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Moffatt & Nichol

“AEirm Eocused on therWateriront

@ver 60 Years Experience

@ffices in Noerthi America, Eurepe and|LLatin
America

Port & Intermoedal Planning
lerminal Blanning & Analysis

Port Einancial Analysis
Port Infrastructure Design
Dredging & Reclamation
Marinas

Envirenmental

Urban Waterfronts

Bridge & Highway [Design
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Quotes

“Iihe real driving force behind
globalization Is....the declining cost of;
international transport.

Tihe Journal e Gemmerce
“Tihe Box Tihat Changed thetWaorld®
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Efficiency

. Since its Inception, the container; shipping
Industny has strived to Increase the
eflficiency: of goeds, movement

— [Larger vessels

— [Larger ferminals

— Computers & software

— Elimination off paperdocumentation
— Tihe internet

— Container handling automation
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Efficiency

* VWhat Is efficiency?.
— Capacity
» [[EUls per hectare
o [[EUS perannum

— Proeductivity
» Caontainers moved per; hour
» Man-hours per; container moeved

— Cost (terminal)
*» |Land
Infrastructure
Equipment
Computers and|software
I¥=ie]e)
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Presentation Outline

. Automated terminals
* Integratediterminalidesign

o, Simulationas a design decision-making
oo
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Automated Terminal

* Jjhe “automated terminal™ s just the: latest
step in the evolution of containerization

 \What dees "automated” mean?

— ROLGLES
* Autemated yard cranes
» Autemated horizental transpofi

— [Decisions are made by the Tierminal
@perating System

* |[nstead ofiplanning ahead, the automated|terminal
can make decisions at the last minute
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Efficiency

* Jihe goal of an autemated terminal Is, e
strike the best balance between:;

— Capacity.
— Produchivity
— Cost

o "AutemationiIs not the geal
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End-Loaded Design Seperates Vessel and Gate

Traffic

GATE&RALSERVERS  Perpendicular, end-loaded
B ook crane servers - separ_atlor_l <_)f vyater5|de ar_ld_ landside traﬂ_‘lc
- simplicity in paths, minimum travel distances

- best if automated transfer waterside is
A
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Side-Loaded Causes Traffic to Mix

GATE & RAIL SERVERS Parallel, side loaded (ala Pusan New Port)
BREE DocK CRANE SERVERS Mixed waterside and landside traffic
Not compatible with automated waterside
transfer
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“Automated” Container Terminals

ECTy, Roetterdam, Nether_l__andé

F_lnl i"\"'

CTA, Hamburg, Germany

ABMI, Norfalk, USA .
:éﬁf

Antwerp

Abu Dhalbi
Lendon Gateway.
Many others under consideration
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A State-of-the-Art Automated Terminal
o CI-A, Hamburg, Germany.

Dual trolley quay cranes
Semi-automated main trolley

Unmanned secondary trolley
i -E_servmg aufomated transport

) R g TR
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Automated Horizontal Transfer

o AGV's
— Unmanned, diesel/powered,

rubber; tired, boettom-supporied
container.

o Shuttle/straddle carriers

— Unmanned, diesel pewered,
rubber-tired, top-lifted container,
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Cost is Driving Terminal Automation

. Rising|terminal development and 1abor;
costs are driving terminals te automate

* On a recent US/ West Ceast terminal
study, It was determined that a new.
terminal couldinot be competitive with
existing terminals, unless, it was, autemaied
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Manned

Example: Cost per Lift - US West Coast

Automated Yard Cranes &

Semirautomated yard cranes

Horiz. Transport

Annual Cost per Vessel Lift with Full Aufomation

Infrastgucture @ 6.5% 30 yrs
Equiptent @ 6%\7 yrs

o0

N A/

AN
&

Top- Strad RT Side End
ick / oade oade
M RM

O Infrastructure
(ann. pmt.)

