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CCNR
CESNI
DWT
EAFO
EAM
EC
ECA
EMSA

EPR
ERC

ERS
ESD

ES-TRIN

EU
FMEA
FMECA
GT
HAZID
HAZOP
HSE
HVSC
IACS
IAPH
IGCT
IEC
IEEE
IMO
ISO
LVSC
MARPOL
MGO
OPS
PAA

PLC
PPE
PSC
QRA
QualRA

Central Commission for Navigation in the Rhine
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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.
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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.



European Maritime Safety Agency

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 i Ro-Pax.

HVSC i RO-Pax (ref: IEC/IEEE 80005-1, Annex-B)

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 . . / /,,%///W;, o

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);

° socket-outlet (shore-side) and
plug (on-board)
4.  Pilot wires (integrated in plug
| G

and socket-outlet)

5. Cable management system,
here shown as shore-side crane

6. Ship OPS Circuit-Breaker

7. Interlocks with pilot wire shore
side

8. Control shore side

9.  Protection relaying shore-side

10. Protection relaying ship-side

11. Control ship-side

12. Interlocks with pilot wire ship-

. i
1 1x(3P +E +7 Pilots + FO) | |
HV ) :

— — Communication, Control & Monitoring
—— Power cables
— Interlocking pilot wire

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
defined is used, the star point shall be

Power rating:
9 ESD function shall use | €arthed through a neutral

6.5 MVA. 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 connector
section B.7.2.5 should be followed Source: IEC

Ec Earth

L1¢ Phase & phase R
L2¢ Phase R phase S
L3¢ Phase @ phase T
P1to P% Pilot lines
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Table 4.4 7 HVSC - Cruise ship.

and/or 6.6kV

with 540 Ohms NGR

1 Location of the cable management

system: berth

ship: high-resistance earthing

Shore connection nominal voltage: 11kV
1  Shore connection earthing system: LRE
1 Number of cables to feed the vessel: 4

power cables, neutral distributed to ship

1 Most frequently used earthing system on

EMSA Guidance on SSE to Port Authorities and Administrations

Source: Holland America

Source: Royal Caribbean

General system diagram Legend
1. Shore OPS Circuit-Breaker
Shore Side . Ship Side 2. Power ship connector (shore-side) and
; ship inlet (onboard), (four)
: \I:H:| |l 3. Neutral ship connector (shore-side) and
: ship inlet (onboard)
‘ ‘ s ‘ 4.  Pilot wires (integrated in connectors and
9 ul ' 10 13 inlets)
) : ‘—‘ 5. Cable management system, here shown
‘ : ‘ as shore-side crane 13 Protection
) ) relaying onboard
‘\ 6.  Ship OPS Circuit-Breaker
7. Interlocks with pilot wire shore-side
X 8. Communication for control and
) ;1 _ 5 [ | | monitoring shore-side
| e oo i ry 6 9.  Protection relaying shore-side
HV ) H v 10. Communication and control wires and
| £ connector (110 V DC and 24 V DC)
— — Communication, Control & Monitoring — 1 1 11. Interlocks with pilot wire on-board
—— Power cables 12. Communication for control and
— .- Neutral \ monitoring on-board.
----- Interlocking pilot wire 13. Protection relaying onboard

Voltage/ Power rating

Ship ESD (minimum
input)

Neutral Earthing resistor

Cables

11 kV AC and/or 6,6 kV AC
Power rating:

16MVA (20MVA recommended)
(see section 7)

1.cable overtension
alarm (if any)
2.socket limit switch

Neutral earthing resistor of
540 ohms and connected
only to the ship side (see
Figure C.2) (refer to figure
C.2 of IEC/IEEE 80005-1).

1 4 power cables (rated
500A)

1 Neutral (rated 250A)

1 Control

Safety Circuits

Shore ESD
(minimum input)

Connector i Inlet standard

1 110VDC Safety and Control circuit
1 24VDC Safety and Control circuit
1 Ground Check circuit

9 SCADA circuit

(refer to figure C.3 of IEC/IEEE
80005-1)

1.electrical protection
tripping condition,

2.ground check trip,

3.ground monitoring
trip,

4.shutdown order
from PLC,

5.cable over tension
alarm (if any).

= = =4 =

Diagram of the connector

below (ref: IEC/IEEE80005-1, Annex-C + IEC 62613-

2:2016, Annex G)

Connectors/ Inlet: IEC 62613-2:2016, Annex G
Neutral: IEC 62613-2:2016, Annex H

(4) power 3-phase connectors, each rated 500 A and
one neutral single pole connector rated 250 A

plug, and inlet presented

Compatibility Assessment before
connection (ship-specific)

Assessment that the ship provides
effective earthing

Equipotential Bonding Monitoring

Mandatory. Continuous monitoring of
the electrical bonding is required
(Annex-C section 4.2.2)

connector

inlet

E¢ Earth

P1¢ Pilot line 1 (used for
continuity monitoring)
L1¢ Phase A phase R
L2¢ Phase B phase S
L3¢ Phase @ phase T
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Table 457 HVSC 1 Containership.

HVSC i Containership (ref: IEC/IEEE 80

Shore connection nominal voltage: 6.6kV

1 Shore connection earthing system: LRE
with 200 Ohms NGR

1 Number of cables to feed the vessel: 2

1 Location of the cable management
system: on ship

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

~ Source: A.P. Moller - Maersk

General system diagram Legend
1. Shore OPS Circuit-Breaker
Shore Side Ship Side 2. Socket-outlet (shore-side) and plug
D (onboard)
' \I:H:H:H:|D 3. Fibre optic communication for control
' and monitoring 8 Control shore-side
‘ 9 : 5 (integrated in power cable); plug

[ 10 ] (shore-side) and socket-outlet
—— (onboard)

- o [ ‘ 4. Pilot wires (integrated in connectors
‘\ ! A U — and inlets)
N — 5. Cable Management System (cable reel

onboard)
6.  Ship OPS Circuit-Breaker
7. Interlocks with pilot wires shore-side
8.  Control shore-side
9

6 . Protection relaying shore-side
HV L : 10. Protection relaying onboard
' N 11. Control onboard

12. Interlocks with pilot wires onboard
— — Communication, Control & Monitoring
—— Power cables \

— - — Interlocking pilot wire

2X(BP+E+3
Pilots + FO)

_
III
5

Source: IEC
Voltage/ Power rating Ship ESD (minimum Neutral Earthing resistor Cables
input)
6,6 kV AC . No minimum input The shore side transformer star point 1 2 power
Power rating: defined shall be earthed through a neutral cables (in
7 EMVA ESD function shall use the | €arthing resistor of 200 ohms. parallel)
) ) pilot contacts integrated in
(see section 7) the single OPS cable.
Safety Circuits Shore ESD (minimum Connector i Inlet standard
input)
9 Safety Circuit is supported by No minimum input defined | Connectors/ Inlet: IEC 62613-2:2016, Annex Il
Pilot contacts (IEC/IEEE80005- | in IEC/IEEE 80005-1 1 Pilot contacts are part of the safety circuit
1, Annex D1 Figure D.2). ESD function shall use the | Data link (if provided) shall use Fibre Optic
1 The voltage used in the pilot pilot contacts integrated in (IEC/IEEE80005-a - section 7.3.4, fig.5).
circuit shall be less than 60 V the single OPS cable. 1 ESD functions shall be performed with pilot conductors
DC or 25V AC (see IEC 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)

Cable length provided by ship must be
sufficient (sufficient cable length to reach the
shore-side supply point level +10m) (section
D.4.3)

Equipotential Bonding Monitoring
Not mandatory.

Where applied, the requirements in connector
IEC/IEEE80005-1, Annex D i section D.7.2.5
should be followed

E¢ Earth

L1¢ Phase A phase R
L2¢ Phase B phase S
L3¢ Phase G phase T
P1to P3; Pilot lines

18



/ European Maritime Safety Agency

Table 4.6 7 HVSC - LNG carrier.

EMSA Guidance on SSE to Port Authorities and Administrations

Shore connection nominal voltage: 6.6kV

1 Shore connection earthing system:
unearthed

1 Number of cables to feed the vessel: 3

1 Location of the cable management
system: berth

1 Most frequently used earthing system on
ship: unearthed or high-resistance
earthing

Source: MOL LNG Transport

General system diagram

Legend

Shore Side Ship Side

1. Shore OPS Circuit-Breaker
2. Plug (shore-side) and socket-outlet

[ N

3x (3P + E +7 Pilots + FO)

— — Communication, Control & Monitoring
—— Feeder cables (5MVA each)
— |Interlocking pilot wire

(onboard)

Fibre-optic communication for control and

monitoring (integrated in power cable);

socket-outlet (shore-side) and plug

(onboard)

4. Pilot wires (integrated in plug and socket-
outlet)

5. Cable Management System (shown as
crane on shore-side)

6.  Ship OPS Circuit-Breaker

7. Interlocks with pilot wires shore-side

8.  Control shore-side

9. Protection relaying shore-side

10. Protection relaying onboard

11. Control onboard

12. Interlocks with pilot wires onboard

power connection(s) both
onshore and onboard
ESD2 (ship moves past
the maximum range of
movement of the ship.)
trigger an emergency stop
and earthing of the shore's
power connection(s) both
ashore and onboard.

Safety Circuits

Source: IEC
Voltage/ Power rating Ship ESD (minimum Neutral Earthing resistor Cables
input)
6,6 kV AC ESD1 (ship moves past Neutral point of the shore OPS 1 3cables
Power rating: the warning range) - transformer unearthed where the LNGC (each with
initiate automatic starting, connected to the system is designed 3 Phases +
10.8 MVA synchronization and with an insulated or high-resistance Earth + 7
(see section 7) connection of the ship's earthed power system for compliance Pilots and
main source of power with the requirements of SOLAS, Ch II- (optional)
followed by isolation and 1/D, Regulation 45.4.3, and IEC 60092- Fibre
earthing of the shore 502. Optic))

Connector i Inlet standard

1 Connectors/ Inlet: IEC 62613-2:2016, Annex J (figure
below)

9 Data link (if provided) shall use Fibre Optic
(IEC/IEEE80005-a - section 7.3.4, fig.5).

1 Diagram of the connector plug, and inlet presented
below (ref: IEC/IEEE80005-1, Annex-C + IEC 62613-
2:2016, Annex G)

1 Short-circuit contribution level from the HV shore limited
by the shore-sided system to 25 kA RMS.

1 The short-circuit withstand current is 25 kA for 1 s and
the maximum peak short-circuit current is 63 kA.

Compatibility Assessment before connection
(ship-specific)

a) compatibility of shutdown system and
disconnection equipment

b) availability of OPS power supply for cargo
operations

Equipotential Bonding Monitoring

Not mandatory (see section 15) - Where applied,
the requirements in IEC/IEEE80005-1, Annex D
i section D.7.2.5 should be followed

connector

E¢ Earth

L1¢ Phase A phase R
L2¢ Phase R phase S
L3¢ Phase @€ phase T
P1to P% Pilot lines
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Table 4.717 HVSC i Tanker.

HVSC i Tanker (ref: IEC/IEEE 800 Al

Shore connection nominal voltage: 6.6kV

1 Shore connection earthing system:

unearthed

1 Number of cables to feed the vessel: 3

1 Location of the cable management

system: berth

1 Most frequently used earthing system on
ship: unearthed or high-resistance

earthing

Source: EURONAV

General system diagram Legend
1. Shore OPS Circuit-Breaker
Shore Side ;. Ship Side 2. Plug (shore-side) and socket-
: outlet (onboard)
\I:H:H:H:|D 3. Control and monitoring
(separate cable management
‘ system with copper wires) - plug
‘ 9 w 13@ - (shore-side) and socket-outlet
- SNl ol o ‘ (onboard)
8 - =~ = — ] 4. Pilot wires (integrated in plug
‘ k 5 {171‘ and socket-outlet)
\ 7 L. =5 12 5. Cable Management System
- - (shown as crane on shore-side)
| | 6. Ship OPS Circuit-Breaker
7.  Interlocks with pilot wires shore-

3x(3P +E +7 Pilots + FO) | ¢

— — Communication, Control & Monitoring

—— Power cables
Interlocking pilot wire

side

Control shore-side

Protection relaying shore-side
Protection relaying onboard
Control onboard

Interlocks with pilot wires
onboard

Control cable management
system

Voltage/ Power rating

Ship ESD (minimum input)

Neutral Earthing
resistor

Cables

6,6 kV AC
Power rating:
10.8 MVA
(see section 7)

Safety Circuits

No Safety Circuits are described in
IEC/IEEE80005-1 Annex-F.

Pilot guides should be part of the
safety circuit which should be based
on continuity verification.

Compatibility with earthing strategy
should be ensured

ESD strategy should be similar
to the LNG presented with 2
Stage ESD.

This is not detailed in
IEC/IEEE80005-1 Annex-F.

Primarily Section 4.9 of the
standard should be observed.
ESD1+ESD2 approach may
be specially considered and
always subjected to
Compatibility Assessment.

Other earthing

arrangements may be
allowed because of
the need to limit earth

fault current in
hazardous areas.

1 3 parallel cables
(each with 3 Phases +
Earth + 7 Pilots)

Each power cable
should be rated to 3.6
MVAc

Connector i Inlet standard

1 Connectors/ Inlet: IEC 62613-2:2016, Annex Il

(figure below)

1 Certified intrinsically safe or fibre-optic systems
can be a suitable means of communication.

9 The prospective short-circuit contribution level
from the HV shore distribution system should be
limited by the shore-sided system to 16 kA RMS.

Compatibility Assessment before
connection (ship-specific)

Special requirements apply to the
distribution systems of tankers (see
IEC 60092-502).

Equipotential Bonding Monitoring

Not mandatory

Should be considered as good/
precautionary practice for tankers.

connector

E¢ Earth

L1¢ Phase A phase R
L2¢ Phase B phase S
L3¢ Phase G phase T
P1to P% Pilot lines
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In addition, and support to table 4.6, the following elements are further detailed as a result of best
experience from ports already with experience with OPS for tankers:

1. HVSC for Tankers means two significant differences / challenges compared to other SSE/OPS
installations:

f

The HVSC system shall be able to connect to any tanker berthing at jetty - This is an
aspect requiring more flexibility regarding cable management because; 1) the location of
the on board connection point is ship-specific, 2) variation in vessel position along the
jetty, depending on manifold combination in use, 3) level variation from different loading
conditions during the call. There is a strong need for adaptation to specific ships.

ATEX - Both quay and vessel (tank deck) are classified as hazardous areas (Zone 1*)
during loading /discharging operation. This increases the demand level on installations
and procedures for handling of HVSCi equipment.

2. Equipotential bonding cable

f

HVSC standards (IEC/ISO 80005-1) demands equipotential bonding between shore and
ship. Once the shore-side HV-cable is connected to the ship, connection/intake is
secured. The HV-cable is always connected to shore-side earth.

Previous editions of ISGOTT? required use of bonding cables to avoid arc when
connecting/disconnecting loading-arms/manifolds. This is now replaced by isolation
flanges to avoid electrical contact. The equipotential bonding cable (EBC) introduced for
HVSC above, does not replace the need for isolation flanges

3. Cable and power demand

1

Power rating 10,8 MVA, equip HVSC system based of use, calling vessel types, types of
operation to avoid rising cost related to over dimension system of power demand. Do not
require more cables then necessary according to ships power demand. In general,
products tankers need max power during discharging >3 MVA which are possible to
supply by one cable (3.6 MVA).

When using crane, the lifting point must be connected to earth. During lift operation the
cable plug will be protected by a weather-proof end cap and the complete plug will be
covered with anti-shock protection, to avoid damage during handling.

4. Compartment at shore and ship

1

CMS on shore side, place CMS close to shore centreline as possible, per today, HV-
cable reels are not available for ATEX purpose. It is therefore also here necessary to use
a CMS enclosure with overpressure (Explosion proof according to IEC60079-2) for the
cable reel compartment of the container.

HV-connector components are currently not available in ATEX classification. It is
therefore necessary to use an enclosure with overpressure (Explosion proof according to
IEC60079-2) for the onboard connection point.

5. Shore side and Ship side safety functions

f

When HVSC Power On is established, it is interlocked by Safety Circuits. It is only
possible to establish shore power electrical power feed if all conditions are fulfilled. There
are two Safety Circuits, shore / ship. Respective circuit contain all the conditions that
must apply for safe HVSC. Should one condition disappear, the Safety Circuit will trip,
and HV-switch will cut the power supply immediately.

Shore-side safety circuit include e.g. HV switch status, earth coupler status, HVSC plug
connected (pilot), overpressure above limit, doors closed, nho smoke, no explosive gas
inside EX-area, etc.

Ship-side safety circuit include e.g. HVSC plug connected (pilot), cable fix point clamped,
cable tension inactive, overpressure above limit, doors closed, etc.

2 International Safety Guide for Qil Tankers and Terminals (ISGOTT 6) - 6th Edition -
https://www.ocimf.org/publications/books/international-safety-guide-for-tankers-and-terminals-1
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4.3.2 Low Voltage Shore Connection (LVSC)

Low Voltage Shore Connection (LVSC) is another option for OPS which is suitable/applicable to supply
electrical power to ships of less power demand or, in addition, to ships which are not equipped with
onboard step-down transformers.

The LVSC international standard is currently under revision, but reference can be made to the existing
standard (IEC / IEEE PAS 80005-3:2014, Low voltage shore connection). This is expected to be replaced
by a new standard in due course.

The diagram below shows the different elements of a LVSC OPS solution.

Shore Ship
Supply  Network
— — Sy ey PR W G { r———/A _'2'_I'_“_‘
| —‘ | I I I |_|_‘|“
I 1 I I @ I =
CEIE || TSR SRR I [R] R (B
I
]
‘ |

(8]
il el Il
-.“J

Figure 4.117 Low Voltage Shore Connection i LVSC block diagram.

