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RA Risk Assessment

RO Recognised Organisation

SBC Shore-side Battery Charging
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SOx Sulphur Oxides

SPB Shore-side Power Bank

SSE Shore-Side Electricity

SSL Ship Shore Link

STCW | MO Code for Seafarersdé Training, Certificati
SWIFT Structured What-If Checklist (SWIFT) technique
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4. Shore-Side Electricity Options

41 General

Shore-side electricity projects have the primary objective of providing a controlled interface between
power supply from the utility grid or distributed power/microgeneration, to direct power supply for ships at
berth.

The diagram below identifies the key infrastructure elements for SSE, Onshore Power Supply (OPS) and
Shore-side Battery Charging (SBC) arrangements. The key elements are identified from a generic
perspective. However, electrical power infrastructure can follow a variety of different architecture layouts.
The legend identifies the key infrastructure/equipment elements:
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Figure 4.1 - Generic description of Onshore Power Supply (OPS) and Shore-side Battery Charging (SBC)

4.2 SSE Options

The present section includes general SSE systems architecture, including identification of the main
infrastructure elements, examples of technological solutions and the different practical applications for
OPS, SBC or SPB.

The different types of SSE arrangements are represented in Figure 4.2 and Figure 4.3 and described in
Table 4.1. The list of SSE options presented is illustrative and non/exhaustive. Several combinations are
possible in view of port/terminal/ship specific user requirements, both from a technical and operational
perspective.



EMSA Guidance on SSE to Port Authorities and Administrations

/ European Maritime Safety Agency

3
£
9]
L
5
oy
S
=
g
9]
o
o

C OPS Central/ Port Substation

\ D. Port Distribution \

E Berth OPS Module

G. Ship
Shore
Interface

[ F Berth Distribution ]

H. Receiving Ship
OPS Station

1. Receiving Ship
Network

&y

a

.

ss===

A

EVS | { Ems]
—— [pvs|e PMS

E
[N
L]

i
N
Eﬁ

A
Power
Source
e}
(0]
N
©
= GRID
8 —
>
T
%
a
(@)
?
>N
I3 GRID
e ||
O o
b
)
>
-
%
a
o GRID
el
L
Q
a9
o
S
>
>
T
0 GRID
a -
(@) v
()}
£
250
788
o © —>
c >M@
52
©
o
(@)
£
85
Ssg
603 —»
o E\%
=
n e
©
i
(@)
£
o
o
8
a9 —>
20
8L
E=
©
i

NN
| |

——

AR

o

H

92
[

A4

T

FAIFIiF]

Y[

Figure4.2-SSETypesi Arr angement s

Source: EMSA

f

or SSE

configura

t 4.5 n

egend



/ European Maritime Safety Agency

EMSA Guidance on SSE to Port Authorities and Administrations

i L

]

Figure4.3-SSETypesi Arr angement s

f

or SSE

configur atdbpn

o —
hver | | £ 5 5
soure | | 2 E E
c s B G. Ship N Syt . - .
S " ? 1) . Receiving Shig I. Receiving Ship
= C OPS Central/ Port Substation a E Berth OPS Module 2 Inz'ur?;ie OPS Station " 4
@ = =
o 8 S
4 : Q
od o w
o N
2 @ L=l
o ~
< 0 T P P
85 a T EHEE 57
o ?‘@;-l»—m
] TN
<
7]
o
£
_\é )
= GRID
— : = L\
)
g~ |
o g
sy
e
20
c ——
» LN
E = o
=
%]
o
o
- = _
T X Baowll
= }
o " | & M
= I
=
by ~
o2
tco
0 ok / \
£ £ *\\
5 =
8
<
] >
= N
o ()
= 0]
. E «—
oD
© =
O
2 =5
[} DO_ o
O] o =3
€ = —
S -
a o i
= i "j - *“
3 j— — P
) —
- IRz v RIICTZ | SSS =SS

(Il egend

I



EMSA Guidance on SSE to Port Authorities and Administrations / European Maritime Safety Agency

connections LV feeder CBs

i
Cable Management ,:_ Photovoltaic Energy Source
System onboard 2N

Transformer Battery Management System
Frequency Conversion Energy Management System
Inverter Power Management System
Rectifier _E)_ Circuit Breaker (CB)
% DCGDC converter \

Wind Generator
} Parallel sockeplug

—LF]
™

Battery module

SSE Supply Switchboard
Battery bank
£\ Cooling
/ Mobile shoreside CMS % % Induction Coils
©©
@ GeneratorAlternator Capacitorg Capacitance
Compensation (inductive charging

Figure 4.4 - Legend to diagrams in Figure 4.2 and Figure 4.3.

