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Summary

This report presents a comparative analysis of shore-to-ship power supply 

systems in Tianjin Port and other selected leading ports worldwide. Ports were 

interviewed that act as leaders in the development and application of shore-

to-ship power: Hamburg, Vancouver, Gothenburg and Trelleborg. These inter-

views were complemented by a literature review, which enabled the port of Los 

Angeles to be included in the analysis. The experience of the Port of Vancouver 

shows that it is possible to develop a voluntary shore-to-ship power system 

with sufficient incentives for almost all cruise ships to use the system for all 

their port calls. The example of the Port of Los Angeles is particularly import-

ant, because it demonstrates the conditions under which general commercial 

shipping will convert to shore-to-ship power.

There is now considerable global experience in operating shore-to-ship power 

systems. While earlier systems delivered power at low voltages, modern sys-

tems deliver electricity at 6.6 kV, 50 Hz and 60 Hz. Systems are now installed 

that comply with the IEC/ISO/IEEE 80005-1 standard for High Voltage Shore 

Connection (HVSC) systems, usually 6.6 kV rated at 7.5 MVA. This requires po-

wer supply systems with transformers, frequency converters and power ma-

nagement systems onshore and transformers on-board. These systems entail 

considerable investments by the port and shipowners.

Tianjin Port is implementing the Chinese government’s policy for developing 

shore-to-ship power. At the end of 2018, Tianjin had seven containers, seven 

bulker, two Ro-Ro and three general berths fitted for 6.6 kV/60 Hz, 6.6 kV/50 

Hz shore-to-ship power with plans to fit further container berths and two cruise 

berths. However, the use of shore-to-ship power in the port is still limited. 

Management and operation of the shore-to-ship systems require further de-

velopment, and the legal and contractual structure requires clarification. 
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This report makes recommendations for measures to address these barriers. 

A combined set of measures featuring regulation and support for shipowners, 

ship operators and Tianjin Port is required to ensure the extensive use of 

shore-to-ship power.

The most important measures are:

• A regulation requiring all ships calling at Tianjin Port to use shore-to-ship 

power.

• Allocating financial resources to Tianjin Port to meet the considerable costs 

of rapidly expanding the shore-to-ship systems to cover most berths in the 

port and the additional management, contract and operating personnel nee-

ded to operate a much larger number of shore-to-ship installations.

• A cooperation between Tianjin Port and shipping lines to promote investment 

in on-board equipment and to agree on the standards and procedures for 

operation and maintenance, in particular for connection/synchronisation and 

disconnection of shore power.

• Subsidies for ship operators to help cover the cost of shore power for ship 

operators should be made available.

• Operating safety, in particular connection and disconnection, can be impro-

ved by developing systems with a high degree of automation.

• Developing management systems and training port staff in the operation 

and maintenance of the shore-side equipment will also improve safety and 

ensure effective operation and maintenance as the number of installations 

increases.
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Glossary

AMP   Alternative Maritime Power
BC   Hydro British Columbia Hydro and Power Authority
BMVI   German Federal Ministry for Transport and Infrastructure
BP   British Petroleum
CAC   Criteria air contaminant CARB Californian Air Resources Board
CO2   Carbon dioxide
CTT   Closed Transition Transfer
DWT   Deadweight Tonnes
ECAs   Emission Control Areas ESI Environmental Ship Index EU European Union 
GHGs   Greenhouse gas emissions
GRT   Gross Registered Tons
HPA   Hamburg Port Authority
HFO   Heavy fuel oil HVSC High-Voltage Shore Connection
Hz   Hertz
IMO   International Maritime Organisation IEEE Institute of Electrical and Electronics Engineers 
IEC   International Electrotechnical Commission ISO International Organization for Standardization
kA/s   Kiloampere seconds
kV   Kilovolts
kVA   Kilovolt Amperes
kW   Kilowatts
kWh   Kilowatt hours
LADWP  Los Angeles Department of Water and Power
LNG  Liquid natural gas
MARPOL  International Convention for the Prevention of Pollution from Ships
MVA  Megavolt Amperes
MW   Megawatts
MWh   Megawatt hours
NECA   Nitrogen emission control areas
NNEI   No Net Emission Increase programme
NOx   Nitrogen oxides
OGV   Ocean-Going Vessels PLC Programmable logic controllers
PM   Particulate matter
POSCO   Pohang Iron & Steel Company
Ro-Ro   Roll-on Roll-off ship
Ro-Pax  Roll-on Roll-off ferry for passengers and freight
SECA   Sulphur emission control areas
SO2   Sulphur dioxide
SOx   Sulphur oxides
TIWTE   Tianjin Research Institute for Water Transport Engineering
TEU   20 foot container units
TS 86  BC Hydro Tariff Supplement 86
UIC  International Union of Railways
V   Volts
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1.  Introduction

1.1. Background and objectives

Maritime trade is a vital factor in economic de-
velopment, because it accounts for over 80 % 
of  global trade by volume (UNCTAD 2017; 
Ssali 2018). Ships currently use large amounts 
of  diesel and heavy fuel oil (HFO) in diesel 
motors to provide on-board power with high 
levels of  emissions. The International Mari-
time Organization’s (IMO) 3rd Green-house 
Gas Study estimates that shipping contribu-
tes around 2.2 % of  global greenhouse gas 
emissions (GHGs) (IMO 2014). While GHG 
emissions are important on the global level, 
ships also emit NOx, SOx and CO2 as well as 
particulate matter (smoke or soot: PM) due 
to the partial combustion of  fuel (Homsom-
bat et al. 2013). These emissions affect local 
air quality and emissions from ships‘ auxiliary 
engines in port can be a major source of  pollu-
tion in port cities and coastal waters (Chen et 
al. 2018). These issues have led to the adopti-
on of  polices to control emissions from ships 
(Köhler et al. 2018). The IMO has revised the 
MARPOL Annex VI to define sulphur emis-
sion control areas for SOx (SECAs), while 
emission control areas for NOx (NECAs) and 
PM have been defined in the USA and Canada, 
the North Sea, the Baltic and the Caribbean 
(Figure 1). China has also developed emission 
control standards for ships for the Pearl Delta, 
Yangtze Delta and the Golf  of  Bohai. From 
2019, a target has been set of  0.1 % sulphur 

content for ship fuels. These regional regula-
tions have been reinforced by a global regula-
tion of  0.5 % sulphur content for ship fuels, 
agreed by the IMO for ships over 100 Gross 
Registered Tons (GRT). This global regulation 
will enter into force on 1st January 2020.

These policies mean the maritime industry 
must consider how to reduce emissions from 
the combustion of  fossil fuels. While equip-
ment has been developed to remove emissions 
(SO2 scrubbers and catalytic conversion for 
NOx), alternative fuels that do not produce 
SOx, NOx or PMs are also available. Köhler 
et al. discuss the use of  liquefied natural gas 
(LNG) as a ship fuel and summarise other al-
ternative fuels such as methanol or ammonia. 
However, ships in port have another option: 
to take electrical power from the shore (also 
called shore-to-ship power (SSP) or alternative 
maritime power (AMP) or “cold ironing” after 
the traditional practice of  shutting down ships‘ 
boilers in port so that the boilers cooled down 
(Köhler et al. 2018). This option has two ad-
vantages in terms of  emissions. It completely 
removes local air emissions from ships and 
can reduce global air and GHG emissions if  
the grid electricity includes renewable power 
sources. This is the reason China is developing 
shore-to-ship power supply systems and Tian-
jin Port is promoting these developments.
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Figure 1: Emission control areas (ECAs) (Köhler et al. 2018).

Zis reviews the status of  shore-to-ship power 
(Zis 2019). California requires ports to pro-vi-
de shore power and the European Union requi-
res all ports to have a shore-to-ship power in-
stallation by 2025. The environmental benefits 
of  shore-to-ship power were assessed for the 
port of  Kaohsiung by Tseng and Pilcher, who 
found that shore-to-ship power has financial 
and emissions benefits but that the investment 
costs are a barrier to its installation (Tseng and 
Pilcher 2015). A further problem is that both 
the port and the ships have to invest, leading 
to a coordination problem. Ports need to be 
confident that sufficient numbers of  ships will 
use the installation to justify its expense, but 
shipowners will only invest in the required on-

board systems if  they are confident that sho-
re-to-ship power will be available in their ports 
of  call. Innes and Monios calculated a payback 
period of  seven years for the port investment 
without subsidies in a simulation study of  the 
medium-sized port of  Aberdeen, UK (Innes 
and Monios 2018).

AArreeaa  EEmmiissssiioonnss DDaattee  ooff aaddooppttiioonn

Baltic
SOx

19th May 2006 
(binding from 1st January 2015)

NOx Ships comissioned from 1st January 2021

North Sea
SOx

22nd Nov. 2007 
(binding from 1st January 2015)

NOx Ships comissioned from 1st January 2021

North America
SOx and PM 1st August 2012

NOx Ships comissioned from 1st January 2016

US-Carribean
(Puerto Rico and 
Virgin islands)

SOx and PM 1st January 2014

NOx Ships comissioned from 1st January 2016
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1.2. Structure of the report

This report presents a comparative analysis of  
shore-to-ship power supply systems in Tian-
jin Port and other selected leading ports wor-
ldwide. It considers technical requirements, 
operational data (number of  ships of  different 
types and berths, power used) and the conside-
rations facing ports, shipowners and operators 
when adopting shore-to-ship power supplies. 
The report assesses the policies and regula-
tions required for the successful development 
of  shore-to-ship power. Section 2 reviews the 
development of  shore-to-ship power systems. 
Section 3 presents a brief  overview of  the ge-
neral features of  current shore-to-ship power 
systems. Section 4 describes current practices 
in selected ports worldwide based on questi-
onnaire data and a literature review. It uses the 
results to distil the current international „best 
practice“ in shore-to-ship systems. Section 5 
reviews the current position in China and in 
Tianjin Port in particular, identifying aspects 
of  shore-to-ship systems and management 
that require improvement. Section 6 provides 
recommendations for Tianjin Port and Section 
7 concludes.
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2.1. Initial demonstrations

ENVIRON reviewed early demonstrations of  
shore-to-ship power (ENVIRON 2004).