Legend for Figure 4.11: LVSC block diagram: the 1) primary breaker, 2) substation transformer, 3) LV switchgear, 4) main breaker,
5) feeder breakers, 6) feeder cables to power receptacles, 7) plug and receptacle assemblies, 8) plug with a flexible cable, 9) ship
onboard shore power panel, 10) ship-side circuit breaker, 11) optional ship onboard transformer, 12) synchronizing breaker, and
13) neutral resistor disconnect switch. G) grounding.

Source: IEC

Low Voltage Shore Connection OPS have very specific challenges that should be considered by PAA in
their development plans:

- Need to consider the number of cables for specific ship connections i Can go up to 5 (five)
cables in case of 400 V connections to supplies of 1 MVA power demand.

- Coordination between LV feeder Circuit Breakers (CB) i the opening of one CB will lead to
the overload on the other CBs. There may be a need to consider selectivity in adequate design
to ensure reliability of LVSC systems.

- Safety i With a higher number of LVSC feeder cables it is important to consider the difficulties
associated to handling of the cables, increasing potential probabilities for accidents.

- Operationi Hi gher ficonnect i on/adcoustogfor themmbermihcables to me s
operate.

22



/ European Maritime Safety Agency

EMSA Guidance on SSE to Port Authorities and Administrations

Table 4.8 - Low Voltage Shore Connection - Number of Connections as a function of power demand and voltage.

Power demand

kVA

Voltage (V)

Nr Connections I_max/cable (A) Nr Connections |_max/cable (A) Nr Connections I_max/cable (A)
Up to 250 2 180 1 328 1 209
251171 500 3 241 2 328 2 209
50171 750 4 271 3 328 2 314

Low Voltage Shore Connection SSE options are presented in Figure 4.12
of the shore-side step-down transformer which is required to match the HV shore side supply (when
available) to the supply of electrical power to ships at berth.

. It can be noted the relevance

Figure 4.12 - Low Voltage Shore Connection i SSE arrangements possible for LVSC (legend in figure 4.4).

Source: EMSA
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In the next pages the different standardized ship types featured in IEC/IEEE 80005-3 are presented:

A. LVSCi 0OSV, Service and Working Vessels (ref: IEC/IEEE 80005-3, Annex-B)
B. LVSCi OSV, Service and Working Vessels (ref: IEC/IEEE 80005-3, Annex-C)
C. LVSC i Tankers (ref: IEC/IEEE 80005-3, Annex-D)
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Table 4.917 OSV - Service Vessels.

1 _ OSV, Service

1 Shore connection nominal voltage:
400/440/690V

1  Shore connection earthing system: LRE
with 25 Ohms NGR

1 Number of cables to feed the vessel: up
to 5 cables

1 Location of the cable management
system: on shore

General system diagram Legend
1. Shore side main or/and feeders
Shore Side | Ship Side circuit-breakers.
— 2. Interlocks with pilot wires shore
side

\|:| |:| |:| |:| D 3. Shore side protection relaying

4. Cable handling system, here
; shown as on shore cable reel

5.  LV-plug
6. Pilot wires (integrated in Plug

and Socket

PR E “ 7.  Ship protection relaying
8

. Interlocks with pilot wire ship
(= side

5 \
| | 9. Onboard OPS circuit breaker
Upt tp 5LV ship
connectors/ inlet
arrangements 9
—
—— Power cables \\
----- Interlocking pilot wire
Voltage/ Power rating Ship ESD (minimum Neutral Earthing resistor Cables
input)
400/440/690V AC ESD facilities should be Where applicable, shore- Up to 5 cables (rated
- activated in case of side transformer star point 690V, 50/60Hz/ 350A)
Power rating:
occurrence of any of the shall be earthed through a
<1MVA events listed in neutral earthing resistor
(see section 7) IEC/IEEE80005-3, section | rated 25 ohms
Safety Circuits 4.9. Connector i Inlet standard
Safety Loop circuit to be provided 1 Connectors/ Inlet: IEC 60309-5 (figure below)
in accordance with .  Maximum short-circuit current 16 kKA /1 s and a
IEC/IEEE80005-3, section 7.3.1. maximum peak short-circuit current of 40 KA.
Pilot guides should be part of the
safety circuit which should be
based on continuity verification.

Compatibility Assessment
before connection (ship-
specific) E¢ Earth

L1¢ Phase A phase R
L2¢ Phase B phase S
L3¢ Phase @ phase T
P1to P4 Pilot lines

Equipotential Bonding

An equipotential bonding between
the shipds hull
electrode shall be established by connector inlet
the earth contacts of the plug,
socket-outlet, ship connector and
ship inlet.
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Table 4.107 LVSC - Containerships

LVSC - Containerships (ref: IEC/IEEE 80005-3, Annex-C)

1 Shore connection nominal voltage:
400/440/690V

1  Shore connection earthing system: LRE
with 25 Ohms NGR

1 Number of cables to feed the vessel: up
to 5 cables

1 Location of the cable management
system: on ship

Source: CAVOTEC Source: Juergen Braker, FleetMon
General system diagram Legend
1. Shore side main or/and feeders
Shore Side Ship Side circuit-breakers.
i 2. Interlocks with pilot wires shore
side

\|:| |:| |:| |:| D 3. Shore side protection relaying

4. Cable handling system, here

[ shown as on shore cable reel

5. LV-plug
6. Pilot wires (integrated in Plug

and Socket

----- 7.  Ship protection relaying
8. Interlocks with pilot wire ship

| —) side
\ 5 E
: L NOTE: The location of LV cabling

9. Onboard OPS circuit breaker
LV reels on the ship side, especially for
higher power demands may be

P — —> difficult to achieve due to space
— Power cables ' arrangement limitations. This is
..... Interlocking pilot wire \ however the IEC/IEEE80005-3
standard annex for containerships to
source: IEC | e followed.
Voltage/ Power rating Ship ESD (minimum Neutral Earthing resistor Cables
input)
400/440/690V AC ESD facilities should be Where applicable, shore- Up to 5 cables (rated
Power rating: activated in case of side transformer star point 690V, 50/60Hz/ 350A)
occurrence of any of the shall be earthed through a
<1MVA events listed in neutral earthing resistor
(see section 7) IEC/IEEE80005-3, section | rated 25 ohms
Safety Circuits 4.9. Connector i Inlet standard
Safety Loop circuit to be provided 9 Connectors/ Inlet: IEC 60309-5 (figure below)
in accordance with 1 Maximum short-circuit current 16 kA / 1 s and a
IEC/IEEE80005-3, section 7.3.1. maximum peak short-circuit current of 40 kA.

Pilot guides should be part of the
safety circuit which should be
based on continuity verification.

Compatibility Assessment before
connection (ship-specific)

Location of the CMS onboard may be
subject to special consideration

E¢ Earth

L1¢ Phase A phase R
L2¢ Phase R phase S
L3¢ Phase G phase T
P1to P4 Pilot lines

Equipotential Bonding

An equipotential bonding between the
shipdés hull and sho connector inlet
shall be established by the earth
contacts of the plug, socket-outlet, ship
connector and ship inlet.
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Table 4.117 LVSC i Tankers.

1 Shore connection nominal voltage:
400/440/690V i 60Hz

1  Shore connection earthing system: LRE
with 25 Ohms NGR

1 Number of cables to feed the vessel: up
to 5 cables

1 Location of the cable management
system: on shore

Source: CAVOTEC

General system diagram Legend

1. Shore side main or/and feeders
Shore Side | Ship Side circuit-breakers.
i 2. Interlocks with pilot wires shore

side

: \|:| | ] ] 3. Shore side protection relaying
: 4. Cable handling system, here

: shown as on shore cable reel

5 Pion
6. Pilot wires (integrated in Plug

and Socket

......... E 7. Ship protection relaying

8. Interlocks with pilot wire ship
(= side

9. Onboard OPS circuit breaker

Upt tp 5LV ship
connectors/ inlet
arrangements

LV (upto) 5 x (3P +E + 4 Pilots)

L
—— Power cables \
----- Interlocking pilot wire
Voltage/ Power rating Ship ESD (minimum Neutral Earthing resistor Cables
input)
400/440/690V AC ESD facilities should be Shall be used IT system, so Up to 5 cables (rated
Power rating: activated in case of neutral earthing resistor 690V, 50/60Hz/ 350A)
occurrence of any of the shall be disconnected or
<1MVA events listed in may be omitted. Special
(see section 7) IEC/IEEE80005-3, section | cares should be taken
4.9. during the design and
operations phases related to
Intrinsically safe (IS) IT systems 1302 (see IEC
barriers shall be provided 60364).

on ship and on the shore

Safety Circuits
— - for the safety 1291
Safety Loop circuit to be provided circuits. The safety circuit |1 Connectors/ Inlet: IEC 60309-5 (figure below)

in accordance with shall be designed 1 Maximum short-circuit current 16 KA/ 1 s and a
IEC/IEEE80005-3, section 7.3.1. according to [EC 60079- maximum peak short-circuit current of 40 KA.
Pilot guides should be part of the 11.
safety circuit which should be
based on continuity verification.

Connector i Inlet standard

Compatibility Assessment before
connection (ship-specific)

Ec¢ Earth

L1¢Phase A phase R
L2¢ Phase B phase S
L3¢ Phase @ phase T
P1to P4 Pilot lines

Special requirements apply to the
distribution systems of tankers (see IEC
60092-502).

Equipotential Bonding

An equipotential bonding between the
shipdés hull and sho
shall be established by the earth

contacts of the plug, socket-outlet, ship
connector and ship inlet.

connector inlet
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4.3.3 Configuration and Optimization of OPS systems

The selection of the adequate OPS arrangement is dependent on 1) port/terminal-specific elements and
2) operating profile of ships at berth. The present section presents elements that PAA should take into
consideration when assessing possible architectures for SSE OPS installations. Number and power
rating for transformers and frequency conversion units, layout of the distribution network, reliability of
the OPS system, amongst other aspects, are important factors to take into consideration in the selection
of the specific arrangement/configuration/layout to follow.

The present section highlights possible configurations for SSE OPS systems.?

Configuration of OPS system i Option |

Figure 4.13 shows a high-power converter that can supply power to several quays at the same time.
This is also called in some .Iliterature fiCentralised OP

The elements of the SSE/OPS system are located/centralized in the main OPS central/port substation

which, due to its large dimensions, may be located away from quay, at a convenient location within the

port. The substation will typically include: 1) frequency converter, with 2) assoc i at e dd ofiwsntoe pa n d
fi s tuepptansformers, and 3) all necessary switchgear and main shore-side connection switchboard.

In Figure 4.13 it is possible to see that only one frequency converter is centralising the shore power supply
which is provided to the ships by 2 distinct separated circuits. This configuration allows ships of different
frequencies to be supplied at any berthing position.

H.
G. Ship- I. Receiving

Receivin -
shore & Ship

Ship OPS
Interface it Network

C. OPS Central/ Port Substation E. Berth OPS Module

D. Port Distribution

c
w 2
H E]
3 8
“ =
» 1}
g o
H £
& £
D; L
L 4 o
u

B. Reception Interface

30kV/ so/60, sMw  3.3kV/
3.3kv == 11kV
30kv/
11kV

50Hz /
Berth Posl 50Hz L

11kv/440V

60Hz
Berth Pos2 @

POWER MANAGEMENT
[
_l

Utility Grid

50Hz

60Hz
60Hz

n
El\j%
2

BerthPos3
11kV/440V

n

Seriks
Berth Posd

Main Substation 11kV/440v

Figure 4.13 - Option 17 high power frequency converter i Centralised OPS supply. Two AC BUS i 50 Hz or 60 Hz.

Source: EMSA

Frequency conversion supplies voltage transformers, which are located in the main distribution station.
The power of the frequency inverter and associated transformers, depending on the installation, can go
up to 10 MW (in Figure 4.13 the power indicating 5 MW). This level of power concentrated in one supply
unit can however represent a challenge in terms of reliability of the whole system. Should any problem be
induced in the OPS supply grid by any of the receiving ships, the whole supply may be affected and driven
to blackout.

STarnapowicz, Dariusz, Analysis Of TPewerERgronic GanectionfOf Skigsiwith e To Shi po S
Land, New Trends in Production Engineering, 2018 Volume 1 Issue 1

27



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

The reliance on one frequency converter and supply power-conditioning unit, despite being the simplest
approach, and potentially more attractive from a capital investment perspective, may be one with great
implications in terms of reliability. It may not be possible in all situations to guarantee uninterrupted
operation of the system which may represent a serious limitation to the safety and operation of ships at
berth. In addition, because of technological limitations of solid-state technology for higher power, the
frequency converter is usually based on IGCT i this may have a detrimental effect on the quality of
generated voltage flows.

Configuration of OPS system i Option Il

The topology of Option Il is presented in Figure 4.14, with the introduction of multiple lower power
frequency conversion (in the presented example of 1 MW). Frequency converters and matching
transformers are located in the main distribution station. In the first and second topology, connecting
cables are distributed independently. As opposed to Option I, this approach is often referred to as
iDecent®ORY i sweglpl yo

Option Il allows the use of the frequency converters in parallel operation (assisted by a Power
Management unit).

The main advantage of Option Il is the ability to ensure an independent operation of systems for frequency
conversion which significantly increases the reliability of the STS system. In this way the challenges
presented by Option | are not present.

The main disadvantage of this solution, apart from possible cost, is the larger surface of the main station
necessary for installation of more converters and transformers than in when compared to Option I.

However, there is the possibility for modular implementation of Option Il with the use of containerised
modules that are equipped with full power conditioning units (converter and matching transformers). This
would allow the OPS infrastructure to be future proof, with the possibility to further grow and meet
increasing demand from ships. Expansion of the OPS system with additional modules (converters) would
in this way be a possibility, connection more units to the Power Management system. Modular concept
enables the construction of converters of any power ranging from several hundred kVA to over 10 MVA.

Due to the parallel modular layout for the power conditioning units, it is possible to ensure the
uninterrupted operation even with inoperative modules with slightly reduced parameters, thus ensuring
redundancy and mitigating the risk of blackout in receiving ships.

H.
Receiving
Ship OPS
Station

G. Ship-
Shore
Interface

I. Receiving
Ship
Network

C. OPS Central/ Port Substation E. Berth OPS Module

D. Port Distribution
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B. Reception Interface

(GOHHA A
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Figure 4.14 - Option 117 a few converters of lower power. Two AC BUS - 50 Hz or 60 Hz.
Source: EMSA
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Advanced redundancy in Option Il allows:
A Continuous operation of the system with partially reduced power in case of failure of a single
module
A The ability to build a system with a number of n+1 modules, resulting in further increase in
the reliability and availability of power
A Flexible planning of repair or replacement of a single module during operation

Moreover, in accordance with the information from different manufacturers, it is possible, in Option
configuration, to explore the system in overload. From: 120% 10 min; 150% 30 sec.; 175% 2 sec.
Higher overloads can be achieved by adding more modules.

A great advantage of Option Il is the possibility of the synchronization of the ship power grid with the
land network using control of dedicated frequency converters, which is not possible in Option I.

In Option 11, it is also possible to save the number of connecting cables to the different quay locations by
the installation of the frequency selector (Figure 4.15).

Selectror of Quay

- e e e e e e e e e 1
v |
| ——@ | | 60H
| son BTSN —— QD] ==
: s i I Berth Pos1 11KkV/440V
I B e —
: e l 50/60H
I 4
1 - '_
| 60Hz ] l I__
—O |
| :_ _______ | Berth Pos2 |
| | ——
I N | I i
| :r Q@ | |  50/60Hz | | —
| B60Hz : ' | L=
I T . :
bemmm - I Berth Pos3 :
A I N
I | @ : l 50/60Hz
| o - =
| o | BerthPos4 4
L e N A ——

Figure 4.15 - Option 117 Application of a frequency selector i saving connecting cables.

Source: EMSA

Configuration of OPS system 1 Option Il

Option Ill, as presented in Figure 4.16, introduces an alternative approach, with the adoption of a DC
transmission grid.

The main advantage of this layout is the ability to transfer energy between systems with different
frequencies. In the main switchboard, AC voltage is rectified to DC voltage and in this form, it is transferred
to local inverters, distributed in accordance with port-specific layout, where it is then changed back to AC
voltage.

Advantages from the transfer of DC power are well known and can be briefly listed:
- Transfer losses are reduced by 33 percent
- Transfer power is independent of distance
- Transmission line does not require reactive power compensation
- HVDC systems can combine asynchronously operating power systems

- HVDC systems enable quick control of volumes and directions of power flow
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One of the disadvantages of the topology shown in Figure 4.16 is a decrease in the reliability of the
systems by suing one AC/DC converter in the main distribution station. The failure of this inverter disables
the entire STS system. This can however be solved by adding additional redundancy at the rectifier unit

level.

Station

o

=3 c =

£ 8 )

$ 2 2 H. -
£ T = G. Ship- Receiving I. Receiving
§ C. OPS Central/ Port Substation E E. Berth OPS Module g Shore Ship OPS Ship

a + < | | Interface Network
b H £

< = =

o a w

Substation 1 - 1MW Berth Pos1
—_ Quay 1 - 50/60Hz
[€)) ~ DC BUS = prrm——
= L HEO——- €8]

- 30kv/ oc/ac  30kV/ [ 11kv/440v, aIMW |
= bkV 6KV
0
z
> Substation 2 - IMW Berth Pos2
preeetrrressreasessssi e, Qui\f 2- 50!60"1 lJ_l
- — ;
LHGOF—————QD [
pc/ac  30kV/ | 11kv/440v, 1MW |
6kV
Substation 3 — IMW Berth Pos3
. T Quay 3 - 50/60Hz ‘_I_l
- | — : [
~ Q0] E—— QD] {

pc/ac  30kV/ | 1ikv/440v, IMW |
kv

Figure 4.16 - Option 1l T HV power supply. (HVDC i Transmission).

Source: EMSA

The following table summarises the main advantages and disadvantages of the different configurations
presented. It should be taken into consideration that any cost-benefit assessment to be made, when
evaluating possible future options for OPS installation, a trade-off between investment cost and reliability
of the whole system must be made. It is important to have early anticipation of the essential critical factors
driving the SSE installation (reliability is critical for specific operations of ships at berth, e.g., for cruise
ships and LNG carriers, even if for different underlying reasons).