B Equipment
(ann. pmt)

B Equipment
O&M

O Labor (annual)

O Total
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Top Pick and Strad Could Not Meet Capacity Goal

Annual Cost per Vessel Lift with Full Automation
Infrastructure @ 6.5%30 yrs

Equipment @ 6%17 yrs
/\ L O Infrastructure

/ 3'_9 (ann. pmt.)

B Equipment
(ann. pmt)

B Equipment
O&M

O Labor (annual)

O Total

Top- Strad RTG Side End
Pick / Loaded Loaded
TG RMG RMG
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RTG and Side-Loaded RMG Could Not Meet Vessel
Productivity Goal Due to Conflict with Gate Traffic

Annual Cost per Vessel Lift with Full Automation
Infrastructure @ 6.5%30 yrs
Equipment @ 6%17 yrs
R O Infrastructure
(Q|
& (ann. pmt.)

B Equipment
(ann. pmt)

B Equipment
O&M

O Labor (annual)

O Total

Top- Strad
Pick /
RTG

17
RN MOFFATT & NICHOL




Only End-Loaded RMG’s with Automated Horizontal
Transport Could Meet all Goals

Annual Cost per Vessel Lift with Full Automation
Infrastructure @ 6.5%30 yrs
Equipment @ 6%17 yrs
R O Infrastructure
(Q|
& (ann. pmt.)

B Equipment
(ann. pmt)

B Equipment
O&M

O Labor (annual)

O Total

Top- Strad RTG
Pick /
RTG
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A Recent Terminal Planning Project

o (Capacity
— 3imillion TiEU's per;year.annual capacity
— 357 rail, 65% gate, 0% transshipment

— 3-12,000 TEU vessel calls per:week
» 11,000 moves per.vessel calllin 96 ,gross hours

— 125 hectares, 1,300 m quay
* Productivity
— \Vaterside

» Vessel 160 net.container,moves, perhrx 3ivessels =
480 mph

— [Landside
» (ate 420 lifts per; hr-peak.day
» Rail 140lifts per hr.peak day
* Total 260 moeves per: hr.

— Horizontal transpori e transition from manned bembicarisiie automated

» (ost
— Gompetitive withyexisting terminals
— [Lowest cost per: lift

19
RN MOFFATT & NICHOL




A Recent Terminal Planning Project

. Questions, to be answered! by simulation;
oW many and ' what kind efiquay. Cranes?.
QW much  stacking capacity?

oW many: automated|stacking cranes and
what size stacks?

—\What kind efi herizental transpoeri® Hew many
Units?

— [How many: railftracks and how many:rail
leading| cranes?

— ljotal cost per lift?
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Inventory Simulation

o Jlests raill and vessel schedules to

determine range of container; storage
required

o Inventonry simulation shewed that;

—\/essel schedule has a prefound effect 6
sterage requirementior intermodal carge

— Al least 60,000 EUFS of: storage:capacity: will
be requirea
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Intermodal Inventory Simulation - Worst Case
Vessel Schedule

Vessels Trains

EEEaE

EELE

-_—
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Intermodal Inventory Simulation - Best Case
Vessel Schedule

Vessels Trains

TI1T1]
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Intermodal Inventory Simulation - Container
Population

Maximum Number; ofi Containers (T[EU’s)
Buffer:

Best Case 6709 31197 4475
Worst Case 113520 7519 9904
Percent Increase 1102% 1135% 112496

Weekly Buffer Population Fluctuation
Best Case

4000

Weekly Buffer Population Fluctuation

Worst Case 3500 - M
8000 3000 UAA;AJ o’ \V }
2500
7000 - ,,, —+—Total
(]
3 i -
6000 ® 2000 w \éVBB
N ) A o
5000 1500 L e
] 1000 + — —
X 4000 -
@ 500

0 20 40 60 80 100 120 140 160




Quay Crane Simulation

Shewed that tandem it er; duall trelley: cranes
would be required o meet vessel preoduchvity
goal