US Navy, Royal Navy

Military ships have a long history of  using sho-
re-to-ship power (Paul and Haddadian 2005). 
They spend long periods of  time in port, in-
creasing the benefits of  shore-to-ship power 
(ENVIRON 2004). However, as military ves-
sels often operate to different standards than 
commercial shipping, this experience is not 
necessarily applicable to commercial ships in 
ports.

POSCO Dry Bulk Vessels: Pittsburg,        
California

Pittsburg port has enacted local air permits for 
ships to comply with the California Environ-
mental Quality Act. This regulation requires 
the use of  shore-to-ship supply for electricity 
and steam. To comply with these requirements, 
the Pohang Iron & Steel Company (POSCO) 
chartered four bulk carriers fitted for shore-to-
ship power for trade between South Korea and 
Pittsburg, San Francisco Bay area (ENVIRON 
2004). The first vessel used shore-to-ship po-
wer at Pittsburg in 1991. An onshore step-
down transformer con-verted the power sup-
ply from the local distribution network utility 
to 440 V. This low voltage was the one used 
in the ship’s electricity distribution system, so 
that a step-up transformer and an on-board 

step-down transformer were not required. 
The connection was rated at 800 amps (appro-
ximately 0.5 MW). The connecting cable was 
handled manually. Communications and tests 
of  the system were controlled manually before 
the ship’s auxiliary motors could be switched 
off  and were not part of  the connection cable. 
The time required for the connection process 
was 20 minutes, and the ships were at berth for 
48 hours (on average).

Ro-Ro ferries: Gothenburg, Sweden

Gothenburg installed a low-voltage shore sup-
ply for three Ro-Pax vessels in 1989. In 2000, it 
was the first port to install a high-voltage shore 
connection in cooperation with the pulp and 
paper company Stora Enso, who wished to de-
velop a green logistics concept for their paper 
and forest products trade using Ro-Ro freight 
ships. Electricity from the utility distributi-
on network was stepped down to 6.6 kV 50 
Hz. The system was used by six Ro-Ro ships 
from two shipping companies. These ships 
also used shore-to-ship power at Zeebrugge. 
In 2003, the shore system was adapted to sup-
ply 10kV 50Hz to ships, so that the substation 
for the step-down transformer was no longer 
required. Stena Lines passenger ferries have 
also used 10 kV 50 Hz shore power since 2006 
(IAPH 2019). Ships fitted with on-board trans-
formers then convert this high-voltage shore 
power to 400 V for their electricity distribution 
system (see IAPH 2019).

2.  Review of the development of shore-to-ship  
 power supply systems
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Long Beach/British Petroleum pilot

In 2009, BP and the Port of  Long Beach ini-
tiated the first shore-to-ship power project for 
tankers on the Alaska-California trade route. 
These tankers had electric cargo pumps and 
were frequent callers to the port. A 6.6 kV 
high-voltage system rated at 8 MW was instal-
led. The total investment cost was $ 23.7 milli-
on (TankerOperator 2009).

Princess Cruise Vessels: Juneau, Alaska 
and Seattle

In order to comply with local air quality stan-
dards for clear visibility, Princess Cruises 
in-vested $ 5.5 million in a shore supply facility 
for five cruise ships (ENVIRON 2004). The 
installation came into service in 2001. The 
shore power is supplied directly by the regi-
onal power company, Alaska Electric Light & 
Power, from renewable sources. On-board in-
stallation costs were around $ 500,000 for each 
vessel. Princess Cruises estimated that shore 
power costs $ 4,000-$ 5,000/day, compared to 
$ 3,500 for the auxiliary diesel engines. Cruise 
ships have also used high-voltage shore power 
at Seattle from 2006.

Los Angeles

The port of  Los Angeles commissioned a 
dedicated power barge positioned close to a 
container berth to first provide shore-to-ship 
power in 2004. The barge had a transformer 

and switchgear to convert electricity at 34.5 kV 
from the local grid to 6.6 kV at 60 Hz and then 
to 440 V and performed the step-down functi-
on and shore switchboard functions. The bar-
ge housed a high-voltage cable management 
system to connect the barge to the local grid 
and a low-voltage cable management system 
to connect the barge to the ship receiving sho-
re power.

In 2005, the port commissioned a high-voltage 
6.6 kV shore connection. The system was sui-
table for vessels with an on-board transformer 
and switchgear to convert the 6.6 kV shore 
power to the ship’s low-voltage system. This 
simplified the shore-to-ship connection equip-
ment needed and reduced the transmission 
losses from the supply utility to the ship. NYK 
ATLAS was the first vessel to use the HVSC 
(Wärtsilä 2019).

Current facilities in international ports 

Figure 2 summarises the current installations. 
The identified fields of  application are:

• Cruise ships

• Dry bulk/tankers

• Container ships

• Ro-Ro/Ro-Pax/ferries

• Service vessels (e.g. tugs)

• Inland waterways vessels
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EEuurrooppee AAssiiaa NNoorrtthh  AAmmeerriiccaa OOcceeaanniiaa

BBeellggiiuumm
Antwerp (container, barges)

Zeebrugge (Ro-Ro)

AAzzeerrbbaajjiiaann
Baku (container)

CCaannaaddaa
Halifax (cruise)
Montreal (cruise)

Vancouver (container, cruise)
Prince Rupert (cruise)

NNeeww  ZZeeaallaanndd
Auckland 
(cruise)

FFiinnllaanndd
Helsinki (Ro-Ro)

Kemi (Ro-Ro) (container)
Kotka (Ro-Ro)
Oulu (Ro-Ro)

CChhiinnaa  ((mmaaiinn ffaacciilliittiieess))
Tianjin (container)
Nanjing (container)

Dalian (Ro-Ro)
Haikou (Ro-Ro)

Lianyungang (passenger)
Ningbo-Zhoushan
(passenger/OGV)

UUSSAA
Los Angeles (OGV)
Long Beach (OGV)

Oakland (container)
San Francisco (OGV)

San Diego (refeer ships)
Seattle (cruise)
Juneau (cruise)
Pittsburg (bulk)

FFrraannccee
Le Havre (ferries)
Marseille (ferries)

IInnddiiaa
V.O.Chidambaranar (bulk)

GGeerrmmaannyy
Lübeck (Ro-Ro)

Hamburg Altona (cruise)
Kiel (Ro-Pax)

JJaappaann
Tokyo (OGV)

NNeetthheerrllaannddss
Amsterdam (river boats)

Rotterdam (Ro-Pax, barges)

SS..  KKoorreeaa
Busan (OGV)
Incheon (OGV)
Ulsan (OGV)

Yeosu Gqangyang (OGV)

NNoorrwwaayy
Oslo (Ro-Pax, cruise)

Bergen (supply vessels)

TTaaiiwwaann
Taipei (OGV)

SSwweeddeenn
Gothenburg (Ro-Ro)
Helsingborg (ferry)

Pitea (Ro-Ro)
Stockholm (Ro-Pax)
Trelleborg (Ro-Pax)
Karlskrona (Ro-Pax)

Ysatd (Ro-Pax)

UUKK
Milford Haven (tugs)

Figure 2: Current shore-to-ship installations.
Adapted from (Zis 2019; Ningbo-Zhoushan Port 2015; TrainMosII 2015).
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Some ports supply shore-to-ship power to 
several types of  ocean-going vessels. All Ca-
lifornian ports provide shore-to-ship power 
as required by the Californian Air Resources 
Board regulation of  2007: “Airborne Toxic 
Control Measure for Auxiliary Diesel Engines 
Operated on Ocean-Going Vessels At-Berth 
in a California Port“ (also referred to as the 
“At-Berth“ Regulation). This requires ships to 
turn off  auxiliary diesels and use shore-to-ship 
power (see Section 4 for a discussion of  the 
regulation). China has also implemented an 
extensive development programme of  shore-
to-ship power. Other installations have been 
developed in Canada and Alaska, mainly for 
cruise ships and for Ro-Ro/Ro-Pax ferries. Eu-
ropean Union legislation (Directive 2014/94/
EU, in force from 31st December 2025) is dri-
ving the development of  shore-to-ship power 
in Northern European and Baltic ports.

Port and service vessels, such as tugs or dred-
gers, represent one field of  application that 
has been largely neglected so far, even though 
they spend relatively long periods in ports and 
therefore have considerable potential to re-
duce emissions.
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The requirements for the provision of  shore-
to-ship power are summarised in Sciberras et 
al. (Sciberras et al. 2015). Ships usually have 
a low-voltage distribution network (ranging 
from 440 V to 220 V or 110 V) at either 50 
Hz or 60 Hz, although some newer ships can 
accept a 6.6 kV supply, which is converted on-
board. The first systems were installed in the 
ship distribution network, but these involved 
considerable transmission and conversion los-
ses. Shore-to-ship power from a grid utility is 
usually medium voltage (often in the range 15 
kV to 11 kV) at 50 Hz. Therefore, the supply 
from the utility must be stepped down and, if  
necessary, the frequency is converted onshore 
and supplied to the ship at 6.6 kV (see Figu-
re 3). This requires the ship to have on-board 
equipment to step down the voltage. The pha-

se of  the shore supply has to be synchronised 
with the on-board system. Once the ship’s sys-
tem has been synchronised, the ship’s auxili-
ary motors can be switched out and powered 
down. Synchronisation and connection can be 
performed manually, but the latest systems of-
ten provide automatic checks and synchroni-
sation, e.g. Kiel Norwegenkai (Kiel 2018). A 
further problem is the effect the ships‘ load 
may have on other consumers in the local dis-
tribution network (Sciberras et al. 2015). Ships 
represent a very large load in comparison to 
other domestic consumers. The power electro-
nics used may generate frequency harmonics 
with associated power losses and voltage dis-
tortions. These quality concerns may require 
filter equipment to be installed at the onshore 
switchboard.

