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1. Growingly concerns on maritime environmental issues

® Maritime transportation has produced 3% global CO, emission and 15% NOx
emission in 2017. IMO has proposed strict regulations on the maritime emission
reductions. Some reduction targets are shown in the following figures.

® The emission in the harbor territory has more severe impacts on urban lives,
which should attract more attentions.
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2. Electrification of harbor crafts

Wind energy |
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Solar energy

® Not suitable for small vessels

Biomass energy
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2. Electrification of harbor crafts

® First all-electric ferry world-wide “Ampere” (Norway)

"; > 1,598tons / 13.9knots
— | » Battery capacity: 1.04MWh
» 34 round trip a day

» 5.6km for each trip

» Save 1 million liters diesel annually
» Reduce 27t NOx annually

> Reduce 2,680t CO, annually
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2. Electrification of harbor crafts

® Advantages and problems

. . What's the impacts to the
» Environmental friendly: CO,, orid?
Is the transformer

.. . ity sufficient?

NOx, SOx emission reductions. l o ow many chargers

needed?
» Fuel saving since high efficiency . 8 , l i : i
% I
. . £ !
of electricity. i l

1
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» Space and operation fee saving

for the fuel storage.
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*2. Impact to Distribution Grid

Problem Description
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3. Aims of ports’ electrification

Aim of the Project

e L L L

I
» To comprehensively and more

accurately evaluate the impact of
harbor craft charging and provide
an optimization-based decision-
making support for charging
facility planning.

Specifically, this project includes

1. The temporal-spatial modelling
of charging characteristics of the
harbor crafts.

2. The impact analysis to examine
the hosting capability of the
distribution network at port.
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1) Data Anal

- Berthed-in/out
data

- Network data
- Load data

- Navigation and
charging
behaviour

- Probabilistic

distribution
models

- Power flow of
the distribution
feeder

- Capacity of
MSBs and
substations

- Facility space
limits

4) Planning

-Number of
chargers

-MSB capacity
requirement

-Substation
capacity
requirement




5. Optimal siting and sizing of charging facilities | Planning

Resilience, CO, |, ROI, space saving,

» Direct investment asset management, etc.

F Charging service
constraints

Distribution | l —
transformer .

Data-driven harbor

demand generation

Main
Switchboard I

|
|
I
|
|
I
|
|
I
I
: craft charging power
|
|
|
I
|
|
I
|
|
I

< Electrical constraints

Harbor craft
charger ﬁ_ = /'1\‘“‘*&
4 ® Flowchart of proposed optimization model ® Port electrification planning &
el NANYANG :
TECHNOLOGICAL operation

UNIVERSITY




‘ Eﬁcﬁﬁggm Power Electronics & Power System Interdisciplinary

SINGAPORE (PEPSI) Research Group

" | * Prof. Fook Hoong CHOO « Dr. Leong Hai KOH
* Prof. Lalit Goel, IEEE Fellow * Prof. Peng Wang, IEEE Fellow « Prof. Josep Pou, IEEE Fellow  Co-Director, ERI@N Programme Director, ERI@N

* Power system * Power system » Power electronics « Power electronics . Power system

-~ o ’l‘ '
' ¢
* Asst Prof. Yi Tang * Asst Prof. Yan Xu * Asst Prof. Xin Zhang « Asst Prof. Hung D. Nguyen * Asst Prof. Amer Ghias« Asst Prof. Christopher Lee
« PhD (NTU), » PhD (Newcastle), » PhD (Sheffield), « PhD (MIT) * PhD (UNSW), « PhD (HKU), Postdoc (MIT)
Postdoc (Aalborg) Postdoc (Sydney) Postdoc (HK CityU)  « Power system Postdoc (UNSW) « Electric machine
+ Power electronics + Power system + Power electronics

e Power electronics



£=/Newcastle \aritime Energy & Environment (ME2) Research Group
+ University

Associate Professor Associate Professor Associate Professor Assistant Professor
Yen Nee Tan Arun Dev Cheng Siong Chin Mohammed Abdul
Hannan

L . Ship Structures, Offshore Intelligent System
Bioinspired Materials and Shipvard Design & Predictive Dynamics
for Cle:_:m Energy & _LManagement Analytics for Battery,
Environment Marine Vehicle, Noise &
Vibration

Associate ProfessorAssistant Professor Assistant Professor Associate Professor Assistant Professor
Ivan Tam Xin Wang Ling Wan Kheng Lim Goh Jianfang Xiao

:I. \\. ;L\

D
Combustion Marine Hydrodynamics Offshore Floating Lightweighting Electrical
Engine and Fuel Strectures composite materials integration and

and Structures Energy efficiency 10



Point of contacts

Dr. Ding Ovi Lian, OLDING@ntu.edu.sg Dr. Koh Leong Hai, LHKOH@ntu.edu.sg
Programme Director; Fuel Cells Programme Director; Renewables' Integration &
Microgrid

Mr. Pei Sin NG, ngps@ntu.edu.sg

Research Associate

o2 ged NANYANG
“mc< | TECHNOLOGICAL Energy Research Institute @ NTU
&) UNIVERSITY |
FyY ——
SINGAPORE
11



Thank you!