Shewed that tandem lifts would create exireme
peaks and valleys in preductivity;and that the
transport andiyard crane sysiems would have
frouble keeping|up

Recommended single-trelley: tandenmliit, quay.
crane initially: woerkingwith bemib carts

Dual trelley, tandem main and singlersecenaary
working witht AGV's ultimately.
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Five QC Configurations Were Simulated

1. Single trolley
Single lift
ST; S

3. Dual trolley
Single lift, Single'lift
DT, SS

2. Single trolley
Tandemlift
ST, T,

4, Dual trolley
Tandem lift, Single lift
DT, TS

1., = Main trolley
2. =1Secondary trolley

5. Dual trolley
Tandem lift, Tandemlift
DT, TT,
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Quay Crane Relative Net Productivities

* Single-trelley tandem showed 337 Increase Qversingle:
frelley:single

Quay Crane Productivity - Combined Above and Below Deck

Moves/Hour

3.DT, SS 4.DT, TS 5.DT,TT

Scenarios
28
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Quay Crane Relative Net Productivities

* Dualtrelley single litt showed 157 increase ever single
frelley:single

Quay Crane Productivity - Combined Above and Below Deck

68.3

Moves/Hour
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Quay Crane Simulation

o A common complaint ofi tandem lifit cranes
IS that "the yard cant keep up*

. SO, a fleet o1f 5 quay: cranes; was simulated
[0 test the efiect of tandem lifts on| the yard
crane and transpori fieets
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15 Minute Interval, 5 Cranes Working,
Scenario 2. “ST, T”

N

» Peak rate = 260 mph = 52 mph/QC T

¢ QEC fleet maximin = 1.55 Sing|e trofley

Tandemlift
STy T

Containers Grounded Per 15 Min - Single Trolley
Sum of Five QCs

N« N .
ot Vo
R |

—e—Sce 1-50%
—=—Sce 6-20%
Sce 4-0%

Num Containers Grounding

15 0
Time Index (15 Min) 31

RN MOFFATT & NICHOL




15 Minute Interval, 5 Cranes Working,
Scenario 5. “DT, TT”

» Peak rate = 348 mph = 70 mph/QEC 4D
* QEC fleet maximin =1.43

Dualitrolley
Tandemlift, Tandenlift
Containers Grounded Per 15 Min - Main Trolley Tandem, DT; T
Secondary Trolley Tandem
Sum of Five QCs

N’\\ /l N

—e—Sce 2-50%
—=a—Sce7-20%
Sce 5-0%

Num Containers Grounding

8 10
Time Index (15 Min)
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15 Minute Interval, 5 Cranes Working,
Scenario 4. “DT, TS”

» Peak rate = 260 mph = 52 mph/QC P4
* QC fleet maximin =1.34

Dualitrolley
Tandem lift, Singlelift

DT, TS
Containers Grounded Per 15 Min - Main Trolley Tandem, !

Secondary Trolley Single
Sum of Five QCs

P R

—e—Sce 3-50%
—m—Sce 8 -20%
Sce 5-0%

(]
o

~
o

(2]
o

(&)
o

w
o

N
o

Num Containers Grounding
N
o

-
o

o
5

8 10 12 14
Time Unit (15 Min) 33
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Quay Crane Simulation

* [ihe dualitrelley crane with tandem liit
main trolley' and autemated single it
secondarny. trelley;

— Met vessellproductivity: geal

— Presented the ASE and transportsysiems
witha manageable flew: efiwork
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Quay Crane Simulation Conclusions

o [andem lifts

— (@an provide high preductivities (60%; tandem lifts resultini 33%
imprevement)

— Adding a secaondary, tralley without tandem lifts can Improve crane
praductivity by 15%

— Jandem lifis causes exireme peaks and|valleys

* Itis very difficult:for the transport:and yard|sysiems (o deal
with and adjust to these peaks

» Autemated transport:and stacking sysiems need a steady
supply of:work

o Secondary: tralley:(st)

— A secondary trolley working in the backreach is preferredifar
autemated transport

— |nterms af pure net:praductivity, tandem lift is RIgher;

— |nterms afiserving the transport and|yard systems, single:lift; dual
trolley is favaered

— [fistart-up mode is single-tralley, tandem lift, provisionoer a|single-
lift secondary trolley isradvised
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Yard Crane Simulation

Single-bleck simulation

— \What can each crane/block do?