3. Technical requirements for shore-to-ship
 power supply systems

Figure 3: High voltage shore-to-ship configuration (Sciberras et al. 2015).
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4. Assessment of best practice ports

4.1. Data and sources used

The study uses a combination of  methods. First, 
the literature on shore-to-ship power supply is 
reviewed. This review identifies ports active in 
the development of  shore-to-ship power sys-
tems. Then a number of  these ports were con-
tacted and asked to provide information about 
their shore-to-ship systems. The information 
was requested using a questionnaire developed 
by Fraunhofer ISI and Fraunhofer CML. Of  
the ports contacted, questionnaires were recei-
ved from Hamburg, Vancouver, Gothenburg 
and Trelleborg. The port of  Los Angeles did 
not respond to the questionnaire. Tianjin Port 
supplied a report describing the current appli-
cation of  shore-to-ship power supply systems 
in China. The questionnaire was structured 
as shown in Figure 5 and the questionnaire is 
shown in the Appendix 8.

4.2. Analysis of shore-to-ship power  
     in selected global ports

Of  all the ports with shore-to-ship power 
facilities, the following were selected for the 
comparative analysis because they have played 
a leading role in the development of  shore-
to-ship power. Questionnaires to complement 
the desk research were received from the ports 
of  Hamburg, Vancouver, Gothenburg and 
Trelleborg. Los Angeles did not respond to 
the questionnaire so the analysis for this port 
is based on a literature review. The analysis for 
each port is structured as follows:

• Berths and systems
• Organisation and institutions for shore-to-

ship power supply
• Costs and incentives
• Operational experience
• Assessment of  port

Figure 4:  Overview of  best practise ports worldwide

Los Angeles

Vancouver

Gothenburg

TrelleborgHamburg
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Figure 5: Structure of  the questionnaire

GGeenneerraall  qquueessttiioonnss
• How long has the system been in operation?
• Why was the system developed?
• What are the expected benefits for the port?

CCoosstt ooff sshhoorree--ttoo--sshhiipp
eelleeccttrriicciittyy ccoommppaarreedd ttoo ffuueell
ffoorr sshhiippss‘‘  aauuxxiilliiaarryy eennggiinneess iinn  
tthhee llooccaall mmaarrkkeettss

• Charging scheme and price per kWh
• Price per kWh constant or dependent on the time of day / 

season or other variable? Is it included in a port fees 
package?

• Subsidies
• Influence of peaks loads from ships on the electricity price

EEnneerrggyy  ccoonnssuummppttiioonnss • Energy consumption per vessel type (demand side)

SSuuppppllyy  ssiiddee,,  PPoowweerr  ssuuppppllyy

• Number, type and capacity in kWh of installations per berth
• Any customised solutions (e.g. electrical power supply via 

small-scale LNG turbines?)
• Energy mix of on-shore power supply

RReegguullaattoorryy ffrraammeewwoorrkk

• Port fees
• Additional incentives
• Is the use of shore power mandatory for some

vessels/berths?
• Is there a bonus and malus system in place?

OOppeerraattiioonnaall  iissssuueess

• Who is responsible for shore-side system management and 
operation? Who is responsible for inspection and safety?

• Power management systems for matching (frequency and 
voltage etc.) the shore power supply with ships‘ power 
systems

• Customized berthing system to serve as many vessels as
possible? What are the arrangements for flexible high 
capacity cables on the berth to allow for different positions
of the connections on different ships?

• Percentage share of severe failure in supplying vessels
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4.2.1 Hamburg Port Authority (HPA)

The first alternative power supply facility at 
HPA was the Hummel LNG power barge, 
which started operating in 2015. A pilot pro-
ject for shore-to-ship supply was commissi-
oned in 2016 at the Altona cruise terminal, 
and commercial operation began in 2018. The 
cruise terminal at the Hamburg HafenCity 
has also been provided with infrastructure for 
the LNG power barge (HPA 2019a). There is 
also a portable LNG power pack with a rating 
of  1.5 MW arranged as two UIC containers, 
which has been trialled on a container ship 
(MAREX 2018).

The shore supply facility for the Altona crui-
se terminal consists of  a single power supply 
point. The equipment comprises a transfor-
mer station with four transformers, a frequen-
cy converter, cables and a cable channel for the 
shore side and a mobile shore-to-ship connec-
tor. The utility supplies electricity at 10 kV/50 
Hz. Supply to the ship can be 11 kV/60 Hz, 
6.6 kV/60 Hz, 10 kV/50 Hz or 6 kV/50 Hz. 
The system has a rating of  12 MVA, with 100 
% renewable electricity supplied by the electri-
city utility. A second shore-to-ship supply sys-
tem is under construction.

“The Hummel LNG hybrid power barge“ 
built by Becker Marine Systems has a rating 
of  7.5 MVA and can supply electricity at 11 
kV/60 Hz and 10 kV/50 Hz. It is berthed ad-

jacent to the cruise terminal and is connected 
to receiving ships by cables over the quayside.

Both the power barge and the utility power 
supply system automatically synchronise the 
shore supply and the ship system once the two 
are connected. The ship‘s auxiliary engines can 
then be switched off. AIDA Cruises, HPA and 
the energy supplier Hamburg Energie have a 
contract to supply power from 100 % renewa-
bles to cruise ships using the Altona terminal. 
Any other users would also have to enter into 
a contract with the port and the electricity uti-
lity. Contracts for power supply from the LNG 
power barge are made with the barge operator, 
Hybrid Port Energy. The price for electricity 
is part of  the contract between AIDA Cruises 
and Hamburg Energie, the electricity supplier. 
There is no provision for smoothing peak 
loads due to the demand from a cruise ship. 
HPA considers that the price of  power will no 
longer be a significant factor when more ships 
use the shore-to-ship power system. This im-
plies that the price for electricity from Ham-
burg Energie will fall with a higher utilisation 
of  the shore-to-ship system.

The investment in shore terminals and the 
LNG power barge has been supported by regi-
onal and national innovation programmes (EU 
Commission 2014). The harbour dues also in-
clude several financial incentives for emission 
reduction technologies (HPA 2018a, 2018b). 
Harbour dues offer a range of  environmental 
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discounts for different ship types. The electri-
city price reduction can be up to € 3000 per 
port call for cruise ships using the shore sup-
ply.

Specific discounts are described in HPA (HPA 
2018a). There is a special reduced rate for using 
shore-to-ship power or the LNG power barge. 
Charges for the berth are reduced by 80 % if  
shore supply with 100 % renewable electricity 
is used or if  power is taken from a LNG power 
barge (HPA 2018a). There is also a range of  
environmental discounts for ships registered 
in the international Environmental Ship In-
dex (ESI). There is a 2 % reduction in harbour 
dues for vessels that have been awarded the 
“Blue Angel” ecolabel by the German Federal 
Ministry of  the Environment, Nature Conser-
vation, Building and Nuclear Safety and the 
German Federal Environment Agency. There 
is also a 3 % reduction in harbour dues for oil, 
product and chemical tankers, LNG carriers 
and, following the launch of  the certification 
program later this year, LPG carriers that have 
a “Green Award“.

During the first season of  its operation, the 
LNG barge supplied 11 port calls and in-
creased this to 16 in 2016. The LNG barge 
supplied all the shore-to-ship power for the 
AIDAsol for a whole season‘s operations. In 
2018, the cruise ship AIDAsol made 22 port 
visits and used shore-to-ship power for the 
duration (HPA 2019b). Contracts with other 

cruise ships are under negotiation. AIDAsol is 
currently the only ship using the shore-to-ship 
system, and represents 10 % of  cruise ship 
port visits. There have been no interruptions 
to the power supply to the AIDAsol. HPA in-
cur extra costs for operating the shore-to-ship 
system. These include costs for personnel to 
operate the system (partly working in shifts to 
ensure a continuous power supply) and inspec-
tion/maintenance of  the shore equipment.

Assessment

The use of  shore-to-ship power in Hamburg 
involves increased costs for the ships for the 
on-board power supply equipment and higher 
energy costs than running auxiliary motors. 
The provision and maintenance of  the sho-
re-side equipment involves extra equipment 
and operating costs for the port. However, 
HPA has identified the cruise market as a po-
tential growth area that is a leader in alternative 
fuel provision. In the case of  HPA, AIDA Cru-
ises have been willing to invest in LNG motors 
on their cruise ships and to make some pro-
vision for shore-to-ship power systems. The 
HPA subsidy has provided sufficient financi-
al incentive for AIDAsol to use shore-to-ship 
power for all its port visits to Hamburg. AIDA 
Cruises may decide to equip further ships for 
shore-to-ship power, but this has yet to be de-
monstrated. Other cruise lines competing in 
similar markets in northern Europe may deci-
de that they need to compete on environmen-
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tal quality as well, including the use of  shore 
power in port. However, AIDAsol is currently 
the only ship using shore-to-ship power, so it is 
possible that further measures will be required 
for more cruise ships to adopt shore-to-ship 
power. Furthermore, cruise ships only account 
for a small proportion of  the ships calling at 
Hamburg, where the highest level of  activity is 
for container ships.

