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1 INTRODUCTION

1.1 PROJECT OVERVIEW

Crosswind, a Shell and Eneco joint venture, was awarded the tender to develop the offshore Hollandse Kust
Noord (HKN) wind farm, located 18.5km off the coast of Netherlands near the town of Egmond aan Zee. The
consortium plans to have HKN operational in 2023 with an installed capacity of 759MW generating at least
3.3TWh per year. This is sufficient renewable power to supply more than 1 million Dutch households with
green electricity.

Offshore wind farms produce intermittent electricity and balancing these dips and peaks and integrating
this electricity into the national energy system requires new technologies. For this reason, the offshore wind
farm will include several new technologies that could be implemented at full-scale in the future. The new
technologies being explored include a floating solar park, a short-duration battery storage as well as long-
term storage via green hydrogen produced by water electrolysis and subsequently consumed in a fuel cell.
The combination of these individual measures, herein referred to as the Base Load Power Hub (BLPH) will
ensure a continuous power supply regardless of the wind situation.

1.1.1  PROJECT LOCATION
The Hollandse Kust Noord (HKN) wind farm is located 18.5km off the coast of the Netherlands near the town

of Egmond aan Zee.

Figure 1T - HOLLANDSE KUST NOORD WIND PARK Location Map

This document undergoes an issuance cycle within EDMS Fusionlive". Its distribution is electronically controlled. Once printed shall be
considered as "NOT CONTROLLED" copy
File: 123A90-DDL-PR-MAN-80001 Rev.02




HOLLANDSE KUST NOORD WIND PARK Project :
CROSSW/IND | " Comract No, CW-1WP4-2023.05 ROSETTIMARING

Sheet 11 of 194

Document Title: | Operations and Maintenance Manuals | Date: 15/12/2025

Rev: 02

The wind park

" Egmond aan Zee

Figure 2 - Wind Park Details

The wind farm will consist of No. 69 x 11.5MW wind turbine generators each to be installed on a dedicated
monopile structure. A 70th monopile located on coordinates E 590719.1, N 5841602.3 is reserved for
installing the platform accommodating the BLPH. The monopile structure was designed and installed by Van
Qord Offshore Wind (VooW) and therefore not part of the BLPH scope.

1.1.2 PROJECT CONCEPT

All components included in the BLPH will be integrated onshore on a topsides and installed in an offshore
location within the boundaries of the HKN wind farm. At its simplest, the BLPH will store energy during
periods of high electricity generation from renewable sources (a wind turbine generator and the floating
solar PV farm) and release it during periods of low generation. In practice. It is expected that the energy
stored will supplement generation from renewable sources to ensure that at least 1.0MW of power is
exported to the electrical grid regardless of wind/solar availability.

Figure 3 - BLPH Concept
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Electricity in the BLPH will be stored in the form of electrons in a battery energy storage system (BESS) as
well as converted into green hydrogen via water electrolysis. When the power output from the connecting
wind turbine drops to below 1 MWe, the BLPH will return its stored energy to supplement the remaining
power output. This will be by discharging the BESS, while stored hydrogen will be converted back into
electricity using a fuel cell to extend the discharge duration.

The purpose of the BLPH s to function as a testbed for the integration of energy storage technologies with
renewable generation. It is expected that equipment installed on the BLPH will operate as Normally
Unmanned Installation for at least two (2) years with no or minimal maintenance and it will have its own
independent control room with the ability to communicate with Crosswind's control room.

This document undergoes an issuance cycle within EDMS Fusionlive". Its distribution is electronically controlled. Once printed shall be
considered as "NOT CONTROLLED" copy

File: 123A90-DDL-PR-MAN-80001 Rev.02




HOLLANDSE KUST NOORD WIND PARK Project :
CROSSWIND | "~ Comract No, CW-LWP4-2023.05 RoOSETTIMARING

Sheet 13 of 194

Document Title: | Operations and Maintenance Manuals | Date: 15/12/2025

Rev: 02

2 DOCUMENT SCOPE

The scope of this operating manual is to provide details for operational and maintenance of the platform,
during start-up, normal and shut-down operations.
It is to be mentioned that the technical aspects / information relevant to the pre-commissioning and
commissioning activities are not part of this document.
The operating manual is a "living document”. Any change made during the life of the plant and any operation
(especially for maintenance) that is modified by new knowledge and experience must be recorded to update
the document.
It is out of scope of this document:
to develop and describe a list of maintenance activities to be performed periodically. For specific
description of maintenance activities related to a specific equipment / package, reference shall be made
to the vendor pertinent documentation. Details about maintenance schedule can be found within the
document . "123A90-DDL-OEM-RE-02013" (Maintenance Schedule), [Ref. [84];
to describe a full list of spare parts, which can be found within the document n. “123A90-DDL-OEM-LIS-
02015" (Two-year operating spares list), [Ref. [85]].
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4 DEFINITIONS AND ABBREVIATIONS

DEFINITIONS

COMPANY or Client (CPY):

Crosswind

CONTRACTOR (CTR):

ROSETTI MARINO S.p.A.

PROJECT:

HOLLANDSE KUST NOORD WIND PARK Project

EVACUATION

Evacuation means the leaving of an installation and its vicinity,
in an emergency, in a systematic manner and without directly
entering the sea. Successful evacuation will result in persons
being transferred to a place of safety, by which is meant a safe
onshore location, or a safe offshore location or marine vessel
with suitable facilities.

ESCAPE

Escape means the process of leaving the installation in an
emergency when the evacuation system has failed; it may
involve entering the sea directly and is the ‘last resort’ method
of getting personnel off the installation.

For the scope of this project, escape means leave the platform
via life rafts.

FIRE

The outcome of combustion of flammable substance released
in the atmosphere as a consequence of a LOC, which can
produce effects to exposed persons and to process
equipment and structure due to thermal radiation.

MUSTER POINT

Muster is the process of assembling personnel in a muster
area where it is safe to assemble allowing time for the
emergency to be assessed and for control to be taken.
Generally, a muster area should provide protection against a
foreseeable major incident for a specified endurance period.

Table 2 - Definitions

ABBREVIATIONS
BESS BATTERY ENERGY STORAGE SYSTEM
BLPH BASE LOAD POWER HUB
CCS CENTRAL CONTROL SYSTEM
DC DIRECT CURRENT
FC FUEL CELL
HKN HOLLANDSE KUST NOORD
1A INSTRUMENT AIR
LIP LOCKED IN PLACE
PCS PROCESS CONTROL SYSTEM
PV PROCESS VARIABLE
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SIS SAFETY INTEGRITY SYSTEM
SP SET POINT

SwW SOFTWARE

WTG WIND TURBINE GENERATOR

Table 3 - Abbreviations
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5  SIMPLIFIED PROCESS DIAGRAM FOR THE SYSTEM ELECTRIFICATION

The below diagram simply illustrates the general process of the project with different alternative energy
sources such as floating solar 2x0.25 with MW BaselLoad Power Hub (WTG 70) and connection through Wind
turbine HNAS (WTG 57) to offshore HV Substation

The BLPH platform will be located on the 70th monopile (designated as HKN-70) and it will be electrically
connected to the wind turbine HNAS5. The connection is done by a 66kV sub-sea cable. The solar farm
connection to BLPH is done by a separate sub-sea cable. At BLPH, the sub-sea cable will be connected to a
single busbar 66kV GIS switchgear.

‘ﬁ\ Through Wind Turbine String
to Offshore HV Substation
WITG 57
electrical H; — water O,/air Subsea cable
T s6kviac T

= Baseload Power Hub

E | WIG 70 @
LB "
Subseaicable . i
i IMW/5MWh
| S I

'
'
'
'
'
'
'
'
)
'
'
'
'
'
'
'
2x 0.25MW '
. '
30bor { 0% 3.7 bor !
- d + storoge 1 X — '
Hm]m i 1200kg | :
. v 1
e 0
lo
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'

O, vent H; vent air

floating solar

(=
2.5MW r ! tomw  [S 1

(S

Electrolyser botabasiad fuelcell |2

| chemical filters ‘

'
'
'

“Tap” water tank
amb. temp

' : ‘
! ] Vo
[ N; supply U [ Compressed air U Wostewoter Vessel |

Brine overboard
caisson

Figure 4 - BLPH Concept Diagram

Sea water
intake caisson

The dips and peaks associated with offshore wind production need balancing for better integration with the
power grid; to this end the wind farm will include several new technological showcases to demonstrate and
prove the potential improvement and usage for their future implementation at larger scale.

This document undergoes an issuance cycle within EDMS Fusionlive". Its distribution is electronically controlled. Once printed shall be
considered as "NOT CONTROLLED" copy

File: 123A90-DDL-PR-MAN-80001 Rev.02




HOLLANDSE KUST NOORD WIND PARK Project :
CROSSWIND | "~ Comract No, CW-LWP4-2023.05 RoOSETTIMARING

Sheet 20 of 194

Document Title: | Operations and Maintenance Manuals | Date: 15/12/2025

Rev: 02

The technologies being demonstrated at BLPH are:

1. Floating Solar Park.

Short-term Battery Energy Storage System (BESS).

Long-term Hydrogen Energy Storage (Electrolyzer to create green hydrogen).
Fuel-Cell.

A ownN

Monitoring and control of BLPH will be remote (shore based control room) and the Solar Farm, BESS and
Fuel-Cell shall act cooperatively so that power from all sources will be combined to export power regardless
of the prevailing weather.

The Fuel-Cell is slow-acting whilst the BESS is fast acting. Therefore, the BESS (whenever available) will be
used as ‘lead supply’ / 'load follower’ and operate in its most efficient / effective manner with the Fuel-Cell
operating in parallel or series to optimise both the efficiency and availability of the entire system.
Whenever possible the Fuel-Cell will consume the platform’s stored hydrogen prior to discharging the BESS
to ensure the energy is maintained high for it to react instantly to each demand for power.

5.1 ELECTRICAL OPERATING MODES

When wind turbine HNAS is connected / operating and providing at least 1 MW to the wind farm ‘surplus’
power will potentially be available for import to BLPH. This renewable surplus energy will be used to run the
plant whilst simultaneously charging the BESS and/or running the Electrolyser to create & store hydrogen.
Conversely, when wind turbine HNAS provides less than 1 MW, BLPH will export Solar Power (if available)
and/or the energy stored in the BESS or hydrogen to ensure the wind farm continues to receive at least 1
MW.

The BLPH power system will be synchronised and connected to the wind farm’s power system with both 66
kV and 6.6 kV circuit breakers being equipped with a synch. check relay to ensure the AC supplies are
synchronised before a circuit breaker will be allowed to close.

An operation mode that involves the simultaneous charging of the BESS and/or running the Electrolyser
whilst also discharging the BESS and/or running the Fuel Cell is not considered for the design.

The CCS will control all equipment and packages during ‘Normal’ (wind farm connected) and ‘Abnormal’
(windfarm not connected) periods of plant operation selecting one of the operation modes described
below.

The solar farm, BESS, fuel cell and electrolyser will all be constantly monitored by the CCS for their operating
status / mode e.g. 'Ready' (equipment 'hot standby’ = immediately ready to operate) or 'Not Ready’
(equipment ‘cold standby’ = not immediately ready to operate).
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CCS OPERATION MODES
0 MODE 0 - IDLE MODE
BLPH will import power to harvest energy from either / both renewable sources (wind farm and

solar park). This operating mode is selected by the CCS whenever HNA5-AFA70 circuit breaker
QA1 is OPEN or the turbine itself is faulty and unable to produce power (even though it's windy).
Supply Guarantee is considered ACTIVE and there are no constraints on the power import.

