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Abstract

Energy optimization and technical solutions for greener energy in the offshore industry have grown in
demand over the last decade. Organizations such as the IMO and corporations alike within the marine and
offshore sectors have set ambitious targets to lower carbon emissions. Classification and Rule Societies
such as DNV and ABS have improved their requirements and regulations regarding offshore system testing,
operations, and compliance to incorporate green energy technologies and safety operations, including the
Battery notation for Battery usage as a source of power.

The offshore industry requires high safety and redundancy. Because of their redundant systems, DP-2 and
DP-3 vessels meet this safety profile, but there are opportunities to increase energy efficiency. Traditional
open-bus operations with DP-2 and DP3 vessels tend to run more engines with lower loads, which causes
inefficiency and results in higher fuel consumption. One direct solution would be running the system in the
closed-bus operation, with or without the Battery as a backup power source or as a means of blackout
prevention.

Three use case examples demonstrate how closed bus operations with Battery in DP-3 and DP-2 vessels
meet offshore safety and redundancy requirements and provide operational benefits, including reduced fuel
consumption and emissions.

Safety implementation of the Battery is a joint responsibility of stakeholders, battery suppliers, integrators,
shipyard/designers, approval bodies, and ship owner/operator. This joint responsibility is one of the lessons
learned from battery-related safety incidents in the "Brim" case.
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Abbreviation / Definition

ABS American Bureau of Shipping

Array: A set of Battery Packs connected to the same DC bus

Battery Cell: A single lithium ion pouch, of which there are many in a Battery Module.

Battery Module: A sealed enclosure containing a set of Battery Cells

Battery Pack: A series string of Battery Modules contained in a rack

BMS: Battery Management System integrated into the ESS

DC Direct Current

DP Dynamic Positioning

DPS: Dynamic Positioning System

ESS Energy Storage System(s)

FIFI Fire Fighting

FMEA Failure Mode and Effects Analysis

IMO International Maritime Organization

1P “Ingress Protection” measures how well a device is protected from both solid objects and liquids
LED light emitting diode

NMA Norwegian Maritime Authority

SLD Single Line Diagram

SOC: State of Charge, a percentage measure of the charge remaining in the Battery (essentially

equivalent to a fuel gauge).

SOH: State of Health, a percentage measure of the total battery capacity relative to the capacity when
the Battery was new.

TR Thermal runaway
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Introduction

The IMO aims for a carbon intensity reduction of 40% by 2030 and net-zero by 2050, and the offshore
industry is advancing towards a lower-carbon future. Offshore energy companies are adopting solutions to
optimize energy efficiency in oil and gas exploration and production and investing in diverse, alternative
energy sources and technologies. Operators such as Equinor, Shell, BP, and Orsted, among others, have
indicated target timelines to reduce Scope 1 (direct) and Scope 2 (indirect) emissions, ultimately to progress
towards net zero emission operations. The increased focus on reducing Scope 1 emissions, direct
greenhouse gas emissions from the source, includes engines used for vessel power generation. Energy
efficiency is increasingly a priority in offshore vessel operations, as operators transfer their emissions
reduction and decarbonization goals when they hire and contract offshore vessels.

Seeing the demand for energy-efficient offshore vessels, various offshore vessel owners are investing in
solutions to improve engine operational efficiency, reduce emissions, and reduce fossil fuel consumption.
Key technologies include battery energy storage, closed bus operations, energy management systems,
emission fuel analytics, and monitoring. Energy-saving solutions range in complexity from simple tactics
to conserve energy, like minimizing running equipment whenever possible or replacing traditional light
bulbs with LED lighting to complete retrofits to convert vessel power generation systems to hybrid electric
using a Battery as part of the power source. (Cordova, 2021)

Battery energy storage plays an important role in improving energy efficiency and supporting carbon
reduction efforts. Battery-powered, all-electric operations produce zero emissions and consume zero fuel,
enabling Hybrid systems that leverage battery power to significantly reduce emissions and fuel use.