4.2.2 Port of Vancouver

The overall objective of  investing in shore-to-
ship systems in the Port of  Vancouver was to 
improve local air quality by reducing green-
house gas (GHG) and criteria air contaminant 
(CAC) emissions. The energy utility uses re-
newable hydroelectricity. This results in lower 
GHG, NOx, and SOx emissions and shore-to-
ship power also reduces the noise of  running 
the ship‘s auxiliary engines. These emission 
reductions contribute towards meeting British 
Columbia’s and Canada’s GHG reduction tar-
gets.

The expected benefits for the port are that 
shore-to-ship power will help to achieve the 
Port of  Vancouver’s vision to ‘be the most sus-
tainable port in the world’. 97 % of  the electri-
cal capacity comes from hydroelectric genera-
tion, so that shore-to-ship power significantly 
reduces greenhouse gas emissions and impro-
ves the air quality for terminal employees, the 
surrounding community, and the natural en-
vironment.

The Port of  Vancouver offers shore-to-ship 
power at three terminals:

1. Cruise ship terminal located at Canada Pla-
ce, Vancouver Downtown - in operation 
since 2009.

2. Centerm container terminal located at 
Burrard Inlet, Vancouver – commissioned 
in October 2018.

3. Deltaport container terminal located at 
Roberts bank, Delta – the system is instal-
led and ready for a suitable vessel (as of  
January 2019).

The cruise ship terminal has two shore-to-
ship power connections rated at 10 MW and 
12 MW. The shore power infrastructure at the 
container terminals is designed for 7.5 MVA 
as per IEC/ISO/IEEE 80005-1 High Voltage 
Shore Connection (HVSC) systems.

A Closed Transition Transfer (CTT) system is 
used to connect ship and shore, which al-lows 
temporary paralleling of  the vessel’s diesel ge-
nerators and the onshore power utility (in this 
case BC Hydro – the British Columbia Hydro 
and Power Authority). The CTT system auto-
matically synchronizes and transfers the load 
between the shore power supply and the vessel 
power supply once connected.

There are several different safety features im-
plemented throughout the shore-to-ship po-
wer system at Port of  Vancouver terminals. 
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These include safety loops, direct communica-
tion with the vessels, equipment status checks, 
control through programmable logic control-
lers (PLC), direct electrical interlocks and an 
additional safety control relay system. These 
design elements result in a system that is simp-
le, safe and reliable.

An important consideration is the positioning 
of  shore power connections. In order for a 
vessel to connect to a shore power system, 
it must extend cables from its on-board Al-
ter-nate Marine Power (AMP) equipment to a 
receptacle pit located on the berth. Due to the 
limited length of  the cables, the AMP equip-
ment on the vessel must be aligned within 20 
meters of  a receptacle pit. Factors such as ber-
thing configurations, vessel sizes, and the loca-
tion of  the on-vessel AMP equipment dictate 
whether a vessel will be able to connect to a gi-
ven receptacle. This issue is usually addressed 
by installing receptacle pits at regular intervals 
along the berth face (typically every 60 me-
ters). This solution works well in greenfield in-
stallations where receptacle pits can simply be 
cast into the new berth face, but this approach 
is very costly when installing receptacle pits at 
an existing terminal.

Project budgets dictate the number of  recep-
tacle pits that can be installed. In order to ma-
ximise the number of  ships able to connect 
to the shore power system, the Port of  Van-
couver conducted a a detailed berthing study. 

An analysis was made of  the container lines 
serving the Pacific North West region. An ou-
treach survey was performed to the various 
container lines to determine their vessel sizes, 
the location of  on-board equipment, and their 
plans to build new vessels. A comprehensive 
analysis and summary study were conducted 
to optimize the receptacle pit locations, taking 
into account vessel length, number of  ves-
sels berthed simultaneously, location of  AMP 
equipment, berth configuration and berthing 
orientations, length of  connection cables, and 
tidal fluctuations and vessel buoyancy during 
on- and off-loading.

BC Hydro is a Crown corporation that sup-
plies the power and invoices cruise ship lines 
directly for using shore power at the Canada 
Place cruise ship terminal. Container terminal 
operators (DP World Vancouver at Centerm 
and Global Container Terminals at Deltaport) 
are in the process of  establishing a shore po-
wer connection fee. This will include the cost 
of  energy using BC Hydro Tariff  Supplement 
86 (TS86) and other administrative and la-
bour fees associated with the connection. In 
July 2017, BC Hydro released an addendum to 
their Interconnection Requirements for Power 
Generators, with specific provisions for ter-
minals supplying ships capable of  running in 
parallel with BC Hydro.

A third-party contractor, hired directly by cru-
ise ship lines, is responsible for the operation 
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and maintenance of  shore power equipment 
at Canada Place cruise ship terminal. Once the 
system is fully commissioned, container termi-
nal operators will be responsible for operating 
the shore power equipment. The connection 
requires one electrical supervisor and two elec-
tricians. The repair and maintenance of  the 
shore-to-ship power facilities in accordance 
with the manufacturer’s specifications are the 
responsibility of  the respective terminal ope-
rators. Vancouver Fraser Port Authority (the 
organisation that installed the shore power inf-
rastructure) will retain ownership of  the shore 
power facilities.

The use of  shore power is voluntary at Port of  
Vancouver terminals.

In terms of  pricing, BC Hydro has establis-
hed a specific shore power rate. The price per 
kWh is constant (independent of  the time of  
day and/or season). This rate enables terminal 
operators to provide shore power at a predic-
table unit electricity cost (i.e. without unit cost 
uncertainties resulting from the presence of  a 
demand charge). There is no demand charge in 
TS86 – vessels are charged for metered energy 
use (kWh) only plus a nominal administrative 
fee. BC Hydro is able to provide a preferential 
rate to port customers based on the provision 
that the service is non-firm and interruptible 
if  BC Hydro needs the energy for any reason. 
Because the power is non-firm, BC Hydro was 
not required to construct an extension to in-

crease the capacity of  its distribution system 
to provide the shore power service. This leaves 
the ships a risk of  supply interruptions, but re-
duces the capital cost for BC Hydro. However, 
the system is continuously monitored by the 
ships‘ systems and the ship can restart its auxi-
liary engines if  necessary. Shore-to-ship power 
has not caused any vessel failures at Port of  
Vancouver terminals.

There are no specific subsidies but the absen-
ce of  a demand charge offers a significant ad-
vantage, especially to vessels that would trigger 
high peak demand charges while connected, 
i.e. cruise ships. The cost of  BC Hydro elec-
tricity is one of  the lowest in North America.

If  regular rates were applied, it would be very 
difficult to distribute the cost of  the peak de-
mand charge among the connected vessels, 
because the regular monthly charge combines 
charges for energy ($/kWh) and peak demand 
($/kW) (monthly highest average kW measu-
red over 15 minute intervals). A demand char-
ge would be a disincentive for shore-to-ship 
power, which is why the Port of  Vancouver 
considers a special shore power rate integral to 
the successful adoption and growth of  shore 
power technology. A further incentive is that 
all vessels capable of  shore power connection 
can apply for discounted harbour dues through 
the Port of  Vancouver’s EcoAction Program.

For the new container terminal installations, 
the expected initial shore power uptake is one 
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to four vessels per month. Container ships able 
to connect to shore power make up 34 % of  
all container ship calls to Vancouver. Approxi-
mately 80 % of  the cruise vessels equipped for 
shore-to-ship connect to shore power. Table 
4 shows the typical demand profiles for cont-
ainer ships and cruise ships.

Assessment

The experience of  the Port of  Vancouver 
shows that it is possible to develop a voluntary 
shore-to-ship power system that provides suf-
ficient incentives for almost all cruise ships to 
use the system for all their port calls. This is due 
to the combination of  supporting factors. Most 
importantly, many cruise ships in the North 
West cruise market are fitted with shore-to-ship 
power equipment. To a considerable extent, this 
is the effect of  the US clean air legislation for 
ports. Together with the lower price sensitivity 
in the cruise market com-pared to container or 
bulk markets, cruise ship operators are prepared 
to undertake extra investments. The US ports 
of  Juneau and Seattle also provide shore-to-ship 
power and cruise lines have invested in shore-

to-ship equipment here as well. Furthermore, 
when operating in areas that depend on their 
environmental attractiveness, cruise shipping 
lines in general are facing increasing pressure to 
operate ships that minimise their environmental 
impact. A further supporting factor is the relati-
vely low price of  shore power for cruise vessels, 
which depends on a special price and conditions 
for ships compared to other BC Hydro custo-
mers. The demand-independent, fixed power 
rate is lower than the rates for other customers. 
In return, the contract is for a non-guaranteed 
or ‘non-firm‘ electricity supply. This is an ima-
ginative and effective measure to reduce the ex-
tra cost of  shore power compared to running 
ships‘ auxiliary engines.

The uptake of  shore-to-ship power by cont-
ainer vessels is still to be demonstrated. How-
ever, a significant proportion of  container 
vessels calling at Vancouver are fitted for sho-
re-to-ship power. If  the cost of  shore power 
is competitive with ships‘ auxiliaries, container 
ships can also be expected to use shore-to-ship 
power.

Figure 6: Typical demand profiles for container and cruise ships at the port of  Vancouver

VVeesssseell ttyyppee 9500 TEU container Cruise ship

AAuuxxiilliiaarryy ddeemmaanndd aatt  bbeerrtthh
1.55 MW
average, depending on amount of refrigerated
containers on the vessel

6-12.5 MW

TTiimmee  aatt  bbeerrtthh 60 hours
8 hours
Average connected time: 5-7.5 hours

TToottaall  ppoowweerr  uusseedd wwhhiillee aatt  bbeerrtthh 106 MWh
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4.2.3 Gothenburg

The Swedish Transport Administration provi-
ded data on monetary values for emissions and 
the Port of  Gothenburg conducted a feasibili-
ty study for possible shore-to-ship implemen-
tation. This showed a social benefit for Ro-Ro 
installations, but installation costs were much 
higher than the avoided external costs for the 
energy and container ports.

