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DESCRIPTION

[0001] This invention relates to an exhaust system for energy storage modules, in particular
for modules comprising an electrochemical cell, or battery, providing electrical energy to an
end user. Related prior art documents are US2015/004458A1, JP2009225526A and
JP2016018636A.

[0002] Stored electrical energy modules, or power units of various types are becoming
increasingly common in many applications, in particular for use where there are environmental
concerns relating to emissions in sensitive environments, or public health concerns. Stored
electrical energy power units are typically used to provide electrical energy to operate
equipment, to avoid emissions at the point of use, although that stored energy may have been
generated in many different ways. Stored electrical energy may also be used to provide peak
shaving in systems otherwise supplied from the grid, or from various types of power generation
system, including diesel generators, gas turbines, or renewable energy sources. Aircraft,
vehicles, vessels, offshore rigs, or rigs and other powered equipment in remote locations are
examples of users of large scale stored electrical energy. Vehicle drivers may use the stored
energy power unit in city centres and charge from an internal combustion engine on trunk
roads, to reduce the harmful emissions in the towns and cities, or they may charge up from an
electricity supply. Ferries which carry out most of their voyage relatively close to inhabited
areas, or in sensitive environments are being designed with hybrid, or fully electric drive
systems. Ferries may operate with stored energy to power the vessel when close to shore,
using diesel generators offshore to recharge the batteries. In some countries the availability of
electricity from renewable energy sources to use to charge the stored energy unit means that a
fully electric vessel may be used, provided that the stored energy units are sufficiently reliable
for the distances being covered, with no diesel, or other non-renewable energy source used at
all. Whether hybrid, or fully electric, the stored energy units may be charged from a shore
supply when docked. The development of technology to achieve stored energy units that are
reliable enough for prolonged use as the primary power source must address certain technical
issues.

[0003] The present invention is an energy storage device vapour or produced gas exhaust
system according to independent claim 1 and the method according to independent claim 5.
Preferred embodiments are as defined in the dependent claims.

[0004] In accordance with a first aspect of the present invention, an energy storage device
vapour or produced gas exhaust system for a device comprising a plurality of energy storage
modules, electrically connected in series in a cubicle and a plurality of energy storage cubicles,
electrically connected in parallel, comprises a cubicle exhaust duct connected to each of the
energy storage modules in one cubicle and an opening between each of the energy storage
modules and the exhaust duct; the system further comprising a common exhaust duct
connected to each cubicle exhaust duct of the plurality of cubicles; an extractor fan, a fluid inlet
for the extractor fan comprising a duct connected to a source of air; and a fluid outlet for the
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extractor fan; wherein the extractor fan, the fluid inlet and the fluid outlet are all located at an
outlet end of the common exhaust duct; wherein the cross section of the fluid inlet is smaller
than the cross section of the fluid outlet; wherein an entry end of the fluid inlet and an exit end
of the fluid outlet are located outside the energy storage device and outside a compartment in
which the energy storage device is located; and wherein the extractor fan circulates air from
the source of air and creates an under-pressure in the common exhaust duct and cubicle
exhaust ducts in normal operation to guide vapour or produced gas out from the exhaust
ducts.

[0005] Having the fluid inlet connected to a source of air outside an enclosure in which the
energy storage device is located allows a sealed system to be produced, with no connection to
the battery room on the vessel or structure, avoiding the chance of gas leakage into the battery
room. Having a fluid inlet duct with a smaller cross-sectional area than the common exhaust
duct, helps with generating a pressure difference at the entry to the fan. This assists air flow
from the system and reduces the chance of external air damaging components of the system.

[0006] The opening between each of the energy storage modules and the exhaust duct may
be relatively small, without a cover, allowing some flow of gas or air from the module to the
exhaust duct. Alternatively, the opening further comprises a closure member.

[0007] The closure member may provide a gas tight seal to prevent gas from other modules
from entering, but be designed to open in case of overpressure within a specific module in the
event of a failure.

[0008] The compartment in which the energy storage device is located may comprise a
hermetically sealed enclosure in a vessel or offshore structure. The enclosure may be in a
battery room on the vessel or offshore structure.

[0009] The energy storage device may be installed on an offshore vessel or platform.