Table 4.127 Summary of advantages and challenges of different OPS configurations.

Topology Advantages Challenges
Option | 1 Small area of the main station 1 The less reliable system (failure
Centralised OPS with one and long distance from quays ;)efrtnr;ien;rl:\sl)erter disables all
high power Frequency 1 Cost of installation is slightly
Converter lower than cost of other 1 Limited availability of highly
variants specialized service for high

power converters

1 Low quality of electricity (high
THD) i the need to use harmonic
filters

1  No possibility of synchronizing
systems using inverter control
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Option 1l

De-Centralised OPS with
several lower power
Frequency Converters

Option Il

DC distribution with
inverters at berth

EMSA Guidance on SSE to Port Authorities and Administrations

Failure of one of the inverters
disconnects only one terminal;
other terminals work without
any problems

Possibility to increase the
reliability through the use of
multi-level redundancy

Possibility of parallel operation
of modules in order to ensure
power for ships with high
power requirements

Ease of access to service

High quality of generated
voltages from inverters based
on IGBT transistors

Possibility of placing
autonomous installations in
containers and thus increasing
the possibilities for expansion
of the STS system

Possibility of synchronizing
systems using inverter control

Surface of the main station is
the smallest of all variants

High efficiency due to smaller
losses in rail and DC cable
lines

Modularity for easy expansion

1 Higher cost of installation.

1 The use of double-busbar switchgears

instead of standard switchgears will
increase the cost of the installation.

Limited technology availability

Placement of inverters in quays
interferes with the port infrastructure

Failure of AC/DC converter in the
main station prevents (need to be
solved by introduction of additional
rectifiers, adding to cost)

If a fault occurs in the centrally placed
rectifier, or in the DC-link, no berth will
be able to supply vessels alongside
with onshore power supply.

The different configurations outlined above were analysed as a demonstration of the different
arrangements possible in the development of SSE installations. For both OPS options I, Il and Il the
different approaches with respect to the location, redundancy and power rating for the frequency converter
are dictating the different topology arrangements. However, there are, at least, as many combinations as
the different ports and specific port/ terminal/ ship requirements. It is important to ensure that SSE systems
are reliable through adequate design of frequency conversion and transforming units. Also, with respect
to the total length of HV distribution cabling in the port, it is important to note that some important choices,
like the use of frequency selector units, will allow to save the duplication of busbars or distribution circuits,
just for the purpose of supplying different frequencies.
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In Figure 4.17, a possible shore power arrangement for a 36 MVA OPS installation is presented. 3x12
MVA static frequency conversion units ensure a total combined power of 36 MVA. Separating the
frequency conversion in parallel units ensures the necessary reliability of the SSE system. To be noted
that, at main substation level there is no voltage reduction i only frequency conversion takes place.

The supply of 50/60 Hz is made by a double BUS at port distribution level, with the possibility for selection
of the frequency at a centralized unit, optimizing the cable length to be installed throughout the different
quays.

The voltage reduction takes then place at berth OPS module level allowing the power supply need to be
adjusted in accordance with quay or terminal specific operating aspects.

A. Power Source

| 33kV 50Hz |

B. Reception Interface

Auxiliary transformer used

to Aux Transformer
f pre-magnetize MV/HV

transformers e 8
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1 control and auxiliary
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vt 21 VD | | B4
| | |
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]
E
5
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Figure 4.17 - SSE installation i OPS 36MVA installed capacity i example of structure layout for a redundant centralized
OPS installation.

Source: EMSA
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4.4 Shore-side Battery Charging (SBC)

Shore-Side Battery Charging (SBC) represents the SSE arrangement able to guarantee the charging of
onboard Battery Energy Storage Systems (BESS) by shore power supply, either AC or DC, using a
connection protocol suitable for the specific BESS onboard, at a specified charging power.

The key difference between the services provides in OPS and SBC are, in essence, related to need to
ensure control across the battery charging process. Due to this need, it is important to have visibility/
communication between the charged ship BESS and the shore-side unit. This is one of the important
challenges with SBC and, adding to that challenge, the aspect of interconnectivity and interoperability is
of key relevance to address. The large majority of SBC installations today in operation are realisations of
tailor-made solutions which are applicable to specific ships with connectivity arrangements highly specific.
Unlike OPS, SBC has no standard for interconnectivity or interoperability.

In addition to the above challenge, another important difference can be identified in SBC, when comparing

to OPS: the power demand is dictated by the ambition in the duration of the charging process. For fast

charging very high power is required. Whereas in OPS the high power may be required by some ships

with high hotel or service loads at berth, for SBC these high loads may be required by otherwise smaller

ships which have however the ambition to charge fAfasto
consideration for design of SSE/SBC installations and services.

There are several technical solutions for battery charging of electric/ hybrid electric ships. Figure 4.18,
presents the 4 (four) generic cases that can be considered.

Battery Charging Concept Modes

MODE1
e Charger onboard — converts AC to DC

*  Typical OPS supply, AC, with live cables at all time
H D supplying fixed V, f and allowing different currents as
] per Power (MVA) drawn.

e  Electricity is first supplied to ship main switchboard

MODE2

»  Charger onboard - converts AC to DC and controls
El battery charging
1 # Inline control box (Blue)

» Low power charging process (long)

MODE3
+  Dedicated Berth/Wall-Box

* Charger onboard — converts AC to DC and controls
- El battery charging
] » Higher charging power available
+ Fast AC Charging

MODE4
*  Charger ashore — converts AC to DC and controls

battery charging from ashore
» Highest Power DC charging possible
#  Fast DC Charging

Charging Control Box Onboard
Transformer Switchboard
Onboard
. AC Power Source Switchboard

Figure 4.18 - Shore-side Battery Charging i 4 generic options AC and DC charging.

Source: EMSA

33



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

Without standardisation, SBC cable management systems/ connection solutions have developed specific
solutions. From Figure 4.19 to Figure 4.22 it is possible to see some examples of SBC connectivity
solutions.

NORLEDES

Figure 4.19 - Shore-side Battery Charging i NORLED Figure 4.207 Shore-side Battery Charging i MV Ellen
Ampere i CAVOTEC system with gravity driven charging shore-side fast charging transformer.
cables falling into connection.

Source: Cavotec SA/NORLED Source: Mobimar

Figure 4.217 Shore-side Battery Charging i induction Figure 4.22 - Shore-side Battery Charging i Portico
charging connection. solution for battery charging connection. Several parallel
cables grouped, with gravity connection.

Source: Wartsila Corporation
Source: Zinus AS

The specificities of SBC projects are multi-dimensional, starting from the connectivity arrangement, and
going up to the communications solution, both for system operability and for battery charging
management. PAA should have in particular consideration the fact that any SBC project will impact the
infrastructure differently, with power demand requirements which may be very high, as a function of fast
charging requirements for RO-Pax ferries with short turn-around times at port.

The level of integration of charging systems into the overall SSE infrastructure is very important and the
combined power demand effect of primary relevance to be addressed.

PAA should ensure with operators that there is a good level of predictability in the charging pattern of the
vessels operating with SBC services in port.
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Figure 4.23 - Shore-side Battery Charging i DC, AC charging and battery swapping.

Source: EMSA

G ShoreSide Battery SBEDC
Charging with
Charger Uniashore
¢ DC charging

H ShoreSide Battery SBGAC
Charging with
Charging Unit
onboardg AC
charging

| ShoreSide Battery SBEBS
Charging with
Charger Unit ashore
¢ Battery Swapping

DC Shoreide Battery Charging, supplied by HV utility grid supply, subject
power condition by stelown transformer and rectifier AC/DC converter.

Wired and wireless inductive charging are both presented.

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

For wired connection, the diagram shows a charging connector plugged il
connectorinlet arrangement.

DGDC converter presented installed onboakthergy Management and
Power Management Systems represented for communication across ship
shore interface (EMS, PMS)

AC Shorsside Battery Charging, supplied by HV utility grid supply, subject
power condition by stelown transformer and frequency conversion if so
necessary.

Wired and wireless inductive charging are both presented.

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

For wired connection the diagram shows a charging connector plugged ir
connectorinlet arrangement.

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

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

Generic diagram represents a beihvel charging unit used for
interchangeable batteries used to philgonboard battery powered vessel.

Charging management 3gms is represented.
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4.4.1 SBC System Architecture

The diagrams below present the different possible SBC charging modes, reflected in different system
architectures®. Particular relevance given to the suitability of the different arrangements for fast

charging.

Receiving Ship

AC DC
- AC power source - AC power source ashore
- Onboard rectifier required - AC-DC converter charger (can be onboard or
- AC-DC charger onboard i important ashore) T onboard in the figure below
- Need for synchronization makes this - Onshore battery for charging

arrangement unsuitable for fast charging
- Typical OPS connection arrangement

O . Main AC Bus I
: A g A
T : To-Ship Bus
O} =N I
| ®
SHORE SHIP
g
s Figure 4.24 - SBC T AC shore-to-ship charging 7 AC- Figure 4.25 - SBC i AC shore-to-ship charging i DC-
= based ship grid. based ship grid.
e
g Source: [1] Source: [1]
=
(3 - DC power source - DC power source
= - Onboard rectifier required - DC based onshore energy system
(',—‘) - Suitable for fast charging - Charger-converter can be either ashore or
onboard (as in the figure below)
- Suitable for fast charging
8 Main AC Bus

To-Ship Bus

Shore Bus I Shore Bus

I To-Ship Bus

rl

rel

SHORE SHIP

SHORE SHIP

Figure 4.27 - SBCi AC shore-to-ship charging i DC-

Figure 4.26 - SBC i DC shore-to-ship charging i DC- based ship grid.

based ship grid.

Source: [1] Source: [1]

4 As in S. Karimi, M. Zadeh and J. A. Suul, "Shore Charging for Plug-In Battery-Powered Ships: Power System Architecture,
infrastructure, and Control," in IEEE Electrification Magazine, vol. 8, no. 3, pp. 47-61, Sept. 2020, doi:
10.1109/MELE.2020.3005699.
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4.4.2 Control and Power Management

Battery Charging is a time-variant process encompassing the need to monitor severable variables and
control

Generally, two levels of control can be considered in a charging system [1]:

1) Low-level control, for control of power converters (Power Converter Control); including the
following functions:

a. Control of the Converters and respective modes of operation.
b. Current control
c. Control of power flows
d. Voltage Control
e. Power Variation control during charging process.
f. Management of bidirectional current flow
2) High-level control, including

a. Power and energy management system (PMS and EMS) that generate the power and
voltage set points for stable and efficient operation of the power system during the
charging process.

b. Onshore and onboard battery management systems (BMS), which are responsible for
estimation of the state of charge (SoC) and the state of health, thermal management, and
cell balancing.

To illustrate the importance of these controls for battery charging and operation of an all/electric or
hybrid/electric ship, Figure 4.28 includes both AC and DC charging versions, where PMS (Power
Management System) and EMS (Energy Management System) are illustrated as functional components
linking the ship to the shore side.

In addition to the EMS and PMS, also the Battery Management System (BMS) is illustrated. Together
these three systems operate and interact to ensure the safety and operability of the battery energy system.
It is important to ensure that compatibility of the low-level and high-level control systems are
communicating adequately to contribute to the battery charging at berth.

N
E‘
:

_ """" H

il

Source: EMSA

Figure4.28-SBCi DCand ACbattery charging, redpectively in
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4.5 Shore-side Power Bank (SPB)

Shore-side power banking is an extension of the SBC concept and, to some extent, a combination of SBC
and OPS. The central infrastructure element are battery banks and can be installed in different points of
the SSE infrastructure. Figure 4.29, presents battery banks at central substation and at berth OPS

modules.

Power
Source G. Ship-
Shore

Interface

H. Receiving Ship I. Receiving Ship

E. Berth OPS Module OPS Station Network

C. OPS Central/ Port Substation

=

5 S
S 2
3

z 2
3 B
-1 a
=

H %
L3 -]
a w

B. Reception Interface

g N | 7
= —— < é%%; y

g Charging controll @@ I_ N

v @ E@j J

T oo

702 %/, q

g AT - -

| 5 K

Figure 4.29 - SPB i Shore-side power banking.

Source: EMSA

Renewable energy resources integrated into port energy system, in particular directly integrated onto the
shore-side electricity network can use battery banking infrastructure in order to store fluctuant/irregular

energy production.

The 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  findF@ure 4.29, presents renewable based SPB to OPS supply through the introduction of an
Inverter unit for AC power supply at designated voltage and frequency. Opt i on fAKO il lustrates
of battery charging service.

Figure 4.30 - Electrical energy storage site containerised Figure 4.31 - Multi-MW battery bank i to be noted the
unit. refrigeration units for the cooling of battery modules.
Source: A123 systems, LLC Source: Samsung
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Below it is possible to see the different levels at which power banking can play an important role in ports
and in the context of SSE installations.

> !
[=% |
[ !
> |
(]
2
5
e PortArea
c | |
ie) ;
'8 |
T oc AC Load |
3 . s
19 1
IS i
= Charge/ Discharge |
i Controller DC Load | |
§ \
i Flale =] F Tl -
P ‘Il I_ ‘Il I_ Dump Load
§ 3 Battery Groups
Fuel Cell
Supply Energy Storage Demand
1 Utility supply may be prone to 1  EnergySorage elements to 1 ACload from OPS
power quality issues and address mainly: 1) Power demand
outages. Quality; 2) Backup/ 1  DC load for battery
1 Microgeneration byrenewables Uninterruptible supply; 3) charging
is intermitent and lacking the Renewable energy 1 Dump Load from
power required byDemand. integration microgeneration to the
1 Batteries and port grid when Energy
supercapacitors represent Storage is full

the key candidates for port
grid applications.

Figure 4.32 - SPB i Shore-side Power Banking i Different locations/roles in the SSE systems for electrical energy
storage.

Source: EMSA
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4.6 Port generators

Port generators are key building blocks in the construction of smart grids and microgeneration in ports.

The possibility to provides peltec tarnidc aMi tpho weorbigrid dyu dtliexn
which will be important to consider in the development of sustainable solutions for ports with more difficult

access to the utility grid.

* Federal Ministry
of Transoort and

Figure 4.33 7 Becker LNG Hybrid power production barge Figure 4.34 17 1.5MW containerized mobile LNG power

i supply of OPS power supply at the Port of Hamburg 1 production units i standard ISO container modular size
electricity supplied via shore-based installation. allows intermodal mobility.
Source: Becker Marine Systems Source: Becker Marine Systems

Figure 4.3517 ABB concept for 3MW Fuel Cell module for microgeneration in ports i hydrogen fuel cells T increasing
interest zero-emission power production. Modularity also facilitates the adaptation for operation onboard.

Source: ABB

PAA should assess the potential for microgeneration in accordance with a technical assessment and
feasibility study taking the following elements in consideration: 1) Difficulties in access to the utility grid;
2) Insufficient power for the required demand; 3) Availability of floor area for installation of power
production units; 4) Safety aspects (Hazardous areas, low flashpoint or toxic fuels) and 5) Sustainability
of the energy options.

Careful consideration should be given in particular to spatial planning: with the space-critical requirements

in ports and terminals, location or microgeneration units should be decided with due consideration to all
other activity (cargo and passenger) flows in the port area.
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Regulatory Framework

The regulatory framework for SSE/OPS infrastructure projects plan, development, and operation, needs

5.

to be assessed over the 3 dimensions: 1) Shore side; 2) Ship-shore interface and 3) Ship side. High-level
instruments (International and EU), national law (for electrical and port regulatory aspects), standards,
Class rules and guidance documents, can be considered altogether the key building blocks for SSE

regulatory framework. The diagram below provides a representation of the inter-relations between the

different instruments.
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5.1 High-level instruments

The present section lists the relevant high-level instruments with relevance to the shore side, ship side
and SSE interface.

5.1.1 International

The present section lists the relevant high-level international instruments with relevance to the shore
side, ship side and OPS interface.

Table 5.1 - International high-level instruments.

Title Organization Type Scope

SOLAS IMO Convention Ships engaged in international voyages.
International convention for the Ships shall conform to: SOLAS Chapter II-1, Part-D
Safety of Life at Sea (SOLAS)1974, Electrical Installations (Regulation 40-45).

as modified by the protocol of 1988
relating thereto

MARPOL IMO Convention Relevant for Annex VI, with limits on SO, and NOy
Emissions, Energy Efficiency and EAMs.

International Convention for the

Prevention of Pollution from Ships By establishing limits on air emissions, MARPOL
Annex VI sets a standard requirement for the
[ adoption of cleaner energy sources.
& 5 %T’ Whilst at Port, in the EU, to the requirements set by

MARPOL Annex VI, Regs 13 and 14, the Sulphur
Directive adds the maximum limit of 0.10% sulphur
content in fuels, at berth.

IMO OPS Guidelines IMO Guidelines Interim Guidelines finalized at IMO, in March 2020,

adopted in MSC103, focused on Operation of OPS
Interim Guidelines on Safe systems for HVSC and LVSC, applicable to ships
Operation of Onshore Power Supply engaged in international voyages.

(OPS) Service in Port for Ships
Engaged on International Voyages

STCW . I I

. . Training, certification and qualification of seafarers
International convention on serving on board sea-going ships.
standards of training, certification

and watch keeping for seafarers Minimum standards of competence for seafarers.

Especially important for the competencies defined for
the person in charge (for both HV and LV systems):

A%_&—_% Electro-technical officers holding a certificate of

competency in accordance with the requirements of
regulations 111/6 of the STCW Convention.

Chief engineer officers and second engineer officers
on ships powered by main propulsion machinery of
3,000 kW propulsion power or more holding a
certificate of competency in accordance with the
requirements of regulations 111/2 of the STCW
Convention and who have completed training in
accordance with section B-11l/2 of the STCW Code.
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5.1.2 EU

In EU law it is first important to make the distinction between 1) regulations and 2) directives. Whereas
regulations have binding legal force throughout every Member State and enter into force on a set date
in all the Member States, directives lay down certain results that must be achieved but each Member
State is free to decide how to transpose directives into national laws. This is an important note regarding
the EU legislative framework since the present Guidance, whenever addressing directives, does not make
distinction between different implementation exercises in each EU Member States®.

