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(57) Abstract: An energy storage module cooling system comprises a source of cooling fluid (1); and a fluid conduit (3) for supplying
the cooling fluid to one or more energy storage modules (4). Each energy storage module comprises carriers (20) for a plurality of
energy storage devices (8); the carriers further comprising cooling channels (23) forming a cooler for each energy storage device. One
surface of each energy storage device (8) is in thermal contact with the cooler (22); and another surface of the energy storage device is
provided with a thermally insulating layer (10), whereby heat transfer between adjacent energy storage devices is reduced.
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ENERGY STORAGE MODULE COOLING SYSTEM

This invention relates to a cooling system for an energy storage module, in particular for a
module for storing electrical energy, such as an electrochemical energy storage module, providing
electrical energy to an end user.

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.

In accordance with a first aspect of the present invention, an energy storage module
cooling system comprises a source of cooling fluid; and a fluid conduit for supplying the cooling
fluid to one or more energy storage modules; wherein each energy storage module comprises
carriers for a plurality of energy storage devices; the carriers further comprising cooling channels

forming a cooler for each energy storage device wherein the cooling channels comprise one of

Date Regue/Date Received 2021-09-20



10

15

20

25

30

85514665
2

polyethylene, polyamide, or thermoplastic; and wherein one surface of each energy storage
device is in thermal contact with the cooler; and another surface of the energy storage device is
provided with a thermally insulating layer whereby heat transfer between adjacent energy storage
devices is reduced.

The cooler may comprise a serpentine shaped channel coupled to the source of cooling
fluid.

The cooler may comprise a plurality of channels in parallel coupled to the source of
cooling fluid.

The thickness of walls of the cooling channel may be chosen to not exceed Smm.

The cooling fluid may comprise one of water, or water glycol mixture.

The thermally insulating layer may comprise an inorganic silicate.

The thermally msulating layer may have a thickness in the range of 1mm to 5 mm.

The carrier or cooler may be manufactured by 3-D printing, or additive manufacturing
techniques.

The cooling unit, cooling fluid conduit and coolers, may comprise a closed, re-circulating
System.

The energy storage devices may comprise electrochemical cells.

In accordance with a second aspect of the present invention, a power supply system may
comprise one or more energy storage modules, each module comprising a plurality of energy
storage devices electrically connected in series; and a cooling system according to the first aspect.

In accordance with a third aspect of the present invention, there is provided a method of
manufacturing a carrier or cooler of an energy storage module cooling system to the first aspect,
the method comprising forming the cooling channels by 3-D printing, additive manufacturing,
moulding, or extrusion.

An example of cooling system and method according to the present invention will now be
described with reference to the accompany drawings in which:

Figure 1 illustrates a cooling system according to the present invention for a modular
stored energy system;

Figures 2a and 2b illustrate more detail of a carrier for energy storage devices using the
cooling system according of Fig.1;

Figures 3a and 3b show more detail of coolers which may be used in the examples of

Figs.1, 2a and 2b;

Date Regue/Date Received 2021-09-20
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Figure 4 illustrates how multiple energy storage device carriers may be stacked
together in the cooling system of the present invention; and,

Figure 5 shows more detail of part of the stack of Fig.4;

Electrical energy storage modules based on clectrochemical cells, such as
batteries are already in use, for example in hybrid, or electric vehicles. 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. Satfe operating temperatures are below 60 °C, so this is a significant problem.
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. 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

The problem may be addressed by allowing whole modules to enter thermal
runaway and simply control the resulting flames and fire with an external fire
cxtinguishing system. In this case there arc open flames in the battery space and

controlling the resulting flames and fire does not ensure safe transportation and storage.
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A conventional approach is to use thick aluminium fins between each cell to provide
the cooling, as the aluminium has good thermally conductivity and is able to conduct
heat away effectively, but this adds weight and volume and still does not ensure safe
transportation and storage because heat is conducted extremely well through aluminium
(>300 W/mK) and will heat neighbouring cells quickly, if not cooled. During transport
and storage, cooling may not be available. 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 battery space or into a separate exhaust system.
However, conventional pressure release valves are designed to burst under pressure,
which leads to other problems. In addition, active cooling may be provided in the
cxhaust outside the module to avoid sclf-ignition.