Eleet ofi stacks
— \What can “the system ' de?

Bay 1 Bay? . Bay n
~ Cell 10
o | ~ Cell 9 ] | | 23
o= Cell 5 Import Containers  __| o @
=g | | @ Cell 7 @ | -
i
20 | ol _ Cell 5 < | | £
E G 2 [ ExportTransship  Teag \ il 52
59 | [ Containers Cell 3 T~ I | ¢
Cell 2
VWi's Transfer Cell 1 ~ L= Transfer
Area Area
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Yard Crane Simulation

o, Shewed that twinl ASC's could achieve 16
MOVES per: hrrlandside and 18 moeVes; per:
A waterside

o, Showed that 40 ASC stacks (80 cranes)

would be required to meet the'peak
landside demand| ol 520/ moves per

— 40 x 16/ x .90 maint. factor:/ 1.15 unbalanced
workload factor
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Railyard Simulation

* Rail Yard simulation showed;
— [ihat 8; 1175m leading tracks waould be required
— 6 raillleading RM&G's would be required
— Jirain turn times
— [irack and|crane: utilization
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The Result

* [ihe plan that emergedifrem the planning
PrECESS
— Jjnree berths with up e 14 dual tralley quay: cranes
withs;
» tandem-lift main trolley and autemated single:-liit secendary
trolley. or;

* single-lift main and autemated|secondary traolleys

— 3 millien, TEW annual capacity

— Autemated waterside transport using AGV's, 4-5
AGV/s perrquay crane

— 40 end-loaded ASE stacks with twin cranes,; e-wide
Py 5 high by 40/ '=EUleng

— 6 rall-leading|cranes spanning 8 tracks eacn, 8-4
drivers per: raili.crane
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The Plan That Emerged

(Loeks something)like this)

LRI
U i .l |||. 11||||1||f ||||f ||ff

g S
e

F i rie
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A Recent Terminal Planning Project

 [ihis planning| preject requiredianalysis ofi all
aspects ofi the terminal eperation

— \essel, gate and rail schiedules, traffic projections;and
resultant container pepulations

— Vessel preductivity

— @Quay crane configurations

— Horizental transpoert alternatives

— Yard crane fleet configuration

— Rallyardiconfiguration and sizing

— Understanding of terminal operating/systemirules

— Understanding of; unique: local/labor; andisaiety rules
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Integrated Terminal Design

* |ntegrated design of an autemated
ferminall includes achieving the best
balance of the clients;

— (Capacity geals
— Performance goals

— Financial geals
o Infrastructure
s Equipment
o [Labor
» Maintenance
* @perating systems
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Integrated Terminal Design

* |n fact, the design of a successiul autemated
terminal requires the coeperative effert of a core
team ofi experis frem each discipline;

— Vianagement

— FInance

— @perations

— [ Systems

— Equipment (Specification)
— Civill/infrastructure

— Maintenance
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Integrated Terminal Design

Terminal Planning
Process

Tasks and Teams

Core team of disciplines to be kept through the project

Progress 45
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Conclusions

TThe container shipping and poert bUsiness
constantly strives toe reduce; the cost 6ligoeeds
moevement through efficiency

Autemated container handling|is a way, e
Increase efficiency

Tlerminall autemation technelegy has reached a
levell ofi maturity: that makes it: ai viable,eplion ior;
any: major: project

NG twe terminals are the same, se awvarneLy of
solutions are seen
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TThank You
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