1 MODE 1 - IMPORT

BLPH will import power to harvest energy from either / both renewable sources (wind farm and

solar farm).
Power generation from HNAS is greater than 1 MW. Surplus renewable energy is imported to BLPH
from wind farm for charging BESS and running the electrolyser whilst also feeding the BLPH loads.
1. If connected, the Solar Farm will provide whatever amount of power it can at any time of the
day.
2. Wind turbine HNAS produces sufficient 'surplus' power at any time (night or day).

Supply Guarantee is considered ACTIVE.
2 MODE 3 - HOT STANDBY
BLPH is capable of exporting power should generation from HNAS drop below 1 MW. Renewable

energy is imported to BLPH from wind farm and/or solar farm for feeding the BLPH loads.
Solar farm, Fuel Cell and BESS are synchronized and connected to the 6.6 kV power system, ready
to generate.

1. BESS s fully charged and healthy.

2. H2vessels are fully loaded.
3. Solar Farm will provide power for the period possible on any particular day.

Supply Guarantee is considered ACTIVE.
3 MODE 2 - EXPORT (NOTE 1)
Power generation from HNAS has dropped below 1 MW. Export of power is required from BLPH

from BESS, Fuel Cell and/or solar farm to support HNA5 production.
BLPH exports power from the Solar Farm, BESS and/or Fuel Cell to support wind turbine HNAS.
1. BLPH will use available power from solar, battery and/or fuel cell to export not more than
what's necessary for wind turbine HNAS to provide the wind farm with >1TMW (to maximise the
period of assistance that will be provided).

Supply Guarantee is considered ACTIVE.
4 MODE 4 - COLD STANDBY
BLPH is not capable of exporting power (stored and/or non-stored renewable energy) should

generation from HNAS drop below T MW. Renewable energy is imported to BLPH from wind farm
and/or solar farm for feeding the BLPH loads.

Supply Guarantee is considered ACTIVE and there are no constraints on the power import.
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CCS OPERATION MODES
4A MODE 4A - EMERGENCY MODE (Island)
BLPH is operating as an 'Island' and is not connected to Wind Farm.
1. BESS and/or Fuel Cell will use their stored energy to support BLPH for the maximum time
possible.
2. BLPH plant utility loads will consume the stored energy in BESS and hydrogen (hydrogen will
be consumed first) and/or the renewable energy from the solar farm.
Supply Guarantee is considered INACTIVE.
5 MODE 5 - POWER OUT (Black-out)
BLPH is operating as an 'Island' and is not connected to Wind Farm, BESS and Fuel-Cell have
consumed all their stored energy whilst supporting BLPH.
Only essential loads are supplied by UPS systems.
1. ltis possible to connect a temporary generation in order to avoid power loss to the essential
loads according to the document 123A90-DDL-EL-RE-20174 - Electrical System Study Report
- Vital Supply Recovery. NOTE: The temporary power supply will be connected to a junction
box located nearest the 400V Switchroom (B-200) to supply all Essential loads.
Supply Guarantee is considered INACTIVE.
6 MODE 6 - MAINTENANCE
BLPH will intentionally enter and remain in this MODE, under operator request, only during normal
maintenance in BLPH.
Supply Guarantee is command by operator in ACTIVE/INACTIVE.
7 MODE 7 - RESEARCH (NOTE 1)
BLPH will intentionally enter and remain in this MODE, under operator request.
The CCS will be switched to fully ‘manual’ operation for research activities to proceed with the
amount of power generated by wind turbine HNAS no longer being relevant.
Main and auxiliary equipment will be switched to import or export power, as necessary to satisfy the
research criteria.
Auxiliaries needed for the platform to remain safe and permit the research to proceed will be
prevented from being shut down in this operation mode.
Supply Guarantee is command by operator in ACTIVE/INACTIVE.
8 MODE 8 - NONE MODE
This is the default mode for the CCS, for example at the CCS initialization after a complete black-
out or as an entrance status and last fallback if no other status is possible due to unmanaged logic
conditions, if any.

Table 4 - CCS Operation Modes

NOTE: "Supply Guarantee" refers to if the Wind Farm is Connected or Disconnected from the BLPH.

A more detailed description of the Platform operating modes and the status of all users and equipment is
shown in the specification 1724000594-IN-SP-00019 “EMCS Software Functional Design Specification (FDS-
SW)", [Ref. 65] and 123A90-DDL-IN-RE-40095 - Process Control Logics Description, [Ref. [69].
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NOTE 1: Manual control into export mode for depleting hydrogen onboard contained within the Fuel Cell
Package prior to maintenance is not allowed under “"MODE 2 - EXPORT2. Itis noted that there is a possibility
for the operator onshore depleting hydrogen onboard contained within the Fuel Cell Package prior to
maintenance only in research mode ("MODE 7 - RESEARCH").
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5.2 ELECTRICAL SCENARIOS
In the transition between some operating modes three different electrical scenarios could be identified,
which required automatic or manual procedure to adjust the electrical system configuration making possible
the following operating mode.
These scenarios are:

1. lIslanding

2. Recover from island
3. Black start

For details reference shall be made to [Ref. [65]]

5.2.1 ISLANDING

Sudden disconnection from the grid could occur in case of opening of the 66 kV breaker or the incoming
breaker on the 6.6 kV switchgear.

These two breakers can be manually opened or, most likely, can be opened automatically by the protection
system, which could detect a grid failure.

In both cases, the 6.6 kV system could remain in operation with the power generation feeding the auxiliary
loads on the 6.6. kV switchgear.

In particular the BESS system should change its control system switching to “grid forming” status, so that it
can control the voltage and the frequency of the isolated system, balancing the load demand.

In this transition there is no need of any manual operation, since all actions needed are taken automatically
by protection and control system, being necessary a very fast action to try to keep the 6.6 kV system alive.

5.2.2 RECOVER FROM ISLAND

Once the voltage is back on the wind farm up to the BLPH 66 kV GIS, it is possible to reconnect the 6.6 kV
system, which was operating in island, to the grid by means of manual procedure.

The operator first of all has to close the line switches and the circuit breaker of the 66 kV GIS in order to
energize the step-up transformer TR-100AD1, to be ready to take the load from the 6.6 kV system.

Once the transformer is energized, the operator will request from the CCS to close the incoming breaker on
the 6.6 kV switchgear.

The closure of the breaker will be managed by the BESS system, which has the facilities necessary to
synchronize the isolated 6.6 kV system with the grid.

With the closure of the 6.6 kV incoming breaker, the 6.6 kV system will be connected back to the grid and
the BLPH platform will return in the operating mode requested by the battery limit condition in that moment.

5.2.3 BLACKSTART

When the BLPH is disconnected from the grid (windfarm) and there is no power supply from solar, BESS and
fuel cell, BLPH enters the power out mode of operation. This is an electrical blackout condition, and the vital
loads will be maintained solely by the DC, AC UPS systems and Navigation System.

Batteries in DC UPS system are located within the B-100 HV equipment room on the lower deck.
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Batteries in AC UPS systems and Navigation System are located within the B-300 UPS equipment room on
the lower deck.

If the blackout condition lasts long such that the batteries are close to full discharge and hence, no longer
available, then BLPH suffers a total loss of power.

In this case a black start of the platform via an offshore mobile power source will be needed to supply to
recover the supply to vital loads by charging the batteries in DC and AC UPS systems, and to feed the vital
loads under the main LV switchgear SG-200N1 until the network is recovered so that it is possible to
reconnect the BLPH platform to the grid (windfarm). For black start up procedure reference shall be made
to "OTP - BLACK START Procedure”, doc. n. “123A%90-PML-COM-PRO-03036", [Ref. [89], as well as to
"ELECTRICAL SYSTEM DESCRIPTION & DESIGN PHILOSOPHY", doc. n. “123A%0-DDL-EL-SP-20141", [Ref.
[73].
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6

6.1

SEAWATER INTAKE SYSTEM

EQUIPMENT LIST AND DESIGN BASIS

The seawater intake system includes the following equipment:

6.2

Service Sea Water Lift Pumps
TAG P-50001A/B
Quantity 1
Power 1.6 kW
Flow 2.5m3/h
Design pressure 7.6 barg
Design temperature 80 °C
Material SDSS
Table 5 - Sea Water Lift Pumps Design Data
Service Sea Water Lift Pumps Caissons
TAG B-50013A/B
Quantity 1
Size 343 mm (ID) x 27308 mm (H)
Material CA+CA

Table é - Sea Water Lift Pumps Caisson Design Data

OPERATING DATA

The seawater lift pumps are characterized by the following main operating data:

6.3

Normal Operating mass flowrate ~2500 kg/h

Normal Operating volumetric flowrate ~2.5 m®/h

Normal Discharge pressure (min./max) ~4.0 / 5.0 barg

Normal Discharge temperature ~ 22.4 °C

PROCESS DESCRIPTION (NORMAL OPERATION)

Seawater is the raw water to be treated and then electrochemically converted into hydrogen (for energy

accumulation purposes) and oxygen. The seawater is lifted by means of 2 x 100% submersible Seawater Lift
Pumps P-50001A/B (one running and the other in stand-by mode), and then fed through the water
treatment plant to remove the biological and inorganic pollutants, that shall be eliminated prior to be served

to the electrolyser package. Downstream the sea water lift pumps, to monitor the temperature of brine going
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back to the brine discharge caisson B-50014, a temperature measurement (50-TI-001) is required just at inlet
of water treatment system, to compare it with the one of the return-stream (50-TI-002) via differential function
50-TDI-002. By measuring the temperature difference between these two streams, one can ensure that the
discharged water will not be too warm back into the sea, which could potentially harm the marine ecosystem.
This process is crucial for environmental conservation as it helps maintain the temperature balance in the
marine environment. By controlling the temperature of the discharged water, any adverse effects on marine
life and ecosystem are mitigated.

A biocide injection into the seawater intake system is provided. The biocide injection points are the
following:
e Biocide isinjected into the Seawater Lift Pumps Caissons B-50013A/B, to also disinfect the seawater
in the suction side of each Seawater Lift Pumps
e Biocide is injected into the Seawater Lift Pumps P-50001A/B discharge side, when a pump is not
running (the scope is of this dosing is to disinfect the seawater lift pump discharge tube of the pump
that is not running, to avoid biological growth)
e Biocide is injected at the Water Treatment System inlet line.

Assume that the sea water pump that is running is the pump “A”, then the discharge tube of the pump “B"
(stand-by pump) is dosed with treated sea water coming from pump "A” as follows:
1. on/off valve 50-XV-001 installed on the pump "A" is open
2. on/off valve 50 -XV-003 installed on the pump “B” discharge side is closed
3. on/off valve 50 -XV-002 installed on the by-pass discharge side of the pump "A” is closed
4. on/off valve 50-XV-004 installed on the by-pass discharge side of the pump “B” will be open, to allow
treated sea water coming from pump “A”, which already contains biocide, passing through the by-
pass line of the pump “B".