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. The present invention addresses the
problem of preventing thermal runaway from spreading to other cells, should it occur in
one cell, as well as helping to increase the operating lifetime of a cell.

Fig.1 illustrates one example of a stored electrical energy module cooling
system according to the invention. A cooling unit 1 provides a cooling fluid to
modules of an energy storage unit 2 via pipes 3. In this example, the energy storage
unit comprises a plurality of modules 4, each module supplied in parallel with cooling
fluid through inlet tubes 5. Alternatively, cooling fluid may be supplied to each
module in series. The warmed cooling fluid is removed through outlet tubes 6 and
returned to the cooling unit 1 in pipes 7. Typically, the warmed fluid is cooled again in
the cooling unit and re-circulated in a closed system.

An energy storage module 4 typically comprises a stack of one or more energy
storage devices (not shown), for example electrochemical cells, or batteries, each
mounted in a carrier, or directly on a cooler, the cooler being either integral with, or
separate from the carrier, or mount and the energy storage devices being electrically
connected together in series with a neighbouring energy storage device in the next
carrier, or on the next cooler. A module typically comprises between 10 and 30 cells,

although more or fewer cells per module are possible. The module may further
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comprise a substantially gas tight enclosure, a part of which comprises a non-magnetic
material. The cells are preferably prismatic or pouch type cells to get a good packing
density. A plurality of energy storage modules may be connected together in series by
a DC bus 15 to form an energy storage unit 2, or cubicle. A single cell of a module
may have a capacity between 20Ah and 100 Ah, more commonly between 60 Ah and 80
Ab, although cells with a capacity as low as a couple of Ah, or over 100Ah, may be
used. In one example, there may be up to thirty encrgy storage devices per module 4
and up to nine modules per cubicle. Typically, the unit comprises between 9 and 21
modulcs, although this depends upon the application and may be up to 30, or 40, or as
many as 50 modules per cubicle in some cases. Multiple cubicles may be installed on a
vessel, or platform, or in any other installation.

Figs.2a and 2b show more detail of the modules 4. Each module comprises a
cooler on which an energy storage device (not shown) may be mounted. The cooler
may be integral with, or separate from a carrier, or casing 20, as shown in Fig.2a, into
which an energy storage device (not shown), such as a battery cell, is fitted. The carrier
is typically made from a polymer plastics material for light weight and low cost. As
shown in Fig.2b, the cooler may be formed by laminating, or welding, a plate 21 to a
series of raised sections 23 formed, typically by moulding, in another piece of the same
polymer plastics material. This forms closed channels, or conduits, through which
cooling fluid may flow from one end to another. Alternatively, a cooler 22 may be
formed integral with the carrier, for example by additive manufacturing techniques. A
battery cell may be installed in cach carrier 20, for example on outer surface 27 of the
cooler. The outer surface of the cooler 22 may be in direct contact with one surface of
the battery cell to provide effective cooling over a large surface arca, without any direct
contact of the cooling fluid to the energy storage device, or cell.

Another surface of the cell may be provided with a thermally insulating layer,
as illustrated in Fig.5, which shows more detail of a part of a module 4. Each module
comprises a plurality of energy storage devices 8, for example, a battery cell, along one
side of which is part 9 of the cooler 22 and on the other side is a thermally insulating
layer 10. The cooler shown provides cooling fluid 13 in the fluid channels to cool by
heat exchange over the surface of the cell. The channels are typically thin walled
channels or tubing, which may be formed in the carrier by additive manufacturing,

moulding, or extrusion and which come into contact with a substantial part of the cell



10

15

20

25

30

CA 03053876 2019-08-16

WO 2018/184997 PCT/EP2018/058142

6

surface. Effective heat transfer from the cell to the cooling fluid is possible through the
thin walled conduits.

