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Simulation tools: Terminal Planning and Optimisation L'OL

APPLICATIONS

Crane Simulation System .
Container Terminal

CHESSCON

CAPACITY

~4= Capacity Planning System
‘I"Ml Comb/ned Operation (Roro/CT)

i.e. MS Excel

mathematical ca/culatlons ’

lWﬂWo > ™" Capacity Planning System
i o 2 Intermodal Yards
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Terminal planning and optimisation LSL:

APPLICATIONS

CHESSCON

CAPACITY

Terminal capacity
- quay side

- Stacking area

- gate area

- intermodal yard
y Quay crane

- productivity
- crane requirement

Saisonality

Annual workflow

2 preplan. > planning > start-up > ____operation
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Terminal capacity ﬂgﬂ'

APPLICATIONS

= 1,500 m quay length

= 24/7 operation

= Average vessel length 330 m (incl. safety distance)
= Average throughput per vessel 2,300 TEU

= Average service time 24 h

- Theoretica
(1,500/ 330) * 365 *2,3

~ 3.8 MTEU pa ??77?7?

Static view is insufficient

= Simulation is recommended
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Important parameters for container terminal capacity LOL

APPLICATIONS

oneration time
technical (techrical)

featuras —

dwell time handling

— sysfem

erformanc ermina
[ |

vessel type ship to sho stacking ared
ranes apacit
stacking
fheight

vesse! size

apacity o
quay [
quay fength 7
berths

Source: Burkhard Lemper: Efficiency of the seaport container throughput market of the north range
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CHESSCON Capacity

Main modules

Input data

Quay layout

Yard data
no. of slots
dwell time

Operation
Yearly throughput

Time variation curve
Vessel types
Vessel arrivals

STS cranes
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Animation

LS

APPLICATIONS

Output data

Vessels
Operation times
Waiting times

Quay
Utilisation

No. of STS cranes

Area
Utilisation
Overrun of capacity

Analysis of the bottlenecks and definition of hew scenarios for improvement
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Capacity planning for container terminals L'OL

APPLICATIONS

= Targets
— Where is the bottleneck of the terminal? Quay or stacking area?
—  With how much throughput does a terminal cope with the existing capacity?

*= Quay evaluation
— Is there sufficient quay length to operate a given container volume?
— What is the utilization of the quay?
— What is the number of quay cranes required to handle the container volume?

= Area evaluation
— Is there a sufficient number of stacking slots?
— What is the utilization of the stacking area?
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Example of application ﬂ@ﬂ,

APPLICATIONS

= quay length: 1,500 meters

= annual throughput: 1,500,000 TEU

= share of transhipment: 50%

= share of 40‘.containers: 50%

= storage capacity: 32,550 TEU

= peak month: february (130%)

= vessel types: jumbo and medium (main vessels);

feeder vessels
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Quay definition L7§/Z:

APPLICATIONS

definition of any kind of quay

available
quay length

Cluay &
B LITILIT
zoorm all

undo Guay B

500m
storage area

redo
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Quay crane definition ﬂgll

APPLICATIONS

definition of
single cranes
Ship to zhore crane clazses Ship to zhore cranes
Mame movesdhr | no. Mame Left Right Muli | STSC-Class

ac1 1] 700 hi ac

w3 Add 3 | L2 25 725 ho LC

LCa a0 ] o Lc

GC4 A 77h ho L

quay crane GACH 100 200 no ac

. LCE 200 300 o L

type definition |oc 226 925 ho  OC

aca 250 350 o L

LCcAa 275 975 o L

GC10 300 1000 ho L

GC11 1000 1400 o L

GC12 1025 1425 no LC

LC13 1080 1450 ho Lc

GCc14 1075 1475 o L

GC15 1100 1500 o L

Addclass  Delete class Clone  Dhelete  Clear  Sort
Mame Qc Azzighments
Class name ||I!E | | AEEEE
tire faor relocation [zec) |'|2EI Op range mir. ||:I *| '| Jumbo R R R
Op range max |?EIEI 4| k e L badbal bl
max moveshr mas g Feader AR
[ unlimited ammont
0 100 200 300 400 500 EO0 oo a0 300 1000 1100 1200 1300 1400 1
quay crane

ranges
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Vessel definition ﬂ@ﬂ,

APPLICATIONS

vessel details
(vessel type / vessel class)

