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BUILDING INTEGRATED PHOTOVOLTAIC ROOFING ASSEMBLIES AND

ASSOCIATED SYSTEMS AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This claims the benefit of: U .S. Non-Provisional Application No. 15/246,486,

entitled "BUILDING INTEGRATED PHOTOVOLTAIC ROOFING ASSEMBLIES AND

ASSOCIATED SYSTEMS AND METHODS" and filed on August 24, 2016; U.S. Provisional

Application No. 62/294,743, entitled "BUILDING INTEGRATED PHOTOVOLTAIC

ROOFING SYSTEM" and filed on February 12, 2016; U.S. Provisional Application No.

62/308,828, entitled "BUILDING INTEGRATED PHOTOVOLTAIC ROOFING SYSTEM'

and filed on March 15, 2016; U.S. Provisional Application No. 62/313,678, entitled "BUILDING

INTEGRATED PHOTOVOLTAIC ROOFING SYSTEM' and filed on March 25, 2016; U.S.

Provisional Application No. 62/354,599, entitled "BUILDING INTEGRATED

PHOTOVOLTAIC ROOFING ASSEMBLIES AND ASSOCIATED SYSTEMS AND

METHODS" and filed on June 24, 2016; U.S. Provisional Application No. 62/357,329, entitled

"BUILDING INTEGRATED PHOTOVOLTAIC ROOFING ASSEMBLIES AND

ASSOCIATED SYSTEMS AND METHODS" and filed on June 30, 2016; and U.S. Provisional

Application No. 62/374,704, entitled "BUILDING INTEGRATED PHOTOVOLTAIC

ROOFING ASSEMBLIES AND ASSOCIATED SYSTEMS AND METHODS" and filed on

August 12, 2016, which are all herein incorporated by reference in their entireties. This is also

related to non-provisional applications U.S. 15/246,475 and U.S. 15/246,495, both entitled

"BUILDING INTEGRATED PHOTOVOLTAIC ROOFING ASSEMBLIES AND

ASSOCIATED SYSTEMS AND METHODS", and filed on August 24, 2016, and which are

both hereby incorporated herein by reference in their entireties.



TECHNICAL FIELD

[0002] This generally relates to photovoltaic arrays.

BACKGROUND

[0003] Solar is becoming increasingly popular in the United States and abroad, but

penetration remains relatively low versus the number of homes that could benefit from solar.

The price per kilowatt for solar is now competitive with or below that of utility power in most

areas, however, solar largely remains a niche product for those who value saving money,

reducing C0 2 emissions, or both.

[0004] One factor that may limit the adoption of solar technology is aesthetics. Most

residential solar systems are installed as modules on an existing tile or composition shingle roof.

The solar array, which often only covers a portion of the roof, or even a portion of one mounting

plane on the roof, stands out as separate and distinct from the existing roof, both in height and

material. This structure is therefore visible even from the street level and over large distances.

[0005] Another obstacle to solar adoption in existing homes is the dissonance between

the age of the existing roof and the solar system, particularly where the existing roof is made

from composition shingle. The expected life of a solar system and a composition shingle roof

are both about 25 years depending on the local climate, but the existing roof may be several

years, if not decades, into that lifespan when a prospective customer is contacted. So the

customer may be presented with the dilemma of getting a new roof first, increasing the cost of

going solar, or installing a 25-year solar system on a roof, which may have a relatively shorter

remaining operational lifespan.

[0006] Accordingly, there is a need to resolve the dissonance between the expected life

of the solar system and the remaining life of the roof that also blends in more aesthetically with



the complete roof surface or at least the mounting plane and that doesn't require the prospective

customer to pay for a new roof and a new solar system over that roof.

BRIEF SUMMARY

[0007] Various embodiments provide a new and improved approach to installing solar on

existing roofs, and in particular, existing composition shingle roofs. Some fit over an existing

composition shingle roof and/or other suitable roof surfaces (e.g., a metal seam roof, roof deck,

underlayment or insulation layer). Some have improved aesthetics that reduce the visual

differences between solar and non-solar portions of the roof. Some are more modular and/or

simplify the replacement capability of individual photovoltaic ("PV") modules of the system. In

addition, some cost less to make and install compared to conventional solar systems. And some

solar systems can be installed as a new roof rather than a re-roof or mounted to an existing roof.

These and other embodiments are discussed in greater detail in the detailed description and

drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Illustrative aspects of the present disclosure are described in detail below with

reference to the following drawing figures. It is intended that that embodiments and figures

disclosed herein are to be considered illustrative rather than restrictive.

[0009] FIG. 1A shows an example of a prior art photovoltaic array installed on a roof.

[00010] FIG. IB shows an exemplary prior art photovoltaic module.

[00011] FIG. 2A shows a building integrated photovoltaic system according to various

embodiments of this technology.

[00012] FIG. 2B shows an exemplary photovoltaic module usable with a building

integrated photovoltaic system according to various embodiments of this technology.



[00013] FIGS. 2C and 2D show exploded cross-sectional views of the PV module of FIG.

2B showing the different layers of the PV module according to various embodiments of this

technology.

[00014] FIG. 3A shows a partial cutaway view of a portion of a building integrated

photovoltaic system according to various embodiments of this technology.

[00015] FIG. 3B shows a cross-sectional view of a structurally integrated non-PV roof pan

or panel configured in accordance with certain embodiments of this technology.

[00016] FIG. 3C shows a cross-sectional view of a building integrated photovoltaic system

according to various embodiments of this technology.

[00017] FIG. 4A shows a cross-sectional, close up end view of a portion of a building

integrated photovoltaic system including coupled seams according to certain embodiments of

this technology.

[00018] FIG. 4B shows a cross-sectional view of a seam cover, seam clip, and standing

seams according to certain embodiments of this technology.

[00019] FIGS. 4C and 4D show cross-sectional views of a building integrated photovoltaic

system including seams that are coupled according to yet further embodiments of this

technology.