Table 4.1 7 SSE Options i Different SSE types and possible configurations for Shore Side Electricity services.

Reference Designation Short Description
to diagrams
in  Figures
4.2 and 4.3
A'B High-Voltage Onshore HVSC High Voltage Shore connection composed by connection to HV utility
Power Supply with HV-OPSc | 9rid at a designated voltage and frequency.
Centralized Frequency Frequency Conversion takes place at a centralized higher-level Port
Conversion Substation. Multiple frequency converters can be used for increased
redundancy.
Distribution to different berth junction boxes with HV socket-outlets.
lllustrated Containership case with Cable Management System
onboard.
C High-Voltage Onshore HVSC High Voltage Shore connection composed by connection to HV
Power Supply with De- HV-OPSd Utility Grid at a designated voltage and frequency.

centralized Frequency Frequency conversion takes place at a decentralized lower-level

Conversion berth Substation. Multiple frequency converters can be used for
increased redundancy.
Designated distribution for large consumers (e.g. cruise ships).
lllustrated cruise ship case with mobile Cable Management System
ashore.

D Low-Voltage Onshore Power | LVSC Low Voltage Shore Connection composed of HV Utility Grid at a
Supply i without Cable LV-OPS designated voltage and frequency, followed by step down with
Management System frequency conversion at higher level Port Substation.

Berth OPS module represented with transformer as an alternative
location for shore-side transformer.

Multiple cables are representative as a distinctive feature of LV
connection, also represented corresponding parallel feeder circuit
breakers.

Cable Management System comprised on socket-outlet and ship-
connector.
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Low-Voltage Onshore Power
Supply i with Cable
Management System

Low-Voltage Onshore Power
Supply by mobile step-down
uniti from High Voltage
installed supply
infrastructure

Shore-Side Battery Charging
with Charger Unit ashore i
DC charging

Shore-Side Battery Charging
with Charging Unit onboard
T AC charging

Shore-Side Battery Charging
with Charger Unit ashore i
Battery Swapping

Shore-side Power Banking
as interface electrical energy
storage for Renewable
Production in port area T
OPS supply

Shore-side Power Banking
as interface electrical energy
storage for Renewable

LVSC
LV-OPSc

LVSC

LV-OPS
mobile

SBC-DC

SBC-AC

SBC-BS

SPB
(OPS)

SPB
(SBC)
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Low Voltage Shore Connection composed of HV utility grid at a
designated voltage and frequency, followed by step down with
frequency conversion at higher level port substation.

Berth OPS module represented with transformer as an optional
alternative location for shore-side transformer.

Multiple cables are representative as a distinctive feature of LV
connection, also represented corresponding parallel feeder circuit
breakers.

Cable Management System comprised of cable reel onboard ship
and socket-outlet arrangements.

Low Voltage Shore Connection in an otherwise high voltage supply
infrastructure. Method relevant for OPS supply from a high voltage

installation to OPS equipped ships which have no step-down OPS

transformer onboard.

Solution for relocation of OPS berth mobile unit can be diverse.
Trailer-truck represented.

DC Shore-side Battery Charging, supplied by HV utility grid supply,
subject to power condition by step-down transformer and rectifier
AC/DC converter.

Wired and wireless inductive charging are both presented.

For inductive charging are presented capacitance compensators
adding reactive power consumed by the inductive charging coils.

For wired connection the diagram shows a charging connector
plugged in a connector-inlet arrangement.

DC-DC converter presented installed onboard. Energy Management
and Power Management Systems represented for communication
across ship-shore interface (EMS, PMS).

