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An energy storage unit (ESU) is provided herein. The
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ESU includes a housing forming an interior volume configured to store a

plurality of batteries that can collectively provide a maximum power level. The ESU includes a segmented branch interconnect

system including a power transfer assembly that inclu
system. The second power interconnect system is confi

des a first power interconnect system and a second power interconnect
igured to be coupled to a first adjacent power interconnect system of a first

adjacent ESU. The power transfer assembly includes one or more conductors coupled to the first power interconnect system and

the second power interconnect system, and is configur

ed to transfer electrical power therebetween. The power transfer assembly

is rated to transfer a power level that is at least three times the maximum power level provided by the plurality of batteries stored in

the housing.
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FIG. 3A

(57) Abstract: An energy storage unit (ESU) is provided herein. The ESU includes a housing forming an interior volume configured to
store a plurality of batteries that can collectively provide a maximum power level. The ESU includes a segmented branch interconnect
system including a power transfer assembly that includes a first power interconnect system and a second power interconnect system.
The second power interconnect system is configured to be coupled to a first adjacent power interconnect system of a first adjacent ESU.
The power transter assembly includes one or more conductors coupled to the first power interconnect system and the second power
interconnect system, and is configured to transter electrical power therebetween. The power transfer assembly is rated to transfer a
power level that is at least three times the maximum power level provided by the plurality of batteries stored in the housing.
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ENERGY STORAGE UNITS AND SYSTEMS WITH SEGMENTED BRANCH
INTERCONNECTS

RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provisional Application No.
62/404,433, filed on October 5, 2016, entitled “ENERGY STORAGE UNITS AND
SYSTEMS,”.

TECHNICAL FIELD
[0002] The embodiments relate generally to energy storage and, in particular,
to an energy storage unit that can be coupled to one or more other energy

storage units.

BACKGROUND

[0003] The civil, mechanical, and electrical construction costs associated with
installing energy storage systems can erode the economic value of these energy
storage system deployments. Traditionally, an energy storage system includes
one or more battery enclosures that house a bank of batteries coupled to a
common direct current (DC) bus and includes necessary controls and DC
protection to ensure safety. These battery enclosures are interconnected to one
or more power conversion systems in the field using high voltage DC cabling
typically through underground conduits. The power conversion system(s) are
then typically interconnected to necessary alternating current (AC) distribution,
protection, and transformation to safely tie into an electrical grid. This field
integration work includes trenching, conduit runs, cable runs, circuit combining
and protection equipment on both the AC circuits and DC circuits associated with
energy storage systems. Such site work is expensive, and such systems often
not only involve distribution of low and medium three-phase AC voltage, but also
often require distributing high DC voltages as well, which is typically less familiar
to electrical contractors, further increasing costs and potentially increasing safety

risks. In other words, energy storage system installation and maintenance in the

Date Regue/Date Received 2020-10-23
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field involves a high degree of field labor cost and workmanship risk, such as with

respect to personal safety of workers and operational integrity of equipment.

SUMMARY

[0004] An energy storage unit (ESU) is provided herein. The ESU includes a
housing to store a plurality of batteries therein. The ESU includes a segmented
branch interconnect system including a power transfer assembly with a first
power interconnect system and a second power interconnect system. Each of
the first and second power interconnect systems is configured to be coupled to
adjacent power interconnect systems of adjacent ESUs and/or to an electrical
grid. The power transfer assembly includes one or more conductor coupled to
the first power interconnect system and the second power interconnect system
and configured to transfer electrical power therebetween. The power transfer
assembly is rated to transfer a power level that is significantly larger (e.g., at
least three times larger, five times larger, ten times larger, etc.) than a maximum
power level provided by the plurality of batteries stored in the housing. In this
way, the power transfer assembly is configured to transfer power of the plurality
of batteries stored in the housing and of one or more adjacent ESUs through the
power transfer assembly. Among other advantages, the embodiments facilitate a
scalable energy storage system that has standardized above ground
connections, greatly reducing trenching and other labor costs, and allowing the
energy storage system to be easily expanded as needed. Some embodiments
also eliminate or reduce a need for in-the-field coupling of relatively large DC
electrical equipment, and allow the use of aluminum conductors in the ESUs
without the need for specialized in-the-field expertise associated with aluminum
conductors.

[0005] In one embodiment, an energy storage unit (ESU) is provided. The
ESU includes a housing having a first end portion and a second end portion. The
housing forms an interior volume configured to store a plurality of batteries that
can collectively provide a maximum power level. The ESU also includes a

segmented branch interconnect system including a power transfer assembly.
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The power transfer assembly includes a first power interconnect system
positioned in proximity to the first end portion and includes a second power
interconnect system positioned in proximity to the second end portion. The
second power interconnect system is configured to be coupled to a first adjacent
power interconnect system of a first adjacent ESUs. The power transfer
assembly also includes one or more conductors coupled to the first power
interconnect system and the second power interconnect system. The one or
more conductors are configured to transfer electrical power between the first
power interconnect system and the second power interconnect system. The
power transfer assembly is rated to transfer a power level that is at least three
times the maximum power level provided by the plurality of batteries stored in the
housing.

