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BALLAST SYSTEMS FOR SECURING PHOTOVOLTAIC MODULES

RELATED APPLICATIONS
[0001] This application claims priority to: U.S. Patent Application Number 17/851,996, filed June
28, 2022; and U.S. Provisional Patent Application No. 63/297,177, filed on January 6, 2022; the entire

contents of which are incorporated herein by reference.

BACKGROUND

[0002] As the solar energy industry continues to grow, the equipment to mount photovoltaic (PV)
modules (alternatively referred to herein in some instances as “solar panels”) on different types of
structures and/or locations continues to adapt and improve as well. Though a variety of apparatuses
exist to secure the PV modules and/or anchor PV module mounting assemblies, the number of parts
and or different arrangements of the parts still leave much to be desired for an efficient and quick
assembly to minimize the amount of time a worker may be working on a roof or in a similarly
physically demanding or potentially hazardous condition.

[0003] The PV module is typically used as a component of a larger PV system to generate and
supply electricity in commercial and residential applications. Because a single PV module can only
produce a limited amount of power, most installations contain several PV modules to form a PV array.
The PV array is often mounted on a building rooftop or simply on the ground with each of the PV
modules in a fixed position facing generally south.

[0004] There are many mounting systems for securing PV modules to rooftops that adequately
withstand wind loads. However, disadvantages among the existing mounting systems abound,
including not being environmentally friendly, being relatively expensive to produce, being time
consuming to install, requiring custom fabrication to match different types or brands of PV modules,

and/or causing damage to the rooftop/surface on which the mounting equipment is placed, for
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example, by penetrating a roof membrane. Also, some existing mounting systems occupy an
excessive amount of space, thereby decreasing the power density of the PV array. In some instances,
the existing mounting systems also suffer from grounding capability concerns. Accordingly, there is

room for improved mounting systems for PV modules.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] The Detailed Description is set forth with reference to the accompanying figures. In the
figures, the left-most digit(s) of a reference number identifies the figure in which the reference number
first appears. The use of the same reference numbers in different figures indicates similar or identical
items. Furthermore, the drawings may be considered as providing an approximate depiction of the
relative sizes of the individual components within individual figures. However, the drawings are not
to scale, and the relative sizes of the individual components, both within individual figures and
between the different figures, may vary from what is depicted. In particular, some of the figures may
depict components as a certain size or shape, while other figures may depict the same components on
a larger scale or differently shaped for the sake of clarity.
[0006] FIG. 1 illustrates a perspective view of a ballast system for securing PV modules,
according to an embodiment of this disclosure.
[0007] FIG. 2 illustrates a side view of the ballast system shown in FIG. 1, according to an
embodiment of this disclosure.
[0008] FIG. 3 illustrates a side view of a portion of the ballast system shown in FIGS. 1 and 2,
according to an embodiment of this disclosure.
[0009] FIG. 4 illustrates a side view of another portion of the ballast system shown in FIG. 1,
according to an embodiment of this disclosure.
[0010] FIG. 5 illustrates a perspective view of a first ballast tray of the ballast system shown in

FIG. 1, according to an embodiment of this disclosure.
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[0011] FIG. 6 illustrates a side profile view of the first ballast tray shown in FIG. 5, according to
an embodiment of this disclosure.
[0012] FIG. 7 illustrates a perspective view of a second ballast tray of the ballast system shown
in FIG. 1, according to an embodiment of this disclosure.
[0013] FIG. 8 illustrates a side profile view of the second ballast tray shown in FIG. 7, according
to an embodiment of this disclosure.
[0014] FIG. 9 illustrates a perspective view of a module clamp of the ballast system shown in FIG.
1, according to an embodiment of this disclosure.
[0015] FIG. 10 illustrates a perspective view of a module clamp of the ballast system shown in
FIG. 1, according to an embodiment of this disclosure.

DETAILED DESCRIPTION
Overview
[0016] This disclosure is directed to a ballast system for securement and surface positioning of
PV modules. More specifically, embodiments of the ballast system disclosed herein may be
positioned on a roof or other surface and secured in place via weighted ballast material, so as to hold,
in a desired position on the surface, solar panels that may subsequently be attached thereto.
Additionally, this disclosure is directed to a ballast tray apparatus for implementation, as a second
ballast tray (i.e., a “north bay” ballast tray, as described herein below), in the ballast system for
securing PV modules on a surface.
[0017] The ballast system disclosed herein may include the combined use of first ballast trays
(e.g., “field bay ballast trays™) and second ballast trays (e.g., “north bay ballast trays™) disposed in an
array on a surface so that PV modules may be attached thereto and held in place even in the face of
some significant weather events. The ballast system may be implemented by disposing one or more
rows of first ballast trays adjacent to a row of second ballast trays to secure PV modules to a surface