[0010] In accordance with a second aspect of the present invention, a method of exhausting
gas from an energy storage device vapour or produced gas exhaust system according to the
first aspect comprises providing air from the source of air outside a compartment in which the
device is located to the extractor fan; whereby the extractor fan circulates the air and creates
an under-pressure in the common exhaust duct and cubicle exhaust duct in normal operation
to guide vapour or produced gas out from the exhaust ducts.

[0011] In the event of an overpressure in one or more of the energy storage modules,
produced gas may be expelled through the exhaust system.

[0012] In a system where a gas tight seal is provided, the opening may be adapted to open
when a pressure inside the energy storage module exceeds a predetermined threshold
pressure and to close again when the pressure inside the energy storage module drops below
the threshold pressure.
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[0013] An example of an exhaust system for energy storage modules, according to the present
invention will now be described with reference to the accompany drawings in which:

Figures 1a and 1b are block diagrams illustrating a first example of an exhaust system for a
modular stored energy system, seen from in front and one side respectively;

Figure 2 is a flow diagram illustrating operation of the example of Figs.1a and 1b;

Figures 3a and 3b are block diagrams illustrating an example of an exhaust and ventilation
system for a modular stored energy system, seen from in front and one side respectively; and,

Figures 4 is a flow diagram illustrating operation of the example of Figs.3a and 3b.

[0014] Early large scale batteries were lead acid, but more recently, lithium ion batteries have
been developed for electrical energy storage for large scale applications. Li-ion batteries are
typically pressurised and the electrolyte is flammable, so they require care in use and storage.
A problem which may occur with Li-ion batteries is thermal runaway which may be caused by
an internal short circuit in a battery cell, created during manufacture. Other causes, such as
mechanical damage, overcharge, or uncontrolled current may also cause thermal runaway, but
the battery system design is typically adapted to avoid these. Manufacturing issues with the
cells cannot be ruled out entirely, so precautions are required to minimise the effect should
thermal runaway occur. In a large scale Li-ion battery system, the amount of energy that is
released during a thermal runaway is a challenge to contain. A thermal event may increase
temperatures in a single cell from a standard operating temperature in the range of 20°C to 26
°C to as much as 700°C to 1000°C. Safe operating temperatures are below 60 °C, so this is a
significant problem.

[0015] There are strict regulations in the marine and offshore industries regarding risk to the
vessel or rig, one requirement being that there should be no transfer of excess temperature
from one cell to another. If overheating occurs, then it should be contained in a single cell and
not allowed to spread. In addition, for marine and offshore applications, weight and volume of
any equipment is severely restricted, leading to compact, lightweight systems being preferred.
It is a challenge to produce a compact, lightweight, system that achieves the required thermal
isolation and cools the cell in which excess heating occurs, quickly and efficiently.

[0016] In a Li-ion battery system, it is very important that the temperature of the battery cells
does not exceed the prescribed operating temperature and that the cell temperature in the
entire system is uniform. Sustained operation outside the prescribed operating temperature
window may severely affect the lifetime of the battery cells and increases the risk of thermal
runaway occurring.

[0017] For marine applications, there is a particular focus on using energy storage modules,
such as batteries, at their maximum charge or discharge rate due to cost of installation and the
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weight and space taken up by the modules when on a vessel or offshore platform.
Furthermore, maintenance and repair, or replacement is complicated and expensive compared
to land based uses of stored energy systems, so extending the lifespan of stored energy
modules is particularly important. For the example of Li- ion batteries, these are sensitive to
high temperature, so it is important to ensure that the operating and ambient temperature are
controlled for all cells of a Li-ion battery system to ensure the design lifetime is met. Local
variations or hot spots on a single cell may also compromise the total lifetime achievable.

[0018] A common approach for large scale, marine, or offshore, stored energy systems is to
use air cooling, with air flowing between cells of a battery system. An example of an air cooled
battery system for a vehicle is described in JP2009225526. Another option is to use water
cooling in combination with aluminium cooling fins. The water cooling is by flowing over heat
exchangers and cooler blocks and the aluminium cooling fins are provided between each cell
of the battery system. However, this system is not particularly efficient at removing heat and
also adds substantial weight to the energy storage system. Aluminium is chosen for its thermal
conductivity and relatively low cost, rather than its lightness. Heat from the batteries must pass
to the aluminium cooling fins and those fins are then cooled by the liquid which loses its heat at
the heat exchanger and is recirculated.