Since the early 2010s, offshore vessels have used Battery applications to support engine operational
efficiency and safety. For safety and redundancy, batteries provide a backup power source or spinning
reserve for blackout prevention. To optimize engine operating efficiency, battery systems enable peak
shaving or load leveling, where batteries provide instant power to cover periods of peak demand and enable
generators to run within optimal parameters at near-constant loads. Battery power allows the option to run
fewer generators simultaneously. Specifically for dynamic positioning vessels, such as DP-2 and DP-3, this
applies to closed-bus operation in transit and port. Running fewer generators gives advantages in the shape
of a higher load factor (and lower specific fuel consumption) on the engines being used, resulting in lower
emissions and running costs, lower running hours per engine, and lower maintenance costs.

Battery technology is advancing. Systems are increasing in energy density, providing more power within a
smaller footprint, and design improvements have been made to support safety and system lifetime. The last
section of the paper will cover some of the latest developments in Battery technology, including lessons
learned from the “Brim case,” a battery safety incident that resulted in technology improvements.

MTS DP Conference - Houston October 11 - 12, 2023 Page 3



Irwan Kwik Power System Design Case Studies & Benefits:
Battery in the DP Offshore System

Ship Class Notation for the Battery Application

Marine offshore class societies such as DNV and ABS have detailed requirements and practical
implementation for registered vessels that operate under specific Battery notations. These rules and
regulations concerning Battery applications serve as guidebooks for vessel owners to retrofit vessels or
build new vessels that incorporate battery-powered hybrid/electric systems.

Classification Society, DNV, first published the tentative rule of the Battery onboard vessel in 2012 with
the updated rule set in 2015 (DNV GL, 2016). Since then, the document has been updated to include safety
and requirements for Battery use in dynamic positioning vessels, DP-2 and DP-3 types.

ABS, from their notation and symbol document (ABS, 2023) provides the Battery notation "ESS-
LiBATTERY." This notation is assigned to marine and offshore assets with a lithium-ion Battery system
used as an additional power source with a capacity greater than 25 kWh where the batteries are used as the
emergency power source.

Whereas DNV, in their document (DNV GL, Part 1. Ch. 2; July 2023), depending on the primary power
source of the propulsion, power generation, and auxiliary system, provides 2 Battery class notations,
"BATTERY (POWER)" and "BATTERY (SAFETY)."

The notation of "BATTERY (POWER)" applies when the Battery is used for electrical propulsion of the
vessel. Under this notation, different applications, such as all-electric and hybrid vessels will exist. One
example of the hybrid vessel application is as a redundant source of the main power and for dynamic
positioning. The DNV notation "BATTERY (SAFETY)" refers to when the Battery is only used for peak
shaving and/or load leveling and is not used for main propulsion power.

There are two main applications of Battery as the main power with the ABS class notation "ESS-
LiBATTERY" and DNV class notation "BATTERY (POWER)," The first is as the backup generator, and the
second is as for blackout prevention and or Fault ride through.

Battery in the DP Operation

ABS, in their document (ABS, 2022) lists the benefits of Battery (Li-ion Battery) systems in marine and
offshore industries as the primary source of electrical power, emergency source of electrical power, and
transitional source of electrical power. Indicated Battery applications include:

- The primary source of power for the propulsion system

- Using Battery for port transit or in zero emissions areas

- For load leveling/peak-shaving to supply/absorb demand peak so that the generator sets can operate at
a near-constant load

- Additional power in case of generator shutdown

- Battery as a standby power source so that fewer generators need to be in operation

- For blackout prevention, fault ride-through, and blackout recovery

- For DP vessels to supply thrusters and as a backup in DP mode and standby or for Fault ride through
on DP2/DP3 vessels operating in closed bus, complying with redundancy criteria

The DP Conference 2018 (DNV GL (Sverre Eriksen & Aleks Karlsen), 2018) indicated that more than 30
offshore vessels in the DNV class [were at that time] already in operation/retrofitted with Large Li-lon
Battery systems. It focused mainly on batteries' power and design factors as power sources in DP systems.

MTS DP Conference - Houston October 11 - 12, 2023 Page 4



Irwan Kwik Power System Design Case Studies & Benefits:
Battery in the DP Offshore System

Considering the redundancy compliance required in DP operations, it also explains the possibility of closed-
bus ties with only one running generator. The Battery is a time-limited energy source to be considered in
the DP redundant system and can be considered as a generator with a limited energy capacity. (analogy of
a generator with a limited fuel tank)

Battery in the Closed-Bus Operation

Class rules and regulations state requirements for the closed-bus operation in the DP-2 and DP-3 classed
vessels.