[00020] FIGS. 4E-4G further show different views of a seam clip configured in

accordance with an embodiment of this technology.

[00021] FIGS. 4H and 41 show spacing and a filling or wedge member between

photovoltaic modules and proximate side walls, in accordance with aspects of this technology.



[00022] FIGS. 5-9A show a perspective view, cross-sectional front view, and various side

views respectively of a portion of a building integrated photovoltaic system according to other

various embodiments of this technology

[00023] FIG. 9B shows a close-up view of roof eave portion of a roof including a louvered

vent portion configured in accordance with embodiments of this technology.

[00024] FIGS. 10A-10H show an example of a building integrated photovoltaic ("BIPV")

system installation on a building including one or more features or components (e.g., roofing

components, transition pans, PV module assemblies, roof pans, underlayment layers), in whole

or in part, according to various embodiments of this technology.

[00025] FIGS. 11A-l 1H show different views of a grounding clip for use with a PV

system according to certain embodiments of this technology.

[00026] FIGS. 12A-12C show different views of wiring caps and clips for use with a PV

system according to various embodiments of this technology.

[00027] FIGS. 13A-13M show various wiring systems, circuits, and pathways in

accordance with various embodiments of this technology.

[00028] FIGS. 14A-14G show other wiring features and support pan structures in

accordance with certain embodiments of this technology.

[00029] FIGS. 15A-15D show various views of a photovoltaic module pan assembly

capable of supporting a heat transfer or phase change material usable with a building integrated

photovoltaic system as described herein according to various embodiments of this technology.

[00030] FIGS. 16A-16J are a series of diagrams showing schematic wiring options for

solar cell sections of a photovoltaic module accounting for shading caused by standing seams, in

accordance with various embodiments of this technology.



[00031] FIG. 16K shows incident solar energy on a photovoltaic panel and standing seam

roof panel on the longitudinal sides thereof.

[00032] FIG. 17 shows an embodiment of a PV column of a solar panel array, where the

PV column is configured to take advantage of convection and related heat transfer, in accordance

with various embodiments of this technology.

[00033] FIG. 18 shows a schematic representation of vent modules, in accordance with

various embodiments of this technology.

[00034] FIG. 19A shows a perspective view of a PV module with attached rails, in

accordance with certain embodiments.

[00035] FIG. 19B shows a perspective view of another PV module with attached rails, in

accordance with certain embodiments.

[00036] FIG. 19C shows an exploded perspective view of a PV module with different rail

options according to various embodiments.

[00037] FIGS. 20A, 20B, and 20C show perspective, cross-section, and detail views of a

corrugated PV pan with seam clips, in accordance with certain embodiments.

[00038] FIGS. 2 1A and 2 1B show perspective and cross-section views of a corrugated PV

pan with seam clips and a PV module mounted thereto, according to other embodiments.

[00039] FIGS. 22A, 22B, and 22C show perspective, cross-section, and detail views of a

corrugated PV pan with seam clips securing a PV module thereto in accordance with certain

embodiments.

[00040] FIGS. 23A and 23B show perspective and cross-section views of a corrugated PV

pan with seam clips and a PV module mounted thereon according to other various embodiments.



[00041] FIGS. 24A, 24B, and 24C show perspective views of photovoltaic modules and

non-photovoltaic modules installed on support pans in accordance with certain embodiments.

[00042] FIG. 25 and FIG. 26 show transition pans forming openings within a photovoltaic

array configured for the passage of precipitation and airflow, according to various embodiments.

[00043] FIGS. 27A-27E show latching assembly features for photovoltaic module

assemblies, according to various embodiments.

[00044] FIGS. 28A-28H show rail mounted assembly features for photovoltaic module

assemblies according to various embodiments.

[00045] FIGS. 29A-29B show assembly features for photovoltaic module assemblies

mounted without support pan structures according to various embodiments.

[00046] FIG. 30 shows a PV module-pan assembly using inverted seam structures

according to various embodiments.

DETAILED DESCRIPTION

[00047] The present disclosure describes various embodiments of photovoltaic roofing

systems and associated systems and methods. Some embodiments relate to building integrated

photovoltaic module assemblies and associated systems and methods. In various embodiments,

the systems described herein lower costs of conventional systems in which a PV system is

installed over a roof, and at the same time can provide an improved aesthetic for a PV roof

system.

[00048] Certain details are set forth in the following description and in the Figures to

provide a thorough understanding of various embodiments of the present technology. Other

details describing well-known structures and systems often associated with PV systems, roofs,



etc., however, are not set forth below to avoid unnecessarily obscuring the description of the

various embodiments of the present technology.

[00049] Many of the details, dimensions, angles and other features shown in the Figures

are merely illustrative of particular embodiments. Accordingly, other embodiments can include

other details, dimensions, angles and features without departing from the spirit or scope of the

present invention. Various embodiments of the present technology can also include structures

other than those shown in the Figures and are expressly not limited to the structures shown in the

Figures. Moreover, the various elements and features shown in the Figures may not be drawn to

scale. In the Figures, identical reference numbers identify identical or at least generally similar

elements.

[00050] As used herein, the term "substantially" refers to the complete or nearly complete

extent or degree of an action, characteristic, property, state, structure, item, or result. For

example, an object that is "substantially" uniform in height to another object would mean that the

objects are either completely or nearly completely uniform in height. The exact allowable

degree of deviation from absolute completeness may in some cases depend on the specific

context, however, generally speaking, the nearness of completion will be so as to have the same

overall result as if absolute and total completion were obtained.

[00051] As used herein, the term "about" is used to provide flexibility to a numerical

range endpoint by providing that a given value may be "above" or "below" the value. For

example, the given value modified by about may be, for example, by ±5%, ±10%, ±15%, ±20%.