In order to maintain compression of the cell by the carrier 20 to take account of
expansion of the cell over time, there needs to be some flexibility to allow for the
changes over time. This may be provided by the thermally insulating layer 10, or by a
scparate flexible layer 14 provided between one surface of the energy storage device
and the cooler. The insulating layer or flexible sheet applics a low pressure, typically
below 0.2bar, on the cell wall to increase performance and lifespan and accepts
swclling duc to normal opcration and degradation during the complctce lifc of the ccll.
The carriers 20 are mounted on one another and fixed together via fittings, such as bolts
in fittings 24, 25. Between each water inlet section 3 and outlet section 7 on each
carrier 20, a spacer, or washer 29, 28 may be provided.

Cooling fluid flows from the inlet pipe 3 through the channels, or conduits 23 of
the cooler 22, cooling the cell by thermal transfer from the surface of the cell through
the thin tubing 23 to the cooling fluid. The cooling fluid channels or tubing may have a
typical overall thickness in the range of Smm to 20mm, with a wall thickness in the
range of Imm to Smm and preferably, no more than 3mm for a polymer plastics
material. The cooling fluid is carried away into the outlet pipe 7 and returned to the
cooling unit 1 to be cooled again. The tubing 23 formed under plate 21 covers a
substantial part of the cell surface on the side that it contacts, anything from 30% to
75% of the cell surface area on that side of the cell.

The overall design has a significantly reduced total material weight and cost by
using the cooling liquid pipes to flow cooling fluid directly adjacent to the cell surface,
instead of conventional cooler block, heat exchanger designs. In addition, this cooling
is provided for normal operation, to keep the cell within a temperature range that is
beneficial to performance and operational lifetime, rather than as a one off, only in the
case of a thermal event. The water channels 23 may be formed in any suitable form,
connected between the inlet and outlet pipes 3, 7 via the tubes 5, 6. Preferably, the
cross section of the channels is square to maximise the contact and minimise the
amount of plastics material between the cooling fluid and the energy storage device.
However, other cross sections could be used, such as circular cross section tubing.

The cell is cooled directly by flowing cooling fluid through the cooling fluid

channels in contact with a substantial part of the cell surface, with very little thermal
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resistance. Conventional cooling arrangements have suffered from hot spots for areas
of'the cell which were far away from the cooler block, or heat exchanger, but this
laminated cooler and cell module avoids this problem. This has the effect of slowing
down the aging process of the cell, so increasing its lifetime.

The thin tubing may take any suitable form, connected between the inlet and
outlet tubes 5, 6, for example, a continuous serpentine 11 connected between the inlet
and outlet tubes 5, 6, as shown in Fig.3a, or parallcl rows 12 of tubing fed by a
common supply connccted to the inlet tube 5 and cexiting through outlet tube 6, as
shown in Fig.3b. The tubing may bc mctal, but morc typically is a synthctic matcrial,
such as polyethylene, or polyamide, for example PA66 plastics, or thermoplastics such
as TCE2, TCES, or other suitable materials which may be moulded, extruded, or
formed by additive manufacturing to produce the required shape. The tubing material
is able to withstand normal operating temperatures of the energy storage modules. An
alternative is to form channels walls on a base, for example by moulding, then apply a
plate to the upper surface of the walls, which is welded, or laminated, or otherwise
fixed in place. The conduits for cooling fluid may have an overall thickness in the
range of Smm to 20mm, with a wall thickness in the range of 1mm to Smm, preferably,
no more than 3mm for a polymer plastics material.

The layer of thermal insulation 10 on the other side of the cell reduces heat
transfer from a cell in the module to a neighbouring cell in the module of the energy
storage unit 2 if the cooler is only in direct contact with the cell on one side. The
cooling unit 1 provides a flow of cooling fluid around a circuit via pipes 3, 7 and inlet
and outlet tubes 5, 6 of each energy storage module 4 then through the conduits 13 of
coolers 9 of cach energy storage device, or cell 8. Each module 4 is constructed by
assembling a series of carriers incorporating the cooler, with a cell, insulation material,
a thin flexible sheet to allow for cell expansion, if required, then repeating for multiple
cells. The carriers of each cell connected in series provide the fluid supply pipes 3, 7
and are fixed together, for example by bolts running the length of the module through
multiple carriers.