(e.g., aroof surface, a ground surface, etc.). The first ballast tray and the second ballast tray disclosed
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herein have intentionally distinct side profiles (referred to herein, respectively, as “the first side
profile” and “second side profile”). In an embodiment of a ballast system that implements the use of
a ballast tray having the first side profile (e.g., the “field bay” ballast tray) and a ballast tray having
the second side profile (e.g., the “north bay” ballast tray), observations of such shows that the inclusion
of the ballast tray having the distinct second profile provides a greater general downward resistance
against undesired lift than that available when only ballast trays having the standard first profile are
used.

[0018] That is to say, it is believed that the distinct shape of the second side profile of the second
ballast tray provides an additional measure of protection against upward lift on the system, which lift
is often caused by wind. More specifically, the use of a ballast tray having the second side profile (of
the “north bay” ballast tray) draws PV modules back downward opposite a lift force in a manner that
does not occur when compared with the use of a ballast tray having the first side profile (of the “field
bay” ballast tray), in the northern position within the system, where “northern position” refers to the
row being at the most northern end of the array, or else an outer row of the array.

[0019] Additional advantages of the embodiments of the ballast tray apparatus and the ballast
system disclosed herein include but are not limited to: a ballast system that is easily securable to
various types of flat support surfaces (e.g., pitch ranging of about O degrees to about 5 degrees); a PV
module support device that does not penetrate the support surface; elimination of standard fasteners
and assemblies, thereby reducing costs; and reduction of the overall cost and time to install a PV

module system.

Mlustrative Embodiments of Ballast Systems
[0020] FIG. 1 illustrates a perspective view 100 of a ballast system 102 for holding photovoltaic
(PV) module arrays 104(1), 104(2), 104(3), 104(4), and 104(n) to a surface (not shown), according to

an embodiment of this disclosure. The ballast system 102 may be implemented on various types of
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support surfaces (e.g., roof, flat, rocky ground, fields, etc.), though ideally, the system 102 is placed
on substantially flat surfaces having a pitch ranging from 0 degrees to about 5 degrees.

[0021] The ballast system 102 includes a plurality of first ballast trays 106 (e.g., field bay ballast
trays) which may be aligned in rows, as is depicted, for example, in one or more rows 106(1), 106(2),
106(3), 106(4), and 106(n). The ballast system 102 further includes a plurality of second ballast trays
108 (e.g., north bay ballast trays), which are aligned in a row together (see the row of ballast support
trays 108 providing support, in part, for PV module array 104(1)) and, respectively, positioned at the
ends of columns 108(1), 108(2), 108(3), 108(4), 108(5), and 108(n), which columns are thus formed
with a respective second ballast tray 108 at a first end and aligned with one or more of the first ballast
trays 106, respectively crossways aligned in the rows 106(1) . . . 106(n). Notably, while it is
considered that a user may desire more than one row of second ballast trays, the effect of providing a
greater resistance to lift (discussed further below) is discernible even with only one row.

[0022] The first ballast trays 106 and the second ballast trays 108 rest on a support surface (not
shown) to support (via attachment thereto) and orient the PV module arrays 104(1)-104(n) above the
support surface.

[0023] In an embodiment, the ballast system 102 allows for row-to-row grounding. This may be
achieved with a continuous ground path from the one or more rows of first ballast trays 106 and the
row of second ballast trays 108. For example, a continuous ground path goes from each row through
module clamps (e.g., module clamps 302, 304, 402, 404, 902, or 1002 discussed in detail below),
clamped to metal (e.g., aluminum, etc.) frames of the PV modules, continuing through the module
clamps and subsequent rows of the first ballast trays 106 and/or the second ballast trays 108.

[0024] The illustrated PV module arrays 104(1)-104(n) have individual rectangular shaped PV
modules oriented in a landscape orientation, that is, with the longest axis of the PV modules extending
in a lateral or side-to-side direction which may be the east-west direction. It is noted, however, that

the individual PV modules of the PV module arrays 104(1)-104(n) may alternatively be oriented by
4
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the first ballast trays 106 and the second ballast trays 108 in a portrait orientation, that is, with the
longest axis of the PV modules extending in a forward-rearward direction which is typically the south-
north direction. In either the portrait or landscape orientations, the illustrated PV modules are
supported in an inclined position such that the forward end of each PV module is positioned lower
than its rearward end so that typically the southern end is positioned lower than the northern end.
[0025] The individual PV modules of the PV module arrays 104(1)-104(n) are secured to the first
ballast trays 106 and/or the second ballast trays 108 but each of the one or more first ballast trays 106
and/or the second ballast trays 108 is not directly secured to any of the other first ballast trays 106
and/or any of the other the second ballast trays 108. It is noted that while there is not a direct structural
connection between the first ballast trays 106 and/or the second ballast trays 108, the first ballast trays
106 and/or the second ballast trays 108 are indirectly connected by the individual PV modules of the
PV module arrays 104(1)-104(n) in a structural manner. That is, they are connected in a load carrying
manner.