[0006] In another embodiment, an energy storage unit (ESU) is provided. The
ESU includes a plurality of ESUs. Each ESU includes a housing having a first
end portion and a second end portion. The housing forms an interior volume
configured to store a plurality of batteries that can collectively provide a
maximum power level. Each ESU also includes a segmented branch
interconnect system including a power transfer assembly. The power transfer
assembly includes a first power interconnect system positioned in proximity to
the first end portion and a second power interconnect system positioned in
proximity to the second end portion. The power transfer assembly also includes
one or more conductors coupled to the first power interconnect system and the
second power interconnect system. The one or more conductors are configured
to transfer electrical power between the first power interconnect system and the
second power interconnect system. The power transter assembly is rated to
transfer a power level that is at least three times the maximum power level
provided by the plurality of batteries stored in the housing. A first ESU of the
plurality of ESUs is configured to be coupled to an electrical grid. Each power
transfer assembly of each ESUs is configured to be coupled to a power transfer
assembly of another ESU such that each power transfer assembly in the plurality

of ESUs are coupled together.
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[0007] In another embodiment, an energy storage unit (ESU) is provided. The
ESU includes a housing that forms an interior volume configured to store a
plurality of batteries that can collectively provide a maximum power level. The
ESU also includes a segmented branch interconnect system including a power
transter assembly. The power transfer assembly includes a power interconnect
system configured to be coupled to an adjacent power interconnect system of an
adjacent ESU. The power transfer assembly also includes one or more
conductors configured to be coupled to the plurality of batteries and the adjacent
power interconnect system of the adjacent ESUs. The power transfer assembly
is rated to transfer a power level that is at least three times the maximum power
level provided by the plurality of batteries stored in the housing.

[0008] Those skilled in the art will appreciate the scope of the disclosure and
realize additional aspects thereof after reading the following detailed description

of the embodiments in association with the accompanying drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying drawing figures incorporated in and forming a part
of this specification illustrate several aspects of the disclosure and, together with
the description, serve to explain the principles of the disclosure.

[0010] Figure 1 is a diagram of an energy storage system according to one
embodiment;

[0011] Figure 2 is a diagram of an energy storage system according to
another embodiment;

[0012] Figure 3A is a perspective view of one embodiment of the energy
storage system of Figure 1;

[0013] Figure 3B is a front view of the energy storage system of Figure 4A;
[0014] Figure 3C is a top view of the energy storage system of Figure 4A;
[0015] Figure 4 is a perspective view of the energy storage system of Figures
1 and 3A-3C with an endcap for routing an underground cable into the energy

storage system;
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[0016] Figure 5A is a front perspective view of a segmented branch
interconnect system;

[0017] Figure 5B is a back perspective view of the segmented branch
interconnect system of Figure 5A;

[0018] Figure 5C is a top view of the segmented branch interconnect system
of Figure 5A; and

[0019] Figure 5D is a side view of the segmented branch interconnect system
of Figure 5A.

DETAILED DESCRIPTION

[0020] The embodiments set forth below represent the necessary information
to enable those skilled in the art to practice the embodiments and illustrate the
best mode of practicing the embodiments. Upon reading the following
description in light of the accompanying drawing figures, those skilled in the art
will understand the concepts of the disclosure and will recognize applications of
these concepts not particularly addressed herein. It should be understood that
these concepts and applications fall within the scope of the disclosure and the
accompanying claims.

[0021] The use herein of ordinals in conjunction with an element is solely for
distinguishing what might otherwise be similar or identical labels, such as “first
end portion” and “second end portion,” and does not imply a priority, a type, an
importance, or other attribute, unless otherwise stated herein. The term “about”
used herein in conjunction with a numeric value means any value that is within a
range of ten percent greater than or ten percent less than the numeric value. As
used herein and in the claims, the articles “a” and “an” in reference to an element
refers to “one or more” of the element unless otherwise explicitly specified.
[0022] An energy storage unit (ESU) is provided herein. The ESU includes a
housing to store a plurality of batteries therein. The ESU includes a segmented
branch interconnect system including a power transfer assembly with a first
power interconnect system and a second power interconnect system. Each of

the first and second power interconnect systems is configured to be coupled to
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adjacent power interconnect systems of adjacent ESUs and/or to an electrical
grid. The power transfer assembly includes one or more conductors coupled to
the first power interconnect system and the second power interconnect system
and configured to transfer electrical power therebetween. The power transfer
assembly is rated to transfer a power level that is significantly larger (e.g., at
least three times larger, five times larger, ten times larger, etc.) than a maximum
power level provided by the plurality of batteries stored in the housing. In this
way, the power transfer assembly is configured to transfer power of the plurality
of batteries stored in the housing and of one or more adjacent ESUs through the
power transfer assembly. Among other advantages, the embodiments facilitate a
scalable energy storage system that has standardized above ground
connections, greatly reducing trenching and other labor costs, and allowing the
energy storage system to be easily expanded as needed. Some embodiments
also eliminate or reduce a need for in-the-field coupling of relatively large DC
electrical equipment, and allow the use of aluminum conductors in the ESUs
without the need for specialized in-the-field expertise associated with aluminum
conductors.

[0023] The embodiments relate to energy storage units with oversized branch
segments that can be interconnected above ground easily, greatly reducing cost
and expense of traditional site work associated with connecting energy storage
systems to an electrical grid. Figure 1 is a diagram of an energy storage system
(ESS) 20 according to one embodiment. The ESS 20 includes a plurality of
energy storage units (ESUs) 22-1 — 22-3 (generally, ESUs 22). The ESU 22-1 is
configured to include a pre-wired branch segment of a branch circuit and is
configured to be coupled to an adjacent power interconnect system 36-2 of the
first adjacent ESU 22-2 above ground forming a chain of ESUs 22. Similarly, the
first adjacent ESU 22-2 is configured to be coupled to the ESU 22-3 above
ground. One of the ESUs 22 in the chain of ESUs (e.g., at the ends of the chain
or in the middle of the chain) is then connected to electrical grid 46 via
underground cabling 48, as explained below in more detail. Such above-ground

connections eliminate or greatly reduce costs and risks associated with
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underground cabling, among other advantages. Although ESU 22-1 will be
discussed in detail below, it is noted that the ESUs 22-2 and 22-3 may be
similarly configured with regard to the ESU 22-1. Further, it is noted that
electrical power is discussed in detail below, but that the principles disclosed
(e.g., including a large branch segment within an enclosure) may be applied to
other industries requiring resources shared among multiple pieces of equipment,
such as in communication protocols (e.g., over a network), fluids, etc.