Assume that the sea water pump that is running is the pump “B”, then the discharge tube of the pump "A"
(stand-by pump) is dosed with treated sea water coming from pump "B" as follows:
1. on/off valve 50-XV-003 installed on the pump “B" is open
2. on/off valve 50 -XV-001 installed on the pump “A” discharge side is closed
3. on/off valve 50 -XV-004 installed on the by-pass discharge side of the pump “B" is closed
4. on/off valve 50-XV-002 installed on the by-pass discharge side of the pump “A” will be open, to allow
treated sea water coming from pump “B”, which already contains biocide, passing through the by-
pass line of the pump "A".
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A logic control will be provided to prevent simultaneous running of both pumps A and B.
The following signals will inform about each pump status:

e STOP

e START

¢  RUNNING/STOPPED

e AUTO START READY

¢ MOTOR STOPPED BY LOCAL PUSH BUTTON

e FAULT/TRIPPED

o SHUTDOWN ALARM

o [ OCAL/REMOTE

6.4 LOGIC CONTROL DESCRIPTION

Section not applicable.

6.5 INTERLOCK LOGIC DESCRIPTION

A software interlock is provided to prevent pump from starting in case the relevant XV valve is
closed:
e if the discharge 50-XV-001 valve is fully closed, the software interlock prevents pump “A” from
starting
e if the discharge 50-XV-003 valve is fully closed, the software interlock prevents pump “B” from
starting.
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INSTRUMENT LIST AND TROUBLESHOOTING SCENARIOS

Here is below the list of instruments connected to the PCS that are included within the seawater intake system (see [Ref. 61]):

TAG ALARM SERVICE SOURCE SET UO  LINITIATING INVALID CONSEQUENC
NUMBE | CONDITIO | DESCRIPTIO | DOCUMEN | POIN M CAUSES(S) OPERATIO | E OPERATOR RESPONSE | NOTE
R N N T P&iD T N MODES | DESCRIPTION
Operator can:
1. Manually Stop the sea
Sea water P&ID No water pump P-50001A
50-PT- i from  pump (123A90- 7 barg Discharge N/A consequence | 2. Inform
001 P.50001A DDL-PR- blocked due to 50-PSV- | maintenance/interventi
PID-80021) 006 discharge. |on team.
3. Monitor process
conditions.
sed water The
lift pump P- alarm
50001A Operator can:| il be
Sea water P&ID not started No 1. | | Inform activate
50-PT- L0 from  pump (123A90- 4 barg wher'w N/A cpnsequenge, maintenance/interventi d after
001 DDL-PR- required or since there is a|on team.
P-50001TA , start
PID-80021) sea water stand-by pump |2.  Monitor  process th
lift poump P- conditions. \gl | ‘
50001A in ey o
fault 30 sec.
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TAG ALARM SERVICE SOURCE SET UO | INTIATING INVALID CONSEQUENC
NUMBE | CONDITIO | DESCRIPTIO | DOCUMEN |POIN M CAUSES(S) OPERATIO |E OPERATOR RESPONSE | NOTE
R N N T P&ID T N MODES | DESCRIPTION
1. Loss of
Sea water P&ID I1n.strument :;:g)lrmg e
SO-FT- IO_FAIL from pump (123A90- 3.8 mA | fault N/A functionality Operator . can:
001 DDL-PR- 1. Inform maintenance
P-50001A 2. Channel 2. Loss of
PID-80021)
fault channel
redundancy
Operator can:
1. Manually Stop the sea
Sea water P&ID No water pump P-50001B
50-PT- " from  pump (123A90- 7 barg Discharge N/A consequence | 2. Inform
002 P.50001B DDL-PR- blocked due to 50-PSV-| maintenance/interventi
PID-80021) 007 discharge. |on team.
3. Monitor process
conditions.

The
sea water Alarm
lift pump P- Operator can:| i be

Sea water P&ID 50001B not No 1. | | Inform activate
50-PT- L0 from  pump (123A90- 4 barg started N/A cqwsequencg, maintenance/interventi d  after
002 P.50001B DDL-PR- when since there is a|on team. ctart

PID-80021) required or stand-by pump |2.  Monitor  process| .
sea water conditions. with
lift pump P- delay of
30 sec.
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TAG ALARM SERVICE SOURCE SET UO | INTIATING INVALID CONSEQUENC
NUMBE | CONDITIO | DESCRIPTIO | DOCUMEN | POIN M CAUSES(S) OPERATIO | E OPERATOR RESPONSE | NOTE
R N N T P&iD T N MODES | DESCRIPTION
50001B in
fault
1. Loss of
o P80 || e
50-PT- e W 123A90- S rume conrer Operator can:
IO_FAIL from pump 3.8 mA | fault N/A functionality .
002 DDL-PR- 1. Inform maintenance
P-50001B 2. Channel 2. Loss  of
PID-80021)
fault channel
redundancy
unexpecte .
P |
d high d?ssci:ree of Operator can:
Difference P&ID temperatur water giowards 1. Monitor 50-TT-001
50-TDI- (123A90- e of the and 50-TT-002
HI Temperature 10 °C _ N/A sea at a T
002 T2 T DDL-PR- drain ) ; temperature indication.
_ PID-80025) stream emperatire 2. Evaluete the
higher than the -
from  the ; possibility to  stop
permitted one
electrolyser Electrolyser package
Wat P&ID 1 1. Loss of
ater . o
50-TT- 10_FAIL disposal (123A90- 38 A | Instrument | N/A monitoring and | Operator . can:
002 head ; DDL-PR- fault control 1. Inform maintenance
eader © PID-80025) ad functionality
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TAG ALARM SERVICE SOURCE SET UO | INTIATING INVALID CONSEQUENC
NUMBE | CONDITIO | DESCRIPTIO | DOCUMEN | POIN M CAUSES(S) OPERATIO | E OPERATOR RESPONSE | NOTE
R N N T P&iD T N MODES | DESCRIPTION
caisson B- 2. Channel 2. Loss of
50014 fault channel
redundancy
1. Loss of
>ea water | P&ID I1n.strument :Jon::jrmg e
SOTE o e [from  NfEH(A23A90- o o 1A | faule N/A functionaliy | OPereter - cam:
001 pump P- | DDL-PR- > Channel 5 L ‘ 1. Inform maintenance
50001A/B | PID-80022) - wnanne PO 0
fault channel
redundancy
blocked
\c/i\i/satirsal P&ID discharge Dela - Operator can:
50-PT- i h pol ‘ (123A90- 0.5 5 towards N/A d .y 1. Inform
014 cjiassjr: Bo DDL-PR- ’ arg brine O;a;:aatigoen maintenance/interventi
50014 PID-80025) d|§charge on team.
caisson
1. Loss  of
\cél\'/:;zrsal P&ID I1n'str ment 2;:;?'””9 e
i u
SO-FT- IO_FAIL header  to (123A90- 3.8 mA | fault N/A functionality Operator , can:
014 . DDL-PR- 1. Inform maintenance
caisson B- PID-80025) 2. Channel 2. Loss of
50014 _ fault channel
redundancy

Table 7 - Seawater intake system alarm instrument list
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The above table also includes process upsets and troubleshooting scenarios, with the indication of the initiating cause, consequence and the
operator response.

The discharge pressure of the Seawater Lift Pump P-50001A (B) can be monitored by means of the pressure transmitter 50-PT-001 (002), that is
installed on the discharge line of the pump.

The above pressure transmitters are also equipped with high- and low-pressure alarms, available in the onshore control room to alert the operator.
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6.7  UNIT START UP PROCEDURE

Start-up of the Seawater Lift Pumps P-50001A/B is subject to the following preparatory activities:

e Completion of Start-up preparation activities and prerequisites for the Electrolyser Package, A-
20000, as per Vendor recommendations; refer to document number, [Ref. [56]]

e Completion of Start-up preparation activities and prerequisites for the Water Treatment Package, A-
50000, as per Vendor recommendations; refer to document number, [Ref. [57]]

e Completion of Start-up preparation activities and prerequisites for the Instrument Air Package, A-
63000, as per Vendor recommendations; refer to document number [Ref. 54]

e Completion of Start-up preparation activities and prerequisites for the Nitrogen Generation System,
A-64000, as per Vendor recommendations; refer to document number [Ref. 55]

e Completion of Start-up preparation activities and prerequisites for the Hydrogen Vent, Q-43004, as
per Vendor recommendations; refer to doc refer to document number [Ref. 53].

Once the above prerequisites are positive it is possible to proceed with the start up. However, the listed
checks and reviews below indicated are still necessary:

ACTION

1 | Check that the manual valve BLPH-MV-043 is open

2 | Check that the manual valve BLPH-MV-050 is open

3 | Check that the manual valve BLPH-MV-048 is open

4 | Check that the manual valve BLPH-MV-051 is open

5 | Check that the manual valve BLPH-MV-464 is open

6 | Check that the manual valve BLPH-MV-465 is open

7 | Check that the manual valve BLPH-MV-044 is closed

8 | Check that the manual valve BLPH-MV-044 is closed

9 | Check that the manual valve BLPH-MV-054 is closed

10| Check that the manual valve BLPH-MV-241 is closed

11| Check that the manual valve BLPH-MV-471 is open

12 | Check that the manual valve BLPH-MV-469 is open

DDDDDDDDDDDD%
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ACTION CHECK
13 | Check that the manual valve BLPH-MV-470 is open |:|

Table 8 - Seawater intake system unit start-up check list table

Once the above checks and reviews are positive, the startup procedure as per Seawater Lift Pumps Vendor's
operating manual (see document number [Ref. [86]]) shall be followed.

A local/remote pushbutton 50-HS-002A (B) is provided for the Seawater Lift Pumps P-50001A (B), so the
remote or local status 50-XL-002A (B) is active in the onshore control room.
The following selectors/push button are provided for each Seawater Lift Pumps P-50001A/B:

e Local/remote selector SAT for the pump A

e Local start push button PM1 for the pump A

e Local stop push button PAT for the pump A

e Local/remote selector SAT for the pump B

e Local start push button PM1 for the pump B

e Local stop push button PA1 for the pump B

6.7.1  REMOTE MODE START UP

Start-up op the Seawater Lift Pump can be done in automatic mode or manual mode.

6.7.1.1  Automatic Start Up

Assume that pump A is the one to be started (duty pump), then the initial conditions include:
e 50-HS-002A and 50-HS-002B are set to auto mode;
e 50-HS-003B is set to select pump B to be in standby mode
e No faults, alarms or shutdowns are active in this system
e All XVsvalves installed on the discharge side of the Seawater Lift Pumps, 50-XV-001, 50-XV-002, 50-
XV-003 and 50-XV-004 are set in auto mode.

Once it is required to start the pump A then the automatic logic will:
e Close the 50-XV-002 and 50-XV-004 that are installed on the pumps by-pass lines
e  Open the 50-XV-001 valve that is installed on the duty pump discharge line
e Close the 50-XV-003 valve that is installed on the stand-by pump discharge line
e  Start duty Lift pump A.

Assume that pump B is the one to be started (duty pump), then the initial conditions include:
e 50-HS-002A and 50-HS-002B are set to auto mode;
e 50-HS-003Ais set to select pump A to be in standby mode
e No faults, alarms or shutdowns are active in this system
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e All XVsvalves installed on the discharge side of the Seawater Lift Pumps, 50-XV-001, 50-XV-002, 50-
XV-003 and 50-XV-004 are set in auto mode.

Once itis required to start the pump B then the automatic logic will:
e Close the 50-XV-002 and 50-XV-004 that are installed on the pumps by-pass lines
e  Open the 50-XV-003 valve that is installed on the duty pump discharge line
e Close the 50-XV-001 valve that is installed on the stand-by pump discharge line
e  Start duty Lift pump B.