[0026] Securing the first ballast trays 106 and/or the second ballast trays 108, at or near the corners
of individual PV modules of the PV module arrays 104(1)-104(n), and not directly connected (e.g.,
void of a direct connection) to one another, allows the first ballast trays 106 and/or the second ballast
trays 108 to be used with PV modules of any width and length without requiring customization or
modification to the first ballast trays 106 and/or the second ballast trays 108 or the PV modules. Thus,
the first ballast trays 106 and/or the second ballast trays 108 can be used in many applications to mount
many different models of PV modules. Also, the illustrated first ballast trays 106 and/or the second
ballast trays 108 may not need be fastened to the support surface and may simply rest on the support
surface as they are weighted in place by ballast. Therefore, the first ballast trays 106 and/or the second
ballast trays 108 do not penetrate the support surface.

[0027] FIG. 2 illustrates a side view 200 of the ballast system 102 shown in FIG. 1, according to

an embodiment of this disclosure. FIG. 2 illustrates the PV module arrays 104(1)-104(n) have
5
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individual PV modules 202(1), 202(2), 202(3), 202(4), 202(N) that are each supported in an inclined
position 204. As discussed above, the individual PV modules 202(1)-202(N) may be supported in the
inclined position 204 such that a forward end 206 of each PV module 202(1)-202(N) is positioned
lower than its rearward end 208. The lower forward end 206 of the individual PV modules 202(1)-
202(N) may be a southern end and the higher rearward end 208 may be a northern end.

[0028] FIG. 2 illustrates the first ballast trays 106 and/or the second ballast trays 108 may be
weighted in place by ballasts 210. The ballasts 210 may be in the form of ballast blocks that weight
the first ballast trays 106 and/or the second ballast trays 108 to a support surface to maintain the
position of the first ballast trays 106 and/or the second ballast trays 108 on the support surface. The
ballast blocks 210 may be concrete ballast blocks, water ballast blocks, sand ballast blocks, etc.
[0029] FIG. 3 illustrates a side view 300 of a portion of the ballast system 102 shown in FIGS. 1
and 2, according to an embodiment of this disclosure. FIG. 3 illustrates a module clamp 302 attached
to the forward end 206 of the PV module 202(1) and attached to the first ballast tray 106. FIG. 3
further illustrates a module clamp 304 attached to the rearward end 208 of the PV module 202(1) and
attached to the second ballast tray 108. The module clamp 302 may be fastened to the first ballast
tray 106 via a bolt and clamped to the forward end 206 of the PV module 202(1). The module clamp
304 may be fastened to the second ballast tray 108 via a bolt and clamped to the rearward end 208 of
the PV module 202(N). The module clamp 302 may be the same as the module clamp 304. The
module clamp 302 and/or the module clamp 304 may electrically interconnect (e.g., ground) the PV
module 202(1). The module clamp 302 and/or the module clamp 304 may have one or more portions
(e.g., protrusion(s), serrations, teeth, etc.) for penetrating (e.g., pierce) a coating/layer (e.g., an
anodized aluminum coating/layer) on the PV module 202(1). For example, as a nut (e.g., bonding cap
904 or star washer bonding nut 1004) of the module clamps 302 or 304 bites the metal frame of a PV
module and removes anodization on the metal frame, electrical grounding of the PV modules is

achieved.
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[0030] FIG. 4 illustrates a side view 400 of a portion of the ballast system 102 shown in FIGS. 1
and 2, according to an embodiment of this disclosure. FIG. 4 illustrates a module clamp 402 is
attached to the forward end 206 of the PV module 202(2) and attached to the first ballast tray 106 of
the row 106(2). Further, a module clamp 404 is attach to the rearward end 208 of the PV module
202(2) and attached to the other first ballast tray 106 of the row 106(1). The module clamps 402 and
404 may be the same as the module clamps 302 and 304.