Table 5.2 EU high-level instruments.

Title Organization Type Scope

EU Alternative Fuel Infrastructure EC European Directive 2014/94/EC on the deployment of

Directive . p. alternative fuels infrastructure, [3], part of the EU

Directive 2014/94/EU on the Directive Clean Power for Transport package, states in Article
4

deployment of alternative fuels ('é )
infrastructure 5. Member States shall ensure that the need for
shore-side electricity supply for inland waterway
vessels and seagoing ships in maritime and inland
A_ A | ===l ports is assessed in their national policy frameworks.

'ﬁ Such shore-side electricity supply shall be installed
as a priority in ports of the TEN-T Core Network, and
in other ports, by 31 December 2025, unless there is
no demand and the costs are disproportionate to the
benefits, including environmental benefits.

6. Member States shall ensure that shore-side

NOTE: Currently under revision in
the context of the Fit for 55

legislative package. Directive will electricity supply installations for maritime transport,
become an EU Regulation with deployed or renewed as from 18 November 2017,
mandatory requirements for OPS comply with the technical specifications set out in
infrastructure development point 1.7 of Annex II.

EU Machinery Directive i Directive EU European Directive 2006/42/EC is a revised version of the
2006/42/EC P Machinery Directive, the first version of

Directive which was adopted in 1989. The new Machinery

Directive has been applicable since 29th

December 2009. The Directive has the dual aim of
A—J\,—— ?ﬁ@a harmonising the health and safety

requirements applicable to machinery on the basis of
a high level of protection of health

and safety, while ensuring the free circulation of
machinery on the EU market.

Applicable to SSE infrastructure equipment, in
particular where automated systems are included in
the design.

5 In this way there will be aspects from the different national instruments that will not be captured by the present Guidance. It is important to be
mindful that, for each EU Member State there should be a national instrument correspondent to the implementation of a directive. In this
Guidance, whenever Directives are addressed, for a complete evaluation of each EU MS context, the corresponding national law should be
consulted.
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COMMISSION DELEGATED EU EU secondary | Delegated regulation to Directive 2014/94, defining
REGULATION (EU) 2019/1745 legislation the standards for OPS
of 13.8.2019

. : The shore-side electricity supply for inland waterwa
sgpplgmentlng and amending vessels shall comply wig ste?npdgrd EN 15869-2 /
Directive 2014(94/EU of the 61l nl and navid Blectricalrshoree s s e |
European Parliament and of the connection, three phase current 400 V, up to 63 A,
Counci | stoe-sife) , 50Hzd Part 2: Onshore wunit
electricity supply for inland
waterway vessels, (é) and
repealing Delegated Regulation (EU)
2018/674

A—J\,—— i

EU Port Services Regulation EU European EU Regulation establishing a framework for the
Regulation (EU) 2017/352 Of the Regulation provision of port services, and common rules for
transparency and on port services.

SSE is within the scope and applicability of this
regulation, either inside the port area or on the
waterway access to the port.

European Parliament and of the
Council of 15 February 2017
establishing a framework for the
provision of port services and

common rules on the financial OPS is considered as bunkering service
transparency of ports

A—J\,—— e

EU Sulphur Directive EU European Sulphur Directive includes reference to Shore-Power.
Directive 2016/802/EU relating to a Directive
reduction in the sulphur content of
certain liquid fuels

(codifying Council Directive
1999/32/EC as regards the sulphur
content of marine fuels, as amended
by Directive 2012/33/EU)

A—J\,—— ?ﬁ@a

Directive (EU) 2016/1629 laying EC European Reference to technical requirements for Inland
down technical requirements for Directive Navigation vessels.

inland waterway vessels, Certificates for the Inland Navigation vessels.
amending Directive 2009/100/EC Inspection of the Inland Navigation vessels.

and repealing Directive

2006/87/EC Reference is made to Technical Requirements within

CESNI Standard ES-TRIN 2021
(https://www.cesni.eu/documents/es-trin-2021/).
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5.2 Standards i SSE systems and operation

A standard is a fidocument, established by consensus

for common and repeated use, rules, guidelines or characteristics for activities or their results, aimed at
the achievement of the optimum degree oforderi n a gi ven contexto.

Standards are fundamental to make the bridge between high level instruments, and the operational, or
technical, implementation of their provisions. These documents are developed and defined through a
process of sharing knowledge and building consensus among technical experts nominated by interested
parties and other stakeholders - including businesses, consumers, and environmental groups, among
others.

The importance of international standards in shore-side electricity, working together with global reaching
regulations, is directly related to the promotion of safety and confidence in the development of SSE as a
technology option for improved sustainability performance of both ships and ports. By setting out
requirements for specific items, material, components, systems, or equipment, or describing in detail a
particular method or procedure, international standards facilitate international trade by ensuring
compatibility and interoperability of components, products and services. They bring benefits to operators
and authorities in terms of reducing costs, enhancing performance, and improving safety.

The present section on standard has a focus on International and EU Standards, even though it is well
recognized that other standards (regional or national) also play an important role in the characterization
and certification of SSE systems. International standards mentioned are only the ones developed and
published by international standardization bodies (ISO, CEN and IEC).

There are several different types of standards. Basically, standards include requirements and/or
recommendations in relation to products, systems, processes, or services. Standards can also be a way
to describe a measurement or test method or to establish a common terminology within a specific sector.

European Norms (ENs) are documents that have been ratified by one of the three European
Standardization Organizations (ESOs), CEN, CENELEC or ETSI; recognized as competent in the area of
voluntary technical standardization in line with EU Regulation 1025/2012.

An EN (European Standard) Acarries with it the
given the status of a national standard and by withdrawal of any conflicting national standard". Therefore,
a European Standard (EN) automatically becomes a national standard in each of the 34 CEN-CENELEC
member countries.

Standards are voluntary which means that there is no automatic legal obligation to apply them. However,
laws and regulations may refer to standards and even make compliance with them compulsory. This is
an important point for SSE development where it is essential to ensure interconnectivity and
interoperability of the relevant SSE systems. Two relevant examples are The IMO OPS Guidelines and
Directive 2014/94/EU where the IEEE/IEC 80005-1 is referred for High-Voltage Shore Connection
(HVSC). By having a reference to the standard in the mentioned high-level instruments it is possible to
enforce the application of the standards, in line with the application of those instruments.

The standards selected in this section are of particular relevance for interoperability of shore-side
electricity systems. They are mainly designed for the supply of electricity in OPS mode but can also be
relevant to SBC or SPB.
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Table 5.3 - SSE Standards.

Title Responsible Type Scope ‘
IEC/IEEE 80005-1 IEC International This part of IEC/IEEE 80005 series describes high-
Standard voltage shore connection (HVSC) systems, onboard
Utility connections in port i the ship and on shore, to supply the ship with
Part 1: High voltage shore electrical power from shore.
connection (HVSC) systems i
General requirements (Applicable for OPS systems above 1kV AC (1.5 kV
DC)
é A = This document is applicable to the design,
& installation and testing of HVSC systems and
addresses:

w HV shore distribution systems,

w shore-to-ship connection and interface
equipment,

transformers/reactors,
semiconductor/rotating frequency convertors,
ship distribution systems, and

control, monitoring, interlocking and power
management systems.

gegeeg

It does not apply to the electrical power supply
during docking periods, for example dry-docking and
other out of service maintenance and repair.

It is expected that HVSC systems will have
practicable applications for ships requiring 1 MVA or
more or ships with HV main supply.

IEC/IEEE 80005-3 IEC International This part of IEC/IEEE 80005 series describes low-

Standard voltage shore connection (LVSC) systems, onboard
Low voltage shore connection the ship and on shore, to supply the ship with
(LVSC) systems i General electrical power from shore.

requirements
(Applicable for OPS systems above 400V AC (600 V
DC) and up to 1000V AC (1500V DC)

AT\ T s doument g -
This document is applicable to the design,

installation and testing of LVSC systems and
addresses:

LV shore distribution systems,

shore-to-ship connection and interface
equipment,

transformers/reactors,
semiconductor/rotating frequency convertors,
ship distribution systems, and

control, monitoring, interlocking and power
management systems.

w
w

gegeegeg

It does not apply to the electrical power supply
during docking periods, for example dry-docking and
other out of service maintenance and repair.

It is expected that LVSC systems will have
practicable applications for ships requiring up to 1
MVA while at berth. Low-voltage shore connection
systems exceeding 250 A, equal or exceeding 400 V
AC. and up to 1000 V AC. nominal voltage are
covered by this standard. High-voltage shore
connection systems are covered by Part 1 of this
standard.
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Title

Utility connections in port i

Part 2: High and low voltage
shore connection systems i Data
communication for monitoring
and control

IEC/IEEE 80005-2

E==S

AN+

Responsible| Type

IEC

EMSA Guidance on SSE to Port Authorities and Administrations

International
Standard

Scope

This part of IEC/IEEE 80005 describes the data
interfaces of shore and ships as well as step by step
procedures for low and high voltage shore
connection systems communication for non-
emergency functions, where required.

It covers the requirements of the HVSC systems
described in Part 1 and is also intended to cover the
requirements of a forthcoming standard for LV shore
connection systems (relation to IEC/IEEE 80005-3 is
less imprinted in this standard).

This standard specifies the interface descriptions,
addresses and data type. This standard also
specifies communication requirements on cruise
ships, in Annex A.

Application of this standard relates otherwise to
annexes of IEC//IEEE 80005-1.

This standard does not specify communication for
emergency functions as described in IEC/IEEE
80005-1.

EN 15869-1:2019

Inland navigation vessels -
Electrical shore connection, three
phase current 400 V, 50 Hz, up to
125 AT

Part 1: General requirements

A—J\,—— ?@@;

CENELEC

EN Standard

This document specifies requirements for electrical
installations for the shore supply of berthing inland
navigation vessels with electrical energy, three-
phase current 400 V, 50 Hz with a rated current of
up to 125 A.

This document applies to the supply of inland
navigation vessels in ports and moorings for
commercial inland navigation.

This document specifies general requirements and
contains information on the billing procedure.

For the supply of small craft and houseboats in
marinas and similar installations the requirements of
IEC 60364-7-709 apply.

For electrical shore connections with a current rating
more than 125 A, which are suitable for passenger
ships with hotel operation, EN 16840 applies.

The requirements for the IEC 60364 series and HD
384 series generally apply to low-voltage systems on
shore.

EN 15869-2:2019

Inland navigation vessels -
Electrical shore connection, three
phase current 400 V, 50 Hz, up to
125 A

Part 2: Onshore unit, additional
requirements

A—J\,—— %@%

CENELEC

EN Standard

This European Standard applies in conjunction with
EN 15869 to the shore supply of berthed inland
navigation vessels with electrical energy. This part
(2) of EN 15869 specifies additional requirements for
the onshore unit of the electrical shore connection.
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Responsible| Type
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Scope

IEC 60364-7-709:2007 IEC International IEC 60364-7-709:2007+A1:2012 applies only to
+AMD1:2012 CSV Standard circuits intended to supply pleasure craft or
Consolidated version houseboats in marinas and similar locations. The
particular requirements do not apply to the supply of
house boats if they are directly supplied from the
public network. The particular requirements do not
A—J\/——% apply to the internal electrical installations of
pleasure craft or house boats. For the remainder of
the electrical installation of marinas and similar
locations the general requirements of IEC 60364
together with the relevant particular requirements of
IEC 60364-7 apply.
IEC 60309-5:2017 IEC International IEC 60309-5:2017 applies to a single type of plug,
Plugs, socket-outlets and Standard socket-outlet, ship connector and ship inlet,
couplers for industrial purposes - hereinafter referred to as accessories, intended to
Part 5: Dimensional compatibility connect ships to dedicated shore supply systems
and interchangeability described in IEC/IEEE 80005-3.
requirements for plugs, socket-
outlets, ship connectors and ship This part of IEC 60309 applies to three-phase
inlets for low-voltage shore accessories with an earth contact and with four pilot
connection systems (LVSC) contacts.
This publication is to be read in conjunction with IEC
60309-1:2012.
AT\ e
IEC 62613-1:2019 IEC International IEC 62613-1:2019 applies to accessories with
Plugs, socket-outlets and ship Standard - three phases and earth with pilot contacts,
couplers for high-voltage shore - one pole for neutral.
connection (HVSC) systems - Part These accessories have rated currents not
1: General requirements exceeding 500 A and rated operating voltages not
exceeding 12 kV 50/60 Hz.
This second edition cancels and replaces the first
A_ A | edition published in 2011. This edition constitutes a
% technical revision.
IEC 62613-2:2016 IEC International IEC 62613-2:2016 contains standard sheets for
Plugs, socket-outlets and ship Standard different configurations of (shore) socket-outlets,
couplers for high-voltage shore (shore) plugs, ship connectors and ship inlets,
connection systems (HVSC- hereinafter referred to as accessories, up to 12 kV,
systems) - Part 2: Dimensional 500 A, 50/60 Hz and with up to seven pilot/auxiliary
compatibility and contacts. General requirements are given in IEC
interchangeability requirements 62613-1.
for accessories to be used by
various types of ships
AT\
CESNI Standard ES-TRIN (latest CESNI European Contains provisions on inland navigation vessel
version 2021) - European standard Inland construction, arrangement and equipment, special
laying down technical Navigation provisions for certain categories of vessel such as
requirements for inland Standard passenger vessels, pushed convoys and

navigation vessels

https://www.cesni.eu/documents/
es-trin-2021/

containerships, as well as instructions on how to
apply the technical standard. ES-TRIN also
incorporates the new requirements governing the
use of SSE.

In order to ensure consistency of two existing legal
regimes for technical requirements for inland
navigation vessels (Rhine and EU) it is necessary to
provide the same standards. Both EU law (Directive
(EU) 2016/1629) and CCNR Regulation will be
referring to ES-TRIN standards delivered by CESNI.
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5.2.1 Standardization for Interconnectivity and Interoperability

Standardisation for interconnectivity and interoperability in SSE is not yet a reality harmonized across the
different SSE options. In Table 5.4, the completeness of the standardization framework is presented.

Table 5.4 71 Standards for interconnectivity and interoperability in different SSE options.

SSE Mode Interconnectivity Interoperability | Data Automation | International/EU
Communication Regulatory

OPS HVSC IEC 62613- IEC/IEEE IEC/IEEE 80005-1 |Not yet IMO OPS

(Onshore 2:2016 80005-1 (7.8) standardized, Guidelines

Power IEC/IEEE 80005-2 EU AFID

Supply) (normative

requirements
currently exist only
for cruise ships)

LvVSC IEC 60309-5 IEC/IEEE IEC/IEEE 80005-2 |Not yet IMO OPS
80005-3 standardized| Guidelines
(under EU AFID
development/
finalization)
LVSC-IW | EN 15869-2:2019 (up 125A) Possible Not yet CCNR
EN 16840: 2017 (above 250A) application of standardized| CESNIi ES-
IEC/IEEE 80005-2 TRIN2019
SBC SBC-AC IEC 60309-5/ IEC IEC/IEEE Possibility for Not yet Not yet
(Shore- As OPS 62613-2 AC 80005 series future standardized| developed
side 1 ship- connection As OPS'i ship- development for
Battery side side charging. IEC/IEEE
Charging) charging. 80005-2 or
1ISO15118
SBC-DC Not yet Not yet Not yet Not yet
standardized standardized standardized, developed

5.2.2 ISO/IEC 80005-1

Shore connection systems must comply with the standard IEC/ISO/IEEE 80005-1 Ed.1: Utility
Connections in Port - Part 1: High Voltage Shore Connection (HVSC) Systems.

The aim of the standard is to set forth:

- Requirements for shore connection design and construction

- Requirements to guarantee the safety of high-voltage shore connection systems

- Requirements for compatibility between ships and high-voltage shore connection systems
The goal is for the shipping industry and port facilities to cooperate to develop appropriate operating
procedures for connecting ships to HVSC systems.

The standard is designed to guarantee standard, straightforward connection, eliminating the need for
ships to make adaptations to their equipment at different ports. Ships that do not comply with the standard
may find it impossible to connect to compliant shore supplies.

This standard is supported by IEC 62613-1 & 2, which sets standards for high-voltage plugs, socket-
outlets, and ship couplers for HVSC systems.
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The standard covers:
- Quality of the power supply
- Electrical requirements
- Environmental and mechanical requirements
- Safety
- Electrical equipment requirements
- Compatibility between ship and shore connection equipment
- Ship-to-shore connection and interface
- Plugs and socket-outlets
- Ship requirements

- Verification and testing

The diagram below provides an overview of the IEC/IEEE 80005-1 scope.

| Grid Shore Side Infrastructure Ship-Shore Interface >> Ship Side >

IEC/IEEE 80005 Series — —l = — N .
(HVSC — Part 1 — LVSC — Part 3) i | —
Scope of the main sections @_ z i‘» % eEE %‘\i" /
| \ o £,

4 General requirements I ]
5 HV shore supply system requirements ]
6 Shore side installation i
7 Ship-to-shore connection and interface equipment ]
8 Ship requirements  —
9 Control & Monitoring ]
10 Verification & testing ]
]
1

Sections

11 Periodic tests and maintenance [
12 Documentation [

@ Electrical Power Source % Cable Management System
Voltage Transformer Protecti I
(with earthing resistor) o rotection relays
5 Circuit Breaker
d Frequency Converter
Socket-Plug arrangement

Figure 5.2 - Scope of IEC/IEEE 80005-1.

Source: EMSA
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5.2.3 Standards for Battery Charging

Standardisation for interconnectivity and interoperability in SBC/ship battery charging has been referred
to in section 5.2.1 as a gap to be addressed. There are in fact no standards for SBC at the date of 1%t
publication of this Guidance. For the sake of completeness, however, it is important to refer the framework
for standardization based on existing electric ship charging. Figure 5.3, highlights the 3 main general
references with respect to EV battery charging, covering supply stations, communication, and connector.