The current shore-to-ship system has three 
connections for two ferry/Ro-Pax ferry ter-
mi-nals and one connection for freight Ro-Ro/
car carriers. The supply is at 60 Hz per berth, 
rated at 0.6 MW to approximately 1.5 MW.

The power is supplied by the local electricity 
utility, Göteborg Energi Nät AB. The shipping 
company has a contract directly with the pow-
er supplier.

The price per kWh does not depend on the 
time of  day or season and there are no peak 
load charges. Several financial incentives are in 
place. The variable cost of  shore supply is tax-
free in Sweden: the government cut the tax on 
electricity for ships last year from 0.28 Swe-
dish Kroner per kilowatt-hour to a symbolic 
0.05 per kWh. There is a further discount for 
vessels with good environmental performance 
based on the ESI. Harbour dues are discoun-
ted for vessels using shore-to-ship power sup-
ply, because these score higher on the ESI than 
vessels using auxiliary diesels.

Shore-to-ship power supplies 75 % of  the 
electricity required by ships in the ferry/Ro-
Pax berths and 25 % of  the power for freight 
Ro-Ro/car carriers.

One operational difficulty that can occur is that 
connecting the ferries to the grid some-times takes 
longer than the planned layover time in the port.

Assessment

As was the case in Vancouver, market deci-
sions by ship operators combined with deci-
sions by the ports to invest in shore-to-ship 
power systems. The requirements of  a logistics 
operator, Stora Enso, led to the investment in 
shore-to-ship power for freight Ro-Ro vessels 
on a specific trade route. These vessels also 
use shore-to-ship power at another port, Zee-
brugge. The use of  shore-to-ship power by the 
Stena Ro-Pax vessels is a result of  Stena Lines‘ 
policy of  developing shore-to-ship power for 
its operations at several ports in Scandinavia. 
Both these shipping lines use shore-to-ship 
power in ports with subsidised power prices 
and shore-to-ship power systems at both ends 
of  their voyages.
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4.2.4 Trelleborg

Trelleborg port launched a shore-to-ship sys-
tem for two Stena Line ferries in 2017. Four 
of  the six Stena Line ports in Sweden, which 
represent 17 % of  the Swedish ports, have 
shore-to-ship power.

The connection is rated at 3.2 MW. The elec-
tricity is supplied by the local electricity utility. 
The Ro-Pax ships connect to the shore pow-
er when docked for more than two hours. In 
Trelleborg, this takes place 10-16 times per 
week. This is calculated to save 12,500 tonnes 
CO2 annually (Harbours Review 2017).

The price of  electricity comprises a fixed fee 
as well as a price per kWh. The fixed fee is high 
for the high-voltage supply. The price per kWh 
does not depend on the time of  day or season 
and there are no peak load charges. As at Go-
thenburg, the shore supply’s variable price per 
kWh is tax-free.

The ferry/Ro-Pax shore-to-ship supply is used 
by two vessels, which covers 100% of  their 
energy requirements.

Assessment

Trelleborg has benefitted from the Stena Line 
policy of  developing a network of  services 
with shore-to-ship power on its ships and at 
many of  their ports of  call. The subsidies from 
the Swedish government have made shore po-
wer competitive with ships‘ auxiliary motors. 

These benefits are combined with a high level 
of  utilisation, as the ships in this case are fer-
ries operating short sea services and therefore 
spending a relatively high proportion of  time 
in ports. The provision of  shore-to-ship po-
wer at both ends of  a ferry route ensures that 
a high utilisation of  the shore-to-ship equip-
ment is possible on these routes. This improves 
the rate of  return on the capital cost for the ships. 

4.2.5 Los Angeles

The successful trials of  shore-to-ship power 
systems, in particular the Los Angeles power 
barge from 2004 and the 6.6 kV high voltage 
connection from 2005, enabled the Califor-
ni-an Air Resources Board (CARB) to imple-
ment legislation requiring ships berthing in 
Cali-fornian ports to use shore-to-ship power. 
Ports covered by the legislation are: Port of  
Los Angeles, Long Beach, Oakland, San Die-
go, San Francisco and Hueneme. The At-Ber-
th Regulation gives vessel fleet operators visi-
ting these ports two options to reduce at-berth 
emissions from auxiliary engines: 1) turn off  
auxiliary engines and connect the vessel to 
some other source of  power, most probably 
grid-based shore power, or 2) use alternative 
control technology that achieves equivalent 
emission reductions. Californian ports had 
already implemented shore-to-ship power po-
licies. The relevant leg-islation required that, 
from 1st January 2014, 50 % of  all container, 
refrigerated cargo and cruise ships calling re-
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gularly at these ports must use shore-to-ship 
electrical power at berth. These fleets must 
also cut their total emissions by 50 % while 
berthed. These requirements were extended to 
70 % of  ships and a 70 % emission reduction 
from 2017 and to 80 % of  ships and an 80 % 
emission reduction from 2020 (CARB 2019).

The high-voltage shore-to-ship power sup-
ply installed at the Port of  Los Angeles com-
plies with the specifications of  the IEC/ISO/
IEEE 80005-1 international standard (POLA 
2019). Plugs and socket-outlets comply with 
IEC 62613-1 and IEC 62613-2.

• Shore-side power supply: 6,600 volts (6.6 
kV) 3-phase power at 60 Hz. The supply 
has A-B-C counter clockwise rotation ac-
cording to the international standard.

• Each shore-side AMP-HVSC vault has two 
outlets. Socket-outlet rated shore circuit cur-
rent: 16 kA/ for a period of  1 second. Cur-
rent rating of  each socket-outlet: 320 Ampe-
res Socket-outlet voltage rating: 7.2 kV

The shore to ship power connections in the 
Port of  Los Angeles were developed to meet 
the emission target defined by the Los Angeles 
municipal authority under the No Net Emissi-
on Increase programme for the port. This was 
the authority’s reaction to the California Air 
Resources Board legislation of  2007. 

Electrical power is provided by the Los An-
geles Department of  Water and Power (LAD-
WP). LADWP power consumption invoices 
are sent to the port and reinvoiced to the ter-
minal tenant where ships used shore power.

The port has invested in shore-to-ship connec-
tions and provided financial support of  US 
$ 800,000 in total for the installation of  the 
on-board equipment required to connect and 
receive shore-to-ship power. The scheme was 
successful, with shipowners investing in shore-
to-ship equipment in a total of  52 new-build 
(5000 TEU) container vessels between 2005 
and 2008.

Charges from the electricity utility (LADWP) 
are based on the following factors (LADWP 
2019):

• Fixed service charge $ 150

• Facilities charge - per kW $ 1.33

• Energy charge - per kWh $ 0.05910

• Reactive energy charge: charge to reflect 
peak loading of  the grid

The measured power consumption of  the 
ships may not match the total electrical po-
wer consumption shown on the LADWP in-
voice, usually due to shore equipment power 
consumption and service fees.
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“Ocean going vessels that are supplied elec-
tric current at the Port of  Los Angeles by the 
Department of  Water and Power of  the City 
of  Los Angeles through facilities of  the Har-
bor Department and invoiced by the Harbor 
Department for the purpose of  reducing air 
emis-sions at the Port are exempt from the 
15 % the service charge otherwise applicable 
to the cost of  such electric current“ (POLA 
2005).

Most container ships use the shore-to-ship 
supply. Figure 7 summarises the activity for 
2018 and 2019.

Assessment

The example of  the Port of  Los Angeles is 
particularly important, because it demonstra-
tes the conditions under which general com-
mercial shipping will convert to shore-to-ship 
power. As Figure 7 shows, most container 
vessels calling at the Port of  Los Angeles, the 
largest container harbour in the US, now use 
shore-to-ship power. This has been achieved 
through a long-term, consistent environmen-
tal policy applied by CARB. The long tradition 

of  rigorous environmental policy in California 
provided a regulatory environment that con-
vinced ports they would have to develop poli-
cies and systems to reduce air emissions. The 
ports in California were therefore willing to 
install shore-to-ship power technology to en-
able them to comply with the environmental 
legislation. This development in turn enabled 
CARB to pass legislation requiring major re-
ductions in emissions from ports. This created 
a framework in which Californian ports were 
able to develop plans including shore-to-ship 
power and specific targets and time limits for 
the shore-to-ship power systems used by the 
shipping lines calling at these ports. An im-
portant aspect here, which is also relevant to 
the cruise ship operator in the North West of  
the US and Canada, is that all ports in the regi-
on are regulated.

These regulations were supported by incenti-
ves for shipowners that reduce the additional 
costs involved in capital equipment and the 
higher cost of  shore electricity compared to 
running ships‘ auxiliary motors.

Figure 7: Use of  shore-to-ship power in the port of  Los Angeles (POLA 2019)

CCaallllss  uussiinngg
sshhoorree--ttoo--sshhiipp ppoowweerr

SShhoorree--ttoo--sshhiipp ppoowweerr  
eeqquuiivvaalleenntt ccaallllss

TToottaall  ccaallllss %%  sshhoorree--ttoo--sshhiipp

2018 January - December 759 61 1016 81

2019 January - March 116 9 173 72
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4.3 Assessment of current international                     
    best practice

The ports featured in section 4.2 provide ex-
amples of  the ‘state of  the art‘ in the develop-
ment of  shore-to-ship power systems. This 
section draws general lessons on the goals of  
using ship-to-shore power systems and descri-
bes successful examples in the areas of  techni-
cal systems, policy and contractual arrange-
ments.