Ship types Yolume [TEU] - In+0u] ~1| details of throughput
Jurnbo eu:lium| Feeder | min |3|:”:":I arrival B0
Subc | | | | exp |4|:||:“:| ./ departure E0
4 Blclo] e —
80.0% Z00%  00%  00%  00% s |5|:":":I Security distance [m]
Subelass probabilty av  |4000,00 |30
|D'ED Cranes
measurements
Length [m] v UC1 =
EI| ' v [C 2
min (300 v OC 3
Cranes per vessel v OC 4
may |40 min 5.0 v OC5
v OCE
‘width [m] exp |5.00 v OC7
W
i |35 =0 |5J:":| v SEE
v QC10
ma |40 5,00 v Ar11 hs
Crraught [m] Crane performance [movesdhr] Quay segments
min |14.00 min  |28.00 V] Quay A
v B
ma |15.00 ewp |30.00 2
bz, waiting time [hours) =ES |32'|:":I
4 av g3l
details of quay

details of | allocation
crane allocation

details of crane performance
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16YL
Throughput distribution ["OLL

APPLICATIONS

distribution of main
vessel throughput

Share of main Feeder traffic

412838 TEU 412838 TEU

57052 TEU

Jumea |EE Feeder | EE Feeder

Medum

1501 226,67 TEU
225184 TE|.|J.L -'l 187663 TEU 137653 TEU ‘l ‘ 150123 TEU
Transhipment: | |50
Deepsea shipping: | Deepsea direction |50
an

Irmpart direction |50
Shortzea:

Irmpart direction Container

storage area

220134 TEIJ"' T 180123 TEU

T
\\.

throughput flow '/
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Container mix ﬂgﬂ'

APPLICATIONS

Container mix [%]

Mame | Probabilty | Size 1 | Size 2 | Size 3 |
Standard 1,00 [50,0%) 2,00 [30,0%) 2,25 [0,0%]

= Ermpty 15.00% 1,00 (50,0%) 2,00 (50,0%) 2,25 [0,0%)

m Reefer 4,00% 1,00 {50,0%) 2,00 (50,0%) 2,25 [0.0%)

= Dangerous 1.00% 1,00 {50,0%) 2,00 (50,0%) 2,25 [0.0%)

container type
definition

Add type  Delete type Clear all

Cal
ﬂ TEU Frabability

Name |Standard Sige 1 |1.00 150,00
Probabilty  |80.00 Sige2 2,00 150,00
Sizs 3 [2.25 0,00

/.

share of
container sizes

©ISL 2011
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Storage area definition 'O

APPLICATIONS

max. utilization of

Stacking area | Capacity Itlization | Chr tupes Wame |Standard
M Standard 24700 TEU 70,05 1 Total . 24700
™ Ernpty 12900 TEU  90.0% otal capacity | TEL
B Feefer 520 slats T0.0% 1 max. utilization |?|l|:| %
M [ ahgerous ZA0TEU 0.0 1 Container types | Standard

Empty

Resfer

D angerous

Add area  Delete area  Clear all \|

available container slots
per container type

©ISL 2011




Container dwell times ﬂgﬂ:

APPLICATIONS

definition of
dwell times

Container bype | Trans. aw | [ate av | Rail aw | Transhipment mjn axp —
Resfer 20/20 20420 20420 Expait |-|f|:||:| |5f|:||:| |E|,EIEI
Dangerouz R0/45.0 ROJED RO/sAB0
~ ~ ~ Gate
Impert 100|500 900
Export 1,00 15,00 19,00
Rail
Impert 100|500 900
Export 1,00 15,00 19,00

@ container dwell time
per container type

©ISL 2011
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Generation of a vessel schedule ['OLL

APPLICATIONS

annual throughput

definition of an average

| weekly vessel schedule
“early Throughput 1500000 TEU
Wieekday diztibution of veszel arivals
Mon | Tue |Wed Thu |Fri |Sat |Sun av./day per week, ||:|er_l,lear |
Feeder 2400 1200 1200 (1200 1600 400 24 B 1282
i edium Qo0 3000 2000 000 4000 OO R0O0 057 347 20R
Jumbo 0oo 000 (2000 20,00 000 (2000 4000 0,26 1,86 97
_namaize | @ vessel arrivals
: _ Fixed day time per vessel type
Set fived day time v
Time o ;|30
MNa. of belated 100 %
M ax. delay IF hours v ;ifaﬂé'luﬁié-t"r-i'lﬂ'ﬁt-éé
........................................ ITI Eancel

daily vessel distribution
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Simulation data ﬂgll