Communication
ISO/IEC 15118V

General information about the high level
communication and use cases of intelligent

H charging

Connector
IEC 62196

General requirements for AC and DC
charging plugs, socket-outlets, connectors,
inlets and cable assemblies for electric
vehicles

General Standards

") In conjunction with ISO/NEC 15118 please note also DIN SPEC 70121.
2) Please note that IEC 61851-21 as part of IEC 61851 will be replaced by ISO 17409 in the near future.

Figure 5.3 - General standards for battery charging.
Source: IEC

At first sight the applicability of the road EV charging standards would not be relevant to maritime
applications due to the limited power rating for the connectors, especially in face of the high-power
requirements for fast battery charging. It is nevertheless relevant to refer to this framework from a
conceptual perspective, at least, for the definition of the time-steps associated to the shore-side battery
charging process.

In Figure 5.4, the different standards are presented with correspondence to the different charging methods
possible.

1-phase AC charging 3-phase AC charging DC-high charging

ACTypel | ACType2 | : | AcType2 | DCCombo1 | DCCombo2

IEC 62196-2 ‘ IEC 62196-2 ‘ |IEC 62196-3

ONE communication protocol according to ISO/IEC 15118 and DIN SPEC 70121

EV AC/DC electrical Safety 1SO 6469-3 Ed.2, ISO 17409

EVSE, DC sequences IEC 61851-23

Charging Duration

[ __

long

Figure 5.4 7 General standards for battery charging i correspondence to charging method.

Source: IEC
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The main limitation for the application of standard road EV battery charging lines and connectors is related
to the limited power rating of the existing standards. CCS or other, of a few hundreds of kW. By increasing
the standard to a value well above 3.5 MW, the MCS (Multi-MW Charging System) will address this barrier
and, despite its direct applicability to heavy-duty trucks, it will offer also a potentially better application for
small passenger ferries or other SBC applications.

Figure 5.51 Multi-MW Charging System (MCS) under
development and under tests in laboratory. Designed to meet
the needs of heavy-duty trucks.

Source: NREL
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6. Responsibilities

The present section identifies the 1) different stakeholders involved in SSE projects and their roles, and
2) the main responsibilities that can be attributed to port authorities and administrations.

6.1 Stakeholders

Relevant Stakeholders can be identified playing a role in different stages of SSE infrastructure projects.
These are presented below, in a non-exhaustive list. Central reference is made to the EU Regulation
2017/352 (Port Services Regulation), which includes within its scope the provision of shore-power in ports
as a port service. Different combinations and port-specific arrangements are possible and both diagram
and table below include generic references to possible stakeholders in SSE. Different port management
arrangements are possible, being important to adapt/interpret the table/diagram below in due
consideration for this fact.

Table 6.1 - Stakeholders (reference to Figure 6.1).

Stakeholders Role in SSE context

TSO Transmission System Operator Transmission of electrical power at national/regional level, between
generation plants (upstream) and distribution (downstream).

DSO Distribution System Operator Maintenance of both short- and long-term capability of equipment,
installations, and networks to supply electricity in a continuous and reliable
way while meeting the quality requirements in force.

CA/ (Port) Competent Authority/ Ref. to Regulation 2017/352 - Port Services Regulation Articles 2(3) and

MBP Management Body of the Port 2(5) - organisation, administration, and management of the port
infrastructure and one or more of the following tasks in the port concerned:
the coordination and management of port traffic, the coordination and
control of the activities of the operators.

RSO Receiving Ship Operator SSE Electricity ship consumer at berth, responsible to ensure
interoperability and interconnectivity on the ship side. 1% connection
certification and maintenance of conditions for connectivity. Responsible
for keeping load.

OoP Intra-Port Operator Port operators/port service operators responsible for maintenance of
consumer side protection devices and electrical safety, in line with Intra-
port electricity electrical grid requirements.

MG Microgeneration Any operator developing and operating units of microgeneration of
electricity, integrated within the port, supplying electrical power to the port
grid.

TO Terminal Operator Management and operation of terminal grids dedicated to the terminal

operation. Development, management, and operation of terminal based
SSE systems. Responsible for electrical safety of terminal grids.

PGO Port Grid Operator Management, development, and operation of intra-port electrical power
grid, including SSE/OPS/SBS grid interface infrastructure.

EES Electrical Energy Storage Management, development, and operation of intra-port electrical power
grid, including SSE/OPS/SBS grid interface infrastructure.

SSE OP SSE Operator Provision of electrical power to ships at berth, on OPS or SBC, AC or DC,
including maintenance, development, and operation of SSE equipment

PSC Port State Control Verification/enforcement of compliance of RSO statutory obligations,

Flag Flag State remarkably in context of safety, including safety and certification of SSE
equipment, onboard.

Class Classification Society Third-party verification of RSO statutory responsibilities, particularly in the

context of safety, including SSE equipment safety certification.
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Other International Standardization Bodies Definition of standard technical requirements for SSE interconnectivity and
interoperability.

Regulator/ Energy Competent Definition of minimum requirements to ensure safe and integrated
Authority deployment and operation by electrical power grid operators, including
those in operation of SSE infrastructures.

[ Energy Market Regulator |
| National Energy Competent Authority |
|
%
" T1so I pso ! v
- = 77
: 1 i | ! Ir
| I y
i T . »> PGO " |
1 " | I
1 1" I [ i |
L] no______ A |
________ r_______} oP1 |::‘ |
] | ¥ |
1 | | | Ik
Y RSO
: : | -‘{-’?”l".\lx\-. | | % : |
[ — It-¥r-1
1 ! : 28 | opn vAAA !
[ ! n15olar | ¥ |
| Producer | | | |47 ’ |
] : ! %92, |
| Y i [
| [ LA !
| nd | Ly 1 |
8 A
Nl U I 7 |
| I SSE OP . \
| el cell | VAR A |
l W7
I A |
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D Utility Grid Operators : I’,—\l I TOn : ’ 1 :
7 Microgeneration | — | E/ } |
L Operators I : 1 i RSO |
. A [
[_j Ship-Shore Interface | | ca/ : 11% |
- @ v
|_ _.1 Ship-side framework | : MPP I3 r :
| (95!
Port Area | : L |
| [
| | l 1 [
| I | ! |
| I

Figure 6.1 - Stakeholders in shore-side electricity context.

Source: EMSA
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6.2

Table 6.2, outlines the portd soles and responsibilities, in the context of SSE,
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Port Authorities and Administrations (PAA) are here defined with reference to the definition of Competent
Authority and Management Body of the Port - Ref. to Regulation 2017/352 - Port Services Regulation
Articles 2(3) and 2(5) - organization, administration, and management of the port infrastructure and one
or more of the following tasks in the port concerned: the coordination and management of port traffic, the
coordination and control of the activities of the operators.

Table 6.2 - Port Authority and Port Administration roles and responsibilities in SSE.

Power demand

Electricity i Access to
Grid

Electricity i Distributed
Production/

Microgeneration

Port rules

SSE plans

Restrictions

Compatibility

Safety/ Security zone

Security

Communications

Pass-by navigation

Port Role/Responsibility

Participate and complement technical feasibility plans for SSE infrastructure

PAA should take an active role in the development or participation in feasibility projects for SSE

infrastructure.

Estimation of power demand

Estimation of power demand is a critical element in the development of SSE infrastructure. See

section 7.3.

Define the model for development of access to grid

Decide whether the access is to be undertaken by the port or at 3™ party initiative. PAA should take
a leading role in the contact with TSOs/DSOs, either assuming an active role or mediating.

Develop aregulatory framework for OPS in the ports

Identify opportunities for distributed power production, in replacement or complementary to the

utility grid supply.

Develop aregulatory framework for OPS in the ports

Safety and administrative rules with respect to the development, operation and maintenance of
SSE systems should be included as part of the list of port rules. Ports should regulate at their level
the development of the SSE projects and services.

Publication of updated SSE availability plans (Good Practice)

This is presented as a good practice role/responsibility. The periodicity of the publication of such
plan could be as applicable/adequate to each port context.

Develop restrictions on SSE if necessary

Restrictions to the use of SSE should be developed considering grid behaviour specific elements

(e.g. during high peak hours- with restriction on power available).

Compatibility assessment

15t Connections for ships calling for OPS will require a Compatibility Assessment (IEC/IEEE
80005). PAA should ensure that an adequate database is maintained where all OPS information is

kept.

Passive and active protection infrastructure for SSE

Definition of the necessary measures to mitigate the risk of damage/impact or other potentially
affecting the integrity of SSE systems.

Definition of security zone around SSE infrastructure elements

Undertake this activity in coordination with ISPS security arrangements.

Approve communications plan (operation and emergency)

Together with SSE operator and other stakeholders, PAA should ensure adequate communication
plan is in place, both for normal operation and emergency.

Establish passing distances for other ships during SSE
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Mooring Mooring requirements

Define requirements for mooring, taking into account the knowledge of passing by traffic or
other factors to be considered. Mooring should be adequate to minimise relative motion of
the ship.

Checklist Implement procedure for active exchange and archive of SSE checklists

Implement checklists to assist procedures for 1) Request SSE service; 2) Prepare for connection;
3) Connection; 4) Disconnection.

Ensure that SSE operator is supported by checklist procedures, effectively and adequately
documented.

Spatial planning Support development and approve spatial planning and SSE locations

Develop spatial planning for the port area, taking into consideration the installation of main SSE
infrastructure elements.

Traffic control Develop general procedures for traffic control (temporary or long-term/fixed)
Organization Establish clarity on the roles/ responsibilities between the involved parties
Safety Develop safety requirements

Ports should develop specific safety framework requirements, by referring to the relevant existing
standards and IMO OPS Guidelines, mirroring at port level the necessary operational procedures
for safe operation.

Emergency Emergency response plan (internal, external and training)

Ensure adequate preparedness for response in SSE emergency scenarios, in particular for: 1)
Sustained Blackout; 2) Electrical Fire and 3) Electrical Shock/Arc i Emergency services (at port
level or at local level) should be aware of the HV installation. Regular training of emergency
response would be an important aspect to define.

Enforcement Build adequate enforcement capacity

PAA should be assisted with sufficient capacity to check and verify SSE installations i important to
ensure that the necessary level of safety is in place.

Risk Risk acceptance criteria and develop systematic risk assessment capacity
PAA should develop capacity for risk assessment exercises with respect to SSE projects.
Accreditation Accreditation of the SSE SUPPLIER
PAA should be assisted with sufficient capacity to check and verify SSE installations.

Competencies Qualification of the port staff involved in SSE activities and evaluation of SSE plans and
infrastructure
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7. Project Development

The present section refers to the central aspects related to the project development of SSE projects. The
outline is focused on the engineering/technical feasibility and development, whereas financial, economic
and social dimensions are not directly considered i

7.1 OPS project dimensions for feasibility analysis

There are several distinct dimensions for an SSE project that need to be included into a feasibility study,
as presented in the diagram in Figure 7.1.

A. Technical B. Legal C. Operational

9 Concept design and
engineering solution.

1 Engineering development,
approval, manufacturing,
technical standards

9 Optimization

SSE PrOJectFeaS|b|I|ty E. Economic
D. Market/Financial

9 Evaluation of economic cost-

Regulatory framework for the
proposed SSE solution.
Regional/local/port rules Operational resources
Permitting Competencies and operational
Legal framework incentives planning.

Operational model.
Ship demand Profile

=1 == = =
= =A==

1 Demand evaluation benefit.
9 Customized/tailored contract 9 Impact assessment of SSE in
1 Electricity pricing and port/local economic profile.
opportunities
1 Competitors
1 Market
i Financial evaluation H. Sustainability
F. Social G. Safety 1 Environmental impact
(comparison of onboard VS
9 Social Acceptance for SSE 1 Risk assessment for the OPS emissions).
solution. proposed SSE solution. 1 Sustainability of the project.
I Social impact 1 Mitigation of electrical risks ' Socio-Economic-
I Public consultation 9 Involvement of wider port Environmental balance
community 9 Impact on the sustainability
1 Integration of safety culture profile for the port.

Figure 7.1i SSE project dimensions i feasibility analysis.

Aspects related to dimensions D, E, F and H are out of the scope of the present Guidance.

Source: EMSA

A complete feasibility analysis of SSE projects should be the analytical, qualitative and, where possible,
quantitative, evaluation of proposed projects covering at least the dimensions presented in the diagram
of Figure 7.1, all collectively contributing to the development and implementation of SSE projects and
should be taken into consideration by PAA at the earliest possible moment from the presentation of the
project.
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Competitors
Opportunities

Demand Analysis
Preparatory work and
Evaluation of SSE bunkering
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Concept Study
Definition of main
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Justification of the
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Port Justification
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Identification of Target

OPS clent profiles definitioh
UserClient needs
addressed

Draft SSE
Management Plan
OPS Management

Plan

v

Definition of main lines for the technical solution

(Voltage, Installed Power, Frequency Conversion, &

Concept Project

SSE Main requirements

PAA input/support
(and other
National/Local
Competent
Authorities)
Inputand

tc)

information to

Y

Sizing and modelling for the SSE solution, following f]

Project Development

Concept Project Stage.

QL — — —

project developmen

(_ —_—
¢ |
|
|
Definition of Options |
Options for optimization. Parametric analysis. |
|
. |
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I
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- different cost |
Life Cycle components. |
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"1 Following the preferred option for the Technical

Solution

Y

Analysis at Process level
Analysis of each Process in tB8Bperation

Figure 7.2 - SSE (OPS) project flow diagram.

Generic diagram representing the project development for SSE facilities, particularly for OPS, indicating the different points where
PAA can support operators - involvement in different parts of the project will depend on the degree of involvement allowed by
operators in advance to initiation of the permitting process.

Source: EMSA

Collaboration and integration are very likely to pay dividends to all parties even if it may be considered
that commercial/industry sensitive information is sometimes not shared in advance. Information and
transparency, together with non-disclosure agreements should be able to allow for the necessary early
trust and engagement to be developed.
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7.2 Elements for Feasibility Analysis

Following the different dimensions presented in Figure 7.1, defining SSE project dimensions, Table 7.1,
lists some suggested elements that PAA may use not only in the support of feasibility analysis studies but
also as a direct contribution to the feasibility prospects for any SSE project.

EMSA Guidance on SSE to Port Authorities and Administrations

For each selected project dimension, the suggested elements indicate which aspects PAA may provide

support with.

Table 7.1 - SSE projects i elements for feasibility analysis.

Project

dimension
(Figure 7.1)

Elements for feasibility analysis
(elements that should be observed for
feasibility analysis of SSE projects)

Support from PAA

(elements where PAA support may have a direct impact in

feasibility)

A. Technical

Electricity source/availability i distance to
HV electricity source

Mapping of existing SSE facilities, storage, and
distribution infrastructure.

Facilitation in the development of the logistic chain.

Communications i A variety of different
options may be considered for communications
during SSE.

Communications are an important element for
technical feasibility analysis, particularly with
regards to the necessary communication channels
for operational aspects such as authorization
procedures.

Radio frequencies, encrypted data, digital, web-
based communications, SATCOM, emergency
communication, and any other technical aspects
relevant for the technical/operational feasibility of
the project.

PAA should make available all possible options for
communicationsd planning
prospective SSE facility project.

An important aspect to consider is the
interoperability of systems and, in the particular
case of emergency, the possibility to have
communication channels shared by the wider multi-
operator community in the port area.

Standardization i Are the different SSE
solution elements to be certified according to
relevant international standards?

A key rule in the context of certification for a
prospective SSE facility will be standardization.

PAA should consider the identification of
standardization elements as positive aspects
towards feasibility of a given SSE project.

The relevant standards for SSE facilities and
operations are listed and summarized in Section 0
underlining suggest good practice in the reference
to these standards.

PAA should make clear reference to the relevant
standards for SSE in their requirements for
certification of SSE facilities. Legally binding
requirements for standardization must be inscribed
either in national legislation of port-specific
regulations.

Certification 7 will the SSE facility proposed
meet all the requirements for certification?

PAA should adopt structured certification schemes
for SSE projects and operations. With guidance for
certification, referring to specific standards it will be,
in principle, easier to assess the feasibility for a
prospective project.

Technical Maturity of the proposed project i
Has the solution presented for implementation
been tested in operation before? For how
long?

For solutions that have already been
implemented, prospective SSE projects should

For solutions that have already been implemented it
is important to check for evidence and elements of
reference projects.

For new technology elements, to support technical
maturity for a prospective SSE project PAA can, as
appropriate, establish connection points with other
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Project

dimension
(Figure 7.1)

Elements for feasibility analysis
(elements that should be observed for
feasibility analysis of SSE projects)

provide as many elements as necessary to
support in the evaluation of their technical
feasibility.

/ European Maritime Safety Agency

Support from PAA

(elements where PAA support may have a direct impact in

feasibility)

ports and initiatives, seeking for any possibility of
technology transfer.

In the case of public funded projects, it should be
possible for prospective SSE initiatives to get
information and demonstrated results which belong
partially® to the public domain. PAA may play an
important role in the dissemination and availability
of these results, establishing the link with the public
funding competent authorities.

Automation i What is the degree of
automation in the proposed SSE solution? Is
supervision considered?

Automation elements may be present in some SSE
projects. The degree of automation, however, will
inevitably be different from project to project, with
SSE via rigid/automated arms being likely to
incorporate elements of automation for reduced
human intervention.

It is important, in this context, that PAA may define
what the minimum requirements are for manning of
SSE installations, even in the case where full
automation is considered.

Any automated elements in SSE solutions must be
provided for with manual over-ride options that
allow for manned operation.

B. Legal National legislation i What are the applicable PAA should, as appropriate and reasonably possible,
legislative references to the proposed SSE provide an information package to prospective SSE
solution? operators including all legal references that may be

. . relevant for the definition of the concept project,
Consideration to be made to any legal supporting from an early stage in the definition of a
requirements for the use of OPS. feasible solution.

In the case of early consultation by prospective SSE
supplier/operators, PAA should assess any specific
Port regulations i Are any specific details of the proposed SSE project and provide the
requirements for SSE inscribed in the port relevant legal references applicable to that case.
regulations?
From the early evaluation of the proposed project,
along with the relevant legal references, PAA may
issue a first indication regarding the feasibility for the
presented solution.
Permitting i Are all steps for permitting being Provide operators with all the relevant elements for
observed? permitting, making them available in a transparent

I~ - and informative manner.