[0019] Another problem is that in a thermal event there may also be release of a large amount
of flammable gasses, which may self-ignite at elevated temperatures. It is necessary to ensure
that any such gases are removed safely before they can cause harm to workers, or equipment,
in the room where the energy storage modules are located. Allowing whole modules to enter
thermal runaway and simply controlling the resulting flames and fire with an external fire
extinguishing system is unsatisfactory, as this means that there are open flames in the battery
space and controlling the resulting flames and fire does not ensure safe operation and storage.
Insulation material may be used to thermally isolate the cells from one another, but this may be
expensive and may compromise cooling system performance, as well as adding volume. The
problem of release of flammable gas may be handled by providing a pressure valve in the
module casing, releasing the gas at a certain pressure, either into the room or into a separate
exhaust system. However, as referred to above, release into the room does not protect
workers or other equipment. Significant extra costs would be incurred due to constraints on
construction of the room and the equipment in it, to be able to handle the release of gases
from the energy storage modules directly into the room. Thus, an effective exhaust system is
required and in particular, one which is able to respond to sudden temperature increases, such
as may occur during thermal runaway.

[0020] Furthermore, the classification societies may apply a requirement that a water cooled
energy storage system must include a separate exhaust or ventilation system to remove
possible vapour. It is normal practice that in the event of a fire outside the energy storage
system, for example, an electrical fire in cables in the room, the room ventilation system shuts
down, whereas in the event of a battery thermal runaway event, it is necessary for an exhaust
fan in an exhaust or ventilation system to continue to run. There is a conflict between these two
requirements and typically, this means that the battery exhaust system must be prevented from
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taking air from the battery room in the event of an external fire.

[0021] In terms of removal of exhaust gasses from an energy storage system, releasing gas
into an exhaust gas system that vents the gas directly into the room is not desirable in marine
and offshore applications. Using separate ventilation systems is an option, but if one air inlet of
the two separate ventilation systems is connected to the battery ventilation system and the
other air inlet is in the battery room, then both the battery room and the inlet temperature must
have temperature and humidity control to ensure that condensation does not occur within the
battery system with cooling water temperature of approx. 15°C to 20°C. Condensation must be
avoided, as it has the potential to cause damage to equipment, with corresponding downtime,
if the weather conditions, such as warm weather and relative humidity, raise the system
temperature above the dew point of air, so that water condenses on the system. The exhaust
system in the battery must have an air outlet that goes through the hull, or outer structure, of
the vessel or rig and opens up well away from any muster points. The same applies to the
battery room ventilation system, any air outlet through the hull, or outer structure of the vessel
or rig must open up well away from any muster points. Using two separate ventilation systems,
adds cost and bulk to the system for the shipbuilder.

[0022] In a first embodiment, the present invention addresses these problems by providing a
closed exhaust system, which is air tight in the interface between battery and module and the
edges of the exhaust channels and the battery room ventilation, so that the exhaust may be
completely isolated from the battery room ventilation. The battery exhaust system includes an
exhaust fan that always circulates air from the vessel's surroundings and creates an under-
pressure in the battery piping. Typically, this pressure may be in the range of 200 Pa to 360
Pa, but is not limited to this. The under-pressure helps guide the produced gas out from the
exhaust piping and into the exhaust. The inlet pipe for the exhaust fan has a smaller cross
section than the outlet pipe and the ratio between the two cross sections is defined to give the
desired underpressure in the battery system. For example, an 80mm inlet pipe diameter and
100mm outlet pipe diameter may be used, or scaled up or down as required depending on the
length of pipe from the battery room, providing that the inlet pipe has a smaller cross section
that the outlet pipe. For example offshore rigs typically have a longer pipe length than ferries.