- Recovering from a single loss is within 2 minutes (DNV GL, Part 6. Ch. 2; July 2023)

- The backup generator should be connected in 45 seconds per the rule (DNV GL, Part 6, Ch. 3; July
2023). In their document, DNV mentioned the acceptance of the standby power in the redundancy
(section 4.2.6) when the generator is fast enough to maintain its position as required by the
operation. If no specific time is mentioned, the maximum allowed is 45 seconds after the need for
more power appears.

- The minimum size of the Battery is 1/3 of the power available before failure.

When considering the Battery in the closed-bus DP operation, the load profile of the Battery should be
designed according to the vessel's main power generation source that supplies the DP Thruster. This is
required to comply with class rules concerning the safe termination of the ongoing operation and is essential
when running only one engine in the closed bus-ties (DNV GL, September 2022).

Other critical information is that when the Battery is part of the power source in the DP redundant system,

the Battery will not be at 100% SoH when failure occurs, and in the case of Li-lon, the Battery cannot be
discharged until 0% SoH due to lifetime and safety factors.

Battery Reduces the risk of a complete blackout

Class societies such as DNV accept the Battery as the redundancy/running machinery upon special
consideration. The Battery shall be designed to provide the intended power and energy when needed,
including post-failure. The system design for the blackout is verified by doing the FMEA analysis of the
power plan, including its control, monitoring, and protection systems. The automatic blackout recovery
will be analyzed and tested (depending on the class notation) on individual switchboard sections. The
recovery time for such DP control systems is to receive the thruster-ready signal within 45 seconds.

The complete blackout of the power generation must not happen; therefore, the minimum power sources
belonging to two different redundancy groups shall always be connected and running/live (for example,
the running genset and or connected batteries) (DNV GL, August 2022).

Industry and technology acceptance for the Battery application in the Offshore redundant DP operation:

At the DP Conference 2014 (ABB (John Olav Lindtjern, Frank Wendt, Berre Gundersen and Jan Fredrik
Hansen), 2014), ABB mentioned the growing demand for DP class drilling vessels with closed-bus power
systems due to their operational cost, emission, and flexibility. It explains the stepwise improvement in
DP-3 drilling vessels transitioning from Split system operation to Closed Ring operation to Closed Ring
operation with Battery. It covers the class requirement for closed-bus operation in DP with their advanced
enhanced generator protection system and reviews lab tests which explore the potential use of Battery for
energy optimization in drilling rig operations and fuel-saving.
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A Siemens published paper (Siemens (Rune B. Andersen, Inge Haukaas, Havard Lund, Kenneth Tjong,
Bijan Zahedi, Steffen Voreland and Lars Erik Wold), 2016), highlights Battery applications in offshore
rig operations, stating:

"Running with reduced number of connected diesel generators (down to one) calls for backup energy in
case of loss of this prime mover. The Battery has the possibility to instantly power if a large

producer is lost. This has been proven for several systems with Battery where it pre-fault was charging to
suddenly supplying at maximum output power when the diesel-generator was tripped. The Battery is set
up to have spare capacity for such use. Typically, up to 20% of the Battery capacity is preserved for peak
shaving. The remaining energy is set aside for emergency power. The energy backup is always taking into
account uncertainty of the energy level of the batteries and aging affects. This energy should be sufficient
[to] safely produce enough power to shut down the operation and move the platform. This will be weather
and operation dependent, but typically 15-45 minutes. This is referred to as "Time to Terminate"
operation. Running on batteries only, may also be beneficial in case of a gas-leakage where diesel
generators must be shut down. In such an event the batteries may continue to operate and provide power
to thrusters while the platform [is moved] to a safe area.”

During the rig implementation for blackout prevention, the Battery will operate independently to optimize
the diesel load, even out power consumption (peak shaving), and store energy for fault scenarios.

Battery Design FMEA and Fault Ride Through:

The fault ride through is the capability of a vessel's DP system power plant and control systems (for a
closed-bus operation) to recover from the effects of a fault anywhere on the main and distribution systems
(e.g., on a main switchboard bus segment or a primary feeder circuit) without significant malfunction
before the bus-tie breaker opens to isolate the faulted side of the system during a "limited" time or voltage
drop. The design defines "Limited" time to stabilize the system (ABS, 2021).