[0024] The ESU 22-1 includes a housing 24 that forms an interior volume 26.
The interior volume 26 is configured to store a plurality of batteries 28 that can
collectively provide a maximum power level. At an electrical and mechanical
level, the batteries 28 include a plurality of battery cells which form a battery
string (stored in a battery module), and a plurality of battery strings form a battery
bank (stored in a battery rack). Accordingly, the batteries 28 may include a
plurality of battery cells, a plurality of battery strings, and/or a plurality of battery
banks.

[0025] The housing 24 has a first end portion 30 and a second end portion 32.
The ESU 22-1 includes a segmented branch interconnect system 33 (also
referred to as a branch segment) that includes a power transfer assembly 34
comprising a first power interconnect system 36-1 (also referred to as a first
interconnect, first branch segment interconnect, first branch segment end
assembly, first node, etc.) positioned in proximity to the first end portion 30 and
also includes a second power interconnect system 38-1 (also referred to as a
second interconnect, second branch segment interconnect, second branch
segment end assembly, second node, etc.) positioned in proximity to the second
end portion 32. The second power interconnect system 38-1 is configured to be
coupled to a first adjacent power interconnect system 36-2 of a first adjacent
ESUs 22-2 (e.g., by a jumper). In the illustrated embodiment, the first power
interconnect system 36-1 and the second power interconnect system 38-1 are
positioned in the interior volume 26. However, in other embodiments, the first
power interconnect system 36-1 and the second power interconnect system 38-1

may be coupled to the exterior of the housing 24. In certain embodiments, the
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first power interconnect system 36-1 and/or the second power interconnect
system 38-1 may be configured to connect to adjacent ESUs 22 and/or the
underground cabling 48 for connection to the electrical grid 46.

[0026] The power transfer assembly 34 also includes one or more conductors
42 (also referred to as a branch segment, branch segment conductor, busbar,
etc.) coupled to the first power interconnect system 36-1 and the second power
interconnect system 38-1, the one or more conductors 42 being configured to
transfer electrical power between the first power interconnect system 36-1 and
the second power interconnect system 38-1. In some embodiments, the one or
more conductors 42 comprises copper. In other embodiments, the one or more
conductors 42 comprise aluminum. Aluminum is relatively inexpensive
compared to copper, but requires certain fittings and expertise that are specific to
aluminum and not needed for copper. Consequently, ESSs often do not use
aluminum because the requisite expertise for wiring aluminum may not be readily
available in the field. However, in the present disclosure, the power transfer
assembly 34 may be manufactured as part of the ESU 22-1, such that the power
transfer assembly 34 is assembled and wired together in a factory environment
where appropriate expertise is available. Manufacturing costs and workmanship
risks are significantly less than field labor costs and workmanship risks, and thus,
the cost of using an aluminum conductor in the power transfer assembly 34 of
ESU 22-1 is significantly less than that of a copper conductor, and the
corresponding cost of the ESU 22-1 as a whole is also significantly less than
other ESSs that use copper.

[0027] The power transfer assembly 34 is oversized and is rated to transfer a
power level that is at least three times the maximum power level (e.g., at least 5
times, at least 10 times, at least 20 times, at least 50 times, at least 100 times, at
least 1,000 times, etc.), so that the power transfer assembly 34 can handle the
power of itself and throughput power of other ESUs 22-2, 22-3. In other words,
the power transfer assembly 34 for ESU 22-1 is purposefully oversized for the
batteries 28 stored within the ESU 22-1 and the maximum power level those

batteries 28 can provide. In this way, the power transfer assembly 34 of ESU 22-
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1 (a single ESU 22) is configured to transfer a power level for multiple ESUs 22.
In particular, each ESU 22 (e.g., ESU 22-1, ESU 22-2, and ESU 22-3) is
configured to transfer a power level for multiple ESUs 22 such that the ESUs 22
are interchangeable with each other (i.e., no one ESU must be upstream or
downstream from any other ESU 22), as explained below in more detail. For
example, in one embodiment, each ESU 22 can support up to 2000A of current
at 480VAC even though each individual ESU 22 can only generate between
120A and 450A. This allows up to fifteen ESUs 22 to be interconnected on a
single branch circuit. Any one of the interconnected ESUs 22 can receive 2000A
480VAC service from a 480VAC tap off a transformer or existing 480VAC feed.
However, it is noted that the power transfer assembly 34 can be configured for
various electrical configurations and for any number of ESUs 22.