[0031] FIG. 5 illustrates a perspective view 500 of a first ballast tray 502 of the ballast system 102
for surface attachment of photovoltaic modules shown in FIG. 1, according to an embodiment of this
disclosure. The first ballast tray 502 may be the same as the first ballast trays 106.

[0032] FIG. 5 illustrates the first ballast tray 502 (like first ballast tray 106 of the ballast bay
system 102 shown in FIGs. 1-4). First ballast tray 502 has a first sled body 504 and a second sled
body 506 that are substantially the same and positioned substantially parallel to each other. The first
sled body 504 and the second sled body 506 each include a south leg 508 connected to a north leg 510
via a ballast base member 512. The south leg 508 and the north leg 510 extend, respectively,
transversely to a direction of extension of the ballast base member 512. In an embodiment, as shown,
the south leg 508, the ballast base member 512, and the north leg 510 may all be formed in one
continuous piece. Further, the south leg 508 extends vertically higher than a height of extension of
the north leg 510.

[0033] The first ballast tray 502 may also include one or more cross members 514 that connect
the first sled body 504 to the second sled body 506. Moreover, the first ballast tray 502 may be formed
of metal (e.g., aluminum, steel, stainless steel, etc.), plastic, composite, etc.

[0034] FIG. 6 illustrates a side profile view 600 of the first ballast tray 502 shown in FIG. 5,
depicts the south leg 508 being a first length 602 that is greater than a second length 604 of the north
leg 510. That is, the south leg 508 has a height 606 greater than a height 608 of the north leg 510, as

indicated above.
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[0035] FIG. 7 illustrates a perspective view 700 of a second ballast tray 702 (like second ballast
tray 108 of the ballast system 102 shown in FIGs. 1-3). The second ballast tray 702 has a first sled
body 704 and a second sled body 706 that are substantially the same and positioned substantially
parallel to each other. The first sled body 704 and the second sled body 706 each include a south leg
708 connected to a north leg 710 via a ballast base member 712. The south leg 708 and at least a
portion 714 of the north leg 710 extend, respectively, transversely to a direction of extension of the
ballast base member 712. In an embodiment, as shown, the south leg 708, the ballast base member
712, and the north leg 710 may all be formed in one continuous piece. Further, the north leg 710
extends vertically higher than a height of extension of the north leg 708.

[0036] The second ballast tray 702 may include cross members 716 that connect the first sled
body 704 to the second sled body 706. Moreover, the second ballast tray 702 may be formed of metal
(e.g., aluminum, steel, stainless steel, etc.), plastic, composite, etc.

[0037] FIG. 8 illustrates a side profile view 800 of the second ballast tray 702 shown in FIG. 7,
depicts the south leg 708 being a first length 802 that is less than a second length 804 of the north leg
710. The second length 804 of the north leg 710 of the side profile of the second ballast tray 702 is
greater than the first length 602 of the south leg 508 of the side profile of the first ballast tray 502. A
height 806 of the north leg 710 of the side profile of the second ballast tray 702 is substantially equal
to the height 606 of the south leg 508 of the side profile of the first ballast tray 502. Additionally, the
north leg 710 of the side profile of the second ballast tray 702 includes a non-linear extension of a
curvature 808 in a first direction, then extending in a second direction away from the first direction to
partially curve in a direction 810 toward the south leg 708 of the side profile of the second ballast tray
702. In an embodiment, the curvature 808 forms an S-shape (at least partially) of curvature. The side
profile of the second ballast tray 702 including the curvature 808 provides a greater general downward
resistance against undesired lift when compared with the use of the first ballast trays 106 having the

first side profile including the linear extension of both of the south leg 508 and of the north leg 510
8
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thereof. Moreover, the different shaped second side profile of the second ballast tray creates an
additional measure of protection against upward lift caused by wind, as the different shaped second
side profile of the second ballast tray further draws PV modules back downward with additional force
than with the first ballast tray as they used to use having the same side profile.