For any DP vessel implementation (DNV GL, August 2022), the verification tests for DP redundancy are
based on the FMEA of the corresponding class notation. A useful resource, the FMEA identifies typical
failure modes for a closed bus tie and corresponding effects, explaining possibilities in detail with figures.
An example includes examining the scenario of sharing load between two or more generators when the
bus tie is closed.
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References — Battery Applications in Offshore Redundant System

This section provides insight into vessel references for Battery applications in Offshore DP-redundant
systems, such as DP-2 and DP-3, by presenting Battery utilization data from actual DP vessels currently in
operation. The summary of this use case analysis will also quantify examples of savings in fuel
consumption, emissions, and overall engine runtime produced by operating the Battery applications.

When a Battery system is designed, its capabilities are custom-tailored to the specific operational profile
and planned system use. Once the Battery system is in operation, actual system use sometimes varies from
the intended design. Using the Battery system outside the recommended range can reduce energy efficiency
and system lifetime. This also applies to DP vessel Battery applications.

For the sake of vessel confidentiality, we will name the selected vessels anonymously; the first vessel is a
DP-3 vessel with the DNV Battery notation "BATTERY (POWER)"; the second vessel is a DP-2 vessel
with the DNV Battery notation "BATTERY (POWER)"; the third is a DP-2 vessel with the ABS Battery
notation "ESS LiBATTERY."
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Vessel 1 - DP-3 Vessel (DNV Battery notation "BATTERY (POWER)")

1. Battery Configuration and Profile:

No Description Details

1 Battery Configuration Number of arrays (y)= 3

Number of packs per Array (n)= 6
Number of modules per pack (x) = 20
Capacity per pack = 113 kWh

Total capacity = 2034 kWh
DC voltage = 720 — 1000 vdc

2 Battery Design Profile Power and Duration Frequency

a) | Fault ride through/ 6000 kW for 13 minutes < 1x per year
spinning reserve

b) | DP 25% of total usage

c) | Port 310 kW for 90 minutes 40% of total usage

d) | Transit 35% of total usage

2. Single Line Diagram:
The simplified Single Line Diagram (SLD) for Vessel 1 is shown in Figure 1. It is a DP-3 vessel with 3-
split DNV notation systems “BATTERY (POWER).” Each split has two generators rated at 3500 kW. The
three Battery Arrays are connected individually to the split bus; simultaneously, the 3 Battery Arrays are
connected as a DC-ring bus to provide a greater possibility of shared power in case of a Blackout or Fault.

DG #1 @ DG #4 @
3500 kw' 3500 kw
900 rpm 900 rpm

-

"'E_ ~3M ~ 3 MW "’E_"smw

-C-\ ~NE K
%55"1 *ESSIZ %ESSRS

——— 1000 VDC (3 strings, 20 modules) ——— 1000 VDC (3 strings, 20 modules) ——— 1000 VDC (3 strings, 20 modules)

—— 678 kwh —— 678 kWh —— 678 kwh

— = 3c — 3¢

Figure 1 Simplified SLD - DP-3 Vessel (DNV notation "BATTERY (POWER)")

3. Battery Design Versus Actual Operation:
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Operation The Battery Design The Battery's Actual Operation (2 years operation)
Fault ride through/ Load Profile: Power Charge/Discharge (kW)
spinning reserve o PR Promle Array 1:
K g g g 3 :

Time [24H]

ESS power SoC, and Genset Power:

ESS power and SoC, and Genset operation Power throughESS == Genset ———SoC
7000 %0%

Power (kW)
g
FEEEEEREE

000
0010
0020
0030

g
g 8 s s s
Time [24H]

The load on the ESS and genset is shown in the above figure. In this
example, the batteries are recharged with 2800 kW immediately after
the discharge.

The Battery is intended to provide instant available power during a
blackout or to provide a way to recover from the Fault (Fault ride
through) with a maximum of 6000 kW for 13 minutes, bigger than the
one generator, 3500 kW.