Permitting can represent a significantly

burdensome process if all aspects are not Assuming the position of

accounted for in a preliminary phase. permitting process, PAA should provide operators

Feasibity of any SSE projects should address, | ! e oot TR SR B S St or

in advance, all different parts of the permitting

process to ensure that no major obstacles are The establishnkeskdfapp ric

posed to the good realization of the project. where all relevant permits could be initiated and
monitored, would be a highly relevant initiative. One
of the main factors of success for such measure
would be the level of collaboration between different
competent authorities.

C. Operational Restrictions. The adequate Operational restrictions should be clearly expressed
Operational design of operations should consider any in port regulations.

restrictions possible/likely to be imposed by
any given PAA.

In addition, as a way to support the feasibility of
prospective SSE projects, PAA should also consider
alternative options, possibly risk-based, where
excursions beyond the operational restrictions would
be possible.
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Project

dimension
(Figure 7.1)

Elements for feasibility analysis
(elements that should be observed for
feasibility analysis of SSE projects)

EMSA Guidance on SSE to Port Authorities and Administrations

Support from PAA

(elements where PAA support may have a direct impact in

feasibility)

Operational Envelopes. Similarly to the
operational restrictions, the feasibility analysis
of SSE projects should consider the
operational envelopes imposed by possible
local weather restrictions (wind/ temperature/
other)

Provide information to operators on local conditions
that may result in operational envelopes to be
accounted for in SSE operations.

Inform on the local characteristic weather patterns,
with local weather office data for a typical year-round
chart (wind, temperature)

Make available to operators all operational
information found relevant to the feasibility analysis
of new SSE projects.

PAA should also consider alternative options,
possibly risk-based, where excursions beyond the
operational envelope restrictions/limitations would be
possible. Justification to be presented based on
specific risk assessment.

an SSE project is likely to be the most relevant
document to be used not only for permitting but
also, especially in the initial stages of concept
or project development, an important tool to
reassess the concept or project in itself.

Risk assessment is more likely to introduce
modification into the proposed solution than to
deem it to a negative feasibility prospect. It will
be able to introduce elements which can then
be used to detail the engineering solution,
inclusive of any identified necessary
safeguards to improve the evaluated safety risk
level for the proposed project.

Assessment of risk will be made either
following a quantitative or qualitative approach.
In both cases there are elements that can be
considered fundamental drivers for an
adequate feasibility evaluation derived from a
risk assessment:

1  Adequate representation of the SSE
facility and operation in the risk
assessment.

1  HAZID team composition
(experience, proven competency,
number of participants)

T Number of different risk case
scenarios considered (including the
complete scope of operations).

D. Market/ Aspect not considered within the scope of the present Guidance document.
Financial
E. Aspect not considered within the scope of the present Guidance document.
Economical
F. Social Aspect not considered within the scope of the present Guidance document.
G. Safety Risk Assessment. The evaluation of risk for Risk Criteria - PAA must clearly define risk criteria

wherever Quantitative Risk Assessment is required.

There must be a clear understanding, promoted by
PAA, that the usefulness of QRASs is only best
explored with SSE risk criteria.

In the absence of national framework for such risk
criteria, ISO/TS 18683:2015 suggested risk criteria
example (Annex-A) should be taken as the biding
reference.

Participate in HAZID workshops. Participation in
HAZID workshops for prospective SSE projects will
give PAA the possibility to support operators in the
definition of risk scenarios, underlining the most
critical situations and supporting, through the
drafting of relevant safeguards, the project
feasibility.

Data on Incidents and near-misses related to
bunkering, eventually held by PAA, should be used
to draft recommendations or specific requirements
for PAA, improving in this way the feasibility
prospects for the project.

Should the HAZID represent the first step before the
development of more thorough risk assessment
(QualRA or QRA), PAA should take the opportunity
of participation to provide elements considered
relevant for feasibility.

Involvement of third-party risk evaluation
professionals should be regarded positively by PAA,
as an indication of transparency in the risk
study/assessment process.

For prospective SSE projects PAA should underline
the need for independent risk study (at least as
much as reasonably possible). In this regard
ifindependencyo is to be
guarantee for feasibility of the prospective SSE
project.
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Project
dimension
(Figure 7.1)

Elements for feasibility analysis
(elements that should be observed for
feasibility analysis of SSE projects)
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Support from PAA

(elements where PAA support may have a direct impact in

feasibility)

Safety Distances/Control Zones. One of the
direct results of risk assessment will be the
definition of the safety zone and additional
control zones (such as the security zone or
navigation exclusion zone).

Focusing primarily on the Safety Zone it is
important to evaluate if the intended location,
adjacent infrastructure, and proposed safety
distance are compatible.

If not entirely possible to eliminate potential
ignition sources, gas trapping spots and
conflicting activities, within the proposed Safety
Zone, the feasibility of the project will be
inevitably affected. This should be subject to
continuous review.

Since the Safety Zone, by definition, should
encompass the elimination of potential ignition
sources and other activities/ operations inside
the defined zone, it will be important to ensure
that no conflicts arise.

As a first principle in the interpretation of proposed
safety distances PAA should consider that no safety
di stance is the fArighto

PAA should provide support with the indication of
any baseline minimum required safety distances for
SSE, underlining the concept of meaningful
protection.

Feasibility analysis, based on suggested safety
distances, should be based on the evaluation of
meaningful protection for persons and
infrastructure.

Dispersion studies should be regarded as a good
indication on positive risk feasibility, resulting, in
principle, in the definition of more realistic safety
distances, based in numeric gas dispersion
calculations.

Assumptions used in all numeric/computational gas
dispersion calculations should be assessed by PAA
as indicators on how accurate is modelling of local
conditions

H.
Sustainability

Aspect not considered within the scope of the present Guidance document.

All elements from the table above should be addressed in the context of the desired earliest involvement
of PAA in the feasibility discussion of prospective SSE projects. This may not always be possible, and
SSE proposed solutions may be presented in a stage of development such that less flexibility to

accommodate proposed

recommendations may become a problem in the permitting and/or

implementation stages. PAA have here an opportunity to engage early, participate and through
collaborative support be able to potentiate the SSE project as a port service adding value to a specific
port economy profile.
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7.3 Power demand

7.3.1 Power demand estimation
The present section includes guidance for power demand calculations.

Power demand estimation is an important task that should take part in two moments of the SSE life
cycle plan:

1. Initial design

2. In-operation
Whilst the initial design power demand estimation is relevant for the whole SSE system and component
sizing, with a view to define required installed power, the in-operation power demand is variable and a
function of daily activity.

Table 7.2 - SSE projects T Power demand estimation strategies.

Power Demand Estimation Strategies

Initial Design Identification of port call Identification of port call Reference to IEC/IEEE
history associated with history associated with 80005 Annexes indicative
survey/actual measurement Information on estimated power demand by ship type
of the energy used at berth specific fuel consumption:

(fuel consumption per hour) Info on powerplant
installed onboard

IDEAL LEAST PREFERRED

POSSIBLE
In-Operation Normal operation Restrictions to power Power management

Power demand < Installed usage based on assisted by artificial

power identification of individual  intelligence in stochastic
ship operating profile process approach

Managed Operation

Power demand > Installed Machine learning for power

power management

POSSIBLE LEAST PREFERRED IDEAL

In Figure 7.3 a diagram is presented with a procedure for energy/fuel consumption-based calculations.
The process requires detailed survey of fuel consumption from a selected group of representative ship
types to allow for the calculation of actual energy consumption, determination of the power demand and
load duration curves.
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Expedite calculations are possible, based on either hourly averaging o fuel consumption for ships at
berth or, alternatively, based on information on installed auxiliary/power production plant

Examples of simplified calculations for power demand (for individual ship) based on fuel consumption
information (OPTION 17 Survey based, OPTION 2 i Engine consumption info) are in Table 7.3.

Table 7.3 - Power demand calculation example.

Step ‘ Calculation ‘
1. Fuel consumption OPTION 1 OPTION 2
data Survey/ actual measurement: Information on estimated specific fuel
- Selected reporting of fuel consumption:
consumption at berth (ton_fuel) - Info on powerplant installed
over a given period of time: onboard
Example: _ _ Example:
- Containership reported - Containership known to have
consumption of 2.5 ton of MGO an installed group of 3
over a period of 24 h gensets of 1000 kW each.

- Fuel consumption:

1 generator at half load
105 kg/h

- Fuel consumption: 125 kg/h

Note:

From literature, average
consumptions:

Generator 1000kW

(average consumption MDO)
25% load = 75kg/hr

50% load = 125kg/hr

75% load = 175kg/hr

100% load = 240kg/hr

2. Conversion to energy | Low calorific value/ energy content (kJ/kg) for MDO: 44.1 kJ/g

Example:
- Fuel consumption: 105 kg/h
- Energy consumption (kJ/hr): 4,630,500 kJ/h

3. Conversion to power 1 kJ =0.000277777778 kWh
Engine thermal efficiency av. 50%

Example:
- Energy consumption (kJ/hr): 4,630,500 kJ/hr
- Energy consumption (kWh): 1,286.3 kWh
- (shaft) power (kW): 1,286.3 kW x 0.5 = 643 kW

4. Factor for peak When calculating power demand based on fuel (energy) consumption the result will
consumption be an averaged based power figure. This may not be sufficient to cope with
momentary or short-termed peak consumption.

Each ship type will have a different peak factor which should be considered when
designing shore-power infrastructure.

It may be a design decision to be taken together with operators whether to design for
average or peak (or any design point in between).

Example:
- Considering a containership operating profile, the need to account for peak
consumption may be high, depending on the number of reefers.
- For example: peak factor 1.5
- Peak power: 643 kW x 1.5 = 96 4kW
- Rounding up: 1,000 kW =1 MW (real power)
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Ste Calculation

5. Power factor Due to typical inductive load by pumps and compressors onboard a power factor
between 0.8 (conservative) and 0.9 should be considered.

Example:
Calculation of Apparent Power:
- (design) Power Factor = 0.8
- Power (apparent) = Power/0.8 = 1.256MVA

5. Final result Should be listed:

(design order) - Power (apparent)

- Power factor used for design

- Voltage (440, 690, 6,600 or 11,000 kV)
- Frequency

Below, another practical example shows a daily port call information for different ships using SSE from
the same port grid installation. Total power demand histogram is produced highlighting overall peak
demand for the period when most ships are simultaneously at berth.

Table 7.4 - SSE projects i Power demand estimation for multiple ships/port calls.

Berth Position

3

0001

01-02

02-03 Data file 3.1
03-04

04-05

05-06 ]

06-07 Data file 1.1 Data file 2.1

07-08
08-09
09-10
1011
11-12

i
]
1213 B o e
i
i
]

Data file 3.2

Data file 3.3

1314
1516
1617
17-18
1819
19-20
20-21
21-22 Datafile22 ~ |
22-23
2300

Data file 3.5

Data file 3.6 — ) —
Data file 4.1

Data file 3.7

Data file 3.8

Data file 3.9

Containership ROPax Ferry Cruise ship

-
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Power demand chart for day "X" SSE supply in Port
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Figure 7.4 - Power demand estimation for multiple ships/port calls.
Source: EMSA

A possibility to cope with the power demand would be to make use of energy storage/ power banking
connected to the port SSE infrastructure. A cost-benefit calculation, in the context of initial feasibility
studies, should be able to identify the opportunities for peak shaving, load levelling/compensation
strategies in the context of installed power sizing/estimations.

Challenges to power demand estimation are, as presented above, to be taken in consideration both during
the planning phase and in operation. Multiple ships at berth, at the same terminal or distributed across
different terminal will require form the grid a variable amount of power, mainly as a function of the
operational activity of the ship at berth (hotel + services).

Whilst Table 7.4 and Figure 7.4 present an example for illustration, Figure 7.5 and Figure 7.6 show a
power demand curve histogram for a yearly record, considering maximum power demand from ships at
berth, considering record of hourly energy consumption.

150 \ \ \ T \ \ : =

100

50

Power (MW)

0 | | | 1 | | 1 | | 1 |
Jan Feb  Mar Apr  May Jun Jul Aug Sep  Oct Nov  Dec Jan

Calendar time 2019

Figure 7.5 - Power demand record ships/port calls.

Source: EMSA
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Figure 7.6, built from the power demand curve for containerships and passenger ships, over one year,
presents the Load Duration Curve for the respective ships in one port, superimposed to compare the
difference between load duration profile.

Whilst passenger ships consume large amount of power at berth, they have a peak load duration which
is relatively limited.

30000 A —— Container ship Max Power Demand [KW]: 15645 41

25000 A

Power Demand [KW]

20000

15000 A

10000 —K

5000

Passenger ship ,Max Power Demand [KW]: 27936.94

T T T T
0 2000 4000 6000 8000
Time [hrs]

Figure 7.6 - Power Demand estimation for multiple ships/port calls.

Source: NTUA

7.3.2 Measures to Reduce Power Demand Unpredictability

The following measures should be taken into consideration by PAA in order to reduce the unpredictability
associated to power demand from ships at berth:

Apply energy survey-based power demand estimation, including a representative set of port calls
in advance to the SSE design phase

Confirm with representative ships their operating profile at berth, making use of questionnaires
and taking into consideration the approved electric load balance of the different ships, for
reference maximum electrical power demand at berth.

Build power demand curves and load duration curves for the different representative ships.

Decide on design factors (diversity factor/ simultaneity factor) based on documented exchange
with operators.

Apply power allocation to specific ships, with maximum power allocation associated to the
compatibility assessment file.
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7.4 Ship-specific considerations

The present section includes several ship-specific aspects of primary relevance for planning SSE
infrastructure, including design requirements at ship level and port call activity.

The feasibility of OPS for different ships will have different factors to take into consideration as indicated
in the table below:

Table 7.5 - OPS assessment elements.

Ship-specific assessment elements for OPS ‘

Power Power requirements (or peak load requirements) may represent a challenge for OPS option for larger and
demand at | more power critical ships, requiring for higher power supply at berth.

berth . . .
Not only the average power is important but, remarkably, also the peak power requirements, often associated

to the operation of heavy-duty equipment onboard, such as cranes, 3 phase engine start-up and other
equipment.

Higher power demanding ships are best served by High-Voltage Shore Connections (HVSC). However, the
availability of HVSC is currently limited to ports which have more recently developed OPS for ships with higher
power requirements. HVSC of 6.6 kV up to 11 kV is made available and, for ships operating between ports with
different voltage supply, there is the need to consider installation of OPS transforming units, a cost incurred in
CAPEX investment figures.

Operating Use of energy/power intensive equipment. The average and peak power demand for operations at berth may
profile at in some cases affect the feasibility of OPS.

berth
For assessment of peak power demand there are 2 different types of peaks to consider which may affect the

feasibility of OPS:

1. Transient peak: Current increase over a very short peak time window (typically in the order of very
few seconds
Transient peaks require engineering aspects to be in place (such as adequate circuit-breakers and
3-phase electric motors soft starters) in order to smoothen the start-up of heavy-duty electrical
equipment.

2. Consumption peak: Sustained consumption level over a period of time, associated with a period of
higher electrical consumption demand.
Consumption peak periods are especially relevant to address when assessing the impact of OPEX
for OPS.
High power consumption periods should be subject to special consideration in the context of
electricity supply contracts, with tariffs applied adjusted in particular situations.

Time at Some ships, as part of their operational profile, spend limited time at berth. OPS connection/disconnection may
berth represent a large share of the time at berth leading to reduced feasibility and cost-benefit for OPS.

The time at berth and its predictability will largely depend on the ship operational profile and whether it is
engaged in regular traffic. Time at berth is important for operations but tends to be minimized in a context of
OPEX optimization, for all ship types.

Average time for connection of OPS is:

1  Blackout connection (total power by OPS): 30min, including handling of cabling, connection,
frequency adjustment, safety checks

1 Parallel connection (power shared onboard + OPS): 30min + 15min stabilization

1  Fully automated: 10 min

Given that for ships engaged in regular traffic, under normal conditions, the average period at berth ranges
from approximately 1 day up to 3 days, the time for connection of shore-power can be neglected.
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Ship-specific assessment elements for OPS

Safety Safety aspects, and the need to mitigate certain safety risks during operations at berth may impose restrictions
to the adoption of OPS by some ship types (such as tankers or LNG carriers).

From an engineering perspective there may be even the possibility to develop solutions that can be
demonstrated as safe, as may demonstrated by a Risk Assessment. The cost-benefit of such solutions may
however deem such options as unfeasible.

In the case of safety or hazardous areas in the ship-shore interface, careful consideration must be given to
OPS feasibility, especially if explosion mitigation measures/ ignition prevention leads to OPS concepts with
unacceptable CAPEX in result of EX-proof components.

Another safety aspect to consider, contributing to the evaluation of OPS feasibility, is the need for onboard
readiness of incident response systems, such as firefighting equipment and other emergency systems, which
full availability is required in a context of handling hazardous cargo, either in bulk or parcel.

Security Security sensitive operations may deem OPS unfeasible for different ships types. Energy security may need to
be considered on the ship side, especially in case of more sensitive operations in cargo load-on/load-off (such
as heavy lift cargo)- or passenger embarkation/ disembarkation.

Security related aspects will also need to take into consideration the Operation Profile of the ship, especially
the ports called and local ISPS requirements for the type of ship, cargo and operation intended. Port facility
security plans need to be taken into consideration.

Cost Despite being technically feasible, the conversion CAPEX cost for some ships may deem the installation more
challenging from an economic perspective. This however may significantly change in view of possible future
fuel price developments and increased regulatory certainty.

Furthermore, an important aspect to consider with regards to Cost, is the need to assess the adequate
framework for the Cost Benefit Analysis (CBA) and, in particular, how external costs are quantified. CBA OPS
projects need an adequate framework for the assessment and quantification of economic and social
costs/benefits.

It is important to make the note that the elements selected for feasibility of OPS shipboard installations
do not include elements of connectivity (such as voltage, frequency, standard connectors).