[0023] In the case of an external fire, the exhaust system of the energy storage system
modules, for example battery modules, remains unaffected. The interface between battery
modules and the exhaust and the battery room is sealed, so that the exhaust is isolated from
the battery room in case of an external fire. Sealing the interface makes the system safer by
ensuring that gasses do not leak into the room in a thermal runaway situation. The air inlet and
air outlet for the exhaust system are preferably both on the outside of the vessel, or structure,
located in a non-critical area of the vessel, or structure and directed away from working
personnel, or locations where personnel may gather. Optionally, after a thermal runaway
event, the system may be flushed by opening a lid on the cubicle exhaust and running the
extractor fan.

[0024] Figs.1a and 1b illustrate an example of the first embodiment. A plurality of energy



DK/EP 3685454 T3

storage cubicles 1, typically comprising a plurality of series connected energy storage modules,
for example batteries 2, connected in parallel, are located in a room 3 on the vessel, or
platform. For convenience, multiple cubicles may have a common control and cable connection
cubicle 10 within the run of cubicles. Power cables 25 connect the battery system to the rest of
the power system of the vessel. This control cubicle enables power to be transferred between
the battery cubicles and consumers on the vessel or structure, as well as data exchange to
monitor the battery charging and discharging state.

[0025] The battery room 3 is ventilated by means of an air inlet 4 comprising ducting, or piping
5 projecting outside the room 3 and a fan in the ducting to drive air into the room. At the room
end of the piping a fire damper 7 is installed, so that in the event of a fire in the battery room,
the fire cannot spread outside the room through the piping 5. A similar construction is used for
the air outlet 17 from the battery room 3 with ducting 8 projecting outside the room and a fan 9
in the ducting to drive the air out of the room 3. The line 26 indicates separation of the battery
room and the rest of the vessel. The line 27 indicates the hull of the vessel. Although, for
clarity, the figures show pipes 5, 8, 14, 15 protruding from the hull, in practice this may not be
the case, but is simply an indication of exposure to air outside the vessel hull.

[0026] Each energy storage cubicle 1 comprises a plurality of energy storage modules 2, in
this example, batteries, connected together in series within the cubicle. The batteries 2 of each
cubicle 1 vent into a cubicle exhaust duct 11 and thence to a common exhaust pipe 12. A fan
13 is provided in an outlet at the end of the common exhaust pipe 12 to encourage the flow of
exhaust gases from the battery cubicles in the direction of the outlet. Without a fan, it would be
necessary to simply rely on overpressure driving gas out of the exhaust pipes. Overpressure
occurs in a system where the fan is not running, simply relying on the increased pressure
created by the gas production in the module to guide the gasses out of the system. This will be
the case if the fan is not running. However, if the fan is not running in normal operation, then
damp or salty air from outside the vessel or platform may enter through air inlet 15 or air outlet
14 and pass through the ducts to the modules causing corrosion in the system, or damage to
the electronics. Thus, even in normal operation, it is desirable to run the fan. The dimensions
of the exhaust pipes in the cubicles, the common exhaust, the inlet and outlet are chosen to
achieve a desired underpressure in the system to assist the flow. Typical dimensions for the
inlet pipe are in the range of 80 mm to 100 mm, with a corresponding outlet pipe in the range
of 100mm to 120 mm. As previously indicated, the inlet pipe has a smaller cross section than
the outlet pipe, but the precise values are not limited to this range. Underpressure is
established in the piping on the battery side of the fan, and will be distributed through the
complete system down to the last battery cubicle.

[0027] The outlet 14 passes into a location outside the battery room and preferably outside the
hull or structure, well away from any safety critical locations in use by personnel. An inlet 15
allows an inlet air flow, as indicated by the arrow 18, from outside the hull, or structure, to feed
the fan 13 to assist the flow of exhaust gas from the cubicles. This inlet air is only taken from
the hull side, or from outside the structure, rather than from the battery room, or through the
battery room. A sealing package is used to make sure that the location at which the plastic
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plate on the module side and the metal of the exhaust channel meet is air tight.