6.7.1.2  Manual Start Up

Assume that pump A is the one to be started (duty pump), then the initial conditions include:
e 50-HS-002A and 50-HS-002B are set to manual mode;
e 50-HS-003B is set to select pump B to be in standby mode
e No faults, alarms or shutdowns are active in this system

Once itis required to start the pump A then then the operator will:
e Close the 50-XV-002 and 50-XV-004 that are installed on the pumps by-pass lines
e Openthe 50-XV-001 valve that is installed on the duty pump discharge line
¢ Close the 50-XV-003 valve that is installed on the stand-by pump discharge line
e Start duty Lift pump A.

Assume that pump B is the one to be started (duty pump), then the initial conditions include:
e 50-HS-002A and 50-HS-002B are set to manual mode;
e 50-HS-003Ais set to select pump A to be in standby mode
e No faults, alarms or shutdowns are active in this system

Once it is required to start the pump B then the operator will:
o Close the 50-XV-002 and 50-XV-004 that are installed on the pumps by-pass lines
o Open the 50-XV-003 valve that is installed on the duty pump discharge line
e Close the 50-XV-001 valve that is installed on the stand-by pump discharge line
e Start duty Lift pump B.

6.7.2 LOCAL MODE START UP

Under local mode start up the operator, locally, pushes push button PM1-A (PM1-B) to start the pump A (B).
After this selection, all the XVs valves that are installed on the discharge lines of the Seawater Lift Pumps A/B
will be manually operated by the operator.
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Assume that the pump to be started is the pump A, then the operator will perform the following actions on
the XVs valves:

e Close the 50-XV-002 and 50-XV-004 that are installed on the pumps by-pass lines

e Open the 50-XV-001 valve that is installed on the duty pump A discharge line

e Close the 50-XV-002 valve that is installed on the stand-by pump B discharge line

e  Start duty Lift pump A.

Assume that the pump to be started is the pump B, then the operator will perform the following actions on
the XVs valves:

e Close the 50-XV-002 and 50-XV-004 that are installed on the pumps by-pass lines

e Open the 50-XV-002 valve that is installed on the duty pump B discharge line

e Close the 50-XV-001 valve that is installed on the stand-by pump A discharge line

e  Start duty Lift pump B.

It is noted that when the selector is switched in local mode then the pumps are switched in manual mode
and it is not then possible to operate the pumps in auto mode.

6.8 SHUTDOWN PROCEDURE

The shutdown of the Seawater Lift Pump P-50001A (B) can be activated manually from ONSHORE control
room by means of the pushbutton 50-HS-005A (005B).

6.9 DEPRESSURIZATION PROCEDURE

Section not applicable.

6.10 PURGING PROCEDURE

Section not applicable.

6.11 PRESSURIZATION PROCEDURE

Section not applicable.
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7 HYDROGEN STORAGE SYSTEM
The hydrogen storage system is constituted of six horizontal pressure vessels that will store the hydrogen
production. It also includes associate piping and valves that are installed both upstream and downstream

hydrogen storage vessels. More precisely the system starts from the exit line of the Electrolyser Package (A-
20000) and terminates at the inlet line of the Fuel Cell Package (A-80000).

7.1 EQUIPMENT LIST AND DESIGN BASIS

The hydrogen storage system includes the following equipment:

Service Hydrogen Storage Vessel

TAG V-25001 A/B/C/D/E/F

Quantity 6

Size (each one) 2800 mm (ID) x 15500 mm (L T/T)
Design pressure 40 barg

Design temperature -10°C/80°C

Material Carbon Steel

Orientation Horizontal

Table 9 - Hydrogen Storage Vessels Design Data

The Hydrogen Storage Vessels are characterized by the following main operating data:

e Normal Operating overall inlet flowrate 106 kg/h of hydrogen

e Normal Operating overall Vol. Flow 500 Nm?/hr of hydrogen

e Normal Operating Pressure NOP is a range; from ~4.5 barg to 30.0 barg

e Normal Operating Temperature AMB

e Capacity ~96.0 m3/each vessel excluding heads volumes
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7.2  LOGIC CONTROL DESCRIPTION

During Fuel Cell functionality the only control loop (pressure control loop) present within the hydrogen
storage system and which is required to work is the one installed on the outlet manifold of the hydrogen
storage vessel (at Fuel Cell Package inlet).

The aim of the above-mentioned control loop is to control the inlet pressure of the hydrogen that is fed to
the Fuel Cell Package A-80000. This control loop is identified with:

pressure controllers: 25-PIC-055A/B;

pressure transmitters: 25-PT-055A/B (Process Variable);

final elements: 25-PV-055A/B;

SP value: normal 6 barg;

Sub-Controller(s) action: REVERSE (pressure increase, valve close);
Failure direction: Fail Close

Control valves 25-PV-055A/B work under split range. According to operating condition of the Fuel Cell
Package in terms of minimum and maximum pressure as well as minimum and maximum flow rate, a wide
range of operating CV is required. Therefore, two control valves in parallel will be used, one valve operates
with high CV (valve "A", above a CV of 0.31) while the valve "B" will operate when lower operating CV is
required (below a CV of 0.31).

A software interlock prevents control valve 25-PV-055B (A) from opening if control valve 25-PV-055A (B) is
working within the required valve opening range. This is to allow both valves to operate within the optimum
valves opening range, as designed.

Moreover, software interlock prevents the opening of the control valves 25-PV-055A/B in case Fuel Cell
package (A-80000) is not running.
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7.3

Here is below the list of instruments connected to the PCS that are included within the hydrogen storage system (see [Ref. 61)):
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Control for
25 PV.OS5A (123A90- bar | ON of No consequence | valve.
25-PT-055A HI DDL-PR- |7 pressure | N/A due to 80-PSV-|2. Inform
- H2 to Fuel g . . :
Coll PID- control 001 discharge. maintenance/interve
Package 80014) loop ntion team.
9 3. Monitor process
conditions.
P 1. 1. L f
Cf::ruorle for P&ID Instrume monitor?nss anool
25.PV-055A (123A90- ¢ fault trol 9 Operator can:
25-PT-055A |10 _FAIL o DDL-PR- (38 |mA |00 iN/A comrer 1. Inform
- H2 to Fuel 2. functionality .
PID- maintenance
Cell Channel 2. Loss of channel
80014)
Package fault redundancy
Eresf”rlef P&ID Lo |Malfuncti [Not  valid No 4 ?perator | fca”: Tlhe
25 PT.0558 O ontrol for (123A90- |3 ar | of | when 25. | consequence,due | 1. Inform | alarm can
25-PV- DDL.PR. g rossure | PV-055B is to fact that Fuel | maintenance/interve |be valid
055B-H2 to P cell package has | ntion team. | after the
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INITIATIN [ INVALID
ALARM SERVICE SOURCE | SET
Uo |G OPERATI | CONSEQUENCE | OPERATOR
TAG NUMBER (C)SINDITI (D)ENSCRIPTI E?F()ZSL(JI\[;IE iOIN M | CAUSES( | ON DESCRIPTION RESPONSE NOTE
| ) MODES
Fuel  Cell | PID- control in  closed | its safety in case of | 2. Monitor process |valve not
Package 80014) loop position H2 low pressure | conditions. close
plus 30
sec.
Operator can:
Prossure 1. Manually close 25-
P&ID Malfuncti SDV-023  shutdown
Control for
5PV (123A90- bar | ON of No consequence | valve.
25-PT-055B HI DDL-PR- |7 pressure | N/A due to 80-PSV-|2. Inform
055B-H2 to g . . ,
PID- control 001 discharge. maintenance/interve
Fuel  Cell .
80014) loop ntion team.
Package .
3. Monitor process
conditions.
Ef::ruorle for P&ID I1n'strume :r;onitol_r?nss anoolf
5PV (123A90- ¢ fault trol J Operator can:
25-PT-0558 |10 _FAIL i DDL-PR- (38 |mA |00 iN/A comrer 1. Inform
055B-H2 to 2. functionality .
PID- maintenance
Fuel  Cell Channel 2. Loss of channel
80014)
Package fault redundancy
Diff ial f N
Pl erentia P&ID % :)ne © ° _ Operator can: | e Ay
25-PI001_002 | DEV reSSHTE 1 (123A90- [£25 [fs. |0 N/A consequences- 14, Inform
between pressure 1. Loss of , 0.5 SEC
DDL-PR- (40 . o maintenance
25-P1-001 transmitt monitoring
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action 1.7, in case
of High pressure

there are the
following
consequences:
36 barg (set
point of PSV on
Electrolyser) H2

from Electrolyser.
- Design pressure
of storage system
is
40
hazardous

barg, no

consequences.
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INITIATIN | INVALID
ALARM SERVICE SOURCE | SET
Uo |G OPERATI | CONSEQUENCE | OPERATOR
TAG NUMBER (C;\DINDITI (D)ENSCRIPTI E?F()ZSL(JII\[;IE iOIN M | CAUSES( |ON DESCRIPTION RESPONSE NOTE
S) MODES
and  25-PI-| PID- bar |ers functionality (for|2. Monitor process
002 -180013) g) blocket 25-PI-001  fault) | conditions.
Hydrogen or fault 2. Loss of Safety
Storage functionality  (for
Vessel 25-PI-002  fault):
(inlet) Press As per hazop

This document undergoes an issuance cycle within EDMS Fusionlive". Its distribution is electronically controlled. Once printed shall be considered as "NOT CONTROLLED” copy
File: 123A90-DDL-PR-MAN-80001 Rev.02




CROSSWIND

HOLLANDSE KUST NOORD WIND PARK Project
Contract No. CW-I-WP4-2023-05

ROSETTIMARINO

Document Title:

Sheet 57 of 194

Operations and Maintenance Manuals

Date: 15/12/2025

Rev: 02
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ALARM SERVICE SOURCE | SET
Uo |G OPERATI | CONSEQUENCE | OPERATOR
TAG NUMBER (C;\DINDITI (D)ENSCRIPTI ESF()ZSL(JII\[;IE iOIN M | CAUSES( | ON DESCRIPTION RESPONSE NOTE
S) MODES
No
consequences:
1. Loss of control
functionality
during  Process
charging/dischar
Differential ging and purging
Pressure modes (for 25-PI-
between One of 035 fault). The
25-PI-004 | P&ID % two relative logics | Operator can:
and  25-PI-|(123A%0- f.s. |pressure managed the | 1. Inform DELAY
25-P1004_035 |DEV 035 - | DDL-PR- +25 (40 |transmitt | N/A process in | maintenance
. . 0.5 SEC
Hydrogen | PID- bar |ers automatic mode. | 2. Monitor process
Storage 80015) g) |blocket 2. Loss of Safety | conditions.
Vessel A V- or fault functionality  (for
25001A 25-PI-004  fault):
Press As per hazop
action 1.7, in case
of High pressure
there are the
following
safeguards:
- Pressure Safety
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INITIATIN | INVALID
ALARM SERVICE SOURCE | SET
Uo |G OPERATI | CONSEQUENCE | OPERATOR
TAG NUMBER (C)f\)lNDITI (D)ENSCRIPTI E?F():SL(JII\[;IE iOIN M CAUSES( |ON DESCRIPTION RESPONSE NOTE
S) MODES
Valve  designed
for fire case
- F&G Detection
system will trigger
ESD 1D and open
all BDV valves on
V25001A-F.
Differential No )
Pressure One of ;:orlsequefnces. |
between P&ID % two fL;nc?iZSnZIitj/ontro Operator can:
25-PI-006  [(123A%0- f.s. | pressure during  Process 1. Inform DELAY
25-P1006_037 |DEV and 25-PI- | DDL-PR- +25 (40 |transmitt | N/A - . maintenance
charging/dischar , 0.5 SEC
037 - | PID- bar |ers ging and purging 2. Monitor process
?t);dr;oggeen 80016) g) Z)Irofztit modes (for 25-PI. conditions.
Vessel B V- 037. fault). Tbe
relative logics
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automatic mode.
2. Loss of Safety

functionality  (for
25-PI-006  fault):
As per hazop

action 1.7, in case
of High pressure
there are the
following
safeguards:

- Pressure Safety
Valve  designed
for fire case
- F&G Detection
system will trigger
ESD 1D and open
all BDV valves on

V25001A-F.