[00052] Wherever used throughout the disclosure and claims, the term "generally" has the

meaning of "approximately" or "closely" or "within the vicinity or range of. The term

"generally" as used herein is not intended as a vague or imprecise expansion on the term it is



selected to modify, but rather as a clarification and potential stop gap directed at those who wish

to otherwise practice the appended claims, but seek to avoid them by insignificant, or immaterial

or small variations. All such insignificant, or immaterial or small variations should be covered

as part of the appended claims by use of the term "generally".

[00053] As used herein, the term "building integrated photovoltaic system" of "BIPV"

generally refers to photovoltaic systems integrated with building materials to form at least a

portion of a building envelope. For example, the BIPV system can form the roof or roofing

membrane of a building. The BIPV systems described herein can be retrofitted, can be a part of

a new construction roof, or a combination of both. The PV modules, PV module pans, or both

(depending on the particular embodiment) can be used as the actual building envelope (e.g.,

roofing membrane) to provide a watertight or substantially watertight seal. Alternatively, in

other embodiments, the PV components (e.g., photovoltaic modules and associated wiring) of the

system may be affixed over the building envelope in a manner that simulates the appearance of

BIPV without having the PV system components be part of the building envelope. In other

words, the PV modules may be installed over a metal roof pan or support pan that makes up part

of the building envelope. As used herein, the term "BIPV system" may be used to refer to either

configuration.

[00054] As used herein, the terms "up-roof ' and "down-roof are used to provide

orientation, direction, position, or a reference point relative to or in context of a roof or roofing

surface upon which the systems described herein are installed on and/or form a portion of. Up-

roof generally refers to an orientation that is relatively closer to the roof ridge while down-roof

refers to an orientation that is relatively closer to the roof eave.



[00055] As used herein, the singular forms "a", "an", and "the" are intended to include the

plural forms as well, unless the context clearly indicates otherwise. It will be further understood

that the terms "includes" and/or "including", when used in this specification, specify the

presence of stated features, integers, steps, operations, elements, and/or components, but do not

preclude the presence or addition of one or more other features, integers, steps, operations,

elements, components, and/or groups thereof.

[00056] Spatially relative terms, such as "beneath", "below", "lower", "above", "upper",

and the like, may be used herein for ease of description to describe one element or feature's

relationship to another element(s) or feature(s) as shown in the figures. It will be understood that

the spatially relative terms are intended to encompass different orientations of the device in use

or operation in addition to the orientation depicted in the figures. For example, if the device in

the figures is turned over, elements described as "below" or "beneath" other elements or features

would then be oriented "above" the other elements or features. Thus, term such as "below" can

encompass both an orientation of above and below, depending on the context of its use. The

device may be otherwise oriented (rotated 90 degrees or at other orientations) and the spatially

relative descriptors used herein are interpreted accordingly.

[00057] Although the terms "first", "second", etc. may be used herein to describe various

elements, components, regions, layers and/or sections, it should be understood that they should

not be limited by these terms. These terms are used only to distinguish one element, component,

region, layer, or section from another region, layer, or section. Thus, a first element, component,

region, layer, or section discussed below could be termed a second element, component, region,

layer, or section without departing from the teachings of the present invention.



[00058] As used herein, the terms "and/or" and "at least one of include any and all

combinations of one or more of the associated listed items.

[00059] Rapid shutdown devices ("RSD") for PV systems can be applied to the systems

described herein, and can be located or positioned in various locations. In some embodiments, a

recess or other opening can be made in structural support pans (e.g. a transition pan or a non-PV

pan) through insulation such that RSD can be inset or positioned inside recessed opening. Vents

can be positioned on top of opening to conceal or cover opening. Structural support pans can be

elements of roofing frames or array systems that provide stability or integrity to the overall

structures, as described in further detail below. RSD can be positioned within a box or other

suitable container prior to positioning within recess. In other embodiments, RSD can be

positioned under eaves, or eave flashings or gutters. In yet other embodiments, RSD can be

positioned within attic portions of a building.

[00060] Generally, PV modules are crystalline-based solar panels, which can be either or

both of monocrystalline solar panels or polycrystalline (multi-crystalline) solar panels. The

laminate or wafer forming the solar energy-collecting surface of such PV modules can be

mechanically coupled, adhered, or bonded to structurally supporting pans. In some

embodiments, PV modules can include layers of amorphous silicon or thin film variations of

solar energy-collecting laminates (unlike traditional thin-film solar materials directly applied to

continuous metal sheets of a roof). Generally, PV pan-module assemblies as considered herein,

including PV modules, solar panels and laminates, have individual structures that can be used in

combination to form larger solar arrays and/or building structures, as set forth below.

Alternatively, thin-film PV modules, such as cadmium telluride, copper indium gallium

diselenide, or amorphous thin-film silicon may be used. In still further embodiments, cells based



on perovskite or other as of yet non-commercialized materials may be used. The particular type

of cell technology used is a design choice and not critical to the various embodiments of the

invention.

[00061] FIG. 1A shows a prior art PV array installed on roof 100. The exemplary PV

array of FIG. 1A includes six solar panels 101 or modules (identified individually as solar panels

101A-101F). Though not shown in detail, panels 101A-101F are mounted on roof 100 using one

of various known rail-based or rail-free mounting systems, as are currently employed by solar

installers, such as San Mateo, California-based SolarCity Corporation.

[00062] FIG. IB shows one type of conventional solar panel 101 in more detail. Solar

panel 101 includes PV laminate 102, which in conventional silicon-based cells, consists of a

silicon sandwich of p-doped and n-doped silicon layers, a top glass sheet protecting the laminate,

and a back sheet that can include a plurality of layers - and rigid metal frame 103, supporting PV

laminate 102. Although shown as a unitary structure, laminate 102 may include a plurality of

individual solar cells that are wired together to form a single unit under the top glass sheet. In

the example shown in FIG. IB, frame 103 is a grooved frame with groove 104 surrounding the

outer face of frame 103 on all sides. Grooved frame modules such as module 101 are

manufactured and sold by SolarCity Corporation of San Mateo, CA. In such a module, groove

104 serves as mechanism for attaching other mounting hardware (e.g., a leveling foot, an

interlock) to join modules together and to support the modules over a roof surface. Those of

ordinary skill in the art will appreciate that panel 101 may also have a plain, non-grooved frame.