[0028] The design has the advantages that the battery exhaust system 11, 12, 14 is separated
from the battery space, reducing the need for two separate air inlets 4 for the battery room,
with temperature control. This reduces cost and space requirements. By introducing an inlet air
flow 18 to the fan 13, any regulation problems with the battery room extractor fan 9 can be
avoided. Without air inlet 18 directly to the exhaust fan, the air pulled through the fan 13 would
have to come from the room 3. If the air inlet to the room and the air inlet to the fan have
different capacities or power supply conditions, there may be a regulation problem between the
two fans. Normally, this type of fan does not have a variable frequency drives to regulate the
RPM of the fan. If the two fans were not synchronised in terms of power and flow rate, m3/h,
there may be a resulting under-pressure or over - pressure in the room and an unpredictable
ventilation situation in the room. Downtime of the system due to condensation or salt water
effects may be avoided.

[0029] Fig.2 is a flow diagram of a method of operating the system of the first embodiment
shown in Figs.1a and 1b. For the room ventilation, air, which is at the temperature of the
external environment (generally relatively cool, compared to the temperature within the battery
room) is drawn 30 through the fan 6 and fire damper 7 of the air inlet 4 into the battery room 3.
Airflow is generated within the room 3 by means of the circuit formed by having an extraction
fan in the air outlet 17, which draws air from the room (generally relatively warm, compared to
the temperature of the inlet air) through fire damper 7 to vent 31 the air from the outlet pipe 8
to a safe location outside the hull or structure. In the event of a fire outside the room, the inlet
fire damper may be closed. In the event of a fire inside the room, the outlet fire damper may be
closed. Quite independently of the room ventilation, an exhaust system is provided for the
energy storage module cubicles. The ventilation of the battery room via inlet 5 and outlet 8 is
generally part of a larger ventilation system (HVAC) that ventilates several other rooms on the
vessel. The battery space/room temperature is typically between 5°C and 40 °C, as this is
standard for other machinery spaces. There may be some humidity constraints in the battery
space, but not always. Vessels commonly climate control on the ventilation so the temperature
can be controlled.

[0030] During operation of the energy storage system, some of the batteries may generate
gases which need to be removed from the energy storage module safely. The gases are
vented 32 from the battery housing into the cubicle exhaust duct 11, either through a small
opening which is present in the housing, or by forcing open a closure member, or valve,
provided to stop gases from another module entering. For example, at the junction of the
energy storage module housing with the cubicle exhaust duct 11, the closure valves may be
arranged to prevent gases or flames in the exhaust duct from one battery module from
entering another battery module, as described in more detail below. The gases in each cubicle
exhaust duct 11 feed 33 into a common exhaust duct 12, typically having a larger cross section
than each of the cubicle exhaust ducts individually. Air from outside the hull or structure is fed
34 into the base of the extraction fan 13 and assists in the extraction by generating a pressure
difference to draw the gases in the ducts 11, 12 to the outside, through fan 13 and the outlet
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pipe 14.

[0031] Conventionally, batteries have been free to vent gas, or to receive air from the battery
room to cool the batteries, but this has the potential to allow dangerous gasses into the battery
room if a thermal event should occur. Furthermore, using air cooling, or ventilation, of a
conventional nature in the battery room of an offshore installation, for example through a
designated air inlet from outside the vessel or platform, exposes delicate electronic systems to
salt and high humidity which reduces the overall lifespan of the components. There is also the
risk that in the event of a fire elsewhere on the vessel or structure the smoke, fire, or elevated
temperatures put the battery cells at risk.

[0032] As described above, the present invention addresses this problem by using modules
which vent into the exhaust system, relying on the underpressure created by the air inlet and
extractor fan and do not need to use the battery room as an air inlet for the exhaust system.
Thus, smoke or flames from events elsewhere on the vessel or platform are not drawn into the
energy storage modules via a ventilation system. The example of Fig 1a does not allow any air
flow between the battery system 50 and the battery room 3. The initial underpressure formed
in the system for encouraging the removal of vapour, for example from condensation, in
normal operation, is rapidly turned into an overpressure if a fault in a module 2 causes the
module to vent into one of the exhaust channels 11, 12. This overpressure then forces most of
the gasses out of the system 50. The air inlet and extractor fan arrangement may also be used
to assist in flushing such gases from the system. The underpressure may also prevent any
external air that does come into the common exhaust duct from flowing toward the battery
modules and causing corrosion or other damage.