APPLICATIONS

throughput distribution
for simulation

TEU Deepsea/Shortsea 29,93 [20,1%  Transhipment c0,0% Totals Yessels
imp exp total imp exp tatal imp exp total

Jumbo 113275 113231 226505 94363 94347 155709 207637 207575 415215 99

Medium 117999 117856 235655 95294 95249 196543 216293 216105 432397 207

Feeder 155098 155196 310294 193956 193554 357541 349085 349050 695135 1287

Total FE6372 Jg62E2 772654 J86642 FE6450 F7E092 775014 772732 | 1545746 1593

W Block View | Distributions
MNarme Day | Type Prio... | TEU Cycle || Generic Properties Ariival Time | Custom subtype properties
Ll Feeder ID: 1 Feeder 3 0 once
& o . .
&b Feeder ID: 351 1 Feederid] 3 517 once Single arval O Arival every daps
W Feeder [D: 355 2 Feeder [47) 3 474 once r
W Feeder [D: 1265 2 Feeder [B¥)] 3 173 once it
W Feeder ID: 353 2 Feeder [47] 3 488 ohce
1

& Feeder ID: 354 2 Feederfp®) 3 4% once Week
W Feeder [D: 356 2 Feeder [47] 3 h24 once Day Monday =
W Feeder 1D 1266 2 Feeder [B%] 3 2m once Tiiie 13 e
i Medium [D: 114 2 Medium (&%) 2 1373 once '
b Feeder ID: 353 3 Feeder®] 3 31 onee i dem 35
b Medium 1D: 115 3 Mediurm (&%) 2 1820 ohce
S Jumbo 1D: 6 3 Jumba (&7 1 2814 once Mo. of belated 0o %
ik Feeder ID: 357 3 Feeder [47] 3 627 once Max. delay 0o hours E qual Distributed
b Feader ID: 360 4 Feeder [47] 3 R45 once
W Feeder ID: 373 4 Feeder [47] 3 420 once o
< - >

File.. Generate.. Addblank zhip  Add rando |s d ata S h eet of Ves S eI ar r i Val S

arrival data of the
vessel selected
from the list
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Simulation ﬂgﬂ'

APPLICATIONS

= simulation time: 1 year

= preliminary time: 2 weeks
(for pre-occupancy of quay and stacks)

=  Simulation
— single runs for configuration check
— several runs for evaluation

= saving of simulation results
— average data over all simulation runs
— if necessary data of each single run

©ISL 2011




Animation ﬂ@ﬂ,

APPLICATIONS

= 3D animation of the quay
= animation of the area utilization

= online animation during simulation

= supplementary animation for fault analysis

—  The last simulation run is recorded as a “film” which can be
turned back and forward.

= adaptation of the animation speed according to the requirements

= zoom and sight onto the terminal from various perspectives

©ISL 2011




Animation L7§IZ,

APPLICATIONS

red flag: vessel is ,,rejected”
yellow flag: waiting time for a berth

arriving vessels

vessels in operation

ed service

utilization of stacking areas

©ISL 2011




11
Simulation result evaluation ['OLL

APPLICATIONS

= quay evaluation
— quay utilization — maximum and average
—  crane requirement — maximum and average

= vessel evaluation
—  berthing times - maximum and average for any vessel type
— waiting times - maximum and average for any vessel type
—  rejected “ vessels — waiting time over maximum
—  crane performance - minimum, maximum and average

= stacking area evaluation

— evaluation of the area utilization regarding to capacity overrun
as well as maximum utilisation overrun

©ISL 2011
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Total evaluation

LS

APPLICATIONS

simulated container volume

Total volume: 1450221.00 TEU @

Total volume prehding rjected shipsp; 1305876.00 TEU

Feeder
HNumber Betthing titne Ciperation titne W aiting titne TET Contather Ship to shote cranes
total watting™ |rejected | av. na. av., na. av. (total) |av. (waiting) |max. total avg |total mas | av. Max. (0o, movesihr

1287.00| 12500 [ 35.00 |03:30:;

33(129:01:12|08:23:23 | 24:02:34 | 00:20:25 | 03:25:.00

07:55:20) 522777 | 1266.00 |348.50 846 | 2.0& 20.69

9T1% | 272%

Berthing without waiting time: 90.29%

Mednum
Humber Eerthing time Operation time W atting time TETT Container Ship to shore cranes
total  |watting™® |rejected | av. Max. av. MAK. av. (total) | av. (wailing) |maz. total avg |total max | av. max. |no. movesihr

