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Main objectives

UBIMAX

Fraunhofer IFF (Coord.)
Magdeburyg

Smart Port Solutions: Employing ICT solutions to improve 2
information flows between ports and port communities e &

IMECC

Green Port Solutions: Adopting green technologies to e
reduce the environmental impacts of port operations and "
save resources
Interconnected Port Solutions: Combining different modes Hrraunhofer * 1IN1@C & Hny| LEITET
of transport integrating of different technologies to better Tacciona  UBIMAY. ()
monitor and control freight flows - ot
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Green Yard Scheduler (GYS)

A decision support system for more efficient and sustainable container terminal
operations
Project use case: Vigo Container Terminal

Increase the container terminal
productivity

Green scheduling:
Integration of
Reduce the carbon footprint of the environmental
terminal considerations as explicit
objectives into the
? conventional scheduling to
t?.{' Integrate with the terminal operating analyse the trade-off
P system between the operational
performance and
000 sustainability of a system.
!)mk‘a‘ V) Harmonise container yard operations
(Mansouri et al., 2016)
THE N I o5 | Brunel Slide 3
(/i RESEAR g Comminton bt o8 R o v - o University|
SOCIETY PortForward Grant Agreement Number 769267 M |London www theorsociety.com




Modules of GYS

The GYS modules were 1 ad from more than ten container
terminal optimization p onal domains

Terminal operating system

Container slot
allocations; yard crane
allocation and schedule

New export, import, and
inspection containers;
current terminal status

GREEN YARD SCHEDULER

Container pre-marshalling
module

Container positioning

Start & end position of module
containers
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Optimization problems in GYS

1.Container
pre-marshalling

Reorder containers in the storage yard to eliminate
relocations during peak hours

2. Container

S Assign slots to inbound and outbound containers in
positioning

the storage yard

Determine the allocation and scheduling of terminal
operations to yard cranes

(Source: https.//www.termavi.com/en/multimedia-2/)
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Objective criteria

Each problem involves one performance-oriented and sustainability-oriented
minimisation objective

Container pre-

* Container movements
marshalling

* Energy consumption of yard cranes

T5.1 SUSTAINABILITY ASSESSMENT (INITIALRESULTS)
Container

positioning

* Container reshuffles

55” Carbon footprint: 45.549 kg CO, eq./ TEU

* Energy consumption of movement vehicle

. N 7 ; ' ‘ﬁ
SEEES ; — .EE. — N\ =-¢;-=
‘gﬁv“‘" j. 385 M # e
21.308kg CO,eq.  14.161kg CO,eq.  4.584kgCO,eq.  4.048 kg CO, eq.  1.448 kg CO, eq.
* Tardiness of operations B | I | | |
47% 31% 10% 9% 3%
* Energy consumption of yard cranes
(Claret, 2019)
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Computational experiments

Preliminary results provide important insights

Container pre-marshalling problem: Energy savings can be achieved without
disrupting the operational efficiency of the terminal

4'6% energy reduction

The performance- and sustainability-oriented
objectives conflict with each other

energy reduction in expense of greater reshuffles

The performance- and sustainability-oriented
objectives conflict with each other

Up to energy reduction in expense of greater delays
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GYS user interface development

The terminal operator access to GYS through the GUI under development

Main navigation window PMP module window
. e edde C " 2 ¥ Yard Schedife ]
L5
’ @ Pre-marshalling module #_ | Brunel
W GREEN YARD SCHEDULER . ¢ | Brunel : g%] University
PortF - ard University PortForwar Please enter bay reference numbers London
' London or upload a .txt file and click 'RUN'
Bodk No Say No
Please click on the module you want to run
Browse a file arscias DesktopFre-marshaling_Bamples\ER-0-10
Pre-marshalling The initial bay configuration: The final bay configuration:
Name; BR-6-10 RUN PMP module found 1 Pareto optimal solution.
Pareto optimal sclution no: 1
Number of container movements 4
Enecgy consumption: 335271
The optimal sequence of moves: (1, 6] (5. 6) (4 6) (3, &)
Container posiﬁoning v: 41567 The final bay configuration & dsplayed below
Stack 11
Stack 2 7
Stack 3:2
Stack & 43
Stack 56
Stack & 10985
Yard crane scheduling Execution fime: 0.039116 sscands
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GYS user interface development

The GUI shows the trade-off between decision alternatives in Pareto Front plots
Pareto Front of a CPP instance

(&)
The user can check
PARETO FRONT - BR50 solutions on the plot
and display them
Display the solution
= Reshuffles Energy consumption
-‘f‘; 18 689.86
The Pareto front of g - .
the experiment o
instance “BR50” -
Reshuffles
(Source: https://www.termavi.com/en/multimedia-2/)
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GYS: Future steps

In future, we aim to achieve:

N\

‘Development of the GYS solver and GUI (beta version)

‘Testing and implementation in Vigo container terminal

-Completion of the functional module in 1-2 years for the use of other container
terminals

/
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