Non-grooved frames are typically interconnected to one another and connected to the roof using

connectors that clamp down between the top and bottom edges of the frame.



[00063] Although these types of framed PV modules achieve their structural function, they

are aesthetically suboptimal and have material usage inefficiencies. First, conventional PV

systems, such as that shown in FIG. 1A, are typically installed over an existing roof, essentially

requiring redundant structure since the PV array will shield most of the portion of the roof that it

is installed over. Second, conventional systems are deemed by some people to be unaesthetic.

Conventional PV modules usually come in one of two colors: blue, signifying a poly-crystalline

silicon structure, and black, signifying a mono-crystalline silicon or thin-film structure. The

metal frame portion can be painted black to help it blend in with the roof surface, or it can simply

be raw aluminum. Regardless of whether blue or black modules are used, the difference between

the look of the portion of the roof that is covered with solar and the remainder of the roof is

generally quite dramatic. As a result, roofs that are partially covered with solar panels have an

aesthetic contrast that can be seen from very far distances due to the difference in reflectivity,

elevation, height, and/or color between these two very different surfaces.

[00064] Building Integrated Photovoltaic Array & Coupling Seams

[00065] FIG. A shows BIPV system 200 installed on a plane of roof surface 203. System

200 is arranged in vertical pans on existing roof 203 to mimic the look of an all metal standing

seam metal (e.g., steel, aluminum, galvanized) roof with evenly spaced vertical seams running

from the roof ridge to the eave. The resultant BIPV system is comprised of six vertical pan

sections containing PV modules 201 A-201R, regular roof pans 210, and dummy or transition

pans 205 that complete the six vertical columns (e.g., col. 1 = 201 A, 201 G, 201M; col. 2 = 201B,

201H, 201N; col. 3 = 201C, 2011, 201O; col. 4 = 201D, 201 J, 201P; col. 5 = 201E, 201K, 201Q;

and col. 6 = 201F, 201L, 201R). As discussed in greater detail herein, in some embodiments, the

PV modules in each column (e.g., 1, 2, 3, 4, 5, and 6) may be affixed to a roof pan containing



raised seams on either side. In other embodiments, the PV modules in each column may make

up a portion of the roof-facing portion of the pan. Ridge cap 215 sits at the top of the resultant

array, and as discussed herein may be used for venting, heat dissipation, and wire management.

Together, these elements form an integrated PV roofing system 200 that reduces the redundancy

inherent in conventional PV systems while providing a uniform look.

[00066] Standing seam as understood herein refers to the raised seams running up-roof to

down-roof on both sides of a roof pan that are used to interlocking adjacent pans. The standing

seams can be vertically or upwardly extending sidewalls or flanges and may be held together

with clips or other fasteners. The seams between pans may be covered with a cap or other

feature that keeps them watertight while concealing the seam. While shown as extending

substantially perpendicular to a base planar surface portion (e.g., the plane of the roof surface or

PV modules), in other embodiments, the standing seams can extend at angles other than ninety

degree. Systems and features described herein can also be applied to non-metal (e.g., comp

shingle, tile) roofs.

[00067] The seams (e.g., raised seams) of adjacent roof pans used in the PV systems

described herein can be interlocked (e.g., coupled or secured together) in a variety of manners.

For example, seams can be interlocked by folding (e.g., bending, rolling) one seam over the

another seam and crimping them together (see e.g., FIG. 3C), which creates equally spaced,

interlocked seams running from roof ridge 209 to roof eave 213. In some embodiments, seams

are interlocked or snap-locked by clips, clamps, covers, or other suitable mechanical fasteners

(e.g., rivets and screws) that fit over the entire seam as described in more detail below with

reference to FIGS. 4A-4D. In yet further embodiments, seams can be welded or otherwise

bonded or adhered together. As noted above, in certain embodiments seams of systems



described herein can be inverted (e.g., extended or bent in a downward direction such that they

are positioned below the roof or PV module surfaces) as compared to the standing or raised

seams.

[00068] In yet further embodiments, the seams can be hemmed, folded, or bent into

different configurations to provide improved engagement features as described in more detail

below (see e.g., FIG. 4B). For example, a clip used to engage and couple the hemmed seams can

include one or more hook portions that can engage (e.g., be "snap-locked") the seams in a

manner to provide increased resistance to pullout in response to uplift forces (e.g., wind uplift).

Further, having such hemmed or bent seams can provide improved safety when shipping and

installing such components by reducing the number of exposed sharp edges. In yet other

embodiments, the seams can be inverted or extended (e.g., bent) downward such that ends of the

seams are positioned below the planar, roof surface portions of the metal roof.

[00069] System 200 includes a solar array of eighteen low profile building integrated PV

modules 201 (identified individually as PV modules 201 A-201R arranged in six columns and

three rows of PV modules). PV modules 201 can, in some contexts, also be referred to as PV

panels or solar panels. In other embodiments, system 200 can include a different number of

columns or rows of PV modules (e.g., two rows). Further, the columns and/or rows can be

spaced apart as desired (e.g., not directly adjacent to each other). System 200 can also include

dummy modules 205 (alternatively referred to as dummy panels) and columns of standard roof

pans 210 that contain no solar PV modules. Dummy modules 205 generally refer to roof

structures that can mimic the appearance of PV modules 201, serving a function similar to

standard roof pans 210. In some contexts, roof pans 210 can alternatively be referred to as

general support pans or non-PV pans.