AC Shore-side Battery Charging, supplied by HV utility grid supply,
subject to power condition by step-down transformer and frequency
conversion if so necessary.

Wired and wireless inductive charging are both presented.

For inductive charging are presented capacitance compensators
adding reactive power consumed by the inductive charging coils.

For wired connection the diagram shows a charging connector
plugged in a connector-inlet arrangement.

DC-DC converter presented installed onboard. Energy Management
and Power Management Systems represented for communication
across ship-shore interface (EMS, PMS).

Swapping of batteries may represent an option for reduced
turnaround times, especially for ships engaged in regular traffic with
short periods at berth.

Generic diagram represents a berth-level charging unit used for
interchangeable batteries used to plug-in onboard battery powered
vessel.

Charging management Systems is represented.

Renewable energy resources integrated into port energy system, in
particular directly integrated onto the shore-side electricity network.

This can, in fact, be referred to as direct renewable. Indirect
renewables are integrated indirectly through the electricity production
mix at national/regional level.

Technical solution comprises of AC-DC converters for wind
generators and DC-DC for PV contribution. Other renewables may
be possible, including the use of microgeneration with renewable
and low carbon fuels.

Option AJO presents renewabl e b.
the introduction of an Inverter unit for AC power supply at designated
voltage and frequency.

Renewable energy resources integrated into port energy system, in
particular directly integrated onto the shore-side electricity network.
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Production in port area i
SBC supply

OPS-
SPBps

High-Voltage Onshore
Power Supply with De-
centralized Frequency
Conversion, including
Electrical Energy Storage
module for Peak Shaving

Port Generator (Floating PG-FPU

Power Unit - FPU) i
connected to the port grid

Port Generator (Floating PG-FPU
Power Unit - FPU) 1
connected directly to

receiving ship grid

Port Generator (Mobile PG-MESU
Energy Storage Unit) i

Mobile energy storage unit

/ European Maritime Safety Agency

This can, in fact, be referred to as direct renewable. Indirect
renewables are integrated indirectly through the electricity production
mix at national/regional level.

Technical solution comprises of AC-DC converters for Wind
generators and DC-DC for PV contribution. Other renewables may
be possible, including the use of microgeneration with renewable
and low carbon fuels.

Option AKO pr es ed$P8Btobatterecheagmg e b .
supply through the introduction of an Inverter unit for AC power
supply at designated voltage and frequency.

Onshore Power Supply (OPS) with Energy Storage Module for peak
shaving and power backup. The battery system may assist in
meeting power peaks during busy hours with multiple ships at berth,
whilst storing energy at potentially more convenient hours (in price
an operation cost).

Energy discharge

(A)

in peak

shaving

Energy storage i
Power generation

Load profile

0 4 8 12 16 20 24h

Energy discharge

Energy storage

Power generation

Load profile

0 4 8 12 16 20 24h
Figure 4.5 - Peak shaving and backup power.

Floating Power Generator presented with connection to shore-side
grid, able to supply electricity to different OPS or battery charging
points in the port area.

Infrastructure on shore side may be limited in such cases to HV/LV
cabling and shore-supply points at different berth locations.

Supply to other port consumers also a technical possibility.

Port generators may achieve equivalency to OPS if using renewable
and low carbon fuels as per definitions in Renewable Energy
Directive 2018/2001.

Interconnection and Interoperability should follow similar
standardisation references to OPS supplied by land-side
infrastructure (IEC/IEEE 80005 series

Floating Power Generator presented with connection directly to ship
grid.

Operational advantage of such configuration presented by flexibility
of OPS supply to different port/berthing locations.

The figure depicts a supply directly to passenger ship, with the
possibility of the Port generator FPU to be moored side-by-side.
Onshore Power Supply by MPUs should comply with all relevant and
applicable aspects of IEC/IEEE 80005 series.

Port generators may achieve equivalency to OPS if using renewable
and low carbon fuels as per definitions in Renewable Energy
Directive (EU) 2018/2001.

Mobile energy storage unit, consisting of a mobile battery bank
equipped with Inverter for power supply at required voltage and
frequency by receiving ship.