Table 7.6, spread over the next pages, includes a colour code, and comments, for feasibility of OPS in
different ship types, taking only into account ship specific considerations. The coloured cells highlight the
criticality of the different aspects for feasibiityo f OPS f or t he sel ected shi
for O6HIighd, O6Moderatebd, O6Lowbd, respectively)
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Table 7.6 - OPS for different ship types.

Type of
vessel

Cruise
ships

Power demand at berth

High power and energy demand
with large hotel load requirements at
berth

Main driving loads at berth:
1) hoteling; 2) onboard Services; 3)
maintenance

Operating profile at berth

Power demand variations
but with low peak power
requirements

Low transient and
consumption peak variations

EMSA Guidance on SSE to Port Authorities and Administrations

Average time

at berth

Moderate criticality
Emergency response load
may be granted by onboard
stand-by generator

In some specific cases it is
possible to have OPS in
parallel with onboard
generators, giving the
possibility to have 1) power
distribution and 2)
emergency readiness

Security

Not critical
Largely depending on local-
specific security restrictions

High cost
I f not already
readyo

Main drivers: Power,
switchboard, HV transformer(s)
onboard, converter if needed
and integration arrangements)

Container
ships

Moderate power requirements at
berth moderate and

Main driving loads at berth:
1) crane operations (if fitted T
geared ships) and 2) number of
refrigerated containers

Operating profile may
contain several moderate-
to-high power peaks

High transient peak
variation
Moderate consumption
peak variation

In absolute terms the power
peaks will be related to
crane operation, reefer units
and ballast/deballasting
operation.

1 day

Not critical

Not critical
Largely depending on local-
specific security
May be critical if
hazardous substances are

handled

Moderate conversion cost

Main drivers: Power,
switchboard and cable reel, HV
transformer(s), converter if
needed

Typically, containerized unit
fitted in one 40ft container slot
space i modularization

RO-Pax

Moderate-to-high power
requirements at berth

Main driving loads at berth:
1) hoteling load (in particular for RO-
Pax with large commercial and
restaurant facilities); 2) cargo
rolling/support platforms such as
movable (hanging) decks

Moderate peak
requirements

Moderate transient peak
variation

Low consumption peak
variation

Power peaks will be related
to cargo deck operations,
hoteling and services, reefer
units

6to12h

Moderate criticality
Emergency response load
may be granted by onboard
stand-by generator

Moderate criticality
During embarking/
disembarking operations

Moderate cost
I'f not already
readyo

Main drivers: Power,
switchboard, HV transformer(s)
onboard
(converter typically not required
as routes are not trans-oceanic)

Can use cargo/ship deck space
for retrofit with OPS power
modular unit
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Table 7.6 - OPS for different ship types.

Type of . . Average time .
-~ Power demand at berth Operating profile at berth 2 [l Security
Low-to-moderate peak LI IS ot
Low-to-moderate power S e p Ifnotal ready f i tt
requirements at berth q readyo
Main driving loads at berth: Moderate t.ra'.‘s'e”‘ peak Main drivers: Power,
RO-RO, - variation 1 day Not critical TV
1) cargo rolling/support platforms . Not critical " switchboard, HV transformer(s)
Car 3 Low consumption peak (2 days for Not critical
carriers such as movable (hanging) decks - variation PCCs) onboard
particularly for PCC (Pure Car (may require converter)
Carriers)/ ship carriers. .
2) reefer units if fitted (RO-RO) Iigvzzrr pg?jléscﬁv 'CIJI Z?art?cl)?lfd Can use cargo/ship deck space
9 P for retrofit with OPS power
modular unit
Moderate peak
Moderate povgirnrﬁqwrements at requirements Low-to-moderate cost
. K I'f not already
General S Moderate transient peal ready o
Cargo/ Main driving loads at berth: variation
9 1) cranes/geared lift-on/ lift-off Low consumption peak 1.5 days Not critical Not critical R .
Break- operations variation el [Pl
Bulk 2) ballast/deballasting operations in SW'tChg?]zggrz'\i/f trzgngeodrmer(s)
conjunction with LO-LO operations Power peaks will be related
to cargo deck operations
Low-to-Moderate peak
(GRS Low-to-moderate cost
Low power requirements at berth Moderate transient peak 15 wet alr fa Ch
L readyo
Bulk L VEIELE] - .
Main driving loads at berth: Low consumption peak 2 to 3days Not critical Not critical R .
(Dry Bulk) - - — Main drivers: Power,
1) ballast/deballasting operation. variation .
IO switchboard, HV transformer(s)
2) reefer units if fitted (RO-RO) onboard if needed
Power peaks will be related
to cargo deck operations
Moderate-to-high power Operating profile will be Moderate cost
requirements at berth strongly dependent on the
type of cargo Typically, available main deck
Chemical/ Main driving loads at berth: loading/offloading space for modular OPS
Product 1) cargo pumping operations. requirements 1to 2 days Safety critical Security critical equipment
Tankers 2) heating/cooling (as applicable to
the cargo) Heating/cooling may apply Cost may rise if Ex-proof
3) inert gas generation (if required) depending on the type of protection for OPS station
cargo onboard is required
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Table 7.6 - OPS for different ship types.

Type of
vessel

Power demand at berth

Average time
at berth

Operating profile at berth

Inert gas generators may
induce relevant peaks, when
fitted.

EMSA Guidance on SSE to Port Authorities and Administrations

Security

IEC/IEEE 80051/1 (2019)
includes relevant requirements
specific for tankers.

High conversion cost accounting

Tankers
(crude
oil)

High power requirements at berth

Main driving loads at berth:

1) cargo pumping operations.

(Note: the large majority of heavy-
duty equipment onboard oil tankers
is powered by steam generated in oil
fired boilers i the energy production
and distribution has therefore no
electrical distribution phase that
could be made to allow for shore-

2) heating cargo
3) inerting

power intake)

High peak requirements

High transient peak
variation
Low consumption peak
variation.
Power peaks will be related 3to 4 days
to cargo deck operations

(Note: peak requirements
based on load profile if
electrical equipment would
be installed in replacement
of steam)

Safety critical

Security critical

for high power requirement i
high voltage transforming
requirements i high current
cabling

(NOTE: cost of converting tank
heating to electric (very high)
and that at sea steam tank
heating using waste heat
recovery is very efficient

Cost of conversion for oil/ crude
oil tankers is very likely to deem
unfeasible OPS for such ships.

IEC/IEEE 80051/1 (2019)
includes relevant requirements
specific for tankers.

LNG
carriers

High power requirements at berth

Onboard energy required for 1)
cooling by nitrogen, 2) full inerting of
tanks and lines, 3) filling sequence
with bottom/top filling by onboard
compressors; 4) boil-off re-

Onboard energy required for 1)
pumping and recirculation for

maintenance; 2) re-liquefaction of
vapour return; 3) nitrogen punch for
purging lines and, finally 4) inerting

For loading:

liquefaction

For unloading:

temperature and pressure

of lines and tanks

Moderate peak
requirements

Moderate transient peak
variation

Low consumption peak
variation.

2 to 3days

Power peaks will be related
to cargo deck operations

Safety critical

Security critical

High conversion cost
IEC/IEEE 80051/1 (2019)

specific for LNG carriers.

73

includes relevant requirements




EMSA Guidance on SSE to Port Authorities and Administrations

/ European Maritime Safety Agency

When it comes to power requirements at berth, it is possible to extract from available literature the
estimated average power requirements by ship type i peak power indication is based on the assessment
of different ship-specific operating profiles, also available in the listed references.

Table 7.7 - OPS typical requirements and standards for different ship types.

Ship Type

Oil tankers

<5,000

Voltage
(8%)

0.4/0.44/0.69

Power
Demand
Average

(Peak), MW
4 (6)

|IEC/IEEE Standards
(Operability); Connectivity

LvVSC

<10,000

0.69/6.6/11

6 (8)

>10,000

0.69/6.6/11

8 (10)

(80005-3 - annex-
D)
IEC 60309-5

(80005-1 - annex-F)
62613-2 - annex |

Chemical/product tankers

- ——

<5,000

0.4/0.44/0.69

6 (9)

<10,000

6.6/11

9(12)

>10,000

6.6/11

10 (20)

(80005-3 - annex-
D)
IEC 60309-5

(80005-1 - annex-F)
62613-2 - annex |

Power Demand
drivers/ Operating
Profile/ Safety

Power demand
driven by cargo
pumps and auxiliary
systems.

(majority of oil
tankers use steam
driven
pumps/systems)
Hazardous Areas in
the ship-shore
interface challenge
the use of SSE.
Critical safety and
reliability of SSE
during cargo
operations.

Gas tankers

Asass

<5,000

0.4/0.44/0.69

5(8)

>5,000

6.6/11

9(12)

(not defined)
IEC 60309-5

(80005-1 - annex-E)
62613-2 - annex |

Cargo pumps and
auxiliary systems
drive the load.
Critical system
reliability during
cargo pumping
operations.

Bulk carriers

<50,000

0.4/0.44/0.69

0.5 (0.7)

>50,000

0.69/6.6/11

2(2.8)

(not defined)
IEC 60309-5

(80005-1 - annex-E)
62613-2 - annex |

Cranes, where fitted,
hydraulic systems
and hatches
operation.

General cargo

o

<25,000

0.4/0.44/0.69

1.5(3)

>25,000

0.69/6.6/11

3(5)

(not defined)
IEC 60309-5

(not defined)
62613-2 1 as
appropriate

Cranes, where fitted,
hydraulic systems
and hatches
operation.

Containerships

<10,000

0.4/0.44/0.69

15 (2)

<50,000

0.69/6.6/11

2(5)

(80005-3 - annex-
©)
IEC 60309-5

>50,000

6.6/11

4(6)

(80005-1 - annex-D)
62613-2 - annex |

Cranes, where fitted,
hydraulic systems,
hatches operation,
refrigerated
containers. Reduced
space at quay due to
cargo terminal
cranes pedestals.

Pl

IO E
T
8

<20,000

0.4/0.44/0.69

2(4)

>20,000

0.69/6.6/11

5 (6.5)

(not defined)
IEC 60309-5

(80005-1 - annex-B)
62613-2 - annex J

Predominant Hotel
loads and
displacement of ship
ramps.

Short turn-around
times at berth.

Cruise ships

I

<50,000

0.4/0.44/0.69

4 (4.5)

<100,000

0.69/6.6/11

9 (12)

>150,000

6.6/11

18 (20)

(not defined)
IEC 60309-5

(80005-1 - annex-B)
62613-2 - annex H

Large Hotel load
driving the power
requirements
Safety and
Reliability of SSE is
critical for operation

Offshore supply vessel

<5,000

0.4/0.44/0.69

1(15)

>5,000

6.6/11

2(3)

(80005/3 - annex-
B)
[IEC 60309-5]

(not defined)
62613-21 as
appropriate

Load from hydraulic
systems, possible
refrigerated module
connections. Modest
hotel load.

Fishing vessels

<5,000

0.4/0.44/0.69

0.5 (0.7)

>5,000

6.6/11

2(3)

(not defined)
IEC 60309-5

(not defined)
62613-21 as
appropriate

Refrigerated
systems and
possible
hydraulic/cranes
operation

74



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

From the numbers and ship types presented below, a considerable number of ships are already fitted and
prepared for OPS:

1. Containerships, with a total number of almost 500 ships. The adoption of OPS by containerships
is largely associated to the mandatory regime (since 2012) for these ships to connect to OPS in
California Ports (Ports of Los Angeles (POLA), Long Beach (POLB), Oakland, San Francisco,
San Diego, and Hueneme).

Notwithstanding the reasoning associated with the California mandatory regime, containerships
also enjoy of a particular facilitating condition for conversion/installation of an onshore power
system. Taking advantage of modularization, containerships can expend one 40ft container slot
to install a modular OPS unit. This modular unit contains all necessary control systems, circuit
breakers, cable reel, and, whenever necessary, transformers and frequency converters.

Consider i ng the flexibility provided by modul arizatio
by a mandatory requirement to connect to OPS, containerships take the lead in the number of
individual ships equipped for OPS.

Figure 7.7 a) and b) - Modular OPS installation onboard containerships equipped with OPS.

Note: One 40ft container slot is lost to provide for the shore-power connection installation. The loss of 1 containerized
unit is a minor cost reflected in the overall project externalities for the installation and use of OPS by containerships.

In addition to the reasoning above, it is important to note that most of the high-power demanding
containerships are equipped with no cranes (the main equipment that would impose higher peak
power requirements). The baseload is strongly dictated by the total number of refrigerated
containers.

2. Cruise ships, notwithstanding being the ship type with the typically higher power demand at
berth, due to large share of Hotel Load (power needed for hoteling auxiliary requirements such
as AC, heating, lighting, etc.), cruise ships have also developed OPS functionality due to the
mandatory requirements in the Ports of California. According to MARINFO, currently there are 54
cruise ships equipped with OPS.

OPS is also largely seen as an opportunity for cruise ships calling at ports where mitigation of
emissions is currently an important factor for success of attractiveness in the cruise ship business
industry.
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3. RO-Pax/ RO-RO, in particular when operating in Emission Control Areas, counting also with 54
ships in total, are identified as particular candidates for OPS due to one particular contributing
factor: the predictability of the port calls. The business case can be favoured by long term
contracts, over a fixed route and operating profile with fairly good estimation on the number of
shore-connections/year and also the possibility to have customized arrangements almost down
to ship-specific

For all ships equipped with OPS we can safely assume that pre-arranged OPS connection has been
established. The investment in the OPS equipment onboard is typically either 1) an investment for return,
through the consumption of negotiated electricity prices, at berth or 2) through the enforcement of port-
specific requirements to connect to OPS (e.g., California or China). Current ships equipped with OPS can
therefore be assumed to have addressed all relevant technical challenges for connectivity/compatibility.

For ships not yet equipped with OPS, a newbuild installation, or existing ship conversion, should follow
the technical requirements in IEC/IEEE 80051/1 (2019). The likelihood of installation of OPS in existing ships
shall address all factors addressed in this Guidance, with a particular focus on the safety aspects. To this
end the following ship types present specific challenges regarding the adoption of OPS for alternative
supply of energy at berth to the following ship types:

1. Chemical tankers (ammonia, vinyl chloride), ethane and LPG carriers:_With typical demand
for cargo cooling below -50°C, pumps and inert gas generation onboard, the family of chemical
tankers may represent one of the ship types where OPS connection may be discouraged. In
addition to the operational aspects, also the criticality of loading/offloading operation would
represent the need to always ensure energy for emergency response. Even though OPS can be
fed in parallel with onboard generator, the cost-benefit for such operation would be reduced.

For some types of chemical carriers, where cargo can be carried at atmospheric pressure and
temperature, the use of OPS can be considered without special concerns.

In addition, chemical carriers are usually at berth in petrochemical terminals, or refineries, with a
high-risk safety classification, including some probability for the presence of hazardous
atmospheres. This would lead to the need to consider special protection of electrical equipment
for operation in those areas. Considering the probability for earthing failures and arcing in
connection-disconnection, OPS operation where hazardous zones are present should be
discouraged.

2. Oil tankers: particularly those carrying crude oil typically make use of steam-driven power plant
i.e. oil-fired boilers, simultaneously heating the cargo to allow for the steam-driven cargo pumps
to load-offload crude while providing the result of such inert combustion exhaust gas to those
cargo tanks being unloaded for safety reasons.

These heating systems are typically boiler-based steam system. Converting into electrical based
systems would lead to a significant conversion, accounting for technical and safety aspects. In
addition, at sea cargo tanks heating using waste heat recovery is a highly efficient process,
converting to electrical systems would inevitably represent a degradation of the energy efficiency
of the ships at sea.
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3. LNG carriers: with power requirements at berth highly driven by onboard re-liquefaction units,
cooling requirements and inerting, LNG carriers are also ships involved in safety critical loading-
offloading operations. Cryogenic compressors are high energy consumers used to re-liquefy boil-
off-gas and which are typically installed on all LNG carriers.

LNG carriers also make use of Boil-Off Gas for energy production, taken from natural cargo
evaporation. The fraction that is not re-liquefied is used to either feed steam-based energy
production or to directly feed cargo evaporators wherever needed for cargo control. There are,
therefore, important energy efficiency gains from BOG which would be eliminated by
electrification of some processes.

In addition to the above, LNG loading/offloading operations typically involve the definition of a
ship-shore hazardous zone and wider safety area to mitigate the risks of ignition following a
potential leakage of LNG. Any electrical equipment (such as OPS connection, junction box,
converter, transformers, or circuit breakers would have to be fully protected on both ship and
terminal side, involving substantial added costs.

In addition to the above, it is important also to note that IEC/IEEE 80051/1 (2019) i High Voltage Shore
Connection (HVSC) [1] and the IMO Safety Guidelines on OPS (2020) [2] are very recent references.
Ships equipped with OPS systems compliant with either the previous version of the IEC standard (2012)
or with other best practice/standard reference will be also operating and requiring to be brought into the
new technical/reference framework. There is currently no indication of how many ships are, or may be,
unable to comply with the new IEC/IEEE standard (2019) but, in due course, this is an element for
harmonization that will be ensured when the IMO OPS Guidelines enter into force. The most recent
version of the standard is clearly indicated to ensure the setup of an equal technical and safety reference
for all ships using OPS.

7.5 Technical life-cycle of SSE projects

Figure 7.8 identifies the different life-cycle steps for SSE projects. Overall, the process can be divided into
4 main stages: Preparation, Planning and Design, Engineering/ Procurement/ Contracting/ Construction
and Operation.

Within these 4 main stages, the structure presented follows the typical engineering development process,
with: 1) identification of initial requisites, 2) study of options, followed by 3) feasibility analysis and project
evaluation. Following the identification of a preferred option, the deployment of the project takes place
with all detailed engineering drawings, procurement, contracting and construction and finally the operation
of the system.