[0038] FIG. 9 illustrates a perspective view 900 of a module clamp 902 of the ballast system 102
shown in FIG. 1, according to an embodiment of this disclosure. The module clamp 902 may be the
same as the module clamps 302, 304, 402, or 404. The module clamp 902 may include a bonding cap
904. The bonding cap 904 may be attached to a fastener 906. When the module clamp 902 is attached
to a forward end (e.g., forward end 206) or a rearward end (e.g., rearward end 208) of a PV module
(e.g., PV modules 202(1)-202(N)), the bonding cap 904 may electrically interconnect (e.g., ground)
the PV module and may have one or more portions 908 (e.g., protrusion(s), serrations, teeth, etc.) for
penetrating (e.g., pierce) a coating/layer (e.g., an anodized aluminum coating/layer) on the PV module.
[0039] The module clamp 902 may include a clamp portion 910 disposed above a leg attachment
portion 912. The clamp portion 910 assists in clamping a first ballast tray 106 or a second ballast tray
108 to a forward end (e.g., forward end 206) or a rearward end (e.g., rearward end 208) of a PV module
(e.g., PV modules 202(1)-202(N)). The clamp portion 910 may include a first catch 914, having a
hook shape for example, on a first side 916 thereof, through which the fastener 906 passes, and a
second catch 918, having an oppositely directed hook shape for example, on a second side 920 of the
clamp portion 910. Between the first catch 914 and the second catch 918, a PV module flange rest
922 is defined in the clamp portion 910. Flange rest 922 includes a planar base 924 that extends
continuously intersecting respective lower ends of the first catch 914 and the second catch 918 at
opposites sides thereof. The hook shapes of the respective first catch 914 and 918 are oriented such
that the concave portions 926, 928 face each other, whereby, when implemented in use, the concave
portion 928 of the second catch 918 overlaps a flange of the PV module to which it is clamped, and

the fastener 906 is advanced (i.e., via threading advancement, frictional compression, etc. including
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other existing mechanical means) toward a vertically extending side wall (see for example rearward
end 208 of the PV module 202(2) in FIG. 4, from which a flange extends inwardly) of the PV module
to which it is clamped. Therefore, by advancing the fastener 906, the PV module is caught in the
clamp portion 910 with the flange stuck in the concave portion 928.

[0040] The leg attachment portion 912 may extend from the clamp portion 910 positioned beneath
the clamp portion 910, and more specifically, beneath the flange rest 922 near the second catch 918.
Further, leg attachment portion 912 may include a wall 930 extending from the flange rest 922
connected to a hollow cylinder 932 having a central axis 934 therethrough, where the axis 934 is
oriented orthogonally to the direction of extension of the fastener 906. Thereby, the leg attachment
portion 912 is oriented to receive a fastener (e.g., bolt) (not shown in FIG. 9) laterally with respect to
the leg of the particular ballast tray to which the clamp is secured. Thus, the module clamp 902 is
configured to be fastened pivotably to a top portion of a south leg (e.g., south legs 508 and/or 708)
and/or a top portion of a north leg (e.g., north legs 510 and/or 710) of either or both of the first ballast
trays 106 or of the second ballast trays 108, respectively. For example, the module clamp 902 may
be connected to the legs of either or both of the first ballast trays 106 or of the second ballast trays
108 using a fastener (e.g., a bolt) that is driven into leg attachment portion 912 (e.g., threaded hole,
clevis pin, etc.) and driven into a corresponding hole in the upper portions of the legs, as shown in
FIGs. 3 and 4, for example. Grounding from the first ballast trays 106 or the second ballast trays 108
to the module clamp 902 is achieved by the fastener driven into leg attachment portion 912 and driven
into the holes disposed in the top portions of the legs of either or both of the first ballast trays 106 or
of the second ballast trays 108 as both the fastener and ballast bays may be mill finished.

[0041] Additionally, in an embodiment, the module clamp 902 may include a webbed support 936
that is attached at least at two spaced apart areas 938, 940 of a lower surface of the flange rest 922.
As such, the webbed support 936 is disposed opposite the leg attachment portion 912 and may prevent

the flange support 922 from excessive bending and preventing proper clamping of the PV module end.
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[0042] FIG. 10 illustrates a perspective view 1000 of a module clamp 1002 of the ballast system
102 shown in FIG. 1, according to an embodiment of this disclosure. The module clamp 1002 may be
the same as the module clamps 302, 304, 402, or 404. The module clamp 1002 may include a star
washer bonding nut 1004. The star washer bonding nut 1004 may be attached to a fastener 1006.
When the module clamp 1002 is attached to a forward end (e.g., forward end 206) or a rearward end
(e.g., rearward end 208) of a PV module (e.g., PV modules 202(1)-202(N)), the star washer bonding
nut 1004 may electrically interconnect (e.g., ground) the PV module and may have one or more
portions (e.g., protrusion(s), serrations, teeth, etc.) for penetrating (e.g., piercing) a coating/layer (e.g.,
an anodized aluminum coating/layer) on the PV module.