10
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Mobile energy storage units can also be used for direct battery
charging if DC-DC charging unit is used to charge onboard
secondary batteries.

Mobile units can be charged within port infrastructure and be
mobilized with a variety of logistical combinations.

Connection of the mobile battery bank should follow an acceptable
connection geometry which allows for electrical safe interconnectivity
and interoperability.

P Port Generator (Mobile PG-MPU Mobile energy storage unit, consisting of a mobile battery bank
Power Unit - MPU) i Mobile equipped with inverter for power supply at required voltage and
generator-alternator unit frequency by receiving ship.

Connection of the mobile battery bank should follow an acceptable
connection geometry which allows for electrical safe interconnectivity
and interoperability.

Onshore Power Supply by MPUs should comply with all relevant and
applicable aspects of IEC/IEEE 80005 series.

4.3 Onshore Power Supply (OPS)

Onshore power supply is the SSE type where the largest experience has been gained, remarkably with
the increased development of high-voltage shore connection solutions in the Unites States, following the
introductiontofhberttdhoCARBuiati on, and al so with
a controlled interface infrastructure, connecting and conditioning the power between the utility grid, or
distributed. Below some benefits and highlights from OPS are summarized.

Onshore Power Supply (OPS) 1 More ports are today offering OPS services, allowing ships
. to reduce emissions at berth, with benefits for local air
fKey technology to mi quality, reduction of GHG emissions and noise.

emissions at berth.

- - . 9 Ships at berth have significantly different operating profiles,
1 Availability of OPS is increasing as part imposing different requirements for power supply.
of portsésustainability initiatives

1 High voltage supply (>1kV AC) enables more efficient

1 Supply of high voltage electricity is a key connection,
enabler for OPS of higher power
demanding ships 1 Matching AC frequency 50/60Hz is still an important aspect
to consider for transoceanic ships.
1 Feasibility of OPS projects requires
involvement from many stakeholders i Standardization achieved by complete IEC/IEEE 80005
series.
9 Architecture of OPS systems is
increasingly automated to allow for 1 IMO Interim Guidelines for Safe OPS operation has been
efficient Operation. finalized on 1Q 2020.

The following diagram illustrates the relevant elements of an OPS infrastructure and connection
arangement, with identification of detailed elements. All elements presented with reference to IEC/IEEE
80005 standards.

11
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Legend; PROCESS:

Generic Setup for High Voltage Electicity Supply 1  A.Power Source A shore connection system can be supplied either from national grid or loc
3 Voltage Stejpowns (VIN2), (V2/V3), (V3/V4) port internal distribution system trough a power frequency conversion or not, depending on
’ ! application
1  B. OPS Central/ Substatianincluding StegDown Transformer, Frequency Converter, Main
Circuit Breaker and Earth Switch
@ A. Power Source 1 C. Port Distribution Networlg Port-scale distribution (either above or underground)
Grid 1  D.Berth OPS Module Local OPS Module, close to supply point at ber8horeside protection
transformer, (optional Frequency Converter). StEpvn/Protection Transformation for required
T 1 ship voltage supply.
B A 1  E.Berth Distribution Networkg Berth-scale distribution (close to OPS supply shore connectio
CB2 2 1  F.ShipShore Interface Shoreto-ship connection, interface, and control equipment (cable ree
- sockets, communication and control wires, earth relaya)l mechanisms to ensure
B. Reception Interface compatibility, connectivity and communication included in the interface.
X CB3\* cB4 \X CB5 1 G Receiving Ship OPS Statid@dircuit breaker and onboard receiving earth switch. Where
4 5 61 applicable (if shi@ voltage is different from shore connection voltage) an onboard transform
| z to adjust the high voltage electricity to the si@pmain switchboard voltage; this transformer is
3 preferably located near the main switchboard in the engine room. Frequency conversion
CBE V1 onboard, although unlikely, it is alsopossibility.
V2 B 1  H. Receiving Ship Networkincluding main distribution switch boaugto be noted energy
= 9 generation and electrical energy storage systems connected to onboard receiving switchbo
! 8
J< —> —> —> —> >
= C OPS Central/ Port Substation c D E F G H
10
D. Port Distribution
X
CB7
30
11
PRE 15 * CB13
V2 J_|_|
12 CB8 16 ]
- : * CB14
13 14 /L‘ é . CBI5
i *
E Berth OPS Module P, Sl CBL1
Distribution Interface
27
1. Grid Network 2. Grid Interface pmnt
3. Auxiliary Grid Network 4. Premagnetizing circuit
5. Main grid feed line 6. Chargim circuit rectifier for Ddink
7. StepDown Transforme(V1/V2) 8. Static Frequency Converter (3E@at —
Level
9. Circuit Breaker with eartewitchg Port 10. Port-scale HV cabling -
main (undergrownd/overhead caling)
11. Stepdown transformer(V2/V3) 12. Premagnetizing circuifOPS berth module)
13. Static Frequency Converter (3EC 14. Circuit Breaker with eartewitch¢ Pott
BerthLevel main I__ 29
15. In-rush current protectiorg Pre- 16. Berthnetwork distribution . .
insertion resistors '\I Receiving Shiplework ESS
17. OPSPointsupply circuit breaker and 18. MechanicalAssistedDPSCablehandling
earth switch
19. Tidal adjustment movement 20. OPS connectosocketplugarrangement
for OPS supply
21. Ship side circuit breaker and earth 22. Shipside converter (unusual but gsible in
switch terms of system archite¢ore)
23. Shipside OPS transformer (stefown 24. PRC3: ®tection RelaysCommand, Contro
transformer and/or protection & Communications (C3) for OPS system
transformer)
25. Onboard premagnetizing circuit for 26. Main onboardSwitchboard B'S
step-down transformer
27. Main onboardSwitchboard B'S 28. Onboard Energy production
29. Onboard Eectrical Energy System (ESS 30. Onboard distribution

Figure 4.6 - OPS connection diagram i General architecture and functional elements.

Source: EMSA
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4.3.1 High Voltage Shore Connection (HVSC)

High Voltage Shore Connection (HVSC) is the arrangement which can be considered more adequate to
supply shore-power to ships with higher power demand requirements at berth. However, the use of HYSC
requires that both shore and ship sides are prepared for such technical solution. On the shore side the
supply should be done at voltage ratings of 6.6 kV or 11kV. Ships will have to be equipped with step-down
transformers to adjust back the voltage to the onboard distribution grid.

The main advantages of the high-voltage connection to be considered by PAA are: 1) standardized
connectivity, 2) the reduced number of OPS shore power cables (for the same power, with high voltages,
the currents through the OPS cables are smaller, allowing for a reduced number of cables to be used); 3)
less time in connection/disconnection; 4) safety in cable handling, connection and disconnection
operation.

Figure 4.7 - HVSC with mobile CMS i High-voltage shore Figure 4.8 - HV Shore Power cable reel onboard a
power supply to cruise ship i high power demand containership.

requirement. . . .
Shore power cables are provided by containership for

connection at equipped container terminal quays.

Source: Siemens

Source: Cavotec

ACB.8kV B0Hz
SHORE POWER

Figure 4.9 HV Shore Power solution from Figure 4.10 7 OPS connection to RO-Pax ship.
containership. . .
Fixed position for the CMS may be favoured by adequate

knowledge.

Source: CAVOTEC Source: Port of Helsinki

13
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4.3.1.1 Compatibility of voltage and frequency

When a vessel is powered by the shore power supply, the system voltage and frequency compatibility
with the shore utility supply shall be ensured by provision of transformers or other relevant equipment to
ensure compatibility.

Based on IEC/IEEE 80005-1:2019, the connections for selected ships with higher power demand should
be made at a nominal voltage of 6.6 kV and/or 11 kV. The nominal voltage level onboard is normally
400/440 V AC. Some ships may also have 6.6 kV /11.0 kV AC. A voltage transformer may be needed for
transforming the voltage to be compatible with

In terms of frequency, the largest number of ships engaged in worldwide trade use 60 Hz electricity. This
is beneficial for visiting the US where 60 Hz electricity is used in the electrical grid. However, EU ports
are equipped with electricity frequency of 50 Hz. Thei ncompati bi l ity on the
would have to be resolved by the installation of a frequency converter (on the shore side, as per standard
IEC/IEEE 80005-1).