[0028] In one embodiment, the ESU 22-1 includes an alternating current —
direct current (AC/DC) inverter 44 that is configured to be coupled between the
plurality of batteries 28 and the power transfer assembly 34 (within the housing
24). The inverter 44 is configured to convert DC provided by the plurality of
batteries 28 to AC for transfer of the AC by the power transfer assembly 34, and
to convert alternating current provided by the power transfer assembly 34 to DC
for storage in the plurality of batteries 28. In this way, in certain embodiments,
each segmented branch interconnect system 33 of each ESU 22 is configured for
transferring AC current through the housing 24 and above ground. By way of
background, when storage enclosures are separately connected to the electrical
grid 46 via a central inverter, the central inverter is relatively large and involves
high voltages. Comparatively, in the present disclosure, the inverter 44 within the
housing 24 of the ESU 22-1 is comparatively small and is wired in the factory not
in the field. With ESU 22-1 of the present disclosure, in the field wiring takes
place on the AC side, where the ESUs 22 are wired to each other and the
electrical grid 46. These features eliminate costs and risks associated with DC
wiring, particularly workmanship risks associated with wiring high voltage arrays

together and coupling them to large AC/DC inverters.
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[0029] The ESS 20 includes an electrical grid 46, such as a municipal
electrical grid. The ESU 22-1 may be coupled to the electrical grid 46 via an
underground cabling 48 (also referred to as a stub-up). However, as shown,
ESU 22-1 is the only ESU in the chain that is coupled to the electrical grid 46 via
the underground cabling 48. Thus, in this example, only one underground cable
is used, instead of using separate underground cables to each of the ESUs 22-1
—22-3. Each of the ESUs 22-1 — 22-3 are connected to each other above
ground. Itis noted that any of the power interconnect systems of any of ESUs
22-1 — 22-3 may be connected to the electrical grid 46 via underground cabling
48, because ESUs 22-1 — 22-3 are electrically coupled to each other and the
underground cabling 48 in parallel. In other words, the segmented branch
interconnect systems 33 of ESUs 22-1 — 22-3 form a single electrical node when
the ESUs 22-1 — 22-3 are connected to each other, such that any of the
conductors 42 of any of the ESUs 22-1 — 22-3 may be coupled to the
underground cabling 48 at any point along the length of the conductors 42. In
this way, fewer trenches are required for installing underground cabling to each
ESU 22 and installation labor and expertise is also reduced. For example,
separate underground cables require digging trenches, adding more copper to a
conduit, and other material and labor costs.

[0030] Moreover, all three ESUs 22-1 — 22-3 connect to the electrical grid 46
by a single AC protection and transformation equipment 50, thereby eliminating
the costs of a separate DC or AC protection and transformation equipment for
each ESU 22 (e.g., relatively large and costly circuit breakers, etc.). Separately
wiring storage enclosures (and associated batteries) to a single DC bus and
single central inverter causes large DC voltages and large DC fault currents,
which have safety risks and require expensive default protection devices. For
example, if separately wired to the electrical grid 46, then each storage enclosure
would require a first circuit breaker at the ESU and a second circuit breaker at
the electrical grid 46 to protect the underground cabling therebetween.
Additionally, each second circuit breaker requires a third circuit breaker for

protection as a result of the AC/DC conversion. The costs of the services and
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equipment associated with connecting the storage enclosures to the electrical
grid 46 are becoming an increasingly large percentage of the overall costs of
energy storage because the cost of batteries generally reduces over time.
Comparatively, in the present disclosure, each ESU 22 includes a smaller
inverter 44, and each ESU 22 may be AC coupled to each other ESU 22, such
that only a single AC protection and transformation equipment 50 (e.g., circuit
breaker) is required at the electrical grid 46. In this way, field labor costs, human
errors (e.g., faulty installation), safety risks, and costs are significantly reduced.
[0031] The segmented branch interconnect system 33 may also include
additional transfer assembilies, including, by way of non-limiting example, an
auxiliary power transfer assembly for communicating auxiliary power to the ESUs
22, a data communications transfer assembly for facilitating data
communications among the ESUs 22, a fire suppression transfer assembly for
facilitating the communication of fire suppression fluids among the ESUs 22, and
a thermal system transfer assembly for facilitating the communication of
refrigerants or other heat-exchange fluids among the ESUs 22. Each of the
transfer assemblies may be coupled to adjacent transfer assemblies above
ground. Each transfer assembly is sized in a manner sufficient to accommodate
multiple ESUs 22. For example, the fire suppression transfer assembly is sized
to carry sufficient fire suppression fluids for each ESU 22 in a chain of ESUs 22
that are coupled together. Similarly, the data communications transfer assembly
is sized in a manner sufficient to carry data communications for each ESU 22 in a
chain of ESUs 22 that are coupled together.

[0032] Each ESU 22 could be coupled to another ESU 22 and/or underground
cabling 48 with any of a variety of segmented branch interconnect systems 33
(and/or conductors 42), such as a single phase AC bus, 4-wire AC bus, DC bus,
etc. Accordingly, the inverter 44 could be any of a variety of power converters,
such as a single phase inverter, DC/DC converter, etc. Each ESU 22 could have
multiple inverters 44 (and/or converters) or auxiliary loads feeding into the