The first conclusion is that shore-to-ship pow-
er systems are introduced as an environmental 
measure, with the goal of  reducing both local 
air pollution and greenhouse gas emis-sions 
from port areas. The information obtained for 
Vancouver and Los Angeles, as well as the data 
for Tianjin Port, show that this goal can be 
achieved. It has been demonstrated that sho-
re-to-ship power saves a considerable quantity 
of  the fuel otherwise needed to power auxili-
ary engines in port. This achieves the objective 
of  reducing local air pollution in ports. The 
reduction in greenhouse gas emissions compa-
red to running the ships’ auxiliary engines de-
pends on the greenhouse gas emissions asso-
ciated with the shore power generation system 
as well as the reduction in the use of  diesel or 
HFO. If  the shore power comes from renewa-
ble power sources, large GHG reductions can 
be achieved.

However, there are a series of  barriers to the 
development of  shore-to-ship power systems, 
which need to be overcome if  these systems 
are to be more widely adopted. There are ad-
ditional capital costs for ships and ports, addi-
tional operating costs that depend on the dif-
ference between the shore-side electricity price 
and the ship’s fuel price, as well as manage-
ment, maintenance and training costs. A new 
contractual and regulatory frame-work has to 
be developed. These barriers have different le-
vels of  importance for different trades.

The examples chosen cover cruise ship opera-
tions, container and bulk operations, as well as 
Ro-Ro and Ro-Pax ships. Cruise lines and Ro-
Pax ports such as Vancouver and Gothenburg 
have been quicker to develop systems and re-
gulatory frameworks. This is because emissi-
ons from ships in port are considered to have 
a negative effect on market demand, while cru-
ise ships have high capital and operating costs, 
so that the increased cost due to shore-to-ship 
systems can be more easily accommodated in 
their business model than is the case for cont-
ainer and bulk ships. Vancouver and Hamburg 
provide examples of  shore-to-ship power for 
cruise ships, while Los Angeles has developed 
a successful framework for implementing sho-
re-to-ship power for container and bulk ope-
rations. Ro-Ro and Ro-Pax operations feature 
some of  the market factors of  cruise ships. 
Ports such as Hamburg and Gothenburg and 
shipping lines such as Stena Line are commit-
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ted to developing shore power as part of  a 
policy to improve their environmental impact. 
Ro-Ro and Ro-Pax operations have the further 
advantage that they operate between a fixed, 
limited number of  ports so that the ships‘ 
shore power systems can be used for all port 
calls. They often operate over short routes, so 
that the ships have a high number of  port calls 
and spend a relatively high proportion of  their 
time in port, compared to deep-sea container 
ships or bulkers/tankers.

There are two types of  network effects that 
can hinder or promote the use of  shore-to-
ship power systems: the number of  ships fit-
ted to receive shore power and the number of  
ports where a ship fitted with such equipment 
can use a berth with shore-to-ship power.

A major problem for ports wishing to promo-
te shore-to-ship power is that many ships are 
not fitted with the required equipment. Howe-
ver, many international operators are currently 
converting their fleets. The operators listed as 
having used shore-to-ship power or perfor-
med the equivalent at the Port of  Los Angeles 
are listed in POLA (POLA 2019):

• American President Lines Ltd
• CMA CGM (America)
• COSCO
• Evergreen Marine Corp
• Hapag-Lloyd AG
• Hyundai Merchant Marine Co Ltd
• Maersk Line

• Mitsui OSK Lines Ltd
• Mediterranean Shipping Co
• Nippon Yusen Kaisha
• Ocean Network Express
• Orient Overseas Container Line
• Pacific International Lines
• Wan Hai Lines Ltd
• Yang Ming Marine Transport

This suggests that most of  the largest cont-
ainer operators have fitted many of  their ships 
for shore-to-ship power. Bulk carriers and tan-
kers have not been fitted to the same extent. 
Since the bulk and tanker trades have a wide 
range of  routes and operators, stronger regu-
lations and incentives will be required for them 
to invest in shore-to-ship power equipment.

The number of  ports with shore-to-ship sys-
tems used in a particular trade is also an im-
portant consideration. If  a ship can use shore 
power for all its port calls, the ship‘s equip-
ment can be used more intensively, strengt-
hening the business case for investment. This 
can be seen most clearly in the Ro-Pax trade in 
the examples of  Gothenburg and Trelle-borg. 
The Ro-Pax ferries operate on a few routes, 
where most of  the ports have shore-to-ship 
systems. Since ferries berth very frequently, 
the benefits of  shore-to-ship power are parti-
cularly high in this market.
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4.3.1 Equipment

While the early shore-to-ship systems supplied 
power at low voltage to ensure compatibili-
ty with ships’ on-board distribution systems, 
all the ports examined have since adopted 
high-voltage systems with frequency changing. 
For seagoing and coastal vessels, systems are 
now installed to the IEC/ISO/IEEE 80005-1 
standard for High Voltage Shore Connection 
(HVSC) systems, usually 6.6 kV rated at 7.5 
MVA. The vessels using the port are assessed. 
The assessment estimates a power demand of  
up to 12.5 MW for large cruise ships, but lo-
wer power requirements for container vessels, 
dry and wet bulk vessels or Ro-Pax. Frequency 
converters are usually included for the conver-
sion from 50 Hz to 60 Hz.

A further consideration is the positioning of  
the equipment. In the example of  Vancouver, 
a survey of  all the potential ships for shore-
to-ship supply determined the optimal number 
of  supply points and their positioning on the 
berths.

Recent installations, e.g. at Hamburg and Kiel, 
have simplified and partly automated the 
connection and disconnection procedures, in 
order to speed up the process and enhance the 
safety of  operation (Kiel 2018).

4.3.2 Policy measures and support

Both the shore-side equipment and the instal-
lation of  the receiving equipment on-board 
require significant investments by the port and 
by shipowners. Shipowners must have a strong 
market incentive or have to comply with a re-
gulation to be willing to undertake this inves-
tment. A further barrier is that the cost to the 
ship operator of  using shore power is often 
higher than the cost of  using the ship‘s mo-
tors, because of  the relatively low price of  
HFO or diesel fuel compared to electricity 
from the shore utility.

There are two cases to consider. Firstly, cruise 
lines and cruise ports have been prepared to 
take the initiative in developing shore-to-ship 
power supplies. Vancouver is a leading example, 
together with other cruise ports in the region  Ju-
neau and Seattle. This is because both the ports 
and the cruise lines believe that removing soot 
and other emissions from ship exhausts impro-
ves their image on the cruise market and brings 
in more business. Cruise lines have been willing 
to invest in on-board equipment and cruise port 
authorities have also been willing to invest. This 
is also true for Ro-Pax terminals and ship-ow-
ners in Gothenburg and Trelleborg, where a li-
mited investment in one or two berths that are 
visited very frequently by the same vessels has 
brought about large emission reductions at the 
port and only requires equipping these specific 
vessels.
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Gothenburg and Trelleborg are also benefit-
ting from a network effect in the Baltic. Stena 
Line has cooperated with the ports in develo-
ping a network of  Ro-Pax and Ro-Ro termi-
nals with shore-to-ship systems This makes it 
easier to deploy ships equipped with shore-to-
ship systems.The situation is different for con-
tainer, wet bulk and dry bulk ships. For the-
se trades, the extra investment and operating 
costs do not yet offer a clear positive benefit 
in terms of  maintaining or improving the mar-
ket demand for these shipping lines. Therefo-
re, the port state authority must require these 
shipowners to install shore-to-ship equipment. 
This policy should be combined with financi-
al incentives for the shipowners and shipping 
lines such as investment subsidies, discounts 
on port fees for ships using shore-to-ship po-
wer and discounts on the total price of  electri-
city. This combination of  policies has proven 
effective in Californian ports and the port of  
Los Angeles in particular, which have achieved 
a high rate of  utilisation of  their shore-to-ship 
power installations for container ships.

In China, Shenzhen appears to have a potenti-
ally effective combination of  support policies.

• Port electricity facility construction subsi-
dy: 30 % of  the construction cost.

• Ship equipment to receive shore power: 
30 % of  the construction cost.

• Application fee for ships‘ use of  shore 
supply is set to zero.

• Ship’s first port use of  shore electricity test 
fee subsidy: ¥30,000.

• There is a cap on the price of  shore power. 
The government guide is that the cost of  
shore power may not be more than 30% 
higher than the cost of  running the ships’ 
auxiliaries in the first year of  the scheme, 
40% in the second year and 50% in the 
third year.

• Ships using shore-to-ship power every time 
they are berthed receive an extra electricity 
price reduction of  0.1 ¥/kWh.

• There is a subsidy for the maintenance 
cost of  port power facilities, dependent on 
the utilisation rate of  shore-to-ship power 
achieved by the port.

• There is also a subsidy for shipping com-
panies, dependent on the shipping compa-
ny‘s utilisation rate of  shore-to-ship power.
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4.3.3 Contractual arrangements and     
       organisation

The contracts and prices for shore power de-
pend on the particular electricity supply com-
panies. Typically, ports do not own the power 
generation and transmission network and have 
contracts with their local electricity utility. It is 
possible for the port to supply power, in which 
case shipowners have a contract with the port, 
or for the electricity utility to have a contract 
directly with shipowners. In the cases of  Ham-
burg, Vancouver and Los Angeles, shipping 
lines have contracts with the electricity utili-
ty. There are also contracts between the ports 
and the utilities for providing shore-to-ship 
services. Various contractual arrangements are 
possible depending on the legal system that 
applies to the port.