Alternatively, each Battery Array of 678 kWh can separately provide
the power of 2000 kW for 13 minutes.
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Max pack SoC (%):

In the actual two years of operation, there is no operation Fault ride through
from the Battery. The assumption is that the vessel did not blackout or have
any Faults.

The Battery Array 1, Array 2, and Array 3 provide power (discharged)
between 0 and 300 kW per pack (One Array has six-packs).

The Battery assisted the generator's load-leveling purpose when the vessel
ran with fewer generators in the DP-3 closed-bus.

Battery Array 1, Array 2, and Array 3 were charged with the same power
rating when extra power from the generator was available due to the lower
load, for example, lesser running equipment or peak demand.

SoC of the Battery is between 30% and 75% for other operation mode (DP
and Transit).
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Operation The Battery Design The Battery's Actual Operation (4 months operation)
DP/ Load Profile DP: Power Charge/Discharge (kW)
Peak Shaving Lead Profle Array 1:

ooow

7000 ]
6000

Power [kW]
w
s
8

1:00

2:00
5:00
6:00
7:00

2 2
S 2
& g

Time [24H]

ESS power SoC, and Genset Power:

- ESS power and SoC, and Genset operation —— Power through ESS === Genset ——— SoC

80

[%] 20

Power (kW)

00

0
06:00
07:00

2 2 s 2
e @ S 3
g8 8 8 38

3
Time [24H]

The load on the ESS and genset is shown in the above figure. In this example,
the batteries are intended to operate as the peak shaving during the DP mode,
averaging the battery power discharged between 0 kW and 3800 kW.

At the same time, the Battery will also be charged during the operation with the
same power rate.

Pack power

This graph shows four months of actual operation recording the power
charge/discharge detail.

The graph demonstrates that the actual charge/discharge operates
according to the battery design, with an average charge/discharge
between 0 kW and 210 kW (per pack) in the DP operation.
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Operation The Battery Design The Battery's Actual Operation (10 days operation)
Transit Load Profile Transit: Power Charge/Discharge (kW)
E : : 2 2 2 :

Time [24H]

ESS power SoC, and Genset Power:

ESS power and SoC, and Genset operation Power through ESS Genset == SoC
9000 100%
8000
7000 0%
6000
5000 80%
@
— 4000 2o g
%
2 30w Z
§ 2000 60%
& 1000 X ‘ A
L e e "o 2 sl s i & e st i . ol i 0 ol B adia it 0%
1000
2000 40%
2 2 Y 2 2 s s
8 g 8 g 8 & &
8 8 8 g E: 8
Time [24H]

The load on the ESS and genset is shown in the above figure. In this example,
the batteries are intended to operate as the peak shaving during the transit,
averaging the battery power discharged between 0 kW and 500 kW.

At the same time, the Battery will also be charged during the operation with
the same power rate.

This graph shows the actual ten days of operation to get the power
charge/discharge detail.

The actual graph is according to the battery design; it averages
charge/discharge between 0 kW and 55 kW (per pack) in the transit
operation.
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Operation The Battery Design The Battery's Actual Operation (30 days operation)
Port: Load Profile Port: Max charge-discharge (C-rate):
A ck 1:
555 Load Profile *
f .
't & & § & & & & § & & 1 ¢

Time [24H]

ESS power SoC, and Genset Power:

- ESS power and SoC, and Genset operation

500
400
300
200
pl

——— Power throu;

gh ESS

— G

NN

™N
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|

1

T

\

00 ‘
4
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200 ]
g
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00:00 r

r 90%
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- 70%

60%

- 50% &
=
k0% X

30%
20%
10%

The load on the ESS and genset is shown in the above figure.

The batteries are intended to operate as spinning reserves during the port mode,
averaging the battery power discharged between 300 kW constant. The Battery
SoC is between 55% and 85% during this mode.

Power Charge/Discharge (kW):

This graph shows the actual 30 days of operation to get the power
charge/discharge in detail.