[00070] As discussed above, PV modules 201 A-201R can be placed or mounted within

ordinary pans that are substantially the same as non-PV pans 210. Alternatively, they may be

installed in, or part of special pans (e.g., pans 220 in FIG. 3A) so that the height of modules

201A-R is substantially equal to the height of non-PV pans 210. Moreover, as discussed in

greater detail herein, the pans holding modules 201A-201R, in columns 1-6, may be specifically

configured with additional recesses (e.g., 224) to accommodate module junction boxes 217 and

route power cables as shown in FIGS. 3A and 3C. In contrast, standard roof pans 210 generally

refer to traditional structures and panels used for the tiling or construction of roofs, which do not

include PV electricity generation components. Such non-PV pans 210 may be installed over roof

battens 2 11 as seen in the partial cutaway view of Figure 3A . Alternatively, they may be

installed directly on the roof deck. Dummy modules 205 are roof pans that are used to complete

a column of PV pans, after the PV portion stops. Dummy modules 205 may not only mimic the

appearance of PV modules 201, but they may be mounted on PV pans 220 instead of PV module

201 . In such a case, dummy modules 205 can maintain a uniform appearance alongside PV

modules and provide space beneath the generally uniform planar surface of PV modules 201 of

system 200, in which electrical components can be centralized, ventilation can be achieved, or

where access to underlying roof 203 (e.g. sub-roofing, an attic, etc.) can be provided.

[00071] Dummy modules 205 can be substituted for, or configured to appear similar to,

roof pans 210 and/or PV modules 201 . For example, dummy modules 205 can be painted to

match in color or appearance of roof pans 210 and/or PV modules 201 . In some embodiments,

dummy modules 205 can be used as transition pans at up-roof (e.g. at ridge 209 of roof 203) or

down-roof portions (e.g., at eave 213 of roof 203) at the beginning and/or end of a column of PV

modules 201, as described in more detail below. In other embodiments, roof pans 210 can be



used as transition pans, such as part of a column of PV modules 201. As used herein, the term

transition pan refers to sections of roof pan that are used to transition between different pan types

(e.g., PV pan 220 and non-PV pan 210) or to complete a column before PV modules start or after

they stop. In certain embodiments, dummy modules 205 can be installed adjacent to side

portions of roof 203, in place of, or along with roof pans 210. In other embodiments, roof pans

210 can be used or substituted for one or more dummy modules 205. In some embodiments,

dummy modules 205 can include roof pan 210 or panel or a PV module layer (e.g., glass,

backsheet, etc.) positioned on a batten or other pan mount.

[00072] System 200 can include ridge cap 2 15 to cover roof ridge 209 and may be used to

conceal and protect wires (e.g., conduits or cables) or other equipment (e.g., fans, vents,

connectors, inverters, jumpers, home-run connections). System 200 can also include other

roofing components (e.g., flashings, gutters, vents, caps, covers, trims), for example, at eave 213,

or at hips, valleys, or sides of the roof (not shown). While FIG. 2A shows system 200 including

eighteen PV modules 201A-201R, in some embodiments, system 200 includes a solar array with

more or less than eighteen PV modules 201. Further, in some embodiments, a column of roof

pans 210 can also include dummy modules 205 and/or PV modules 201.

[00073] FIG. 2B shows exemplary low-profile BIPV module 20. In various embodiments,

PV modules 201 can include any number of cells, including more or less than conventional 60-

cell or 72-cell solar panels. For example, PV module 201 may have 3 columns of 11 cells, 3

columns of 10 cells, or, in a shingled configuration, 3 columns of thirty-three 33 sub-cells, where

each cell is cut into 3 shingled cells. PV modules 201 can also include bi-facial, shingled cells,

or a combination thereof. As shown, PV modules 201 can be about half the width of

conventional, full-width modules. Further embodiments of PV modules 201 can have a specific



number of solar cells, such as 12-cell, 20-cell, 24-cell, 30-cell, 36-cell, 40-cell, 42-cell, 48-cell,

54-cell, or 56-cell embodiments. Other embodiments of the present technology can include PV

modules having 60-cell, 70-cell, 80-cell, or 92-cell solar panels, or other such solar panels as

known in the field. Further embodiments can have PV modules 201 with other number-of-cell

embodiments within the above-considered ranges. The various embodiments of PV modules 201

with different numbers of solar cells allows for flexibility in selecting solar panels appropriate

for any given system installation.

[00074] PV modules 201 can also be frameless or have a minimized frame structure, as

shown in FIG. 2B. In other words, PV modules 201 can be constructed without a rigid frame

(e.g., made of metal, plastic) surrounding or enclosing the edges of the panel, or in some

embodiments, surrounding only a portion of the bottom and sides but not the top of the module.

Individual PV modules 201 can include layer of top glass 208 and a back sheet that will

sandwich the internal PV layers as described in more detail below with respect to FIGS. 2C and

2D without any framing. In certain embodiments, because PV modules 201 A-201R can be

supported by PV pans 220 (e.g., tray, plate - as shown, for example in FIG. 3A), where PV pans

220 with raised portions 222, whereas PV pans 220 sit on and/or are secured to roof 203 or other

suitable roof surface at valleys 224, PV modules 201 A-201R may not need to be as strong as

framed panels in an ordinary or conventional array. In other words, in an ordinary or

conventional array, the panel frame can become part of the mounting system and is subject to the

same forces and moments as the mounting system, whereas in contrast, PV pans 220 can

primarily bear load instead of PV modules 201 . PV modules 201 and PV pans 220 form PV

module-pan assemblies when bonded or otherwise coupled to each other. Frameless, low profile



solar PV modules are not required. For example, a framed module can used and the frame can

be color matched to PV pan 220.

[00075] Generally, in various embodiments, either or both of non-PV metal roof pans and

transition pans can be painted to appear like PV modules, for example, replicating solar cell

lines, color, and other visual characteristics of PV modules. Similarly, either or both of non-PV

metal roof pans and transition pans can have visual or structural characteristics to track PV

module-pan assemblies. The combination of these elements can provide for an overall roof

appearance that is visually pleasing, with minimal points of contrast or sharp edges to distract the

eye of an observer.