Fig.4 shows more detail of how the carriers 20 are combined to form a module.
For each energy storage device of the module a carrier is provided, each carrier
comprising an integral cooler 22, and the carriers are stacked together, as shown in

Fig.4. Cooling fluid enters the tubes of each cooler 22 from an opening 70 in the
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common inlet pipe 3 that runs along the stack and exits through an opening 71 in the
common outlet pipe 7 that runs along the stack. In a closed system, the cooling fluid is
pressurised and circulates around the stack of modules via the common pipes 3, 7 and
individual coolers 22 of each module 4.

By contrast with a conventional cooling system, the combination of water
cooling to keep cach cell at a preferred operating temperature with the use a light,
compact, thermal insulation between individual cells of cach module in the encrgy
storagc systcm to prevent propagation of heat from one cell to another results in an
cnergy storage system which is more tempcerature stable and Iess prone to thermal
runaway. The system may be operated without the need for any complex control
system. The addition of the thermal insulation to inhibit transmission of heat between
cells in the event of thermal runaway is achievable at a relatively low cost. The user is
able to operate the energy storage system within an optimal temperature window,
whilst reducing the possibility that, for an electrochemical cell, a thermal event in a
module will develop into a thermal runaway.

Although the examples have been described with respect to electrochemical
cells, such as batteries, which may suffer a thermal runaway and the need to prevent
this propagating, other types of stored energy units, such as capacitors, supercapacitors,
and fuel cells may 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, so the cooling system may also be beneficial for these.
For a vesscl, or system, relying on stored energy as its primary, or only power source,
reliability is particularly important and optimising operating conditions is desirable.
The detailed examples given are for batteries, or electrochemical cells, but the principle

of the invention is applicable to other types of energy storage unit.
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CLAIMS:

L. An energy storage module cooling system, the system comprising a source of
cooling fluid; and a fluid conduit for supplying the cooling fluid to one or more energy
storage modules; wherein each energy storage module comprises carriers for a plurality of
energy storage devices; the carriers further comprising cooling channels forming a cooler for
each energy storage device wherein the cooling channels comprise one of polyethylene,
polyamide, and thermoplastic; and wherein one surface of each energy storage device is in
thermal contact with the cooler; and another surface of the energy storage device is provided
with a thermally insulating layer whereby heat transfer between adjacent energy storage

devices is reduced.

2. A system according to claim 1, wherein the cooler comprises a serpentine

shaped channel coupled to the source of cooling fluid.

3. A system according to claim 1, wherein the cooler comprises a plurality of

channels in parallel coupled to the source of cooling fluid.

4, A system according to any one of claims 1 to 3, wherein the thickness of walls

of the cooling channels does not exceed Smm.

5. A system according to any one of claims 1 to 4, wherein the cooling fluid

comprises one of water and water glycol mixture.

6. A system according to any one of claims 1 to 5, wherein the thermally

insulating layer comprises an inorganic silicate.

7. A system according to any one of claims 1 to 6, wherein the thermally

insulating layer has a thickness in the range of Imm to Smm.

Date Recue/Date Received 2022-07-14
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8. A system according to any one of claims 1 to 7, wherein the source of cooling

fluid, the fluid conduit and coolers comprise a closed, re-circulating system.

9. A system according to any one of claims 1 to 8, wherein the energy storage

devices comprise electrochemical cells.

10. A power supply system, the system comprising one or more energy storage
modules, each module comprising a plurality of energy storage devices electrically connected

in series; and a cooling system according to any one of claims 1 to 9.

11. A method of manufacturing an energy storage module cooling system
according to any one of claims 1 to 9, the method comprising manufacturing the carrier or
cooler of the energy storage module cooling system by forming the cooling channels by 3-D

printing, additive manufacturing, moulding, or extrusion.

Date Recue/Date Received 2022-07-14
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