Rev: 02

INITIATIN [ INVALID
ALARM SERVICE SOURCE | SET
Uo |G OPERATI | CONSEQUENCE | OPERATOR
TAG NUMBER (C)SINDITI (D)ENSCRIPTI E?F()ZSL(JI\[;IE iOIN M CAUSES( |ON DESCRIPTION RESPONSE NOTE

' S) MODES

25001B managed the

Press process in
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INITIATIN | INVALID
ALARM SERVICE SOURCE | SET
Uo |G OPERATI | CONSEQUENCE | OPERATOR
TAG NUMBER (C;\DINDITI (D)ENSCRIPTI ESF()ZSL(JII\[;IE iOIN M | CAUSES( | ON DESCRIPTION RESPONSE NOTE
S) MODES
No
consequences:
1. Loss of control
functionality
during  Process
charging/dischar
Differential ging and purging
Pressure modes (for 25-PI-
between One of 040 fault). The
25-P1-008 P&ID % two relative logics | Operator can:
and  25-PI-|(123A%0- f.s. |pressure managed the | 1. Inform DELAY
25-P1008_040 |DEV 040 - | DDL-PR- +25 (40 |transmitt | N/A process in | maintenance
. . 0.5 SEC
Hydrogen | PID- bar |ers automatic mode. | 2. Monitor process
Storage 80017) g) |blocket 2. Loss of Safety | conditions.
Vessel C V- or fault functionality  (for
25001C 25-PI-008  fault):
Press As per hazop
action 1.7, in case
of High pressure
there are the
following
safeguards:
- Pressure Safety
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ALARM SERVICE SOURCE | SET
Uo |G OPERATI | CONSEQUENCE | OPERATOR
TAG NUMBER (C)f\)lNDITI (D)ENSCRIPTI E?F():SL(JII\[;IE iOIN M CAUSES( |ON DESCRIPTION RESPONSE NOTE
S) MODES
Valve  designed
for fire case
- F&G Detection
system will trigger
ESD 1D and open
all BDV valves on
V25001A-F.
Differential No )
Pressure One of ;:orlsequefnces. |
between P&ID % two fL;nc?iZSnZIitj/ontro Operator can:
25-PI-009  [(123A%0- f.s. | pressure during  Process 1. Inform DELAY
25-P1009_043 |DEV and 25-PI- | DDL-PR- +25 (40 |transmitt | N/A - . maintenance
charging/dischar , 0.5 SEC
043 - | PID- bar |ers ging and purging 2. Monitor process
?t);dr;oggeen 80018) g) Z)Irofztit modes (for 25-PI. conditions.
Vessel D V- 043. fault). Tbe
relative logics
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automatic mode.
2. Loss of Safety

functionality  (for
25-PI-009  fault):
As per hazop

action 1.7, in case
of High pressure
there are the
following
safeguards:

- Pressure Safety
Valve  designed
for fire case
- F&G Detection
system will trigger
ESD 1D and open
all BDV valves on

V25001A-F.

Rev: 02

INITIATIN [ INVALID
ALARM SERVICE SOURCE | SET
Uo |G OPERATI | CONSEQUENCE | OPERATOR
TAG NUMBER (C)SINDITI (D)ENSCRIPTI E?F()ZSL(JI\[;IE iOIN M CAUSES( |ON DESCRIPTION RESPONSE NOTE

' S) MODES

25001D managed the

Press process in
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INITIATIN | INVALID
ALARM SERVICE SOURCE | SET
Uo |G OPERATI | CONSEQUENCE | OPERATOR
TAG NUMBER (C;\DINDITI (D)ENSCRIPTI ESF()ZSL(JII\[;IE iOIN M | CAUSES( | ON DESCRIPTION RESPONSE NOTE
S) MODES
No
consequences:
1. Loss of control
functionality
during  Process
charging/dischar
Differential ging and purging
Pressure modes (for 25-PI-
between One of 046 fault). The
25-P1-011 P&ID % two relative logics | Operator can:
and  25-PI-|(123A%0- f.s. |pressure managed the | 1. Inform DELAY
25-P1011_046 |DEV 046 - | DDL-PR- + 2.5 (40 |transmitt | N/A process in | maintenance
. . 0.5 SEC
Hydrogen | PID- bar |ers automatic mode. | 2. Monitor process
Storage 80019) g) |blocket 2. Loss of Safety | conditions.
Vessel E V- or fault functionality  (for
25001E 25-PI-011  fault):
Press As per hazop
action 1.7, in case
of High pressure
there are the
following
safeguards:
- Pressure Safety
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ALARM SERVICE SOURCE | SET
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TAG NUMBER (C)f\)lNDITI (D)ENSCRIPTI E?F():SL(JII\[;IE iOIN M | CAUSES( | ON DESCRIPTION RESPONSE NOTE
S) MODES
Valve  designed
for  fire  case
- F&G Detection
system will trigger
ESD 1D and open
all BDV valves on
V25001A-F.
Differential No '
Pressure One of ;:orlsequefnces. |
between P&ID % two fL;nc?iZSnZIitj/ontro Operator can:
25-PI-012  [(123A%0- f.s. | pressure during  Process 1. Inform DELAY
25-P1012_049 |DEV and 25-PI- | DDL-PR- + 2.5 (40 |transmitt | N/A - . maintenance
charging/dischar , 0.5 SEC
049 - | PID- bar |ers ging and purging 2. Monitor process
Hydrogen |80020 blocket conditions.
St{)ragge | 7 or fault modes (for 25-PI-
Vessel F V- 049. fault). Tbe
relative logics
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automatic mode.
2. Loss of Safety

functionality  (for
25-PI-012  fault):
As per hazop

action 1.7, in case
of High pressure
there are the
following
safeguards:

- Pressure Safety
Valve  designed
for fire case
- F&G Detection
system will trigger
ESD 1D and open
all BDV valves on

V25001A-F.

Rev: 02

INITIATIN [ INVALID
ALARM SERVICE SOURCE | SET
Uo |G OPERATI | CONSEQUENCE | OPERATOR
TAG NUMBER (C)SINDITI (D)ENSCRIPTI E?F()ZSL(JI\[;IE iOIN M CAUSES( |ON DESCRIPTION RESPONSE NOTE

' S) MODES

25001F managed the

Press process in
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- 80-PT-002 Low
Low pressure trip
fuel  cell and
electrolyzer.

2. Loss of Safety

Rev: 02
INITIATIN | INVALID
ALARM SERVICE SOURCE | SET
Uo |G OPERATI | CONSEQUENCE | OPERATOR
TAG NUMBER (C)f\)INDITI (D)ENSCRIPTI E?F()ZSL(JII\[;IE iOIN M | CAUSES( | ON DESCRIPTION RESPONSE NOTE
S) MODES
No
consequences:
1. Loss of control
functionality  (for
25-PI-055A or 25-
PI-055B fault). As
per hazop action
Differential 3.2.5, there are
Pressure One  of the following
between P&ID % three safeguards: Operator can:
25- 25-PI-055A, | (123A%0- f.s. |pressure - 80-PT-002 High | 1. Inform DELAY
PIOSSA_055B/ | DEV 25-PI-055B |DDL-PR- |5 |(10 |transmitt |N/A High Pressure trip | maintenance 0.5 SEC
80-PT-002 and 80-PT-|PID- bar |ers of PSD closing|2. Monitor process|
002- H2 to|80012/14) g) blocket 25SDV023  and | conditions.
Fuel  Cell or fault 80-PSV-001
Package Pressure  Safety
Valve set point at
10barg.
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ON ON NT P&D | T 5) MODES

functionality  (for
80-PI-002 fault): In
case of High High
pressure the 80-
PSV-001 will
discharge, in case
of low low
pressure F&G
Detection system
will trigger ESD
1D and open all
BDV valves on
V25001A-F.
Table 10 - Hydrogen Storage System alarm instrument list

The above table also includes process upsets and troubleshooting scenarios, with the indication of the initiating cause, consequence and the
operator response.
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Here is below the list of instruments connected to the SIS that are included within the seawater intake system (see [Ref. 61]):

TAG LOOP | ALARM SERVICE ?(;AL\JRR,\(/;E SET i(E)-ll—NT INITIATING E)\J;/IIEA\R&?TON CONSEQUENCE | OPERATOR
NUMBER |ID CONDITION | DESCRIPTION DOCUMENT POINT UOM CAUSES(S) MODES DESCRIPTION RESPONSE
PSD activation:
CLOSE 25-SDV-
001 ON H2
HEADER TO
STORAGE o .
B o
Hydrogen P&ID High SHUTDOWN actions as per
25-PT- 25-P- I H Storage (123A90- 3 barg pressure N/A ELECTROLYZER site  emergency
002 002 - Vessels (inlet) | DDL-PR-PID- from PACKAGE A- an
Press 80013) Electrolyser 20000, ,r\jspgnse pran.
SHUTDOWN om-tc.)r process
SEAWATER LIFT | conditions.
PUMP P-50001A,
SHUTDOWN
SEAWATER LIFT
PUMP P-50001B
25 pT 25.p ;{j;c;geen 58;?[;90 |1n.strument :r;onitcla_r(i)rsw; anooT Operator  can:
002 002 IO_FAIL Vessel (inlet) | DDL-PR-PID- 3.8 mA fault N/A Safet.y . 1. | Inform
2. Channel functionality maintenance
Press 80013)
fault 2. Loss of
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TAG LOOP | ALARM SERVICE ?éAURR,\éE SET ?’SI—NT INITIATING l(l)\lll/l/EARli['l)'ION CONSEQUENCE | OPERATOR
NUMBER |ID CONDITION | DESCRIPTION DOCUMENT POINT UOM CAUSES(S) MODES DESCRIPTION RESPONSE
channel
redundancy
Confirm that the
2R o5 25-PT-002 123A90- Operat N kcaorred - |hacj
002.MOS | " |BYPASS_ON| > " |DDLIN-  |N/A  [N/A | “P7OT A ° e
ACTIVE applied | o0 5 40010 action consequences | an remove
when no longer
required.
Confirm with the
field operator if
25_PT-002 1 hour l\/IO'S. timer | MOS Tlmer
25.pT 5.p MOS  Timer 123A90- Remainin expiring and | needs extending
BYPASS_ON DDL-IN- N/A | N/A 9 In/a device being put | beyond the
002_MOS | 002 has 1 hour to to MOS ) .
. PRO-40010 . back in | remaining 1 hour
expiration. Removing .
operation. and extend the
MOS Timer if
required.
ESB-1D Operator  can:
Hydrogen P&ID activation: T§ke necessar‘
25-PT- 25-P- i Hl Storage (123A90- 38 b External N/A 1. BLPH Process i Y
004 004 | - Vessel A V-|DDL-PR-PID- %9 | Fire Shutdown a.(t: ons as per
25001A Press |80015) 2. BLPH | °'¢  €mergeney
L response  plan.
Depressurization
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NUMBER | ID CONDITION | DESCRIPTION DOCUMENT POINT UOM CAUSES(S) MODES DESCRIPTION RESPONSE
3.BLPH  Safety | Monitor process
Loads conditions.
energized: YES
UPSs, No Wind
Farm, No BESS,
NO Solar, NO
Fuel Cell
1. Loss of
Hydrogen P&ID |1n-strument rSna?Qtl;OHng e Operator  can:
25°FT 25°F- IO_FAIL Storage (123A90- 3.8 mA fault N/A functionality 1. Inform
004 004 ) Vessel ‘A V-| DDL-PR-PID- 2. Channel 2. Loss of | maintenance
25001A Press | 80015)
fault channel
redundancy
Confirm that the
25 PT. 123A90. correct MOS has
004_MOS ggﬂrp BYPASS_ON i/ISC_)PST::)OpAIried DDLAN- N/A N/A S(:Ft)izr:tor N/A ,;loonsequences ::jn E:eprzl(l)i(i
ACTIVE PRO-40010
when no longer
required.
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TAG LOOP | ALARM SERVICE /SAéAURR,\éE SET ?’SI—NT INITIATING l(l)\lll/l/EARli['l)'ION CONSEQUENCE | OPERATOR

NUMBER |ID CONDITION | DESCRIPTION DOCUMENT POINT UOM CAUSES(S) MODES DESCRIPTION RESPONSE
Confirm with the
field operator if
25 PT-004 1 hour l\/IO-S‘ timer | MOS Tlrher
25.pT 25 p MOS  Timer 123A%0- Remainin expiring and | needs extending
BYPASS_ON DDL-IN- N/A | N/A 9 A device being put | beyond the

004_MOS | 004 has 1 hour to to MOS . .