Operating the shore connection is usually the 
responsibility of  the port and ports define the 
necessary procedures for shore-to-ship power 
systems. The shore power equipment is part 
of  the port’s electricity supply and distributi-
on system. Therefore, the responsibility for 
maintaining shore-side equipment can be assi-
gned to the owner and operator of  the port’s 
electricity system. Usually, this will be the port 
authority. This means that the port will have 
to invest in training personnel and possibly 
employing new workers to operate and main-
tain the shore-to-ship power systems if  a large 
number of  installations are involved.

The ship is responsible for operating and 
maintaining the on-board equipment and for 
controlling the ship‘s auxiliary motors and on-
board distribution system.
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5. Status of shore-to-ship power at Tianjin Port

5.1 Policy to develop shore-to-ship  
     power in China

The Law of  the People‘s Republic of  China 
on Prevention and Control of  Atmosphe-
ric Pollution 2016 states “new wharfs should 
plan, design and construct shore-to-ship pow-
er supply system; the completed wharfs should 
gradually implement the transformation of  
shore-to-ship power supply system. Ships shall 
first use shore power after docking.“

The Ministry of  Transport’s Shore Power Lay-
out Scheme of  2017 sets a target of  50 % co-
verage. The “Implementation Plan of  Ship Air 

Pollutant Emission Control Zone“ of  2018 
proposes shore-to-ship power for a range 
of  ship types: publicly-owned vessels, inland 
waterway vessels (except liquid cargo) and ri-
ver-sea direct ships on some routes, domes-tic 
coastal container ships, cruise ships, Ro-Ro 
ships, passenger ships of  3,000 tons and abo-
ve, dry bulk carriers of  50,000 tons and above.

China plans to have 366 coastal berths and 
127 inland waterway berths fitted with shore-
to-ship power by the end of  2020. The fol-
lowing vessels shall have shore-to-ship power 
equipment fitted: Chinese-flagged inland wa-
terway vessels built from 2019 and from 2020, 
Chinese-flagged passenger ships of  3000 GRT 
or more, dry bulk carriers of  50000 DWT or 
more, container ships, Ro-Ro, and cruise ships. 
They should use shore-to-ship power if  avai-
lable.

5.2 Development of shore-to-ship    
     power at Tianjin Port

Tianjin Port is developing a shore-to-ship po-
wer supply system and already has experience 
with the operation of  low- and high-voltage 

Figure 9: Berths equipped for shore-to-ship power at Tianjin Port

SShhiipp ttyyppee
SShhoorree--ttoo--sshhiipp ppoowweerr  

bbeerrtthhss iinn  sseerrvviiccee
BBeerrtthhss  ttoo bbee ccoonnvveerrtteedd
ffoorr sshhoorree--ttoo--sshhiipp ppoowweerr

TToottaall  nnuummbbeerr ooff bbeerrtthhss

Container 1 11 23

Cruise 0 2 3

Dry bulk 0 8 14

Tianjin Port

Figure 8:  Tianjin Port in China
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shore-to-ship power systems. Considerable 
savings in fuel and CO2 emissions have been 
made (see Figure 11). In 2016, a berth was fit-
ted for low-voltage (400 V/50 Hz) shore sup-
ply, with another low-voltage berth completed 
in 2018. At the end of  2018, Tianjin had se-
ven container, seven bulker, two Ro-Ro and 
three general berths fitted for 6.6 kV/60 Hz, 
6.6 kV/50 Hz shore-to-ship power with plans 
to fit further container berths and two cruise 
berths (see Figure 9). 

Connection and disconnection are not auto-
mated. Instead, passive grid-connected dis-
connection is employed. This is mainly con-
trolled on board the ship and many of  these 
installations exist at present because of  their 
simple operation and the ability to support 
many on-board systems from one shore ins-
tallation. All Tianjin Port electric power is sup-
plied by the Tianjin Port Electric Power Co. Ltd.

There are various local administration policies 
supporting shore-to-ship power. The Minis-
try of  Transport subsidised coastal and inland 
waterway power projects from 2016 to March 

2018, including both onshore and on-board 
equipment. The incentives from 2016 to 2018 
were 60 %, 50 % and 40 % of  investment 
costs respectively. Tianjin Port provided a 20 % 
investment cost subsidy up to a maximum of  2 
million yuan in 2018 and 2019.

Between 2016 and 2018, shore-to-ship power 
was used 57 times as shown in Figure 10. It 
can be seen that while the low-voltage systems 
have been used since 2016, the number of  
calls and the power delivered by the low-volta-
ge systems are still quite low. The much larger 
potential reductions from high-voltage, high 
power shore-to-ship systems are indicated by 
the data for the single container berth for ope-
rations in 2018, where 71.8 MWh were sup-
plied to a single berth.

Estimate of  potential emissions savings from 
shore-to-ship power in Tianjin Port

It is estimated that shore-to-ship systems have 
made annual savings of  1682.9 tonnes fuel and 
5446.9 tonnes CO2 so far. This estimate is cal-
culated based on the fuel consumption data 
per month shown in Figure 11. 

Figure 10: Use of  shore-to-ship power in Tianjin Port (Source TIWTE)

TTyyppee DDaattee  iinn  sseerrvviiccee NNuummbbeerr ooff ccaallllss EElleeccttrriicciittyy ccoonnssuummppttiioonn kkWWhh

Container 2018 8 71800

Bulk high-voltage 2017 6 2600

Bulk low-voltage 2016 37 18900

Bulk low-voltage 2018 6 1500
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The accumulated berthing time by month is also shown. These figures indicate that the berths 
were in almost constant use in most months.

Calculation of  emissions savings

Assumed use of  shore power by 50 % of  the ships in port.

Average time at berth of  a single ship for a single port visit is approximately 18 hours.

Average power supply capacity required is approximately 1550 kVA.

Substituted fuel volume for project = 50 % × (3215.8+3515.7) / 2 = 1682.9 tonnes

CO2 emissions saved = 1682.9 × 3.366 = 5446.9 tonnes

NNoo.. DDaattee

NNoo..  55  bbeerrtthh NNoo..  66  bbeerrtthh

AAccccuummuullaatteedd
bbeerrtthhiinngg ttiimmee  

((iinn  hhoouurrss))

FFuueell  ccoonnssuummppttiioonn
((iinn  ttoonnnneess))

AAccccuummuullaatteedd
bbeerrtthhiinngg ttiimmee  

((iinn  hhoouurrss))

FFuueell  
ccoonnssuummppttiioonn
((iinn  ttoonnnneess))

1 2016.10 357.94 119.34 629.78 198.35

2 2016.11 523.93 190.96 656 190.67

3 2016.12 513.38 185.44 625.08 227.63

4 2017.1 654.42 275.72 780.35 350.35

5 2017.2 350.16 129.61 657.63 217.27

6 2017.3 664.92 353.11 681.44 357.96

7 2017.4 611.59 319.98 731.66 389.37

8 2017.5 666.34 364.78 689.09 345.79

9 2017.6 642.75 327.16 635.9 304.96

10 2017.7 696.18 349.96 700.1 316.4

11 2017.8 597.58 294.61 675.77 306.5

12 2017.9 658.02 304.91 670.58 309.92

TToottaall 66993377..2211 33221155..5588 88113333..3388 33551155..1177

Figure 11: Calculated fuel use at two representative berths at Tianjin Port



36

5.3 Assessment of shore-to-ship power 
     at Tianjin Port and problems 
    identified

At present, only a small proportion of  the 
ships use shore-to-ship power at Tianjin Port. 
Several barriers to the use of  shore-to-ship po-
wer have been identified. Firstly, many ships 
calling at the port are not equipped to receive 
shore power. Secondly, given the current oil 
and electricity prices, shore power costs more 
than using the ships‘ auxiliary motors. Finally, 
there is no compulsory requirement for ships 
to turn off  their auxiliary motors in port or 
to use shore-to-ship power. A further aspect is 
the limited promotion of  shore-to-ship power 
at Tianjin.

At present, there are no regulations and stan-
dards established for construction, operation, 
maintenance and safety. As a result, some ship 
operators have concerns about the safety of  
shore-to-ship power systems. Another pos-
sible hazard is the position of  quayside equip-
ment, which is generally close to the berth. 
The installation of  quayside electrical connec-
tions may lead to safety risks to the berthing 
and departure of  ships.

Most of  the currently installed shore-to-ship 
systems require a ship’s electrical loads to be 
switched from the ship’s auxiliary motors to 
shore power using interlocking signals and 
communication via handheld radio. This is a 

complex procedure requiring trained person-
nel, both onshore and on-board. Ships‘ crews 
may not have the necessary training to under-
take the connection and disconnection proce-
dures safely, thus increasing the poten-tial for 
safety hazards.

The necessary management structures at the 
port are not yet fully implemented. This limits 
the operation and promotion of  shore-to-ship 
power and can lead to safety risks.
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6. Recommendations for the Tianjin port 

The problems with developing shore-to-ship 
power in Tianjin Port can be addressed by 
considering the international best practice 
identified in section 4. This chapter propo-
ses measures that Tianjin Port could take to 
increase the proportion of  ships using shore-
to-ship power. Further measures are also sug-
gested for the effective and safe management 
of  shore-to-ship power systems.

The utilisation of  shore-to-ship power can be 
maximised by a medium-term regulation of  
emissions from ships calling at Tianjin Port. 
Since a large number of  ships calling at Tian-
jin Port are in the bulk and container trades, 
the experience of  California and Los Ange-
les, in particular, is relevant here. A combined 
set of  measures featuring both regulation and 
support for shipowners, ship operators and 
Tianjin Port will be required to ensure the ex-
tensive use of  shore-to-ship power.