[0043] Similar to module clamp 902, the module clamp 1002 may include the clamp portion 910
for clamping to a forward end (e.g., forward end 206) or a rearward end (e.g., rearward end 208) of a
PV module (e.g., PV modules 202(1)-202(N)) and the leg attachment portion 912 for pivotably
attaching the module clamp 902 to a top portion of a south leg (e.g., south legs 508 and/or 708) and/or
a top portion of a north leg (e.g., north legs 510 and/or 710) of either or both of the first ballast trays
106 or the second ballast trays 108. As depicted, the module clamp 1002 may include similar
additional other structural features, and thus, such additional similar features are not labeled or
redescribed herein for the sake of brevity.

Example Clauses

A. A ballast system to secure a plurality of photovoltaic modules, the ballast system comprising: a
first ballast tray having a first side profile including a south leg connected to a north leg via a ballast
base member, the south leg and the north leg extending transversely to a direction of extension of the
ballast base member, and the south leg being a first length that is greater than a second length of the
north leg; and a second ballast tray having a second side profile that is different than the first side
profile of the first ballast tray, the second side profile including a south leg connected to a north leg

via a ballast base member, the south leg of the second side profile and at least a portion of the north
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leg of the second side profile extending transversely to a direction of extension of the ballast base
member of the second side profile, and the south leg of the second side profile being a first length that
is less than a second length of the north leg of the second side profile, wherein the second length of
the north leg of the second side profile is greater than the first length of the south leg of the first side
profile, and wherein a height of the north leg of the second side profile is substantially equal to a
height of the south leg of the first side profile.

B. The ballast system according to paragraph A, wherein the north leg of the second side profile
includes a curvature so as to partially curve toward the south leg of the second side profile.

C. The ballast system according to any of paragraphs A-B, further comprising at least one
photovoltaic module of the plurality of photovoltaic modules, the at least one photovoltaic module
having a forward end and a rearward end opposite the forward end, and wherein the forward end is
attached to the north leg of the first side profile of the first ballast tray and the rearward end is attached
to the north leg of the second side profile of the second ballast tray such that the at least one
photovoltaic module is supported by the first ballast tray and the second ballast tray in an inclined
position.

D. The ballast system according to any of paragraphs A-C, wherein the first ballast tray and the
second ballast tray are void of a direct connection to one another.

E. The ballast system according to any of paragraphs A-D, wherein the first ballast tray is not fastened
to a support surface or the second ballast tray is not fastened to the support surface.

F. The ballast system according to any of paragraphs A-E, wherein the at least one photovoltaic
module of the plurality of photovoltaic modules is a first photovoltaic module, and the ballast system
further comprising: a third ballast tray having a third side profile that is the same as the first side
profile of the first ballast tray, the third side profile including a south leg connected to a north leg via
aballast base member, the south leg and the north leg extending transversely to a direction of extension

of the ballast base member, and the south leg being a first length that is greater than a second length
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of the north leg, a second photovoltaic module of the plurality of photovoltaic modules, the second
photovoltaic module having a forward end and a rearward end opposite the forward end, and wherein
the forward end of the second photovoltaic module is attached to the north leg of the third side profile
of the third ballast tray and the rearward end of the second photovoltaic module is attached to the
south leg of the first side profile of the first ballast tray such that the second photovoltaic module is
supported by the first ballast tray and the third ballast tray in the inclined position.

G. The ballast system according to any of paragraphs A-F, further comprising a first module clamp
attached to the north leg of the first side profile of the first ballast tray for attaching a forward end of
at least one photovoltaic module of the plurality of photovoltaic modules, or a second module clamp
attached to the north leg of the second side profile of the second ballast tray for attaching a rearward
end of the at least one photovoltaic module of the plurality of photovoltaic modules.

H. A ballast system to secure a plurality of photovoltaic modules, the ballast system comprising:
a first ballast tray having a first side profile including a south leg connected to a north leg, the south
leg being a first length that is greater than a second length of the north leg; and a second ballast tray
having a second side profile that is different than the first side profile of the first ballast tray, the
second side profile including a south leg connected to a north leg, the south leg of the second side
profile being a first length that is less than a second length of the north leg of the second side profile,
wherein the north leg of the second side profile includes a curvature so as to partially curve toward
the south leg of the second side profile.

I. The ballast system according to paragraph H, further comprising at least one photovoltaic module
of the plurality of photovoltaic modules, the at least one photovoltaic module having a forward end
and a rearward end opposite the forward end, and wherein the forward end is attached to the north leg
of the first side profile of the first ballast tray and the rearward end is attached to the north leg of the
second side profile of the second ballast tray such that the at least one photovoltaic module is

supported by the first ballast tray and the second ballast tray in an inclined position.
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J. The ballast system according to any of paragraphs H-I, wherein the first ballast tray and the second
ballast tray are void of a direct connection to one another.