— PRO-40010 . back in | remaining 1 hour
expiration. Removing ,
operation. and extend the
MOS Timer if
required.
ESD-1D
activation:
1. BLPH Process
Shutdown Operator  can:
2. BLPH | Tak
Hydrogen P&ID Depressurization aci'oensneacsesssg
urizati i

25-PT- 25-P- Storage (123A90- External :

006 006 |- Vessel B V-|DDL-PRPID-|°C [P |Fie /A i(‘)aiLPH Safety fletsepo:?eergs;y
2 1BP 1 i
>00 ress |80016) energized: YES | Monitor process

UPSs, No Wind | conditions.
Farm, No BESS,

NO Solar, NO

Fuel Cell
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Table 11 - Hydrogen Storage System trip instrument list

The above table also includes process upsets and troubleshooting scenarios, with the indication of the initiating cause, consequence and the
operator response.
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7.4  INTERLOCK LOGIC DESCRIPTION
The following software interlocks are provided within the Hydrogen Storage System:

Vessel A:
- software interlock to prevent 25-PV-035 being opened outside of a purge cycle operation and
process start-up charging mode purging or process start-up charging modes. Control valve 25-PV-
035 is used only in case of vessel purging operation or process start-up charging modes;
- software interlock to prevent 25-FV-031 being opened outside of a purge cycle operation;
Vessel B:
- software interlock to prevent 25-PV-037 being opened outside of a purge cycle operation and
process start-up charging mode purging or process start-up charging modes. Control valve 25-PV-
037 is used only in case of vessel purging operation or process start-up charging modes;
- software interlock to prevent 25-FV-032 being opened outside of a purge cycle operation;
Vessel C:
- software interlock to prevent 25-PV-040 being opened outside of a purge cycle operation and
process start-up charging mode purging or process start-up charging modes. Control valve 25-PV-
040 is used only in case of vessel purging operation or process start-up charging modes;
- software interlock to prevent 25-FV-033 being opened outside of a purge cycle operation;
Vessel D:
- software interlock to prevent 25-PV-043 being opened outside of a purge cycle operation and
process start-up charging mode purging or process start-up charging modes. Control valve 25-PV-
043 is used only in case of vessel purging operation or process start-up charging modes;
- software interlock to prevent 25-FV-034 being opened outside of a purge cycle operation;
Vessel E:
- software interlock to prevent 25-PV-046 being opened outside of a purge cycle operation and
process start-up charging mode purging or process start-up charging modes. Control valve 25-PV-
046 is used only in case of vessel purging operation or process start-up charging modes;
- software interlock to prevent 25-FV-038 being opened outside of a purge cycle operation;
Vessel F:
- software interlock to prevent 25-PV-049 being opened outside of a purge cycle operation and
process start-up charging mode purging or process start-up charging modes. Control valve 25-PV-
049 is used only in case of vessel purging operation or process start-up charging modes;
- software interlock to prevent 25-FV-036 being opened outside of a purge cycle operation;
HYDROGEN OUTLET MANIFOLD
- software interlock to prevent opening of the control valves 25-PV-055A/B in case Fuel Cell (A-80000)
is not ready to start
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7.5 NORMAL OPERATION CONDITION

Routing valves (XVs) are installed upstream and downstream at the hydrogen storage vessel manifolds to
direct the flow of hydrogen during charging and discharging activities.

7.5.1 CHARGING ACTIVITY

In case of charging activity, the system allows the possibility to charge one vessel at time by selecting the
related upstream and downstream XVs valves.

During charging activity all XVs valves that are installed on the outlet of each vessel are closed, while only
the XVs valves installed on the inlet lines of the vessels to be filled will be open. When the desired pressure
inside the vessel is reached (say 30barg), the logic will close the XVs valve at the inlet of the vessel and at
same time the XV valve installed on the inlet line of the next vessel to be filled will be open.

The above description is intended to be the normal operating functionality of the system when a vessel is
full of hydrogen and at a pressure lower than the maximum operating pressure (lower than 30 barg) since
the hydrogen previously contained within the vessel has been fed to the downstream Fuel Cell Package A-
80000. At this point the vessel needs to be filled with hydrogen in order to bring the internal pressure at its
maximum possible operating pressure of 30 barg.

Let assume the sequence of the vessel to be filled is the following: V-25001A, V-25001B, V-25001C, V-
25001D, V-25001E, V-25001F, then the logic will do the following:

1) Close all XVs valves that are installed on the outlet lines of each H2 Storage Vessel: 25-XV-
006/009/012/015/018/021;

2) Open the valve 25-XV-004, installed on the inlet line of the V-25001A,

3) Wait until the pressure inside the vessel V-25001A is at 30 barg (pressure indication can be taken
from 25-PT-035, installed on the vessel V-25001A);

4) When 25-PT-035 indicates 30 barg, then close the 25-XV-004 and at same time;
5) Open 25-XV-008, installed on the inlet line of the V-25001B;

6) Wait until the pressure inside the vessel V-25001B is at 30 barg (pressure indication can be taken
from 25-PT-037, installed on the vessel V-25001B);

7) When 25-PT-037 indicates 30 barg, then close the 25-XV-008 and at same time;
8) Open 25-XV-011, installed on the inlet line of the V-25001C;

9) Wait until the pressure inside the vessel V-25001C is at 30 barg (pressure indication can be taken
from 25-PT-040, installed on the vessel V-25001C);

10) When 25-PT-040 indicates 30 barg, then close the 25-XV-011 and at same time;
11) Open 25-XV-014, installed on the inlet line of the V-25001D;
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12) Wait until the pressure inside the vessel V-25001D is at 30 barg (pressure indication can be taken

from 25-PT-043, installed on the vessel V-25001D);

13) When 25-PT-043 indicates 30 barg, then close the 25-XV-014 and at same time;
14) Open 25-XV-017, installed on the inlet line of the V-25001E;

15) Wait until the pressure inside the vessel V-25001E is at 30 barg (pressure indication can be taken

from 25-PT-046, installed on the vessel V-25001E);

16) When 25-PT-046 indicates 30 barg, then close the 25-XV-017 and at same time;
17) Open 25-XV-020, installed on the inlet line of the V-25001F;

18) Wait until the pressure inside the vessel V-25001F is at 30 barg (pressure indication can be taken

from 25-PT-049, installed on the vessel V-25001F);

19) When 25-PT-049 indicates 30 barg, then close the 25-XV-020.

At this point all six vessels are full of hydrogen at operating pressure of 30 barg.

7.5.2

DISCHARGING ACTIVITY

During the discharge activity, the hydrogen stored inside the vessels is fed to the downstream Fuel Cell
Package (A-80000).

Let assume that all six Hydrogen Storage Vessels are full of hydrogen and at same time at a pressure suitable

to feed the Fuel Cell Package, then the logic will do the following:

1)

2)

Close all XVs valves that are installed on the inlet lines of each H2 Storage Vessel: 25-XV-
004/008/011/014/017/020;

Close all XVs valves that are installed on the outlet lines of each H2 Storage Vessel: 25-XV-
006/009/012/015/018/021

Open the valve 25-XV-006, installed on the outlet line of the V-25001A. At this point the pressure
control loop that is installed upstream the Fuel Cell Package will control the hydrogen feeding
pressure (see Logic Control Description Section 7.2 above). When the hydrogen pressure inside the
vessel A approaches to a minimum pressure value, then;

Open the valve 25-XV-009, installed on the outlet line of the V-25001B and close the valve 25-XV-
006, installed on the outlet line of the V-25001A. At this point the pressure control loop that is
installed upstream the Fuel Cell Package will control the hydrogen feeding pressure (see Logic
Control Description Section 7.2 above). When the hydrogen pressure inside the vessel B approaches
to a minimum pressure value, then;

Open the valve 25-XV-012, installed on the outlet line of the V-25001C and close the valve 25-XV-
009, installed on the outlet line of the V-25001B. At this point the pressure control loop that is
installed upstream the Fuel Cell Package will control the hydrogen feeding pressure (see Logic
Control Description Section 7.2 above). When the hydrogen pressure inside the vessel C
approaches to a minimum pressure value, then;
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6)

9)

Open the valve 25-XV-015, installed on the outlet line of the V-25001D and close the valve 25-XV-
012, installed on the outlet line of the V-25001C. At this point the pressure control loop that is
installed upstream the Fuel Cell Package will control the hydrogen feeding pressure (see Logic
Control Description Section 7.2 above). When the hydrogen pressure inside the vessel D
approaches to a minimum pressure value, then;

Open the valve 25-XV-018, installed on the outlet line of the V-25001E and close the valve 25-XV-
015, installed on the outlet line of the V-25001D. At this point the pressure control loop that is
installed upstream the Fuel Cell Package will control the hydrogen feeding pressure (see Logic
Control Description Section 7.2 above). When the hydrogen pressure inside the vessel E approaches
to a minimum pressure value, then;

Open the valve 25-XV-021, installed on the outlet line of the V-25001F and close the valve 25-XV-
018, installed on the outlet line of the V-25001E. At this point the pressure control loop that is
installed upstream the Fuel Cell Package will control the hydrogen feeding pressure (see Logic
Control Description Section 7.2 above). When the hydrogen pressure inside the vessel F approaches
to a minimum pressure value, then;

Closed the valve 25-XV-021, installed on the outlet line of the V-25001F.

At this point all hydrogen vessels have an internal pressure that is not sufficient to feed the Fuel Cell package
and therefore the discharging activity can be considered concluded.

7.6

UNIT START UP PROCEDURE

As unit start-up operation for the Hydrogen Storage System is intended the operation aimed to fill the vessels
with hydrogen after the necessary purging operation for nitrogen displacement has been completed.
Therefore, for this procedure reference shall be made to section “pressurization procedure” of this operating
manual (see section 7.10).
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7.7  SHUTDOWN PROCEDURE

The shutdown of the Hydrogen Storage Systems will be activated for all causes indicated in the document
"Base Load Power Hub (BLPH) - Process Safety Cause & Effect Block Diagram” (Ref. [31]). It is noted here that
the shutdown of hydrogen storage system is intended as a complete isolation of the system by means of
SDVs, which will be closed to isolate the inventory.