From the graph of operation (30 days operation and two years operation),
there is no Port mode operation using the Battery. There is neither constant
C-rate nor constant power seen from the graph. The vessel should activate
the Battery and use its power during the port call to benefit from it most.
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Vessel 2 - DP-2 Vessel (DNV Battery notation "BATTERY (POWER)")

1. Battery Configuration and Profile:

No Description Details

1 | Battery Configuration | Number of arrays (y)= 1

Number of packs per Array (n)=7
Number of modules per pack (x) = 22
Capacity per pack = 124 kWh

Total capacity = 870 kWh
DC voltage = 800 — 1100 vdc

2 | Battery Design Profile | Power and Duration Frequency
a) | Spinning Reserve 2200 kW for 10 minutes < 1x per year
b) | Peak Shaving 0.8 C for 20 minutes

2. Single Line Diagram:

The simplified Single Line Diagram (SLD) for the Vessel 2 is shown in Figure 2. It is a DP-2 vessel with
2-split DNV notation systems “BATTERY (POWER).” Each split has two generators rated at 2000 kW
and 2800 kW. The one Battery Array is connected to the separate switchboard, acting as the different split
to provide a greater possibility of power in case of a Blackout or Fault.

ESS —
1100 VDC (7 strings, 22 modules)
875 kwh

3C

Figure 2 Simplified SLD - DP-2 Vessel (DNV notation "BATTERY (POWER)")

3. Battery Design Versus Actual Operation:
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Operation The Battery Design The Battery's Actual Operation
Spinning Reserve 'Load Profile: Power Charge/Discharge (kW)
& Peak Shaving 2500 004 Frofie All Array (1 year operation)
Tg 1000 ‘
g g g g g g
3 3 - Time [24H] ; ; 3

ESS power SoC, and Genset Power:

Power through ESS, SoC and Charging Power through ESS ———Genset —— SoC
2500 90%

Power (kW]

8

.
04.48.00
3,

=
3 Time [24H] %

The Battery is intended to provide, on average, 0.8C peak-shaving
(around 700 kW) continually and has been designed to provide instant
power of 2200 kW for 10 minutes. This power is intended to assist
during the blackout or to provide a way to recover from the Fault (Fault
ride through).

The available power is bigger than the one of the generator types, 2000
kW.

The Battery is charged after the spinning reserve.

Max pack SoC (%):

Pack 1 (3 days operation):

‘‘‘‘‘

In the actual one year of operation, there is no operation Fault ride through
from the Battery. The assumption is that the vessel did not blackout or have
any Faults.

Each Battery pack provides power (discharged) between 0 and 250 kW per
pack (One Array has seven packs). The Battery assisted the generator's
load-leveling purpose when the vessel ran with fewer generators in the DP-
2 closed-bus.

The Battery was charged with the same power rating when extra power
from the generator was available due to the lower load, for example, lesser
running equipment or peak demand.

SoC of the Battery is between 20% and 85% for other operation modes
(Peak Shaving).
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Vessel 3 - DP-2 Vessel (ABS Battery notation "ESS LiBATTERY")

1. Battery Configuration and Profile:

Description

Details

Battery Configuration | Number of arrays (y)= 1

Number of packs per Array (n)= 4
Number of modules per pack (x) = 20
Capacity per pack = 113 kWh

Total capacity =452 kWh
DC voltage = 720 — 1000 vdc

2 | Battery Design Profile | Power and Duration Frequency
¢) | Spinning Reserve 910 kW for 20 minutes 8 times per year
d) | Peak Shaving 200 kW (each with 10 second duration) continuously | SoC between 75%-89%

2. Single Line Diagram:

The simplified Single Line Diagram (SLD) for Vessel 3 is shown in Figure 3. It is a DP-2 vessel with 2-
split ABS notation systems “ESS LiBATTERY.” Each split has two generators rated at 1500 kW and
1000 kW. The one Battery Array is connected to the bus-tie switchboard, acting as the center split to
provide a greater possibility of power in case of a Blackout or Fault.

ESS#1 ——

1000 VDC (4 strings, 20 modules)
452 kwh

3C

Figure 3 Simplified SLD - DP-2 Vessel (ABS notation "ESS LiBATTERY")

3. Battery Design Versus Actual Operation:
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Operation The Battery Design The Battery's Actual Operation
Spinning Load Profile: Power Charge/Discharge (kW)
Reserve & Peak g PRI All Array (1 year operation)
Shaving o ko o
- | T 0 ﬁ
r I ] A 1’“’ i M ‘“ ""N“ {‘ “,\ ‘ MW‘“ W\ ‘w M l» |

ESS power SoC, and Genset Power:
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The Battery is intended to provide, on average, 200 kW peak-shaving
continually and has been designed to provide instant power of 910 kW
for 20 minutes.