207000 500 £.00

15:12:1

2|29:39:54 115:12:12 |29:539:54 | 00:01:57 | 01:18:15

02:24:32|2012.22 | 3372.00 [1341.50 | 2249 | 3.58 24.98

242% | 250%

Berthing withowt waiting time: 97 .58%

Jumbo
Humber EBerthing time Operation time W athing tume TET Container Zhip to shore cranes
total |wattmg® |rejected |av. THaE. av. max. av. (total) |av. (watting) |rmax. total avg |total mas | av. max. |no. movesihr

59.001 4.00 5.00

18:36:34

34:14:33 | 18:36:34 [34:14:33 | 00:02:30 | 00:58:43

02:10:55 1416229 6658.00 | 2774777 (4440 | 493 3033

404% 505%

Betthing without waiting time: 95 96%

‘ Total | 841% [ 2389%

*excludes rejected ships

share of waiting and
»rejected vessels

vessel type evaluation:
- operation time

- waiting time

- container volume

- quay crane performance




Total evaluation g@ﬂ:

APPLICATIONS

Statistic
Cuay length Cuay util, no. of used St C

2w ITlez. 2. TTIEE.

1501m 24.18% £2.76% 4.65 10

Yard utthzation .\

Stack name AT aveErage SVEr Capacity ovep| QUAY evaluation
wtandard 114 00%4 69 635% 4.12% 46 24% 23 76%
Empty 103.00% 79.01% 1.05% 23.31% 76 69%
Eeefer 174 00%4 T2 58% 13 4504 47 09% 52.91%
Dangercus 120.00%: 69 20% 4 16% 46, 536% 593 64%

Shap distribution Quay segment occupatioh| grea evaluation
avyg Won|Tue |Wed|Thu [Fn |Sat Sun#;;ﬂ'\ Cuay & o 4 U =10 A =
Feeder (500220292 |304(2.96(3%4|08 EE 10010 Feeder (50 0[500(0.0
Medm |[0.00[1.13|0.85|0.00[1.63|0.19[0.17| |Medium| 10p] VESSsel schedule [pojon
Tumnbo (000100010 38 |10.35(0.00 (028|079 (unbe | 100.0 | |Tumbeo [50.0]50.0[0.0

throughput distribution

Throughput distribution
%o Jan |Fehb War [Apr |May [Jun Jul  |Auz  [Sep ot [Mew  [Dec

Feeder [81.5%(140.92|117.44|78.70|82.59|100.51|81.05] 82.26 [102.00|118.86(120.61| 90.11
Medmm [89. 89107 83| 125 8967 28|90.02] 9560 [70.05]107.02(113.11|119.02{125.21| 85.89
Jumbo [B1.77) 6658 |134.12|80.44|82.11| 96.52 |20.04| 90,40 (16941 88.97 | 83,19 14418
Total [83.96(111.52|125.44|75.99|84 53| 98.23 |77.70] 94.53 [123.39|110.80|111.74[103.60

©ISL 2011
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Area evaluation

slot capacity overrun

Standard Yard Utiization

=]

20000.0

LS

APPLICATIONS

20.0
3an Feb’m area utilization

during simulation

g Sep Oct Mov

Tard occupation [TETT]

Min.

a400.00
Gwen operational capactty: 70.00%

Pk Ilae
12926 28 | 2280000

area occupancy and
slot requirement




Capacity planning ﬂgfl

APPLICATIONS

& Caps: demo 2 g

AG\demo2M2.KPD) - [elminal Animation)

=] B3

What will be the Sl

result if an other
vessel mix will
arrive?

ARERIE

H Chart = Ani

What's the impact of
vessel‘s accuracy?

What will be the
result if QC‘s
productivity

decreases from 30 to

© ISL 2011 . 27 mV/h’)




Simulation cycle L7§11

APPLICATIONS

im=? . .
e tem A= simulation
y model
modelling/abstraction
2
How ransfer S S
- ) 2 2 What happens,

these conclusions 8 il i« o
N o oy = o if ...

into reality~ & 2

onclusion interpretation
= E formal results
for reality

What's the
meaning of that?
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APPLICATIONS

Reuse existing simulation models for sensitivity analysis and for
getting a better understanding of the real terminal

©ISL 2011




LS'L
ISL Applications® product strategy LOL

APPLICATIONS

Marketing Software Products %

= training, customising first model - getting started
—> priority 1

= supporting the start-up of new projects
(e.g. Eurogate group and Sandwell)
—> priority 2

= complete studies or black box models
(including analyzing, optimizing, ...)
—> priority 3
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