[00076] It should be understood that in these embodiments, roof pitches where such

systems are installed are non-zero, and that the systems are installed to account for the angle or

slope of (non-flat) roofs. The distances or gaps between various pans, modules, and assemblies,

and the degree to which such gaps are concealed will be dependent on roof pitch, the distance a

viewer is from the roof, and the height of the viewer.

[00077] FIGS. 2C and 2D show in further detail the layers of exemplary PV modules 201 .

In some embodiments, PV modules 201 described herein refer to crystalline-type (e.g., non-thin

film or amorphous solar) solar modules. However, PV modules 201 are not limited to

crystalline-type solar cell technology. For example, in other embodiments, thin-film or

amorphous solar (e.g., amorphous silicon) can be used as laminate layers with certain

embodiments of PV modules 201 described herein. In yet further embodiments, hybrid

crystalline and amorphous solar modules can be used with PV modules 201 systems described

herein. In other embodiments, other types of solar cells (e.g., non-silicon based semiconductors,

partial silicon, non-crystalline, partial crystalline, organic, carbon-based, perovskite, cadmium-



telluride, copper-indium-gallium-selenide ("CIGS"), dye sensitized, transparent luminescent

solar concentrator, polymer, transparent cells) can be provided as part of PV modules 201.

[00078] As shown in FIG. 2C and noted above, in some embodiments, PV module 201

can include PV layers 202 (e.g., solar cells, semiconductor layers, bussing, insulation, laminate)

sandwiched between encapsulation layers 204 (e.g., EVA). PV modules 201 can further include

one or more backsheets 206 (e.g., polyvinyl fluoride film) and/or glass layers 208. As shown in

FIG. 2D, PV modules 201 can include first and second glass layers 208 (e.g., "glass on glass")

sandwiching encapsulation layers 204. The glass on glass PV modules 201 can also eliminate or

reduce the need for additional intermediate material layers (e.g., a pan portion, underlayment, felt

paper) between a bottom of PV module 201 and existing roofing surfaces, which may otherwise

be used for fire protection or other purposes. In certain embodiments, PV modules 201 can

include both glass layer 208 and one or more backsheet layers 206. In yet further embodiments,

PV modules 201 can include one or more additional layers (e.g., transparent coatings, insulation

layers, phase change material layers to help with heat transfer) on a top side (e.g. the side of PV

module 201 incident to solar energy), rear side (e.g. the side of PV module 201 proximate to the

installation surface or roof), or as intermediate layers.

[00079] In some embodiments, tape, edge trim, or other edge protection materials can be

applied to corners, edges or sides of PV modules 201 to protect PV modules 201 from damage

during shipping or installation. These can be configured to be tear-away or permanent materials.

Encapsulation layers 204 or backsheet layers 206 can also be optionally trimmed during

manufacturing such that they can be rolled over PV module 201 edges and laminates to provide

edge protection. Any or all portions of encapsulation layers 204 or backsheet layers 206 can



then be removed prior to, or during installation, on a roof. In certain embodiments, glass edges

of glass layer(s) 208 can be rounded or beveled accordingly for ease of installation.

[00080] Although backsheet layers 206 can have a light color, such as white, PV modules

201 can include non-white (e.g., black, blue, transparent) backsheet layers 206. Non-white

backsheet layers 206 can improve aesthetics by reducing glare or reflection off or through glass

layers 208 or a mounting pan as compared to white backsheet layers 206. Additionally, black or

blue backsheets tend to be closer in color to conventional solar cells or PV modules. Thus, non-

white backsheets can create a more uniform appearance with the rest of the system. Backsheet

layers 206 (or other layers) may be cut at an angle, such that the cut, exposed portion of

backsheet layer 206 faces roof 203, or is oriented in a substantially downward direction (e.g.,

toward the roof) when PV modules 201 are assembled and mounted to the roofing surface.

[00081] The arrangement of backsheet layers 206 above or below PV layers 202 and

encapsulation layers 204 can provide for added thermal control and/or directed light reflection

within PV modules 201. In some embodiments, PV modules 201 may include first and second

backsheet layers 206 (e.g., non-white or white) sandwiching encapsulation layers 204 (e.g., on

both air and cell sides of PV module stack). Further, backsheet layers 206 can be integrated with

encapsulation layers 204 or adhesive layers in certain embodiments. Certain backsheets can also

provide PV modules 201 with improved thermal dissipation or heat reflective properties,

electrical insulation, or protection from damage, moisture, or UV degradation. Such backsheets

can include dyMat™, DuraShield®, or PowerShield®.

[00082] FIG. 3A shows a partial cutaway view of a portion of building integrated PV

system 200, and FIG. 3B shows a cross-sectional view of the same system 200. FIGS. 3A and

3B show the layers of different materials or components used to construct system 200. System



200 can be installed, for example, directly over an existing composition shingle roof layer and/or

other suitable roof surface or structure (e.g., a roof deck, metal seam roof, insulating layer,

underlayment, ice dam protection membrane, slip sheet, batten, purlin, rafter, flashing, furring

strip). Alternatively, the existing roof may be scraped clean before installing system 200. In still

further embodiments, system 200 may be installed as part of new construction where there is no

existing weather resistant roof surface other than the plywood roof deck.

[00083] After a desired size of the solar array has been determined (e.g., based on

orientation of the roof, space considerations, weight considerations, amount of electricity

production required, efficiency of modules, amount of sunlight), trim, vent, or flashing at the

eave or sides of roof 203 can be installed. Battens 211 can then be installed across roof 203 in

areas (e.g., columns) of roof 203 where non-PV modules will be placed. For a composition

shingle roof, battens 211 can be attached directly over the composition shingle roof in a series of

rows that run from roof ridge 209 down to roof eave 213 and/or as continuous or semi-

continuous layers or sheets of insulation material, which in some aspects, can be referred to as

intermediate layers 219 of roof 203. Non-PV roof pan(s) 210 and/or dummy modules 205 can

then, for example, be installed over battens 211.