segmented branch interconnect system 33 (and/or conductors 42).
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[0033] Figure 2 is a diagram of an ESS 20-1 according to another
embodiment. The ESS 20-1 is substantially similar to the ESS 20 discussed
above with regard to Figure 1 except as otherwise discussed herein. In this
embodiment, three ESUs 22-1A, 22-2A, and 22-3A (generally ESUs 22A) are
chained together and coupled to the electrical grid 46. However, in this
embodiment, the ESU 22-1A has a segmented branch interconnect system 33-
1A that includes a power transfer assembly 34-1 comprising a single first power
interconnect system 36-1A. The first power interconnect system 36-1A
comprises one or more conductors (not illustrated), such as a bus bar, to which
the batteries 28 can couple, and which is rated to transfer a power level that is at
least three times the maximum power level of the ESU 22-1A. A jumper 52
electrically couples the first power interconnect system 36-1A with a second
power interconnect system 36-2A of the ESU 22-2A (and with a third power
interconnect system 36-3A of the ESU 22-3A). The jumper 52 is also rated to
transter a power level that is at least three times the maximum power level of the
ESU 22-1A. In other words, the jumper is oversized and is rated to transfer a
power level that is at least three times the maximum power level (e.g., at least 5
times, at least 10 times, at least 20 times, at least 50 times, at least 100 times, at
least 1,000 times, etc.), so that the power transfer assembly 34-1 can handle the
power of itself and throughput power of other ESUs 22-2A, 22-3A. In this way,
the jumper 52 of FIG. 2 is configured similarly to the conductors 42 of Fig. 1.
[0034] As discussed above, the segmented branch interconnect system 33-
1A — 33-3A (referred to generally as segmented branch interconnect system
33A) may also include additional transfer assemblies, including, by way of non-
limiting example, an auxiliary power transfer assembly for communicating
auxiliary power to the ESUs 22-1A, 22-2A, and 22-3A, a data communications
transfer assembly for facilitating data communications among the ESUs 22-1A,
22-2A, and 22-3A, a fire suppression transfer assembly for facilitating the
communication of fire suppression fluids among the ESUs 22-1A, 22-2A, and 22-
3A, and a thermal system transfer assembly for facilitating the communication of

refrigerants or other heat-exchange fluids among the ESUs 22-1A, 22-2A, and
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22-3A. Each of the transfer assemblies may be coupled to adjacent transfer
assemblies above ground. Each transfer assembly is sized in a manner
sufficient to accommodate multiple ESUs 22-1A, 22-2A, and 22-3A. For
example, the fire suppression transfer assembly is sized in a manner to carry
sufficient fire suppression fluids for each ESU 22 in a chain of ESUs 22 coupled
together. Similarly, the data communications transfer assembly is sized in a
manner sufficient to carry data communications for each ESU 22 in a chain of
ESUs 22 coupled together.

[0035] While solely for purposes of illustration, the ESSs 20 have each been
illustrated as comprising three ESUs 22, the embodiments are not limited to any
particular number of ESUs 22, and have applicability to any number of ESUs 22,
such as 10, 15, or more ESUs 22. In such embodiments, each segmented
branch interconnect system 33, 33A is sized sufficiently to communicate
respective electricity, fluids, and the like for the total number of ESUs 22 that are
chained together. Each segmented branch interconnect system 33, 33A may be
sized larger than the total number of ESUs 22 that are chained together to allow
for future expansion of the ESSs 20, 20A. For example each ESU 22 (and
associated segmented branch interconnect system 33, power transfer assembly
34, conductor 42, jumper 52, etc.) may be rated to transfer a power level that is a
multiplication greater than the maximum power level of the batteries 28, such as
at least 5 times greater, at least 10 times greater, at least 20 times greater, at
least 50 times greater, at least 100 times greater, at least 1,000 times greater,
etc.

[0036] Figures 3A-3C are views of one embodiment of the ESS of Figure 1.
The ESS 20B is substantially similar to the ESS 20 discussed above with regard
to Figure 1 except as otherwise discussed herein. In this embodiment, the ESS
20B includes two ESUs 22-1B and 22-2B (generally referred to as ESU 22B)
chained together and including cabling to couple to the electrical grid 46 (shown
in Figure 1). Of course, more ESUs 22B could be chained together.

[0037] ESU 22-1B includes a housing 24-1B with a first end portion 30-1B and

a second end portion 32-1B. The housing 24-1B (and walls thereof) are shown
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as transparent for illustrative purposes. In particular, housing 24-1B includes a
bottom wall 54-1, a top wall 56-1 (opposite the bottom wall 54-1), a left wall 58-1,
a right wall 60-1 (opposite the left wall 58-1), a front wall 62-1, and a back wall
64-1 (opposite the front wall 62-1). The first end portion 30-1B is proximate the
left wall 58-1 and the second end portion 32-1B is proximate the right wall 60-1.
The walls of the housing 24B define an interior volume 26B and the front wall 62
could include one or more doors (not shown) providing access to the interior
volume 26-1B.

[0038] ESU 22-1B includes batteries 28-1B, an inverter 44-1B, and/or other
components (e.g., battery computer modules 66-1) within the interior volume 26-
1B of the housing 24-1B. The batteries 28-1B are electrically coupled to the
inverter 44-1B. Further, the first ESU 22-1B includes a first segmented branch
interconnect system 33-1B (referred to generally as segmented branch
interconnect system 33B). The first segmented branch interconnect system 33-
1B includes a first power transfer assembly 34-1B which includes a first power
interconnect system 36-1B and a second power interconnect system 38-1B. The
first power interconnect system 36-1B and second power interconnect system
38-1B are connected to each other by conductor 42-1B, which is routed
underneath the batteries 28-1B (i.e., between the batteries 28-1B and the bottom
wall 54-1). However, it is noted that the conductor 42-1B may be routed
anywhere within the interior volume 26-1B. It is noted that by having the
conductor 42 (and/or jumper 82) above ground and within the housing 24, the
conductor 42 can be cooled by the air (e.g., conductor 42 can be cooled by an air
conditioning unit). This allows the conductor 42 to push more current through
less costly material.