The logic will cause:
— the closure of 25-SDV-023 installed on the hydrogen outlet manifold
— the closure of 25-SDV-001 installed on the hydrogen inlet manifold

In case of maintenance activity on the hydrogen system it is necessary to depressurize the system:
— the closure of 25-SDV-001 installed on the hydrogen inlet manifold
— the closure of 25-SDV-023 installed on the hydrogen outlet manifold
— the opening of the valve 25-BDV-005 on the Hydrogen Storage Vessel V-25001A
— the opening of the valve 25-BDV-007 on the Hydrogen Storage Vessel V-25001B
— the opening of the valve 25-BDV-010 on the Hydrogen Storage Vessel V-25001C
— the opening of the valve 25-BDV-013 on the Hydrogen Storage Vessel V-25001D
— the opening of the valve 25-BDV-016 on the Hydrogen Storage Vessel V-25001E
— the opening of the valve 25-BDV-019 on the Hydrogen Storage Vessel V-25001F
— the opening of the valve 25-BDV-022 installed on hydrogen outlet manifold

Once the planned maintenance is completed, prepare the unit for a new start-up.

7.8  DEPRESSURIZATION PROCEDURE

The depressurization procedure of the hydrogen storage vessels can be performed remotely from
ONSHORE.
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7.9 PURGING PROCEDURE

All six Hydrogen Storage Vessels require three different types of purging operation, depending upon the
type of fluid that is necessary to displace from the vessel as well as depending on the type of fluid used to
displace:

1) PURGING OPERATION WITH HYDROGEN (FOR NITROGEN DISPLACEMENT)

2) PURGING OPERATION WITH NITROGEN (FOR HYDROGEN DISPLACEMENT)
3) PURGING OPERATION WITH NITROGEN (FOR AIR DISPLACEMENT)

If the Hydrogen Storage Vessel is to be entered for maintenance purpose, then it should be purged with

Instrument Air and checked that the environment is breathable within the vessel before entering the vessel.

7.9.1 PURGING OPERATION WITH NITROGEN (FOR AIR DISPLACEMENT)

The initial condition of a vessel that requires a purging operation for air displacing are below indicated:

Pressure: almost 0 barg
Temperature: Ambient
Fluid contained within the vessel: AIR

This purging operation is used when, after maintenance activities, displacement of air is required, before to
reinsert H2 inside the vessel. The purpose of displacing the air from the vessel is to create an inert
atmosphere inside the vessel before starting the hydrogen loading phase.

Purging with nitrogen serves this purpose effectively. Nitrogen, being inert, displaces any remaining air
present in the vessel. By purging each vessel individually with nitrogen.
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Hydrogen Storage Vessel V-25001A

This purging operation for air displacement can be performed remotely from the onshore control room.
Before proceeding with this purging operation, it is assumed the following:

e Instrument Air Package A-63000 is running with no fault signals active;

e Nitrogen System A-64000 is running with no fault signals active;

e Vent System available and ready to receive displaced fluid.

Once the above prerequisites are positive it is possible to proceed with the purging operation of the vessel
A. However, the listed checks and reviews below indicated are still necessary:

ACTION CHECK

Check that the valve 25-XV-004 installed on the Hydrogen Storage Vessel
A'inlet line is closed

Check that the valve 25-XV-006 installed on the Hydrogen Storage Vessel
A outlet line is closed

Check that the valve 25-BDV-005 installed on the Hydrogen Storage
Vessel A depressurisation line is closed

to atmosphere (almost 0 barg)

Check that the low-pressure alarm of the 25-PT-035 has been deactivated
(to prevent the low-pressure alarm is triggered unnecessarily)

Check that all XVs valves that are installed on the inlet lines of the vessels
that are not being purged are closed

Check that the pressure transmitter 25-PT-035 indicates a pressure close |:|
A

Table 12 - AIR purging (with N2) check list table for vessel

Nitrogen is supplied under flow control (25-FIC-031) and the relevant flow control valves to ensure a constant
N2 flow rate during the time to pressurize the vessel under purging operation. Being the inlet N2 flow rate
constant, it is possible to calculate and establish a time that is required to pressurise the vessel from 0 barg
up to the chosen pressure at which sweep-through purging is performed (this will be the set point of the 25-
PIC-035).
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The nitrogen flow rate control valve controls the nitrogen supply to each H2 Storage Vessel during purging
operation by means of the control loop identified with:

e Flow rate controller: 25-FIC-031;

e Flow rate transmitter: 25-FT-031 (Process Variable);

e final element: 25-FV-031;

e SPvalue: ~42 N m3/hr;

e Sub-Controller(s) action: REVERSE (flow rate increase, valve close);
e Failure direction: FAIL CLOSE

At the beginning of the purging operation (more specifically during pressurisation of the vessel to be
purged) a timer alarm, in the control logic, is implemented to determine if 25-PIC-035 failure opening the
valve 25-PV-035. It is expected that, according to:

e the constant flow rate of N2 entering to the vessel under purging operation;

e the above indicated pressure set point of 2 barg,

e the pressure set point of the 25-PIC-035 will be reached in roughly 4.5 hours. Therefore, after such
time, should the 25-PT-035 indicate a pressure less than the above indicated set point, a time alarm
will alert the operator that the vessel has not reached the pressure within the desired time. Once the
pressure has been reached, then the time alarm shall be deactivated.

At the time the 25-PV-035 set pressure is reached, the pressure control loop (below described) is used to
keep constant the pressure at which the sweep-through purging operation is carried out. Thus, once the
desired pressure is reached (set point of 25-PIC-035):

e the flow control loop will be deactivated. It is important to note here that at the time the pressure set
point is reached, the flow control valve 25-FV-031 will be commanded to remain in the last open
position, this is to guarantee a constant nitrogen flow rate to the vessel under sweep-trough purging
operation;

e the pressure control loop will be activated. The pressure will be kept constant by means of the
pressure control loop.

e low-pressure alarm of the 25-PT-035 will be now activated. During this phase, should the pressure
inside the vessel under purging operation fall below the set point of 2 barg, the low pressure alarm
on the pressure transmitter 25-PT-035 will alert the operator.
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On the vent line of the Hydrogen Storage Vessel A, a pressure control loop in provided, in order to control
the pressure inside the vessel during purging operation. The pressure control loop is identified with:

e Pressure controller: 25-PIC-035;

e Pressure transmitter: 25-PT-035 (Process Variable);

e final element: 25-PV-035;

e SPvalue: ~2 barg *;

e  Sub-Controller(s) action: DIRECT (pressure increase, valve open);
e Failure direction: FAIL CLOSE.

* Different values can be set, depending on the available time to carry out the purging operation. It is noted
here that the higher the pressure at which sweep-through purging operation is carried out, the longer it will
last.

The control valve 25-PV-035 is used only in case of vessel purging. Therefore, a software interlock is provided
to prevent 25-PV-035 being opened outside of a purge cycle operation. Another software interlock prevents
the opening of the control valve 25-FV-031 outside of a purge cycle operation.
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The below figure shows the required time necessary to displace the fluid inside the vessel.

Operation Scope:
Displace (with nitrogen) remaining O2 after maintenance, reaching inside
the Hydrogen Storage Vessel a final O2 concentration of C2
H2 vessel initial condition:
Pressure almost ATM, containing air with O2 initial concentration of C1

SWEEP-Through purging CALCULATION

Final concentration of 02 to be reached at the end of purging operation c2 % 3.00
Initial concentration of O2 inside vessel at beginning of the purging operation  C1 % 21.00
H2 Storage vessel valume W m3 101.19
Required N2 volume to reach C2 concentration (note1, 3) @t m3 78783
Temperature, Tpurging °C 20.00
Pressure during purging operation, Ppurging bara  3.00
Purging fluid (N2) density @ Tpurging and Ppurging kgim3 3.45
Required N2 mass to reach C2 concentration kg 2714 41
Imposed N2 volumetric flow rate Nm3/hr 42.50
N2 density @ normal condition (1 bara, 20°C) kg/m3 126
Imposed N2 purging mass flow rate kag/hr  53.38
Time required to pressurise the vessel from ATM up to Ppurging tpres hr 4 55
Time required for SWEEP-Through purging (note2) tpurge hr 50.85
Total time (pressurisation + purging) ttot hr 55.40
NOTES

1) Q% value has been calculated considering k=0.25,
where k is the correction factor to take into consideration degree of mixing.
2) Time required for SWEEP-Through purging is pressure dependent.
At lower Ppurging, lower tpurge is obtained
3) Assumption: Calculation performed considering that the content
of oxygen in the inert gas is negligible.

Figure 5 - SWEEP-Through purging CALCULATION for removal of O2 by means of N2 for Vessel A

The following assumptions and considerations are valid for the above calculation:

e The calculated time is pressure depending;

e The calculated time also depends on the flow rate of the fluid being used to perform the purging
operation;

e The above calculation has been carried out for one hydrogen storage vessel;

e Allthe six vessels are of the same dimensions and volume; therefore, the above calculation and result
is also valid for all the other vessels B/C/D/E/F;

e The calculated time considers that a perfect mixing of different fluids inside the vessel is not always
reached during the purging operation. Therefore, a correction factor of 0.25 has been considered
to obtain a very conservative value of the time required to reach the desired final concentration;

e Atthe end of the above indicated time, it is assumed that the vessel is ready to move on to the next
purging phase (purging with hydrogen for nitrogen displacement).
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Hydrogen Storage Vessel V-25001B

This purging operation for air displacement can be performed remotely from the onshore control room.
Before proceeding with this purging operation, it is assumed the following:

e Instrument Air Package A-63000 is running with no fault signals active;

e Nitrogen System A-64000 is running with no fault signals active;

e Vent System available and ready to receive displaced fluid.

Once the above prerequisites are positive it is possible to proceed with the purging operation of the vessel
B. However, the listed checks and reviews below indicated are still necessary:

ACTION CHECK

1 Check that the valve 25-XV-008 installed on the Hydrogen Storage Vessel |:|
B inlet line is closed

5 Check that the valve 25-XV-009 installed on the Hydrogen Storage Vessel |:|
B outlet line is closed

3 Check that the valve 25-BDV-007 installed on the Hydrogen Storage |:|
Vessel B depressurisation line is closed

4 Check that the pressure transmitter 25-PT-037 indicates a pressure close |:|
to atmosphere (almost 0 barg)

5 Check that the low-pressure alarm of the 25-PT-037 has been deactivated |:|
(to prevent the low-pressure alarm is triggered unnecessarily)

6 Check that all XVs valves that are installed on the inlet lines of the vessels |:|
that are not being purged are closed

Table 13 - AIR purging (with N2) check list table for vessel B

Nitrogen is supplied under flow control (25-FIC-032) and the relevant flow control valves to ensure a constant
N2 flow rate during the time to pressurize the vessel under purging operation. Being the inlet N2 flow rate
constant, it is possible to calculate and establish a time that is required to pressurise the vessel from 0 barg
up to the chosen pressure at which sweep-through purging is performed (this will be the set point of the 25-
PIC-037).
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The nitrogen flow rate control valve controls the nitrogen supply to each H2 Storage Vessel during purging
operation by means of the control loop identified with:

e Flow rate controller: 25-FIC-032;

e Flow rate transmitter: 25-FT-032 (Process Variable);

e final element: 25-FV-032;

e SPvalue: ~42 N m3/hr;

e Sub-Controller(s) action: REVERSE (flow rate increase, valve close);
e Failure direction: FAIL CLOSE

At the beginning of the purging operation (more specifically during pressurisation of the vessel to be
purged) a timer alarm, in the control logic, is implemented to determine if 25-PIC-037 failure opening the
valve 25-PV-037. Itis expected that, according to:

e the constant flow rate of N2 entering to the vessel under purging operation;

e the above indicated pressure set point of 2 barg,

e the pressure set point of the 25-PIC-037 will be reached in roughly 4.5 hours. Therefore, after such
time, should the 25-PT-037 indicate a pressure less than the above indicated set point, a time alarm
will alert the operator that the vessel has not reached the pressure within the desired time. Once the
pressure has been reached, then the time alarm shall be deactivated.