4.3.1.2 Power supply sufficiency and continuity

The shore power shall facilitate sufficient power supply for the normal at-berth operation. Further, the
shore power shall facilitate power supply that is reliable and maintains the continuity.

4.3.1.3 Variation in voltage magnitude
The shore powerdés voltage and frequency should
systems, e.g., ER/Cargo Control Room alarm and monitor system, gas detection, etc.

- The frequency shall not exceed the continuous tolerances + 5% between no-load and nominal
ratings

- For no-load conditions, the voltage at the supply point shall not exceed a voltage increase of 6%
of nominal voltage

- Forrated load conditions, the voltage at the supply point shall not exceed a voltage drop of -3.5%
of nominal voltage

4.3.1.4 Voltage and frequency transients

The response of the voltage and frequency at the shore connection when subjected to an appropriate
range of step changes in load shall be defined and documented for each high voltage shore supply
installation. This should be ideally achieved through power quality monitoring devices (See SSE Guidance
part 1) with the ability to record historic of transient events.

The maximum step change in load expected when connected to a high voltage shore supply shall be
defined.

Based on the above, it should be verified that
frequency transients limits of £10 % will not be exceeded.

4.3.1.5 Galvanic separation

The shore-side electrical system shall ensure that each connected ship is galvanically separated from
other connected ships and consumers

4.3.1.6 Harmonic distortion

For no-load conditions, voltage harmonic distortion limits shall not exceed 3% for single harmonics and
5% for total harmonic distortion.
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4.3.1.7 Electromagnetic compatibility

The shore power instrument should be compatible with (i.e., no interference is caused by) its
electromagnetic environment and it should not emit levels of electromagnetic energy that cause
electromagnetic interference in other devices in the vicinity.

Table 4.2 - OPS connection diagram.

Parameter Reference(s) High Voltage Shore Connection Low Voltage Shore Connection
(HVSC) (WEIONGEE
Voltage IEC/IEEE 80005-1 6.6 kV 400V
IEC/IEEE DIS 11kv 440V
80005-3 690 V
IACS Unified
Requirements 23 0V also possible for less
Electrical (Rev.1 demanding consumption <50 kW
Voltage Tolerances Sept 2005) No-Load Conditions: No-Load Conditions:
6% of nominal Voltage increase 6% of nominal Voltage increase
Load Conditions: Load Conditions:
3.5% max voltage drop 5% (3.5%)! max voltage drop
Frequency See section 3.9.1.1 50/60 Hz
DC for Fast DC Charging systems
Frequency IEC/IEEE 80005-1 Continuous tolerance: +5%
Tolerances IEC/IEEE DIS
Transient 80005-3 dV (voltage transient peak variation): -15% < dV < 20% (1.5sec)
Response IACS Unified df (frequency transient variation): +10% (5sec)

Requirements
Electrical (Rev.1

Transient Response should be well known and documented for:
Sept 2005) P

1. Shore side, for the voltage and frequency response, when subject
to an appropriate range of different load step changes,

2. Ship side for the maximum step change in load expected (this can
be an Air Conditioning compressor, electrical pump, crane or
electrohydraulic group).

The part of the system subjected to the largest voltage dip or peak
in the event of the maximum step load being connected or
disconnected shall be identified.

Combining 1) and 2) it should be verified that the voltage transients limits of

+20 % and 115 % atmargients hingts df ¥1@ % wilenotbey

exceeded.

Harmonic For no-load conditions, voltage harmonic distortion limits:

Distortion < 3 % (single harmonics)

< 5 % (for total harmonic distortion)

Voltage variations IACS UR E5 Voltage tolerance (continuous) +10%
for DC supply Voltage cyclic variation deviation 5%
Voltage ripple (RMS over steady DC voltage): 10%

Voltage variations Components connected to the battery during charging: +30%, -25%

for battery systems Components not connected to the battery during charging: +20%, -25%
Note: Different voltage variations as determined by the charging/ discharging
characteristics, including ripple voltage from the charging device, may be
considered.