This power is intended to assist the vessel during the blackout or to
provide a way to recover from the Fault (Fault ride through).
The available power is as large as one of the generator types, 1000 kW.

The Battery can provide instant power max 3C (or 1350 kW) for a
shorter duration than 20 minutes (depending on the SoC of the
Battery).

The Battery is charged after the spinning reserve at 490kW.

Maxa e e
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|

In the actual one year of operation, there is no operation Fault ride through from
the Battery. The assumption is that the vessel did not blackout or have any
Faults.

Each Battery pack provides power (discharged) between 0 and 250 kW per pack
(One Array has four packs). The Battery assisted the generator's load-leveling
purpose when the vessel ran with fewer generators in the DP-2 closed-bus.

The Battery was charged with the same power rating when extra power from the
generator was available due to the lower load, for example, lesser running
equipment or peak demand.

SoC of the Battery is between 68% and 85% for other operation modes (Peak
Shaving).
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From the observation and the analysis of the available operational data regarding the three vessels with
different redundant setups and different associated class notations, the summary is:

e The battery design and profile for each vessel are different.

e To operate the Battery as a spinning reserve or Fault ride through at a specific power and particular
duration, one should consider the total power of each split and the minimum time required to
comply with the classification society, such as DNV and ABS.

e Integrating the Battery as a new build or retrofit is always possible.

e Operations with Battery increased redundancy and safety features.

e From a few years of operations, vessels have the following savings in fuel consumption, emissions,
and overall engine runtime:

O
O
O

2 million liters of diesel per year (saving 30% fuel consumption)

Measured fuel saving up to 40% in DP mode

Operate at 80% of the DP operations with only one engine. It also translates to lesser-
running engines, providing additional savings on engine maintenance.

It is estimated to have 20% fuel savings compared to other standard diesel-electric units.
Fuel saving of 700,000 liters of diesel per year and reduce the CO2 emission by 2,000
tonnes yearly.

The estimated reduction in emissions is 30 tons of NOx
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Lesson Learned - Battery Safety in the Marine Industry

Use of Battery in marine applications is not new, and the safety profile of battery energy storage systems is
robust, with thermal runaway protection, cooling systems, BMS monitoring, and emergency shutdown
protocols integrated into the energy storage system design. Although there are operational safety protocols
and system design safety requirements for Battery applications, as briefly explored in previous sections of
this paper, safety incidents are rare. Corvus Energy, the leading marine energy storage and fuel cell system
provider, has nearly 900 installations of energy storage systems in operation around the world, with minimal
safety incidents reported over millions of operational hours.

This section explores one such incident, the “Brim” case, and learnings from that incident. Learnings extend
well beyond Battery system design, which was not the primary driver of this safety incident. Safety in
Battery applications extends full lifecycle from design to installation and integration with ship systems to
how to properly operate the Battery system. Protocols for emergency response when incidents do occur is
also indicated, which is important to avoid incident escalation.

Introduction to the Brim Case and Lessons Learned

On March 11, 2021, at 18:05, The Norwegian Safety Investigation Authority (NSIA) was notified of the
accident by the Norwegian Maritime Authority (NMA) about the incident on the previous day with
MAYDAY distress message following smoke development in one of the battery rooms. The name of the
vessel is Brim.

Here, learnings from the "Brim" case are explained in the detail.