[00084] In alternative embodiments, battens 2 11 can be pre-installed, secured to, or

otherwise integrated with an underside of non-PV roof pans 210 and/or dummy modules 205

(e.g., forming a structurally integrated roof panel) prior to securing roof pans 210 to roof 203.

For example, as shown in FIG. 3B, non-PV roof pans 210 can include batten 2 11 (e.g., foam,

isoboard, polyisocyanurate foam, or other insulation materials) sandwiched between upper pan

surface 2 1OA and lower pan surface 2 10B. Lower pan surface 2 10B can be secured to upper pan

surface 210A to provide improved overall rigidity of roof pan 210. This can help reduce



unintended detachment of roof pans 210 as well as resistance to uplift from wind. For example,

lower pan surface 2 1OB can include raised seams 232 secured or configured to be secured to

standing seams 212 of upper pan surface 2 1OA with seam clips or other suitable fasteners (e.g.,

rivets), or be welded together. Further, in certain embodiments, batten material can include one

or more primary wiring channels 226 (or "pathways") that provide space for wire routing and

management, and that can be oriented in either or both of an "East-West" direction (transverse to

the length of roof pan 210) or a "North- South" direction (longitudinally along the length of roof

pan 210). Similarly, in some embodiments, lower pan surface 210B can include one or more

secondary wiring channels 228 that provide space for wire routing and management, and that can

be oriented in either or both of an "east-west" direction (transverse to the length of roof pan 210)

or a "North-South" direction (longitudinally along the length of roof pan 210).

[00085] While battens 2 11 are shown in FIG. 3A as extending generally horizontally (e.g.,

side-to-side) in rows across roof 203 between corresponding seams 212 (identified individually

as seams 212A and 212B) of non-PV pans 210, battens 211 can be positioned on or extend

across roof 203 in a direction generally parallel to or at an angle to a longitudinal axis of standing

seams 212. Although battens 2 11 have a rectangular cross-section, any other suitable cross-

sectional shapes (e.g., triangular, square, trapezoidal) can be used. Battens 2 11 can have one or

more cross-sectional sizes. For example, battens 2 11 can have a cross-sectional dimension equal

to or about 1" x 4", 1.5" x 4", 1.75" x 4", 2" x 4", 3" x 4" (where quotation marks indicate

inches), or any value in between.

[00086] Battens 211 may also be spaced apart or include one or more channels or

apertures such that cables, conduits, or other wires can be routed through or pass across the roof

underneath the pans (e.g., in either or both of North-South and East-West directions). Battens



2 11 can, for example, be made of wood or other suitable materials (e.g., foam, rubber,

polystyrene, isoboard, metal, polyisocyanurate foam). In certain embodiments, battens 2 11 can

include a layer of reflective material. In yet further embodiments, battens 2 11 can include one or

more continuous or semi-continuous layers of suitable materials as set forth above.

[00087] Non-PV roof pans 210 can be manufactured in pre-cut lengths (e.g., 6', 8', 10')

and cut to fit into custom lengths as needed for any given installation. Roof pan 210 can also be

pre-formed with standing seam 212, ridge or other feature that matches or mimics PV pan

standing seam 214 as configured between adjacent low profile building integrated PV modules

201 . As shown in FIG. 3C, roof pan 210 can have standing seam 212 with larger outer seam

212A on the left side and smaller inner seam 212B on the right side. PV standing seams 214,

also with left side larger outer seam 2 14A and right side smaller inner seam 214B, can mirror

seams 212A and 212B, or vice versa. These configurations facilitate interconnection or

interlocking of standing seams 212 of roof pan 210 with corresponding standing seams 214 of

PV pan 220, forming interlocked standing seam 230. Alternatively, all seams can be the same.

Battens 2 11 can be sized to maintain roof pan 210 at a height or elevation that is equal to or

substantially similar to surrounding PV modules 201 and dummy modules 205. Battens 2 11 can

also support roof pan 210 from below so that if for example, an installer steps on roof pan 210

during installation, roof pan 210 is less likely to dent or take on the shape of the course of

shingles below.

[00088] FIGS. 3A and 3C show one or more PV pans 220 that extend in a column

adjacent to roof pan 210. PV pans 220 in this embodiment are partially corrugated pans with a

series of ridges 222 (alternatively referred to as peaks) and channels 224 (alternatively referred to

as troughs or valleys) formed in PV pans 220 that provide support to PV modules 201 mounted



on PV pan 220. PV modules 201 and dummy modules 205 can be installed over PV pan 220 to

form a complete column of similar looking material. Dummy modules 205 can also be made of

glass, painted metal, plastic or other material that matches the color, reflectivity, and/or texture

of PV modules 201 or non-PV roof pans 210.

[00089] As noted above, dummy modules 205 can also be configured as transition pans at

down-roof or up-roof portions of a column of PV modules 210 and PV pans 220. Transition

pans can be installed at up-roof and down-roof portions (e.g., ridge or eave, respectively) of a PV

system (e.g., a roof). Dummy pans 205 can appear the same or substantially similar in

appearance to the non-PV roof pans 210 and/or the assembly of PV modules 201 with PV pans

220. Various embodiments are described in more detail and shown below.

[00090] Similarly, non-roof pans 210 can also be similarly configured (e.g., painted) to

match the color, reflectivity and texture of PV modules 201, or vice versa. In some

embodiments, modification of dummy modules 205 or non-PV roof pans 210 can include grid-

lines or other features (e.g., printed cells, bussing, or busbars) to further match the appearance of

PV modules 201.

[00091] In certain embodiments, one or more PV module junction boxes 217 (alternatively

referred to as "j-boxes") can fit within or extend into one of channels 224 of PV pan 220.

Junction boxes 217 can be attached to or extend from a bottom surface of the PV modules into

channels 224. As described in more detail below, having more than one junction box 217 (e.g.,

V+ and V-) can provide additional or improved potential wire routing pathways or connections.

