.524 2015-07
18 50 21 HE5 336 50 1.00 35.700 0.714 2015-07
19 61 15.24 HE4 335 61 1.00 37.210 0.610 2001-07
20 61 15.24 HE4 335 61 1.00 37.332 0.612 2005-12
21 61 15.24 HE4 135 61 1.00 34.648 0.568 2005-12
22 61 15.24 Hed4 1515 61 1.00 37.393 0.613 2005-12
23 61 15.24 HE4 335 61 1.00 38.918 0.638 2005-12
24 61 15.24 HE4 335 61 1.00 37.454 0.614 2010-03
25 61 15.24 HE4 335 61 1.00 38.247 0.627 2010-03
26 61 15.24 HE4 135 61 1.00 38.308 0.628 2010-03
27 61 15.24 He4 515 61 1.00 36.905 0. 605 2010-03
28 61 15.24 HE4 335 61 1.00 38.125 0.625 2010-03
29 61 15.24 HE4 335 61 1.00 37.088 0.608 2010-03
30 61 15.24 HE4 335 61 1.00 38.918 0.638 2010-03
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Tab.3 Kurtosis and skewness test results of energy consumption of quay cranes and yard cranes

FEARBIE/ I3} 3 WEJE Z- i £ W Z-
JJ‘ =) 'VL il 5 i i
i S (kW - h) L FrifE 2= score iR PR 2= score
1 AR 0.788 0.073 0.693 0.105 0.327 0.182 1.792
2 Witk 0.577 0.001 0. 693 0.002 -0.286 0.182 -1.571
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Tab.6 Energy consumption quota levels for quay

cranes and yard cranes
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Tab.4 Normal distribution standard deviation F7 AL RN A IR

coefficient values Tab.7 Energy consumption limit of container terminal

EHUKFE  BEZEREL EHUKE REZERR loading and unloading machinery
« 2, a 2, L7 kW e hoe !
0.05 1.645 0.65 -0.385 B REFERRME
0.15 1.036 0.75 -0.675 IR FATR LR 0. 886
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