The structure below should not be understood as a rigid construction but rather as a good practice based

on the structured engineering project development. Specific aspect of the shore side electricity context

shall be emphasised, such as the establishment of a collaborative environment, corresponding to Step

iAO. This step is one that should be understood as t
project development.
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A. Establishment of
Collaborative
Environment

B. Scoping

1. Power Demand
Estimations

Development of
Regulatory Framewor

Preparation of relevant national legal framework
for deployment of shorpowe.
Development of the relevant Port Rules

Expertise exchange/
Collaboration

=

Organisation of expert groups and sharing of
experience; learning from early adopters
Promote dedicated communications with all
stakeholders

Explore Engineering T Explqr_ato_ry Technical work
c t 1 Identification of relevant concepts
oncepts 1 Integration of overall port electrification concepts
L
9 PreFeasibility Assessmeritased on general
oo concepts for shorpower solutions
PreFeasibility 1 Sitespecific first exploration and evaluataion of

possible access to grid constraints

Business Models

Preliminary assessment of business model options

Ships

Energy Use Survey

= =

Identify ships to connetd shorepower
Select ships based on port call history for previou
years

o

Identify the energy use over a well defined period
for the selected ships

=

Y

1 Identify user consumption profile
1 Construction of the Load Duration Curve
Powe_r De_mand 1 Decision on Design Factors (Diversity, Simultanel
Estimation { Calculation of max required SSE installed power
1 Identify availability of Utility Grid connection point
Utility Grid Connection | 1 Assess conditions/feasibility for HV income line
1 Involvement of Distribution Operators
2. Evaluate Access to
Grid 1 Identification of additional Power Sources, and
Additional Power Opportunities for Microgeneration
Sources 1 Distributed Power Production from Renewables o
other
Development of 1 Different Engineering Options for shepawer

3. Engineering
Options

4. Safety Risk Studies

engineering concept
options/ alternatives

supply, including OPS orCSB
Integration in wider port electrification concept

Identification of key

Identify challenges of different options + adapted
strategies for deployment

ReliabilityAnalysis

Safety Risk Assessmerstafe operation

challenges 1 Assess challenges and identify key support actors
) 1 System/technology breakdown by components
SafetyRisk And 1 Identify Failure modes and define criticality
1
1

Reliability Analysis mitigate blackout/ downtime

CostEfficiency analysis

for Mitigating

Identification of cosefficient options for risk
reduction and improved reliability

5. Feasibility Analysii;‘

measures
1 Assessment of the different technical feasibility |
. T aspectsincluding access to grid, local distribution
Technical Feasibility constraints, operational constraints, safety crltlcal
aspects (e.g. operatian hazardous areas)
Cost Benefit Analysis 1 Identify NPV and IRR for the project
T ' Need to internalize emission externalities (e.g. a|r

and Project Valuation

pollutant emissions/ CO2 emission savings)
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6. Detailed
Engineering

i ; : 1 Production of detailed engineering documents |
D(:talll?genglnegrlng 1 Detailed layout of the installation, including power
of preferred option supply/production, distribution, conditioning, supply
Parametric Design 1 Optimization of preferred option through variation of
variations selected design variables

 Detailed Plans for Construction and Procurement

Construction Drawings 1 All necessary drawings for implementation

Engineering, Procurement, Contracting and Co nstructi#n

7. Tendering &
Procurement

Breakdown of 1 Identification of the different components defining
equipment and the shorepower system
construction plans 9 Detailed List of materials, construction and services
Launching of 1 Launching of procurement for different equipment
procurement components or whole system

d T Notification of procurement and signing purchasing
procedure(s) agreements/ contracts

Definition of Inspectio Inspection Plan to be consistent with detailed
and Test Plan (ITP) and breakdown in system components

=

EPC2

8. Manufacturing/ certification 1 Factory Acceptance Trials (FAT) and definition

Certification/

Integration Integration and 1 Integration and systerevel verifications

Verification 1 Documentation prepared for certification
épp rotvalsf for 1 Approvals from Competent Authorities
9. Permitting, onstructon
Licensingand
Commissioning Permitting and 1 Permitting and Licensing process for-alt of port
Licensing for Operation service

10. Business Rules
and Control
Provisions

1 Development oBusiness rules in collaborative
approach (Port, SSE operator, etc)

T How to request service? Who is responsible? Ho
the service streamlined?

Develop Business Rules

Operation

11. Operation

Develop and T Control provisions to verify, confirm and monitor
Implement Control business rules implementation
p . 9 Provisions to be developed in cooperation with
Provisions competent authorities
Connection 1 Ensure that procedures are in place f8iConnection

Repeated connection, Communications, Safety and

management Integrity

9 Developmentand Implementation of Power
management strategies

T Power demand forecast in operation

1 Implement power allocation

Power management

AV

12. Lifecycle
Management

{ Planned, Conditiehased and Corrective mamtenanc
Maintenance Maintenance plan and management |
1 Ensure safety procedures in place for ma|ntenance

Modifications, 1 Plans for through life development, Growth marglns;
Adaptation and Growtl replacement ‘

Figure 7.81 Technical life-cycle of SSE projects.

Source: EMSA
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8. SSE Operation

The present section is focused on operation of Onshore Power Supply (OPS) and Shore-side Battery
Charging (SBC) systems, including reference to the different concept/modes of operation.

Section 8.1 highlights the different processes with functional flow-charts to illustrate the key differences
between OPS and SBC. Section 8.2 is dedicated to preparation for operation, including the different tests
and verifications that should precede operations. Section 8.3 is dedicated to OPS and Section 8.4 to SBC.

As far as the contents are concerned, the part on OPS is mainly focused in complementing and supporting
the existing international guidance framework for operation of OPS. To this end the main provisions for
OPS Operation can be found on the following references:

1 IMO Interim Guidelines on Safe Operation of Onshore Power Supply (OPS) Service in Port for
Ships Engaged on International Voyages

IEC/IEEE 80005-1: High Voltage Shore Connection
IEC/IEEE 80005-3: Low Voltage Shore Connection

Based on the outline of the IMO Interim Guidelines on OPS, together with requirements for Compatibility
Assessment in IEC/IEEE 80005-1, section 4.3, the present section of the Guidance includes good practice
elements suggested to PAA with respect to:

1. OPS Compatibility Assessment i With the suggested introduction of the concept
of ficonnection certificateo.

2. Operation Flowchart for OPS Connection T as complement to the IMO Interim
Guidelines on OPS, including elements of good practice and other references to
IEC/IEEE 80005

3. Checklists for OPS Operation (Annex)

The main principle followed in the prelepotsiorséct i on i s
operation outlined in the IMO Guidelines on OPS and only the aspects of compatibility assessment are
included for reference and support to the proposal for a 15t connection certification.

As far as SBC is concerned the interoperability and interconnectivity framework for the operation is not
as widespread or mature as the OPS, with battery charging mainly developed in several port/ship-specific
applications. The different battery charging solutions for ships are also based in automated or semi-
automated systems with cable management often based in designs optimized for minimum turnaround
times in port. Cable handling, connection/disconnection, communications, and safety procedures are
embedded in the design of SBC systems.

For outlining the operational concept for SBC, the present Guidance makes use of the described lithium-
ion DC fast battery charging standard description in IEC 61851-237. Different battery technologies and
charging methods will have different durations for some steps and different charging current and voltage
curves. The main steps are however the same in the different battery charging processes.

In addition to the operational process for SBC, also the main functional elements of the matted Supply
Charging Station ashore and receiving Ship are presented in general with indication of their relevance in
the process.

From an operational perspective, charging electric or hybrid-electric ships, encompasses different
challenges when compared with OPS.

"1EC 61851-23:2014 - Electric ship conductive charging system - Part 23: DC electric ship charging station
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8.1 Operation Concepts i OPS and SBC

The operation concept for both OPS and SBC is presented in Figure 8.1 and Figure 8.2. The block generic
flow-chart presents only the main functional blocks in the definition of the concept of operations.

A shore connection system must include procedures to be followed by port and onboard maintenance
staff for:

1 High-Voltage (HV) cable connection and disconnection, safety hazards are managed by
automatic and/or key interlocks and safety checks by maintenance operators

1 Asgenerally connectonanddi sconnection of the shipds power
coupling between the shore substation and onboard generators must be synchronized

These procedures may depend on the ship type, the shore substation design, and port maintenance
requirements, but should be compatible with IMO Interim Guidelines on OPS and IEC/IEEE 80005-1:

1 Power architecture (cable to connect, switchboard architecture)
1 Interlocking systems (automatic interlocking and/or key interlocking)

1 Operators involved in the procedure (onboard operators, port authorities, onshore operators)

Onshore Power Supply (OPS) — synchronised transfer
Connection Procedure Disconnection

Initial State - disconnected >

Synchronization of ship generator

Compatibility Assessment
(1 Visit) Connection of ship generator

galejehes il el Ship generators ramp up to

transfer entire load to ship

Shore substation start order generator
Synchronization of ship Shore substation shutdown order
generator
Coupling of Ship Power Safety check and cable
System to shore SSE di .
s e E T Isconnection

Ship genset ramp down to
transfer the entire load on
shore substation

Disconnection of ship
generator

Figure 8.1 - OPS concept of operation i synchronised transfer.

Source: EMSA

SBC is generally supported by automated control and coordination of the different stages involved
throughout the charging process.
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Shoreside Battery Charging (SBC) — DC Charging
Connection Procedure Disconnection

Initial State - disconnected Power Down
—

Compatibility Assessment (1 Disconnection
Visit)

Connection

Initialization

Cable check

Pre-charge

Charge

Figure 8.2 - SBC concept of operation i DC Charging.

Source: EMSA

8.2 Preparation for Operation

The present section outlines the different procedures and tests/verifications required before connecting
to shore power. The compatibility assessment ensures that both ship and shore sides are ready to
connect.

8.2.1 Tests and Verification

The present section outlines the different procedures and tests/verifications required before connecting
to shore-power. The compatibility assessment ensures that both ship and shore sides are ready to
connect.

Table 8.1 - Tests and Verifications prior to operation.

What What should be covered? When?

g;)sn;ggrt:]tg::tty Compatibility assessment shall be performed to verify the Prior to the 1% Visit
before possibility to connect the ship to shore HV supply. Compatibility Prior to conducting the test
connection assessment shall be performed prior to the first arrival at a referred to in this paragraph, the

. terminal. compatibility assessment or
(Section 4.3 of Assessment of compatibility shall be performed to determine the technical analysis, as appropriate
IEC/IEEE 80005- following (with reference to the relevant sections of the IEC/IEEE ' '
1) 80005-1): should be performed.

a) compliance with the requirements of this document and

any deviations from the recommendations. Both shore and ship sides should

cross-review the initial test reports
before the tests at the first call at a

shore supply point.

b)  minimum and maximum prospective short-circuit
current (Section 4.7 and 4.8).

¢) nominal ratings of the shore supply, ship to shore
connection and ship connection (Section 5.1).
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What

d)

e)

f)

9)
h)

m)

n)
0)

p)

a)

N

s)

B

What should be covered?

any de-rating for cable coiling or other factors (see
7.2.1).

acceptable voltage variations at ship switchboards
between no-load and nominal rating (Section 5.2).

steady-state and transient ship load demands when
connected to a HV shore supply, HV shore supply
response to step changes in load (Section 5.2).

system study and calculations (Section 4.8).

verification of ship equipment impulse withstand
voltage.

compatibility of shore and ship side control voltages,
where applicable.

compatibility of communication method and means.

distribution system compatibility assessment (shore
power transformer neutral earthing).

functioning of ship earth fault protection, monitoring
and alarms when connected to an HVSC supply
(Section 8.2.2).

sufficient cable length.
compatibility of safety circuits.
total harmonic distortion (THD) (Section 5.2).

consideration of hazardous areas, where applicable
(Section 4.6.4).

when a HV supply system is connected, consideration
shall be given to provide means to reduce current in-
rush and/or inhibit the starting of large loads that would
result in failure, overloading or activation of automatic
load reduction measures.

consideration of electrochemical corrosion due to
equipotential bonding.

utility interconnection requirements for load transfer
parallel connection.

equipotential bond monitoring (Section 4.2.2).

EMSA Guidance on SSE to Port Authorities/Administrations

When?

The initial tests for high voltage
should meet standard IEC/IEEE
80005-1 requirements.

(similar requirement

Integration Tests

IMO OPS
Guidelines
Section 2.1.3

The following should be performed as an integration test by shore-
and ship-sides before the OPS connection:

1.
2.

1

12.

© ©® N o o~ w

visual inspection,

power frequency test for switchgear assemblies and
voltage test for cable,

insulation resistance measurement,
measurement of the earthing resistance,
function test of the protection devices,

function test of the interlocking system,

function test of the control equipment,
equipotential bond monitoring test or equivalent,
phase-sequence test,

function test of the cable management system,

1. integration tests to demonstrate that the shore- and ship-
side installations work properly together, and

function test of the emergency stops.

At 1% Visit

In accordance with IMO OPS
Guidelines, Section 2.1.3 the tests
in 2) and 4) should be performed
only if either of the installations,
shore- or ship-side, has been out
of service or not in use for more
than 30 months.
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Routine Tests

1. visual inspection.

2. confirmation that no earth fault is present.

3. statement of voltage and frequency.

4. an authorized switching and connection procedure; and

5. function test of the emergency stops.

At all subsequent visits

If the time between port calls (the
same shore supply point) does not
exceed 12 months and if no
modifications have been
performed either on the shore- or
ship-side installations, this
verification should be conducted.

8.2.2 Connection Certification

Following compatibility assessment, the possibility of a ship to connect to an OPS system is confirmed.
This, in itself, is not enough to ensure that a ship will successfully be able to receive OPS supply at any
given port. An integration test is then needed for the 15t connection. For all subsequent visits to the same
port/berth/OPS facility, the results of the integration test, in addition to more expedite and simple routine
tests, should provide sufficient evidence that it is safe to connect.

For subsequent visits for OPS connection the routine tests are considered sufficient, provided that the
exact same conditions are maintained from the integration tests.

PAA should, in light of the above, have the necessary provisions and measures in place to document and
trace the historic file of OPS compatibility assessment, integration tests and routine tests, as applicable.

The diagram below outlines a possible Certification of Connection structure.

3 . h
> Compatibility assessment .
“ before connection With the results
8 of the
S Section 4.3 of IEC/IEEE 80005-1 ———
a
assessment
and integration
tests a specific
= ) ship can be
> Integration Tests certified for
; IMO OPS Guidelines, Section 2.1.3 OPS connection
E . .
g Routine Tests OPS Connection
o
()
2 IMO OPS Guidelines, Section 2.1.3 Connection
>
N

Figure 8.3 - Connection certification.
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8.3 OPS Operation

The diagram below presents the general operational concept for onshore power supply, including both
ship-side and shore-side general steps in the operation flow, with reference to the IMO Interim Guidelines
on OPS and, where relevant, to the IEC/IEEE 80005 series.

References Ship side

~
] »  OPS supplier opens ship file
AIMO Guidelines 133,211 ¢ Rqu{EStS 1 Conngctlon . . Contactg%PS sF,)u lier fl:)r
i ; N . rovides complete information to L
A Provid lete information t PP
ISO 80005-1 (Section 4.3) - HV ) coordination
: PAA on required voltage and .
bl AISO 80005-3 (Section 4.3) - LV f «  Allocates slot for 1%t connection
CRMEEEIIEE | (technical analysis) reauency - rocedure i load variation/ safe
Assessment ) e Informs load profile in port fests ty
) e Following compatibility ) + PAAissues CC
AIMO Guidelines 2.1.2 as_sessment m 18t connection ¢  OPS supplier includes ship file into
1st Connection ARepeated Connection Cerificate ship shoyld be |§§ued a the SSE management plan
on the basis of First Connection. Connection Certificate (CC) ¢ Allocates slot for 1% connection
Integration » Validity to be agreed procedure i load variation/ safety
Test
A e Atrepeated connections, ship + Verifications on shore side
- holding a CC should have only to +  OPS supply adjusted for specific
R d ﬁ:mg gu!ge:!nes ggg (E\\//) ensure that no modifications have ships to connect as per CC file
C epeatt‘? uidelines 3.2.2 (LV) taken place on ship side +  OPS supplier includes ship file into
onnection ) + Verifications to be documented the SSE management plan
Verification
4 N
Safety Checks
Ensure shore-side circuit breaker is * Ensure shore-side circuit breaker is
S open and isolated, and circuit is open and isolated, and circuit is
AIMO Guidelines 3.2.1 (HV) earthed earthed
Pre- AIMO Guidelines 3.3.2 (LV) Ground switch - Safety tag (DO NOT | |+  Lock and safety tag (DO NOT
Connection OPERATE) OPERATE) _
+ Prove cables de-energised
- AN
~
¢ Prove cables de-energised + Prove cables de-energised
AIMO Guidelines 3.2.1 (HV) . Connectg cables and secure +  Connect cables and secure
(T connection connection
AIMO Guidelines 3.3.2 Loy s Remove safety tag i open ground *» Remove Lock and Safety Tag i
Y, switch Open Ground Switch
e Rack-in circuit breaker +  Rack-in Circuit Breaker
\
+  Confirm connection and
o sequence for switching operations ¢ Close CB for supply
AMO Gu!del!nes 3.2.2 (HV) «  Ship person in charge «  Ensure adequate monitoring of
AIMO Guidelines 3.3.3 (LV) communicate to shore it is SAFE power quality supply
to close CB
Y, e Parallel connection of black-out
~
» Safety checks
- e Confirm no safety-critical +  Disconnect on request
AMOIGUIdElne=2 SIEV operations onboard prior do «  Ensure adequate monitoring of
- € q 9
. . MO Guidelines 3.3.4 (LV) switchover Power quality supply
Disconnection »  Procedures for changeover to
onboard supply
» Request for disconnection
~
s  Checklists documented e  Checklists documented
«IMO Guidelines 5.2 ¢  Secure equipment s« Secure equipment
s  OPS receipt received and «  OPS receipt received and archived
Completion archlved together with checklist toggther with c'heckllst
J Incident reporting + Incident reporting

Figure 8.4i OPS Operation i References.

Further to the above, in Figure 8.5 to Figure 8.8, the flow chart diagram describes the OPS operation,
from early request to connect to disconnection, including compatibility/integration/verification and safety
procedures.
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