1. Lessons learned from external factors:
- Seawater and high-voltage electrical systems do not belong together.
- Different vessel segments have different safety awareness.
Large shipowners have different preparedness for handling incidents than smaller shipowners.
- Safety not only on the system level but also on the vessel level
A fault on the cell level is handled by single-cell thermal insulation. Safety on the vessel level
should be equally emphasized at the system level. Battery with a proven safety system on the cell,
module, and system level does not mean anything when there is less safety on the vessel level.
- All stakeholders must collaborate and be responsible for ensuring good Battery room conditions.
- Having the correct FIFI and de-escalation procedure after an incident and its challenges with gas-
based FIFI and enclosed space with un-combusted flammable gases.
2. Lessons learned on system-level factors:
- Isolated cell/module exhaust
Any cell venting and TR exhaust gas are contained and channelled to the exhaust via a separate and
sealed ducting system.
- High IP grade on high-voltage parts
e Modules are designed with high IP, which means water will not be able to get inside the
module and cause shorting.
e All power connections are designed to be waterproof, adding an extra layer of protection
against ground faults, arcing, and shorting.
o Allow also for safe use of water FIFI.
3. Lessons learned regarding emergency response/ first responders:
- An emergency board with dedicated roles and responsibilities facilitates emergency response
- A dedicated system for handling all possible events
- Provide vital support for the shipowner
- Battery supplier representatives on-site
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- Providing vital input to firefighters based on system knowledge and experience from similar
incidents stopped the firefighters from opening the Battery room
- Fire brigades must be trained to handle Battery fires:
e State training of firefighters was instrumental in managing the fire safely and responsibly,
and Battery fires need to be treated differently than other fires.

Safety as a joint responsibility

Safety is a joint responsibility of different stakeholders:

1. Battery supplier: Battery compliant with standards and regulations on all safety aspects

Integrator: Verified seamless integration of the battery system in the vessel

Shipyard/Designer: Vessel compliant with regulations and specifications

Approval bodies: Rules, regulations, product approvals, acceptance tests, inspections

Ship owner/operator: Follow up on approvals and inspection results. Operation according to
specifications and approvals and provide the crew training.

nbkwb

For the detailed case and investigation, (Norwegian Safety Investigation Authority, 2023) issued the final
report about the Brim accident on March 11, 2021 (Norwegian Safety Investigation Authority, 2022/08).

Safety Features in Battery and Technology Advancement

The Brim accident had the previous battery generation from Corvus Energy, and it was not the Corvus Orca
system; however, the leaming is relevant for all ESS installations, including the offshore industry,
independent of battery chemistry and manufacturer.

The Corvus Orca Battery with Lithium-ion NMC chemistry, our primary energy storage product widely
used across various ship types and marine applications, offers robust safety features, simplicity and proven
reliability. The air-cooled design includes Corvus’ passive cell level TR isolation and module level TR
isolation, which far exceeds class safety standards. With an integrated thermal runaway gas exhaust system,
in the case of a TR event, gases would be easily vented to the external atmosphere. Additionally, each
Battery pack has a BMS and a disconnect module (with contactor and fuses) which helps to isolate packs
experiencing an issue and prevent system-wide escalation.

Specific
Energy (WWhika)

Cost,/ \\ Specific (Availability of

Power high current)

Life |

Span 7 Safety

Perform Lithium-NMC

ance
Orca BMS, enclosure and system

enhance the basic cell

Figure 4 Corvus BMS - enhances the basic cell chemistry

Safety features are also crucial at the software level. Demonstrated in Figure 4, the Corvus BMS design
supports safety, mitigating risks related to Lithium-NMC cell chemistry, and enhances cell performance.
This is primarily achieved through cell balancing, where the BMS system monitors and equalizes the
voltages and state of charge among the cells which helps to prevent damage and optimizes the function,
SoH and lifespan of the Battery system.
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Conclusion

1. The offshore industry is aware of adopting a low-carbon future per IMO directions to optimize
energy consumption.

2. Various offshore vessel owners have improved their engine efficiency in diesel consumption by
hybrid power with batteries and closed bus systems.

3. Battery applications in the offshore industry must comply with classification standards to operate
safely, especially with redundant systems such as DP-2 and DP-3.

4. Classification Societies provide the Battery notation depending on the battery usage in the electrical
propulsion vessel.

5. The battery design and profile for each vessel are different.

6. Battery dimensions and size are essential in the design phase, whether as a new or retrofit project.
In the offshore industry, design relates to the post-failure capacity and safe termination.

7. Battery implementation in the DP-2 and DP-3 vessels should be thoroughly verified referencing

the FMEA written according to the corresponding class notation to ensure safe operation during
the Fault, single loss, and worst-case scenario principle.

Safety implementation of the Battery is not only on the system level but also on the vessel and
operational level. It is a joint responsibility of stakeholders: battery suppliers, integrators,
shipyard/designer, approval bodies, and ship owner/operator.
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