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1. Growingly concerns on maritime environmental issues

 Maritime transportation has produced 3% global CO2 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 

 Intermittency and noises 

Solar energyWind energy

 Low efficiency

Biomass energy

 Expensive 

 Not suitable for commercials 

Nuclear energy LNG

 Not suitable for small vessels

Electricity

 Opportunity for harbor crafts 
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 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 CO2 annually

2. Electrification of harbor crafts 
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2. Electrification of harbor crafts 

 Advantages and problems

 Environmental friendly: CO2,

NOx, SOx emission reductions.

 Fuel saving since high efficiency

of electricity.

 Space and operation fee saving

for the fuel storage.
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2. Impact to Distribution Grid

Safety
Tuas & Seraya
Power Stations

400 kV
Mesh Grid

Distribution
Network

230 kV
Mesh Grid

66 kV
Mesh Grid

Transformer

Transformer

Port BuildingsHC chargers

Other Power Stations
Senoko, Seraya, Keppel,
Sembcorp Cogen

22kV/0.4kV22 kV Grid

Mitigate the safety 
risks when 

connecting HCs to 
the grid

overload/ harmonics / reliability/ stability/ … 

Problem Description
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3. Aims of ports’electrification

 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.

Aim of the Project

1) Data Analysis
- Berthed-in/out 
data

- Network data

- Load data

2) Modelling
- Navigation and 
charging 
behaviour

- Probabilistic 
distribution 
models

3) Impacts Analysis
- 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   
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5. Optimal siting and sizing of charging facilities | Planning

 Flowchart of proposed optimization model  

2030

2040

2050

 Port electrification planning & 
operation

Resilience, CO2 ↓, ROI, space saving, 
asset management, etc.
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