[0039] The inverter 44-1B is connected to the first power interconnect system
36-1B, although in other embodiments the inverter 44-1B is connected to the
second power interconnect system 38-1B. The segmented branch interconnect
system 33-1B further includes an auxiliary power transfer assembly 68-1, which
includes a first auxiliary power interconnect system 70-1 at the first end portion

30-1B (proximate the first power interconnect system 36-1B) and a second
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auxiliary power interconnect system 72-1 at the second end portion 32-1B
(proximate the second power interconnect system 38-1B). Further, an auxiliary
conductor 74-1 extends from the first auxiliary power interconnect system 70-1 to
the second auxiliary power interconnect system 72-1 behind the batteries 28-1B
(i.e., between the batteries 28-1B and the back wall 64-1). ESU 22B-1 includes a
first interconnect port 76-1 defined in the left wall 58-1, a second interconnect
port 78-1 defined in the right wall 60-1, and a third interconnect port 80-1 defined
in the bottom wall 54-1, explained in more detail below.

[0040] Similarly, ESU 22-2B includes a housing 24-2B with a first end portion
30-2B and a second end portion 32-2B. The housing 24-2B (and walls thereof)
are shown as transparent for illustrative purposes. In particular, housing 24-2B
includes a bottom wall 54-2, a top wall 56-2 (opposite the bottom wall 54-2), a left
wall 58-2, a right wall 60-2 (opposite the left wall 58-2), a front wall 62-2, and a
back wall 64-2 (opposite the front wall 62-2). The first end portion 30-2B is
proximate the left wall 58-2 and the second end portion 32-2B is proximate the
right wall 60-2. The walls of the housing 24-2B define an interior volume 26-2B
and the front wall 62-2 could include one or more doors (not shown) providing
access to the interior volume 26-2B.

[0041] ESU 22-2B includes batteries 28-2B, an inverter 44-2B, and/or other
components (e.g., battery computer modules 66-2) within the interior volume 26-
2B of the housing 24-2B. The batteries 28-2B are electrically coupled to the
inverter 44-2B. Further, the ESU 22-2B includes a first segmented branch
interconnect system 33-2B (referred to generally as segmented branch
interconnect system 33-2B). The first segmented branch interconnect system
33-2B includes a first power transfer assembly 34-2B which includes a first power
interconnect system 36-2B and a second power interconnect system 38-2B. The
first power interconnect system 36-2B and second power interconnect system
38-2B are connected to each other by conductor 42-2B, which is routed
underneath the batteries 28-2B (i.e., between the batteries 28-2B and the bottom
wall 54-2). However, it is noted that the conductor 42-2B may be routed

anywhere within the interior volume 26-2B. It is noted that by having the
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conductor 42-2B (and/or jumper 82) above ground and within the housing 24, the
conductor 42 can be cooled by the air (e.g., conductor 42 can be cooled by an air
conditioning unit). This allows the conductor 42 to push more current through
less costly material.

[0042] The inverter 44-2B is connected to the first power interconnect system
36-2B, although in other embodiments the inverter 44-2B is connected to the
second power interconnect system 38-2B. The segmented branch interconnect
system 33-2B further includes an auxiliary power transfer assembly 68-2, which
includes a first auxiliary power interconnect system 70-2 at the first end portion
30-2B (proximate the first power interconnect system 36-2B) and a second
auxiliary power interconnect system 72-2 at the second end portion 32-2B
(proximate the second power interconnect system 38-2B). Further, an auxiliary
conductor 74-2 extends from the first auxiliary power interconnect system 70-2 to
the second auxiliary power interconnect system 72-2 behind the batteries 28-2B
(i.e., between the batteries 28-2B and the back wall 64-2). ESU 22B-2 includes a
first interconnect port 76-2 defined in the left wall 58-2, a second interconnect
port 78-2 defined in the right wall 60-2, and a third interconnect port 80-2 (not
shown) defined in the bottom wall 54-2, explained in more detail below.

[0043] As illustrated, the first power interconnect system 36-1B of the first
ESU 22-2B is electrically coupled to underground cabling 48B (e.g., stub-up)
through the third interconnect port 80-1. The second power interconnect system
38-1B of the first ESU 22-2B is electrically coupled to the first power interconnect
system 36-2B of the second ESU 22-2B by a jumper 82 extending from the
second power interconnect system 36-1B of the first ESU 22-2B through the
second interconnect port 78-1 of the first ESU 22-1B and the first interconnect
port 76-2 of the second ESU 22-2B to the first power interconnect system 36-2B
of the second ESU 22-2B. The first and second interconnect ports 76-1, 76-2 are
raised relative to the bottom wall 54-1 to keep the jumpers 82 off the ground and
prevent water flooding, etc.

[0044] In this way, each ESU 22B is configured to be coupled to adjacent
ESUs 22B and/or to an electrical grid. Each ESU 22B is configured to transfer a
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power level that is significantly larger (e.g., at least three times larger, five times
larger, ten times larger, etc.) than a maximum power level provided by the
plurality of batteries 28 stored therein. The ESUs 22B are configured to facilitate
a scalable ESS that has standardized above ground connections.

[0045] Figure 4 is a perspective view of another embodiment of the ESS of
Figures 1 and 3A-3C with an endcap 84 for routing an underground cable into the
ESS. In particular, as shown, the ESS 20C includes a first ESU 22-1C and a
second ESU 22-2C. The first ESU 22-1C is configured such that the third
interconnect port (not shown) is defined in the left wall 58-1C of the housing 24C.
The endcap 84 covers the underground cabling connection (e.g., stub-up) as it
enters the third interconnect port. Of course the endcap 84 could be configured
to be any size and may be sized to correspond to the left wall 58-1C (or a portion
thereof). Additionally, it is noted that the third interconnect port may be located in
any wall of the housing 24C.