Regulatory measures should clearly state the 
requirements for all parties involved and set 
out a clear timetable for implementation, so 
that all parties can plan accordingly.

The following regulatory measures are recom-
mended:

• A regulation requiring all ships calling at 
Tianjin Port to use shore-to-ship power. 
This requirement should be phased in over 
a period of  3 to 5 years for different types 
of  ship, depending on the proportions of  

ships in the different trades that are already 
equipped to receive shore power.

• The contractual arrangements for using 
shore-to-ship systems should be clearly 
specified and communicated to shipping 
lines. Prices for shore power should be 
communicated to ship operators and ship-
ping lines. Prices should be fixed per port 
call and kWh, ensuring that the costs to 
ship operators are transparent and predic-
table.

• The legal duties and powers of  the port and 
the Port Electric Power Company should 
be clearly defined, including the power to 
make contracts with the shipowners.

At the same time, shipowners, ship operators 
and Tianjin Port should be supported in mee-
ting the investment costs and any extra opera-
ting costs of  using shore power. Possible mea-
sures for Tianjin Port are:

Tianjin Port should cooperate in developing 
shore-to-ship power with the origin and desti-
nation ports for ships using Tianjin Port, both 
within China and internationally, so that ships 
fitted for shore-to-ship power can maximise 
the use of  this equipment.

• Tianjin Port should cooperate with ship-
ping lines to promote investment in on-
board equipment and agree standards and 
procedures for operation and maintenan-
ce, in particular for connection/synchroni-
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sation and disconnection of  shore power. 
This will combat ship operators‘ uncertain-
ty about how to utilise shore-to-ship power 
systems at Tianjin Port and increase confi-
dence in the safety of  such operations at 
Tianjin Port.

• Allocation of  financial resources to Tianjin 
Port to help cover the considerable costs 
of  rapidly expanding the shore-to-ship sys-
tems to most berths in the port and the 
additional management, contract and ope-
rating personnel needed to operate a much 
larger number of  shore-to-ship installa-
tions.

• The pricing schemes and any discounts or 
other incentives should cover the costs of  
the port and the electricity supply compa-
ny. The source of  funding for investment 
and price subsidies should be planned, if  
the system is to expand successfully. 

Possible measures for shipowners and opera-
tors are:

• Financial support for shipping lines to in-
vest in shore power equipment. For examp-
le, financial aid to meet some of  the capital 
costs of  the equipment needed to receive 
shore power during the period in which the 
requirement for ships to use shore-to-ship 
power is introduced.

• Subsidising the cost of  shore power to ship 
operators to make the operating costs for 

ships using shore-to-ship power competi-
tive with the costs for running the ships‘ 
auxiliary motors. This can include a dis-
count on port fees for ships using shore-
to-ship power.

Possible measures for developing the manage-
ment and operation of  shore-to-ship power 
systems at Tianjin Port are:

• The safety of  operation, in particular 
connection and disconnection, can be im-
proved by developing systems with a high 
degree of  automation. The latest systems 
check the connection, match phase, fre-
quency and voltage and make the electrical 
connection and disconnection automati-
cally. Shore-to-ship power systems should 
be developed with automated testing and 
power matching and power management 
similar to those installed in, e.g. north Eu-
ropean ports such as Kiel, Oslo and Go-
thenburg. These enable simplified connec-
tion and disconnection procedures. Such 
simplified procedures improve the safety 
of  the systems and lead to a better accep-
tance of  shore-to-ship power by ships‘ 
crews and shipowners.

• The shore-side power equipment must be 
operated and maintained to a high standard 
to ensure safe operation. This requires al-
locating responsibilities to the relevant 
departments of  the port and training the 
relevant staff  in the respective operation, 
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maintenance and inspection procedures. It 
also requires a clear allocation of  respon-
sibilities to the electricity supplier and the 
ships‘ crew.

• Standards should be established for instal-
ling, testing and maintaining shore-power 
installations. These standards should be ba-
sed on the existing international standards 
for high-voltage electrical power systems.

• Development of  management systems and 
training port staff  to operate and maintain 
the shore-side equipment. The manage-
ment structure should clearly define the 
responsibility and measures in the relevant 
departments. It should ensure the super-
vision and management of  shore-to-ship 
power system construction to internatio-
nal standards. It should ensure the opera-
tion and maintenance of  the shore-to-ship 
power systems to international standards. 
This will ensure the safe operation of  the 
shore-to-ship power systems and reduce 
safety concerns, thus increasing the accep-
tance of  shore-to-ship power systems by 
ships‘ crews and shipping lines.

• At present, Tianjin Port is still dependent 
on the expertise of  the shore-power equip-
ment manufacturers for the safe operation 
of  the shore-to-ship power systems. Th-
erefore, responsibility for operating and 
maintaining the system must be defined. If  
operation and maintenance is to be the res-

ponsibility of  the port authorities in future, 
the necessary personnel must be trained.
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7. Conclusions

This report presented a comparative analysis of shore-to-ship power supply 

systems in Tianjin Port and selected other leading ports worldwide. Ports were 

interviewed that are leaders in the development and application of shore-to-

ship power: Hamburg, Vancouver, Gothenburg, and Trelleborg. These interviews 

were complemented by a literature review, which enabled the port of Los An-

geles to be included in the analysis. The experience of the Port of Vancouver 

shows that it is possible to develop a voluntary shore-to-ship power system 

that provides sufficient incentives for almost all cruise ships to use the system 

for all their port calls. The example of the Port of Los Angeles is particularly 

important, because it demonstrates the conditions under which general com-

mercial shipping will convert to shore-to-ship power.

Shore-to-ship power in ports has the potential to make major reductions in 

fuel use by ships in ports. Compared to running diesel auxiliary motors, this 

can also achieve major reductions in local air emissions including NOx, SOx and 

particulate matter. If the electricity supplied comes from renewable generation, 

shore-to-ship power can also significantly reduce greenhouse gas emissions.

Shore-to-ship power systems are now technically mature and have been shown 

to be compatible with local power distribution systems, including Tianjin Port.

There is now considerable global experience in operating shore-to-ship power 

systems. While earlier systems delivered power at low voltage, modern sys-

tems deliver electricity at 6.6 kV 50 Hz and 60 Hz, minimising the transmission 

and distribution losses. Systems are now installed to the IEC/ISO/IEEE 80005-1 

standard for High-Voltage Shore Connection (HVSC) systems, usually 6.6 kV, 

rated up to 12.5 MW. This requires power supply systems with transformers, 
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frequency converters and power management systems onshore and transfor-

mers onboard. These systems require considerable investments by the port and 

by shipowners.

Shore-to-power systems also require new regulations and contractual arran-

gements. These have to cover the supply of electricity, the operation of the 

shore power equipment and the connection and disconnection procedures. The 

responsibilities for safe operation, maintenance and training in the electricity 

utility, the port and the ships have to be defined.

Tianjin Port is implementing China’s policy of developing shore-to-ship power. 

At the end of 2018, Tianjin had seven container, seven bulker, two Ro-Ro and 

three general berths fitted for 6.6 kV/60 Hz, 6.6 kV/50 Hz shore-to-ship power 

with plans to fit further container berths and two cruise berths. While some 

ships have been using the systems, there are still barriers to realising the full 

potential of shore-to-ship power at Tianjin Port:

The utilisation of shore-to-ship power is low.

• The regulations and standards for construction, operation, maintenance and 

safety are not yet fully established.

• Most of the shore-to-ship systems installed require the ship’s electrical 

loads to be switched manually from the ship’s auxiliary motors to shore 

power using interlocking signals and communication via handheld radio.

• The necessary management structures are not yet fully implemented in the 

port. This limits the operation and promotion of shore-to-ship power and 

can lead to safety risks.



42

Recommendations have been made for measures to address these barriers. A 

combined set of measures that features regulation and support for shipowners, 

ship operators and Tianjin Port will be required to ensure the extensive use of 

shore-to-ship power. The most important measures are:

• A regulation requiring all ships calling at Tianjin Port to use shore-to-ship 

power.

• Allocation of financial resources to Tianjin Port to help cover the consider-

able costs of rapidly expanding the shore-to-ship systems to most berths in 

the port and for the additional management, contract and operating person-

nel needed to operate a much larger number of shore-to-ship installations.

• Tianjin Port should cooperate with shipping lines to promote investment in 

onboard equipment and agree on the standards and procedures for opera-

tion and maintenance, in particular for connection/synchronisation and dis-

connection of shore power.

• Subsidies for ship operators to help cover the cost of shore power.

• Improve the safety of operation, in particular connection and disconnection 

by developing systems with a high degree of automation.

• Develop management systems and train port staff in the operation and 

maintenance of the shore-side equipment.
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Background and objective

The installation of  shore-to-ship power supply systems at berths has been a subject in the maritime domain 
for decades. Recently a rising awareness and increasing pressure regarding the requirements for cleaner air 
in port cities has triggered a new momentum. Ports are forced to act pro-actively installing shore-to-ship 
power supply systems.

With this study Fraunhofer aims at comparing the approaches and success stories in Europe and North 
America to the new approach in China, where through a governmental decision all ports and most berths 
will be equipped with power supply facilities in the near future.

General questions

• How long has the system been in operation?

• Why was the system developed?

• What are the expected benefits for the port?

8. Appendix: Port questionnaire 

Figure 12: Cost of  shore-to-ship electricity compared to fuel for ships auxiliary engines in the local   
markets (competitive situation of  shore-to-ship electricity)
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Figure 13: Energy consumption per vessel type (demand side)
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Figure 14: Supply side, power supply

FIgure 15: Regulatory framework
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Figure 16: Operational issues
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