[0033] In the example of Fig.3a, described in more detail below, there is constant air flow
between the battery room and the ventilation system in normal operation, but if a module vents
into one of the channels 21, 22, then there is a the fire damper, one way valve, or
overpressure valve 7a between the battery room and the ventilation channel 22 that closes
and again the overpressure in the system will force the majority of the gaseous atmosphere
out of the exhaust. This example does not have the benefit of keeping the battery room and
energy storage system completely separate.

[0034] An alternative to the closed exhaust system of Figs.1a and 1b is illustrated in Figs.3a
and 3b. As in the previous example, a plurality of cubicles 1 are connected in parallel, each
cubicle containing a plurality of energy storage modules 2 connected in series. For
convenience, multiple cubicles may have a common control and cable connection cubicle 10
within the run of cubicles to enable power to be transferred between the battery cubicles and
consumers on the vessel or structure, as well as data exchange to monitor the battery
charging and discharging state.

[0035] The battery room 3 may be ventilated by means of an air inlet 4 comprising piping 5
projecting outside the room 3 and a fan 6 in the piping to drive air into the room. At the room
end of the piping a fire damper 7 is installed, so that in the event of a fire in the battery room,
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the fire cannot spread outside the room through the piping 5. A similar construction is used for
the air outlet 17 from the battery room 3 with piping 8 projecting outside the room and a fan 9
in the piping to drive the air out of the room 3.

[0036] The example of Figs.3a and 3b is provided with an overpressure valve 19 in the form of
an adjustable vent for the air inlet, which will close if the pressure inside the cubicle becomes
high and a fire-damper 7 incorporated into the battery ventilation system air inlet 20, which
takes air from the battery room 3 to drive exhaust fan 23 in the outlet pipe 24. Thus, the
battery cubicles and their exhaust systems may be separated completely from the ventilation
system of the battery room, if required. The battery exhaust system comprises an extractor fan
that is always running, creating a certain under-pressure in the battery piping 21, 22, 24,
thereby pulling a pre-defined amount of air through the air inlet 20. Thus, circulation of air in
the battery room into the ventilation system of the battery cubicles is permitted in normal
operation, but in the event of a thermal runaway, the overpressure valve 19 closes the cubicle
ventilation system off from the battery room, to avoid flammable, or toxic, gasses getting into
the battery room.

[0037] In the case of an external fire arising, the fire damper 7a will close and isolate the
extractor fan 23 and battery exhaust 21, 22, 24 from the external fire. The overpressure will
increase in the channel system, i.e. the exhaust piping inside the battery system or on the
battery side of the fan 23. In addition, frequency control may be provided on the extractor fan
23 to regulate the speed of rotation of the fan (rpm) and air flow through the exhaust system.
An interface (not shown) between modules in each cubicle and the exhaust 21 needs to be
sealed (opening only in the event of a thermal runaway in the module), so that the exhaust 21,
22, 24 is isolated from the battery room 3 in case of an external fire. Sealing the interface adds
safety to the system by ensuring that gasses are not leaked into the room 3 in a thermal
runaway situation. After a thermal runaway event the ventilation system 21, 22, 24 can be
flushed by opening a lid on the cubicle exhaust and running the extractor fan 23, or by
removing a module from the system, opening the exhaust interface and exposing the exhaust
system to the battery room. Then by running the fan, air flows from the room to the exhaust
and out.

[0038] The battery exhaust system in this embodiment makes use of the room air inlet 5,
reducing the need for two separate air inlets with temperature control, yet addresses the
concerns about spread of fire or noxious gases by including a fire damper 7a and
overpressure valve 19 on the air inlet 20 of the ventilation system. Sealing the interface
between module and exhaust, as referred to above, increases safety and reduces risk for
leakage of flammable gasses to the battery space. The design reduces downtime due to
possible condensation issues, as compared with other options for the ventilation system.

[0039] Fig.4 is a flow diagram of a method of operating the system of the second embodiment
shown in Figs.3a and 3b. For the room ventilation, air, which is at the temperature of the
external environment (generally relatively cool, compared to the temperature within the battery
room) is drawn 40 through the fan 6 and fire damper 7 of the air inlet 4 into the battery room 3.
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Airflow is generated within the room 3 by means of the circuit formed by having an extraction
fan in the air outlet 17, which draws air from the room (generally relatively warm, compared to
the temperature of the inlet air) through fire damper 7 to vent 41 the air from the outlet pipe 8
to a safe location outside the hull or structure. In the event of a fire outside the room, the inlet
fire damper may be closed 42. In the event of a fire inside the room, the outlet fire damper may
be closed 42.