[0046] Figures 5A-5D are views of a first power interconnect system 36C.
The first power interconnect system 36C is configured for a 480-volt three phase
AC connection (requiring six lines per phase), although any other electrical
connection could be used (e.g., single phase DC). It is noted that although the
first power interconnect system 36C is discussed below, the same features apply
to the second power interconnect system 38 (shown in FIGS. 3A-3C) as well.
[0047] Each first power interconnect system 36C includes a first bus bar 86-1
(referred to generally as bus bar 86), a second bus bar 86-2, and a third bus bar
86-3. The first bus bar 86-1 includes a first branch segment interconnect 88-1
(referred to generally as branch segment interconnect 88), a first jumper
interconnect 90-1 (referred to generally as a jumper interconnect 90), and a first
power main interconnect 92-1 (referred to generally as a power main
interconnect 92). Similarly, the second bus bar 86-2 includes a second branch
segment interconnect 88-2, a second jumper interconnect 90-2, and a second
power main interconnect 92-2. Similarly, the third bus bar 86-3 includes a third
branch segment interconnect 88-3, a third jumper interconnect 90-3, and a third

power main interconnect 92-3. It is noted that each first power interconnect
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system 36C includes these connections, even if not all of these connections are
utilized within the ESU. In this way, each ESU is interchangeable with each
other ESU (i.e., any ESU and any first power interconnect system 36C within that
ESU can be coupled to the electrical grid via underground cabling). The first
power interconnect system 36C can further include a battery interconnect (not
shown) to connect the first power interconnect system 36C to batteries and/or an
inverter.

[0048] The branch segment interconnect 88 connects a first segmented
branch interconnect system to a second branch interconnect system within an
ESU 22 (shown in Figures 3A-3C). The jumper interconnect 90 connects a first
segmented branch interconnect system of a first ESU (e.g., ESU 22-1B shown in
Figures 3A-3C) to a second branch interconnect system of a second ESU (e.g.,
ESU 22-2B shown in Figures 3A-3C). The power main interconnect 92 connects
the first power interconnect system 36C to underground cabling 48 (shown in
Figure 1) for establishing an electrical connection with an electrical grid 46
(shown in Figure 1). Also shown is a first auxiliary power interconnect system
70-2C forming part of the auxiliary power transfer assembly 68 (shown in Figures
3A-3C).

[0049] Each of the interconnects 88-92 may make an electrical and
mechanical connection using mechanical lugs. Further, each bus bar 86 varies
in width to vary the horizontal placement of the branch segment interconnects 88.
In other words, first, second, and third branch segment interconnects 88-1 — 88-3
are vertically aligned and horizontally offset from each other. This minimizes the
height of the branch segment 42C (and respective cabling) so that the branch
segment 42C can be placed underneath the batteries 28 (shown in FIGS. 3A-
3C).

[0050] Each bus bar 86 varies the height of their respective jumper
interconnect 90 such that the jumpers 94 (and respective cabling) are
horizontally aligned but vertically offset. This condenses the cross-sectional area
of the jumpers 94, and accordingly also minimizes the size of the respective port
(e.g., port 76-1, port 78-1 shown in FIGS. 3A-3C). This facilitates
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manufacturability as in certain embodiments, the ports must meet certain
specifications for sealing the interior volume 26 (shown in Figures. 3A-3C) from
the environment (e.g., water, dust, etc.) and withstanding certain environmental
conditions (e.g., heat, seismic forces, etc.).

[0051] Each bus bar 86 includes one or more angled mounting brackets 96 at
opposite ends of the bus bar 86 and/or at opposing surfaces of the bus bar 86
(although more or fewer angle mounting brackets 96 may be used). Each angled
mounting bracket 96 includes slots 98 for mounting the segmented branch
interconnect system 33 within the housing 24 (shown in Figures 3A-3C). The
angled mounting brackets 96 and slots 98 facilitate assembly and mounting of
the bus bars 86 within the interior volume 26 of the housing 24 (shown in Figures
3A-3C).

[0052] Among other advantages, the embodiments facilitate a scalable ESS
that has standardized above ground connections, greatly reducing trenching and
other labor costs, and allowing the ESS to be easily expanded as needed. Some
embodiments also eliminate or reduce a need for in-the-field coupling of relatively
large DC electrical equipment, and allow the use of aluminum conductors in the
ESUs without the need for specialized in-the-field expertise associated with
aluminum conductors.

[0053] Those skilled in the art will recognize improvements and modifications
to the preferred embodiments of the disclosure. All such improvements and
modifications are considered within the scope of the concepts disclosed herein
and the claims that follow.
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CLAIMS

What is claimed is:

1. An energy storage unit comprising:

a housing comprising a first end portion and a second end portion, the
housing forming an interior volume configured to store a plurality of batteries that
can collectively provide a maximum power level; and

a segmented branch interconnect system comprising:

a power transfer assembly comprising:

a first power interconnect system positioned in proximity to
the first end portion;

a second power interconnect system positioned in proximity
to the second end portion, the second power interconnect system
configured to be coupled to a first adjacent power interconnect
system of a first adjacent energy storage unit, the first power
interconnect system and the second power interconnect system
each configured for a three phase AC connection; and

three or more conductors coupled to the first power
interconnect system and the second power interconnect system,
the three or more conductors being configured to transfer three
phase electrical power between the first power interconnect system
and the second power interconnect system;

wherein the power transfer assembly is rated to transfer a
power level that is at least three times the maximum power level

provided by the plurality of batteries stored in the housing.
2. The energy storage unit of claim 1, wherein the first power interconnect

system is positioned in the interior volume and the second power interconnect

system is positioned in the interior volume.
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3. The energy storage unit of claim 1, further comprising:
a power converter configured to be coupled between the plurality of
batteries and the power transfer assembly, and configured to:
convert direct current provided by the plurality of batteries to
alternating current for transfer of the alternating current by the power
transfer assembly; and
convert alternating current provided by the power transfer assembly

to direct current for storage in the plurality of batteries.