K. The ballast system according to any of paragraphs H-J, wherein the first ballast tray is not fastened
to a support surface or the second ballast tray is not fastened to the support surface.

L. The ballast system according to any of paragraphs H-K, wherein the at least one photovoltaic
module of the plurality of photovoltaic modules is a first photovoltaic module, and the ballast system
further comprising: a third ballast tray having a third side profile that is the same as the first side
profile of the first ballast tray, the third side profile including a south leg connected to a north leg, the
south leg of the third side profile being a first length that is greater than a second length of the north
leg of the third side profile, a second photovoltaic module of the plurality of photovoltaic modules,
the second photovoltaic module having a forward end and a rearward end opposite the forward end,
and wherein the forward end of the second photovoltaic module is attached to the north leg of the third
side profile of the third ballast tray and the rearward end of the second photovoltaic module is attached
to the south leg of the first side profile of the first ballast tray such that the second photovoltaic module
is supported by the first ballast tray and the third ballast tray in the inclined position.

M. The ballast system according to any of paragraphs H-L, further comprising a first module clamp
attached to the north leg of the first side profile of the first ballast tray for attaching a forward end of
at least one photovoltaic module of the plurality of photovoltaic modules, or a second module clamp
attached to the north leg of the second side profile of the second ballast tray for attaching a rearward
end of the at least one photovoltaic module of the plurality of photovoltaic modules.

N. The ballast system according to any of paragraphs H-M, wherein the second length of the north
leg of the second side profile is greater than the first length of the south leg of the first side profile.
O. The ballast system according to any of paragraphs H-N, wherein a height of the north leg of the

second side profile is substantially equal to a height of the south leg of the first side profile.
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P. A ballast tray comprising: a side profile including a south leg connected to a north leg via a
ballast base member, the south leg and at least a portion of the north leg extending transversely to a
direction of extension of the ballast base member, and the south leg being a first length that is less
than a second length of the north leg, and wherein the north leg of the second side profile includes a
curvature so as to partially curve toward the south leg in an S-shape.

Q. The ballast tray according to paragraph P, wherein the ballast tray is disposed on an outer-most
edge of a photovoltaic module array.

R. The ballast tray according to any of paragraphs P-Q, wherein the ballast tray is not fastened to a
support surface.

S. The ballast tray according to any of paragraphs P-R, further comprising a module clamp, the
module clamp fastened to the north leg.

T. The ballast tray according to any of paragraphs P-S, wherein the module clamp is clampable to an
end of a photovoltaic module.

Conclusion

[0044] Although several embodiments have been described in language specific to structural
features and/or methodological acts, it is to be understood that the claims are not necessarily limited
to the specific features or acts described. Rather, the specific features and acts are disclosed as

illustrative forms of implementing the claimed subject matter.
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WHAT IS CLAIMED IS:

1. A ballast system to secure a plurality of photovoltaic modules, the ballast system
comprising:

a first ballast tray having a first side profile including a south leg connected to a north leg via
aballast base member, the south leg and the north leg extending transversely to a direction of extension
of the ballast base member, and the south leg being a first length that is greater than a second length
of the north leg; and

a second ballast tray having a second side profile that is different than the first side profile of
the first ballast tray, the second side profile including a south leg connected to a north leg via a ballast
base member, the south leg of the second side profile and at least a portion of the north leg of the
second side profile extending transversely to a direction of extension of the ballast base member of
the second side profile, and the south leg of the second side profile being a first length that is less than
a second length of the north leg of the second side profile,

wherein the second length of the north leg of the second side profile is greater than the first
length of the south leg of the first side profile, and

wherein a height of the north leg of the second side profile is substantially equal to a height of

the south leg of the first side profile.

2. The ballast system of claim 1, wherein the north leg of the second side profile includes a

curvature so as to partially curve toward the south leg of the second side profile.

3. The ballast system of claim 1, further comprising at least one photovoltaic module of the
plurality of photovoltaic modules, the at least one photovoltaic module having a forward end and a

rearward end opposite the forward end, and
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wherein the forward end is attached to the north leg of the first side profile of the first ballast
tray and the rearward end is attached to the north leg of the second side profile of the second ballast
tray such that the at least one photovoltaic module is supported by the first ballast tray and the second

ballast tray in an inclined position.

4. The ballast system of claim 3, wherein the first ballast tray and the second ballast tray are

void of a direct connection to one another.

5. The ballast system of claim 3, wherein the first ballast tray is not fastened to a support

surface or the second ballast tray is not fastened to the support surface.