[0040] In addition, a ventilation system is provided for the energy storage module cubicles,
which is able to draw 44 air from the battery room 3 through an inlet 20 provided with a fire
damper 7a, as long as the conditions are appropriate, i.e. that there is no fire or other situation
which might cause the fire dampers to close off 47 the air inlet 20 to the energy storage
system. During operation of the energy storage system, any gases which need to be removed
from the energy storage module vent 43 into the cubicle ventilation duct 21, which may be
provided with closure valves arranged to prevent gases or flames in the ventilation duct from
one battery module from entering another battery module. The gases in each cubicle
ventilation duct 21 are drawn 45 into the common ventilation duct 22, which typically has a
larger cross section than each of the cubicle ventilation ducts individually. An overpressure
valve 19 may close off the cubicle ventilation duct 21 from the air inlet 20 from the battery room
in the case of flammable gases being produced by the energy storage modules 2. The fan
continues to operate as normal. Produced gas flows out from the module into the cubicle
exhaust and out. WWhen the produced gas has been removed, there will no longer be an
overpressure in the cubicle, or in the common exhaust, and the overpressure valve opens to
allow air flow from the battery room through to the exhaust fan 23 again. In normal operation,
the air from the battery room flows through the common ventilation duct 22 and the extractor
fan 23 draws gases from the cubicle ventilation ducts into the common ventilation duct and
vents 46 them outside through outlet pipe 24.

[0041] Although the detailed examples have been given with respect to electrochemical cells,
such as batteries, for example Li-ion, alkaline, or NiMh batteries, or others, the invention
applies to other types of stored energy units, in particular non-cylindrical capacitors,
ultracapacitors, or supercapacitors, fuel cells, or other types of energy storage which have a
surface that can be cooled by a cooler and which may also suffer if the temperature of
modules of the stored energy units regularly goes outside a preferred operating range,
reducing the overall lifetime and increasing maintenance costs. For a vessel, or system, relying
on stored energy as its primary, or only power source, reliability is particularly important and
optimising operating conditions is desirable.

[0042] An energy storage device ventilation system for a device comprising a plurality of
energy storage modules, electrically connected in series in a cubicle and a plurality of energy
storage cubicles, electrically connected in parallel may comprise a cubicle ventilation duct
connected to each of the energy storage modules; a common ventilation duct connected to
each cubicle ventilation duct; a fluid inlet and a fluid outlet, wherein the fluid outlet comprises
an extractor fan and an outlet duct; and wherein the fluid inlet feeds air to the extractor fan.
The fluid inlet may comprise a duct connected to a source of air within an enclosure in which
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the energy storage device is located. This reduces the number of through hull fittings for air
inlets by making use of air already drawn into the battery room. The duct may be integral with
an end of the common ventilation duct remote from the extractor fan and comprises an
opening into the enclosure. The common ventilation duct may further comprise at least one of
a fire damper on the opening or an overpressure valve.

[0043] A method of ventilating an energy storage device comprising a plurality of energy
storage modules, electrically connected in series in a cubicle and a plurality of energy storage
cubicles, electrically connected in parallel; may comprise providing a cubicle ventilation duct
connected to each of the energy storage modules; a common ventilation duct connected to
each cubicle ventilation duct; a fluid inlet and a fluid outlet; feeding air to an extractor fan in an
fluid outlet duct whereby gases from each energy storage module are drawn into the cubicle
ventilation duct and from the cubicle ventilation duct to the common ventilation duct; through
the extractor fan to an outlet. Air may be fed to the extractor fan from inside an enclosure in
which the energy storage device is located. A temperature rise, in the enclosure, may be
detected, or a signal from a fire alarm, or gas alarm, may be received; and a fire damper
caused to close off the air supply to the extractor fan. An overpressure valve may be closed
when an overpressure relative to the battery space is present in the exhaust duct, to prevent
transmission of the gases into the enclosure.
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Patentkrav