4. The energy storage unit of claim 1, wherein the second power
interconnect system is configured to be coupled to the first adjacent power

interconnect system of the first adjacent energy storage unit above ground.

5. The energy storage unit of claim 1, wherein the first power interconnect
system is configured to be coupled to a second adjacent power interconnect

system of a second adjacent energy storage unit.

6. The energy storage unit of claim 1, wherein the first power interconnect

system is configured to be coupled to an electrical grid.

7. The energy storage unit of claim 1, wherein the three or more conductors

comprise aluminum.

8. The energy storage unit of claim 1, wherein the segmented branch
interconnect system further comprises:
an auxiliary power assembly comprising:
a first auxiliary power interconnect system positioned in proximity to
the first end portion;
a second auxiliary power interconnect system positioned in

proximity to the second end portion, the second auxiliary power
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interconnect system configured to be coupled to a first adjacent auxiliary
power interconnect system of the first adjacent energy storage unit; and

an auxiliary power line coupled to the first auxiliary power
interconnect system and the second auxiliary power interconnect system,
the auxiliary power line being configured to transfer auxiliary power
between the first auxiliary power interconnect system and the second
auxiliary power interconnect system;

wherein the auxiliary power line is rated to transfer a power level
that is at least three times a maximum auxiliary power level utilized by the

energy storage unit.

9. The energy storage unit of claim 1,

wherein the plurality of batteries can collectively generate a maximum of
450 A; and

wherein the power transfer assembly is rated to transfer a power level of
2000A at 480 VAC.

10.  The energy storage unit of claim 1, further comprising an air conditioning
unit configured to cool the three or more conductors coupled to the first power

interconnect system and the second power interconnect system.

11.  An energy storage system comprising:
a plurality of energy storage units, each of the energy storage units
comprising:

a housing comprising a first end portion and a second end portion,
the housing forming an interior volume configured to store a plurality of
batteries that can collectively provide a maximum power level; and

a segmented branch interconnect system comprising:

a power transfer assembly comprising:
a first power interconnect system positioned in

proximity to the first end portion;
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a second power interconnect system positioned in
proximity to the second end portion, the first power
interconnect system and the second power interconnect
system each configured for a three phase AC connection;
and

three or more conductors coupled to the first power
interconnect system and the second power interconnect
system, the three or more conductors being configured to
transfer three phase electrical power between the first power
interconnect system and the second power interconnect
system;

wherein the power transfer assembly is rated to
transfer a power level that is at least three times the
maximum power level provided by the plurality of batteries
stored in the housing; and

a first energy storage unit of the plurality of energy storage units being
configured to be coupled to an electrical grid;

wherein each power transfer assembly of each of the energy storage units
is configured to be coupled to a power transfer assembly of another energy
storage unit such that each power transfer assembly in the plurality of energy

storage units are coupled together.

12.  The energy storage system of claim 11, wherein each of the energy
storage units further comprises:
a power converter configured to be coupled between the plurality of
batteries and the power transfer assembly, and configured to:
convert direct current provided by the plurality of batteries to
alternating current for transfer of the alternating current by the power
transfer assembly; and
convert alternating current provided by the power transfer assembly

to direct current for storage in the plurality of batteries.
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13.  The energy storage system of claim 11, wherein each of the energy
storage units is configured to be coupled to at least one other of the energy

storage units above ground.

14.  The energy storage system of claim 11, wherein the three or more

conductors in each power transfer assembly comprise aluminum.

15.  An energy storage unit comprising:
a housing that forms an interior volume configured to store a plurality of
batteries that can collectively provide a maximum power level; and
a segmented branch interconnect system comprising:
a power transfer assembly comprising:

a power interconnect system configured to be coupled to an
adjacent power interconnect system of an adjacent energy storage
unit, the power interconnect system configured for a three phase
AC connection; and

three or more conductors configured to transfer three phase
electrical power and to be coupled to the plurality of batteries and
the adjacent power interconnect system of the adjacent energy
storage unit;

wherein the power transfer assembly is rated to transfer a
power level that is at least three times the maximum power level

provided by the plurality of batteries stored in the housing.

16.  The energy storage unit of claim 15, wherein the power interconnect

system is positioned in the interior volume.

17.  The energy storage unit of claim 15, further comprising:
a power converter configured to be coupled between the plurality of

batteries and the power transfer assembly, and configured to:
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convert direct current provided by the plurality of batteries to
alternating current for transfer of the alternating current by the power
transfer assembly; and

convert alternating current provided by the power transfer assembly

to direct current for storage in the plurality of batteries.

18.  The energy storage unit of claim 15, wherein the power interconnect
system is configured to be coupled to the adjacent power interconnect system of

the adjacent energy storage unit above ground.

19.  The energy storage unit of claim 15, wherein the power interconnect
system is configured to be coupled to a second adjacent power interconnect

system of a second adjacent energy storage unit.

20.  The energy storage unit of claim 15, wherein the power interconnect

system is configured to be coupled to an electrical grid.

21.  The energy storage unit of claim 15, wherein the three or more conductors

comprise aluminum.

22. The energy storage unit of claim 15, wherein the segmented branch
interconnect system further comprises:
an auxiliary power assembly comprising:
an auxiliary power interconnect system; and
an auxiliary power line coupled to the first auxiliary power
interconnect system, the auxiliary power line being configured to transfer
auxiliary power;
wherein the auxiliary power line is rated to transfer a power level
that is at least three times a maximum auxiliary power level utilized by the

energy storage unit.
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