6. The ballast system of claim 3, wherein the at least one photovoltaic module of the plurality
of photovoltaic modules is a first photovoltaic module, and the ballast system further comprising:

a third ballast tray having a third side profile that is the same as the first side profile of the first
ballast tray, the third side profile including a south leg connected to a north leg via a ballast base
member, the south leg and the north leg extending transversely to a direction of extension of the ballast
base member, and the south leg being a first length that is greater than a second length of the north
leg,

a second photovoltaic module of the plurality of photovoltaic modules, the second
photovoltaic module having a forward end and a rearward end opposite the forward end, and

wherein the forward end of the second photovoltaic module is attached to the north leg of the
third side profile of the third ballast tray and the rearward end of the second photovoltaic module is
attached to the south leg of the first side profile of the first ballast tray such that the second
photovoltaic module is supported by the first ballast tray and the third ballast tray in the inclined

position.
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7. The ballast system of claim 1, further comprising a first module clamp attached to the north
leg of the first side profile of the first ballast tray for attaching a forward end of at least one
photovoltaic module of the plurality of photovoltaic modules, or a second module clamp attached to
the north leg of the second side profile of the second ballast tray for attaching a rearward end of the at

least one photovoltaic module of the plurality of photovoltaic modules.

8. A ballast system to secure a plurality of photovoltaic modules, the ballast system
comprising:

a first ballast tray having a first side profile including a south leg connected to a north leg, the
south leg being a first length that is greater than a second length of the north leg; and

a second ballast tray having a second side profile that is different than the first side profile of
the first ballast tray, the second side profile including a south leg connected to a north leg, the south
leg of the second side profile being a first length that is less than a second length of the north leg of
the second side profile,

wherein the north leg of the second side profile includes a curvature so as to partially curve

toward the south leg of the second side profile.

9. The ballast system of claim 8, further comprising at least one photovoltaic module of the
plurality of photovoltaic modules, the at least one photovoltaic module having a forward end and a
rearward end opposite the forward end, and

wherein the forward end is attached to the north leg of the first side profile of the first ballast
tray and the rearward end is attached to the north leg of the second side profile of the second ballast
tray such that the at least one photovoltaic module is supported by the first ballast tray and the second

ballast tray in an inclined position.
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10. The ballast system of claim 9, wherein the first ballast tray and the second ballast tray are

void of a direct connection to one another.

11. The ballast system of claim 9, wherein the first ballast tray is not fastened to a support

surface or the second ballast tray is not fastened to the support surface.

12. The ballast system of claim 9, wherein the at least one photovoltaic module of the plurality
of photovoltaic modules is a first photovoltaic module, and the ballast system further comprising:

a third ballast tray having a third side profile that is the same as the first side profile of the first
ballast tray, the third side profile including a south leg connected to a north leg, the south leg of the
third side profile being a first length that is greater than a second length of the north leg of the third
side profile,

a second photovoltaic module of the plurality of photovoltaic modules, the second
photovoltaic module having a forward end and a rearward end opposite the forward end, and

wherein the forward end of the second photovoltaic module is attached to the north leg of the
third side profile of the third ballast tray and the rearward end of the second photovoltaic module is
attached to the south leg of the first side profile of the first ballast tray such that the second
photovoltaic module is supported by the first ballast tray and the third ballast tray in the inclined

position.

13. The ballast system of claim 8, further comprising a first module clamp attached to the
north leg of the first side profile of the first ballast tray for attaching a forward end of at least one

photovoltaic module of the plurality of photovoltaic modules, or a second module clamp attached to
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the north leg of the second side profile of the second ballast tray for attaching a rearward end of the at

least one photovoltaic module of the plurality of photovoltaic modules.

14. The ballast system of claim 8, wherein the second length of the north leg of the second

side profile is greater than the first length of the south leg of the first side profile.

15. The ballast system of claim 8, wherein a height of the north leg of the second side profile

is substantially equal to a height of the south leg of the first side profile.

16. A ballast tray comprising:

a side profile including a south leg connected to a north leg via a ballast base member, the
south leg and at least a portion of the north leg extending transversely to a direction of extension of
the ballast base member, and the south leg being a first length that is less than a second length of the
north leg, and

wherein the north leg of the second side profile includes a curvature so as to partially curve

toward the south leg in an S-shape.

17. The ballast tray of claim 16, wherein the ballast tray is disposed on an outer-most edge of

a photovoltaic module array.

18. The ballast tray of claim 16, wherein the ballast tray is not fastened to a support surface.

19. The ballast tray of claim 16, further comprising a module clamp, the module clamp

fastened to the north leg.
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20. The ballast tray of claim 19, wherein the module clamp is clampable to an end of a

photovoltaic module.
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