In the next pages the different standardized ship types featured in IEC/IEEE 80005-1 are presented:

HVSC i RO-Pax (ref: IEC/IEEE 80005-1, Annex-B)
HVSC i Cruise ship (ref: IEC/IEEE 80005-1, Annex-C)
HVSC i Containership (ref: IEC/IEEE 80005-1, Annex-D)
HVSC i LNG Carrier (ref: IEC/IEEE 80005-1, Annex-E)
HVSC i Tanker (ref: IEC/IEEE 80005-1, Annex-F)

moow»

1 |IEC/IEEE DIS 80005-3 i mentions 3.5%, aligning the maximum voltage drop under loading conditions with the HVSC standard
(IEC/IEEE 80005-1). Irrespective of the alignment between the standards, it is important to keep the voltage drop under the shore-
power loading condition
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Table 4.3 - HVSC 1 Ro-Pax.

Shore connection nominal voltage: 11 kV, accepted
6.6kV for regional waterborne transportation services

Shore connection earthing system: LRE with 335/200
Ohms NGR

Number of cables to feed the vessel: 1
Location of the cable management system: berth

Most frequently used earthing system on ship: high-
resistance earthing

Source: Stena AB Source: Balearia
General system diagram Legend
1. Shore OPS Circuit-Breaker
Shore Side Ship Side 2. Plug (shore-side) and socket-

outlet (on-board)
3.  Fibre optic communication for
‘ control and monitoring

]
]
]
]
]

(integrated in power cable);

o 10 socket-outlet (shore-side) and
plug (on-board)

11 4. Pilot wires (integrated in plug

—J and socket-outlet)
‘ 22 | 5. Cable management system,
here shown as shore-side crane
. 6. Ship OPS Circuit-Breaker
. 1 7. Interlocks with pilot wire shore
1 1x (3P + E +7 Pilots + FO) 6 side
HV 8.  Control shore side
— 9.  Protection relaying shore-side
— — Communication, Control & Monitoring 10. Protection relaying ship-side
—— Power cables 11. Control ship-side
—— Interlocking pilot wire \ 12. Interlocks with pilot wire ship-
side
Source: IEC
Voltage/ Power rating Ship ESD (minimum Neutral Earthing resistor Cables
input)
11 kV AC and/or 6.6 kV AC No minimum input Where a shore-side transformer | { 1 cable
Power rating: defined is used, the star point shall be
6.5 MVA ESD function shall use earth_ed thro_ugh a neutral
the pilot contacts earthing resistor of 335 Ohms.
(see section 7) integrated in the single | Nominal voltage of 6.6 kV will
OPS cable. require a 200-Ohms resistor.
Safety Circuits Shore ESD Connector i Inlet standard

(minimum input)

The control power voltage shall be | No minimum input 1 Connectors/ Inlet: IEC 62613-2:2016, Annex J (figure
less than 60 V DC or 25 V AC defined in IEC/IEEE below)
safety extra-low voltage type 80005-1 9 Pilot contacts are part of the safety circuit
source as per I[EC 60364-4-41 ESD function shall use | 1 Data link (if provided) shall use Fibre Optic
(refer to figure B.2 of IEC/IEEE the pilot contacts (IEC/IEEEB0005-a - section 7.3.4, fig.5).
80005-1) integrated in the single | 1 ESD functions shall be performed with pilot conductors (IEC
OPS cable. 62613-1, IEC 62613-2:2016, IEC/IEEE80005-1 Annex A)
1 Short circuit withstand current: 16kA RMS 1 sec (max peak

of 40kA (IEC 62613-1)

Compatibility Assessment
before connection (ship-
specific)

Assessment that the ship provides
effective earthing

Equipotential Bonding

Not mandatory (see section 15)

Where applied, the requirements
in IEC/IEEE80005-1, Annex B i
section B.7.2.5 should be followed Source: IEC
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