1. System til udstedning af damp og opstaet gas af en energiopbevaringsind-
retning, hvor indretningen omfatter en flerhed af energilagringsceller, der er
elektrisk forbundet parallelt, hvor hvert energilagringscelle omfatter en flerhed
af energilagringsmoduler (2), der er elektrisk forbundet i serie i cellerne (1);
hvor udstadningssystemet yderligere omfatter en celleudstadningskanal (11),
der er forbundet med ethvert af energilagringsmodulerne (2) i en celle, og en
abning mellem ethvert af energilagringsmodulerne og udstadningskanalen
(11); hvor systemet yderligere omfatter en feelles udstadningskanal (12), der
er forbundet med hver celleudstadningskanal (11) af flerheden af celler (1); en
udsugningsventilator (13), et fluidindlab (15) til udsugningsventilatoren, der
omfatter en kanal (16), som er forbundet med en luftkilde (18); og et fluidudlab
(14) til udsugningsventilatoren; hvor udsugningsventilatoren (13), fluidindlzbet
(15) og fluidudlgbet (14) alle er anbragt ved en udlgbsende af den feelles ud-
st@dningskanal (12); hvor tveersnittet af fluidindlabet er mindre end tveersnittet
af fluidudlgbet; hvor en indgangsende af fluidindlabet (15) og en udgangsende
af fluidudigbet (14) er anbragt uden for energiopbevaringsindretningen og
uden for et kammer, hvori energiopbevaringsindretningen er anbragt; og hvor
udsugningsventilatoren (13) cirkulerer luft fra luftkilden (18) og skaber et un-
dertryk i den feelles udst@dningskanal og celleudstazdningskanaler ved normal

drift for at lede damp eller opstaet gas ud fra udstedningskanalerne (11).
2. System ifelge krav 1, hvor abningen yderligere omfatter et lukkeelement.
3. System ifalge krav 1 eller krav 2, hvor det kammer, hvori energiopbevarings-

indretningen er anbragt, omfatter et hermetisk lukket indelukke i et fartgj eller

offshore-struktur.
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4. System ifalge et hvilket som helst af de foregaende krav, hvor energiopbe-

varingsindretningen er installeret pa et offshore-fartej eller -platform.

5. Fremgangsmade til udstedning af gas fra et gasudst@dningssystem til damp
eller opstaet gas af en energiopbevaringsindretning ifelge et hvilket som helst
af de foregaende krav; hvilken fremgangsmade omfatter at tilvejebringe luft
(18) fra luftkilden uden for et kammer, hvori indretningen er anbragt, til udsug-
ningsventilatoren (13); hvor udsugningsventilatoren cirkulerer luften og skaber
et undertryk i den feelles udst@dningskanal (12) og celleudstadningskanal (11)
ved normal drift for at lede damp eller opstaet gas ud fra udstedningskana-

lerne.

6. Fremgangsmade ifalge krav 5, hvor der i tilfeelde af et overtryk i et eller flere
af energiopbevaringsindretningerne (2) udstedes opstaet gas gennem udstad-

ningssystemet.
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FIG 2

Room ventilation system

Draw air from outside the hull or
structure into the battery room

™30

|

Vent air from inside the battery
room to the outside of the hull or
structure

™31
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Cubicle exhaust system

Vent gases from energy storage
modules into cubicle vent ducts

™32

Feed gases from cubicles into
common exhaust duct

~-33

Feed air from outside the hull or
structure to the extractor fan inlet

[-34

Draw gases from common
exhaust duct through fan and
vent outside the hull or structure
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FIG 4

Draw air from outside the hull or
structure into the battery room
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™40

Vent gases from energy storage
modules into cubicle vent ducts
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Vent air from inside the battery
room to the outside of the hull or
structure

L

™41

Draw air from battery
room into energy storage
system ventilation duct

- 44

In case of fire, close fire
dampers on air inlet and outlet
to isolate battery room

(- 42

Draw gases from cubicles into
common ventilation duct

™45

Draw gases from common
ventilation duct through fan and
vent outside the hull or structure

- 46

In case of fire, close fire
damper on air inlet to isolate
from battery room

- 47
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