At the time the 25-PV-037 set pressure is reached, the pressure control loop (below described) is used to
keep constant the pressure at which the sweep-through purging operation is carried out. Thus, once the
desired pressure is reached (set point of 25-PIC-037):

e the flow control loop will be deactivated. It is important to note here that at the time the pressure set
point is reached, the flow control valve 25-FV-032 will be commanded to remain in the last open
position, this is to guarantee a constant nitrogen flow rate to the vessel under sweep-trough purging
operation;

e the pressure control loop will be activated. The pressure will be kept constant by means of the
pressure control loop.

e low-pressure alarm of the 25-PT-037 will be now activated. During this phase, should the pressure
inside the vessel under purging operation fall below the set point of 2 barg, the low-pressure alarm
on the pressure transmitter 25-PT-037 will alert the operator.
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On the vent line of the Hydrogen Storage Vessel B, a pressure control loop in provided, in order to control
the pressure inside the vessel during purging operation. The pressure control loop is identified with:

e Pressure controller: 25-PIC-037;

e Pressure transmitter: 25-PT-037 (Process Variable);

e final element: 25-PV-037;

e SPvalue: ~2 barg *;

e  Sub-Controller(s) action: DIRECT (pressure increase, valve open);
e Failure direction: FAIL CLOSE.

* Different values can be set, depending on the available time to carry out the purging operation. It is noted
here that the higher the pressure at which sweep-through purging operation is carried out, the longer it will
last.

The control valve 25-PV-037 is used only in case of vessel purging. Therefore, a software interlock is provided
to prevent 25-PV-037 being opened outside of a purge cycle operation. Another software interlock prevents
the opening of the control valve 25-FV-032 outside of a purge cycle operation.
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Hydrogen Storage Vessel V-25001C

This purging operation for air displacement can be performed remotely from the onshore control room.
Before proceeding with this purging operation, it is assumed the following:

e Instrument Air Package A-63000 is running with no fault signals active;

e Nitrogen System A-64000 is running with no fault signals active;

e Vent System available and ready to receive displaced fluid.

Once the above prerequisites are positive it is possible to proceed with the purging operation of the vessel
C. However, the listed checks and reviews below indicated are still necessary:

ACTION CHECK

Check that the valve 25-XV-011 installed on the Hydrogen Storage Vessel
Cinlet line is closed

Check that the valve 25-XV-012 installed on the Hydrogen Storage Vessel
C outlet line is closed

Check that the valve 25-BDV-010 installed on the Hydrogen Storage
Vessel C depressurisation line is closed

to atmosphere (almost 0 barg)

Check that the low-pressure alarm of the 25-PT-040 has been deactivated
(to prevent the low-pressure alarm is triggered unnecessarily)

Check that all XVs valves that are installed on the inlet lines of the vessels
that are not being purged are closed

Check that the pressure transmitter 25-PT-040 indicates a pressure close |:|
C

Table 14 - AIR purging (with N2) check list table for vessel

Nitrogen is supplied under flow control (25-FIC-033) and the relevant flow control valves to ensure a constant
N2 flow rate during the time to pressurize the vessel under purging operation. Being the inlet N2 flow rate
constant, it is possible to calculate and establish a time that is required to pressurise the vessel from 0 barg
up to the chosen pressure at which sweep-through purging is performed (this will be the set point of the 25-
PIC-040).
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The nitrogen flow rate control valve controls the nitrogen supply to each H2 Storage Vessel during purging
operation by means of the control loop identified with:

e Flow rate controller: 25-FIC-033;

e Flow rate transmitter: 25-FT-033 (Process Variable);

e final element: 25-FV-033;

e SPvalue: ~42 N m3/hr;

e Sub-Controller(s) action: REVERSE (flow rate increase, valve close);
e Failure direction: FAIL CLOSE

At the beginning of the purging operation (more specifically during pressurisation of the vessel to be
purged) a timer alarm, in the control logic, is implemented to determine if 25-PIC-040 failure opening the
valve 25-PV-040. It is expected that, according to:

e the constant flow rate of N2 entering to the vessel under purging operation;

e the above indicated pressure set point of 2 barg,

e the pressure set point of the 25-PIC-040 will be reached in roughly 4.5 hours. Therefore, after such
time, should the 25-PT-040 indicate a pressure less than the above indicated set point, a time alarm
will alert the operator that the vessel has not reached the pressure within the desired time. Once the
pressure has been reached, then the time alarm shall be deactivated.

At the time the 25-PV-040 set pressure is reached, the pressure control loop (below described) is used to
keep constant the pressure at which the sweep-through purging operation is carried out. Thus, once the
desired pressure is reached (set point of 25-PIC-040):

e the flow control loop will be deactivated. It is important to note here that at the time the pressure set
point is reached, the flow control valve 25-FV-033 will be commanded to remain in the last open
position, this is to guarantee a constant nitrogen flow rate to the vessel under sweep-trough purging
operation;

e the pressure control loop will be activated. The pressure will be kept constant by means of the
pressure control loop.

e low-pressure alarm of the 25-PT-040 will be now activated. During this phase, should the pressure
inside the vessel under purging operation fall below the set point of 2 barg, the low pressure alarm
on the pressure transmitter 25-PT-040 will alert the operator.
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On the vent line of the Hydrogen Storage Vessel C, a pressure control loop in provided, in order to control
the pressure inside the vessel during purging operation. The pressure control loop is identified with:

e Pressure controller: 25-PIC-040;

e Pressure transmitter: 25-PT-040 (Process Variable);

e final element: 25-PV-040;

e SPvalue: ~2 barg *;

e  Sub-Controller(s) action: DIRECT (pressure increase, valve open);
e Failure direction: FAIL CLOSE.

* Different values can be set, depending on the available time to carry out the purging operation. It is noted
here that the higher the pressure at which sweep-through purging operation is carried out, the longer it will
last.

The control valve 25-PV-040 is used only in case of vessel purging. Therefore, a software interlock is provided
to prevent 25-PV-040 being opened outside of a purge cycle operation. Another software interlock prevents

the opening of the control valve 25-FV-033 outside of a purge cycle operation.

Hydrogen Storage Vessel V-25001D

This purging operation for air displacement can be performed remotely from the onshore control room.
Before proceeding with this purging operation, it is assumed the following:

e Instrument Air Package A-63000 is running with no fault signals active;

e Nitrogen System A-64000 is running with no fault signals active;

e Vent System available and ready to receive displaced fluid.
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Once the above prerequisites are positive it is possible to proceed with the purging operation of the vessel
D. However, the listed checks and reviews below indicated are still necessary:

ACTION CHECK

Check that the valve 25-XV-014 installed on the Hydrogen Storage Vessel
D inlet line is closed

Check that the valve 25-XV-015 installed on the Hydrogen Storage Vessel
D outlet line is closed

Check that the valve 25-BDV-013 installed on the Hydrogen Storage
Vessel D depressurisation line is closed

to atmosphere (almost 0 barg)

Check that the low-pressure alarm of the 25-PT-043 has been deactivated
(to prevent the low-pressure alarm is triggered unnecessarily)

Check that all XVs valves that are installed on the inlet lines of the vessels
that are not being purged are closed

Check that the pressure transmitter 25-PT-043 indicates a pressure close |:|
D

Table 15 - AIR purging (with N2) check list table for vessel

Nitrogen is supplied under flow control (25-FIC-034) and the relevant flow control valves to ensure a constant
N2 flow rate during the time to pressurize the vessel under purging operation. Being the inlet N2 flow rate
constant, it is possible to calculate and establish a time that is required to pressurise the vessel from 0 barg
up to the chosen pressure at which sweep-through purging is performed (this will be the set point of the 25-
PIC-043).

The nitrogen flow rate control valve controls the nitrogen supply to each H2 Storage Vessel during purging
operation by means of the control loop identified with:

e Flow rate controller: 25-FIC-034;

e Flow rate transmitter: 25-FT-034 (Process Variable);

e final element: 25-FV-034;

e SPvalue: ~42 N m3/hr;

e Sub-Controller(s) action: REVERSE (flow rate increase, valve close);
e Failure direction: FAIL CLOSE
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At the beginning of the purging operation (more specifically during pressurisation of the vessel to be
purged) a timer alarm, in the control logic, is implemented to determine if 25-PIC-043 failure opening the
valve 25-PV-043. It is expected that, according to:

e the constant flow rate of N2 entering to the vessel under purging operation;

e the above indicated pressure set point of 2 barg,

e the pressure set point of the 25-PIC-043 will be reached in roughly 4.5 hours. Therefore, after such
time, should the 25-PT-043 indicate a pressure less than the above indicated set point, a time alarm
will alert the operator that the vessel has not reached the pressure within the desired time. Once the
pressure has been reached, then the time alarm shall be deactivated.

At the time the 25-PV-043 set pressure is reached, the pressure control loop (below described) is used to
keep constant the pressure at which the sweep-through purging operation is carried out. Thus, once the
desired pressure is reached (set point of 25-PIC-043):

e the flow control loop will be deactivated. It is important to note here that at the time the pressure set
point is reached, the flow control valve 25-FV-034 will be commanded to remain in the last open
position, this is to guarantee a constant nitrogen flow rate to the vessel under sweep-trough purging
operation;

e the pressure control loop will be activated. The pressure will be kept constant by means of the
pressure control loop.

e low-pressure alarm of the 25-PT-043 will be now activated. During this phase, should the pressure
inside the vessel under purging operation fall below the set point of 2 barg, the low pressure alarm
on the pressure transmitter 25-PT-043 will alert the operator.

On the vent line of the Hydrogen Storage Vessel D, a pressure control loop in provided, in order to control
the pressure inside the vessel during purging operation. The pressure control loop is identified with:

e Pressure controller: 25-PIC-043;

e  Pressure transmitter: 25-PT-043 (Process Variable);

e final element: 25-PV-043;

e SPvalue: ~2 barg *;

e Sub-Controller(s) action: DIRECT (pressure increase, valve open);
e Failure direction: FAIL CLOSE.
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* Different values can be set, depending on the available time to carry out the purging operation. It is noted
here that the higher the pressure at which sweep-through purging operation is carried out, the longer it will
last.

The control valve 25-PV-043 is used only in case of vessel purging. Therefore, a software interlock is provided
to prevent 25-PV-043 being opened outside of a purge cycle operation. Another software interlock prevents
the opening of the control valve 25-FV-034 outside of a purge cycle operation.

Hydrogen Storage Vessel V-25001E

This purging operation for air displacement can be performed remotely from the onshore control room.
Before proceeding with this purging operation, it is assu