Further, including more than one junction box 217 can decrease the profile or size required of

each junction box 217, relative to a single j-box implementation and also reduce the amount of

external or internal wire (e.g., copper wire) required for electrically connecting cells and PV



modules of a PV system relative to using one junction box 217 in certain embodiments. In

certain embodiments, efficiency can be improved by reducing internal or external resistances by

reducing the amount of internal or external wiring.

[00092] One or more junction boxes 217 can be center mounted, for example, on the

underside of PV module 201, as shown in the center portion of FIG. 3C. Junction boxes 217 can

also be mounted off-center (e.g., more proximate to opposing sides and/or ends of PV module

201 rather than a center or center-line of PV module 201) on the underside of PV module 201, as

shown under PV module 201 in the right side portion of FIG. 3C. In some implementations,

primary wiring channels 226 and/or secondary wiring channels 228 can accommodate the wires

and connectors that interconnect adjacent or proximate PV modules 201 to each other as part of

system 200, as well as the home run connection to a power substation connected to system 200.

Junction boxes 217 can be pre-assembled, clipped, or bonded to PV modules 201. Wires or

cables for connection to other junction boxes 217 can optionally be pre-attached (e.g., taped,

with clips) to PV modules 201 prior to installation. In certain embodiments, PV modules 201

can include micro-inverters, DC optimizers, or other module-level electronics as part of or

separate from the housing that also holds junction boxes 217.

[00093] As shown in FIG. 3C, either battens 2 11 or PV pans 220, or both can be installed

over existing composition shingle roof or roof deck 203. In some embodiments, intermediate

layers 219 of felt paper, insulation (e.g., battens, isoboard, polyisocyanurate foam, foam),

reflective layers, underlayment (e.g., moisture, fire protection, or other suitable insulation layers

such as VersaShield®, MetShield®, or DensDeck®), and/or other suitable layers can be

positioned between shingle roof 203 and bottom of battens 2 11 or PV pans 220. In certain

embodiments, battens 2 11 or PV pans 220 can be mounted onto an existing or newly installed



roof deck with no composition shingle thereon. In yet further embodiments, intermediate layers

219 can be positioned on top of battens 2 11 or further insulation layers, instead of, or in addition

to, under battens 211. Further, battens 211 (e.g., insulation layer or other spacers or raisers) can

space roof pans 210 to a desired height above roof 203 surface, for example, such that roof pans

210 are coplanar with PV modules 201 or dummy modules 205.

[00094] Installation of system 200 can continue with another PV pan 220 or column of PV

pans 220 being joined to first column of PV pan(s) 220 via another respective standing seam

230. In certain embodiments, PV pans 220 will be covered by PV modules 201, roof pans 210,

or dummy modules 205, thus, screws or other suitable fasteners (e.g., glue, nails, clips) can be

used to attach further PV pans 220 directly to roof 203 surface or structure. Similarly, further

columns of roof pans 210 and/or PV pans 220 can be installed on either side of system 200 not

show, in other words, to the further right of side of PV pans 220 and/or to the further left of non-

PV roof pans 210, and joined with respective roof pans 210 and PV pans 220 using another

standing seam 230.

[00095] After non-PV roof pans 210 and PV pans 220 have been installed with standing

seams 230 formed for the full coverage of system 200 for given roof 203, either dummy modules

205 and low profile PV modules 201 can be installed directly over PV pans 220. In some

embodiments, PV modules 201 can be joined to PV pans 220 prior to installing PV pans 220 to

roof 200 and/or forming interlocked seams 230. Dummy modules 205 can be bonded to roof

pans 210 and PV modules 201 can be bonded to PV pans 220, for example, with a non-

watertight (e.g. hook and loop) or watertight/substantially watertight adhesive (e.g., glue,

sealants such as PV 804, RTV, PV-8030, thermal adhesive), or otherwise suitably coupled via

one or more mechanical fasteners (e.g., clips, clamps, screws), depending whether system 200 is



configured to allow water to flow between PV modules 201 and PV pans 220 or to maintain

water above PV module 201 surface and out of PV pan 220. For example, in various

embodiments, dummy modules 205, roof pan 210, or PV modules 201 can have one or more

standing seams or rail portions that can be bonded to a separate pan that has seams or rails and

can further be interlocked under a seam cover or other engagement features to form of standing

seam 230. In other aspects, dummy modules 205 can be bonded to PV pans 220, to be arranged

intermittently between with PV modules 201 also bonded to PV pans 220.

[00096] Once the array has been completed and all electrical interconnections made, ridge

cap 215 can be installed over roof ridge 209 to conceal top edges of roof pans 210 and PV pans

220 as well as any PV wires or cables. The result of deploying and installing roof pans 210,

dummy modules 205, and low profile building integrated PV modules 201 is to create an

aesthetically consistent PV array with a uniform or substantially uniform look and elevation that

is essentially a re-roof (or a newly installed roof) of an existing structure (e.g. a customer's

home) with less material than conventional solar plus roofing. The entire roof, including PV

modules 201, dummy modules 205, and flat roof pans 210 form a planar or substantially planar

array of uniform or substantially uniform height. Because metal roofs are known to generally

last 30-50 years, depending on climate, roof 203 can last at least as long as the solar panel system

200, thereby greatly minimizing or eliminating the possibility that roof 203 will expire before

BIPV system 200 has reached an expected end of functional life. While shown here as part of an

on-roof system, it can be understood that the installation process can also apply to PV pans and

modules assembled as part of a built-in solar assembly, incorporated into the framing structure of

a roof.



[00097] FIGS. 4A-4I show other ways to assemble and interlock the seams of adjacent

pans and modules and/or attach a PV module to a pan (e.g., a corrugated pan). FIG. 4A is a

general representation of standing seam assembly 400, and FIG. 4B is a magnified, cross-

sectional view of a portion of a PV system having corresponding standing seams of two adjacent

pans, non-PV pan 410 and PV pan 420, interlocked or coupled together with one or more seam

clips 432 to form standing seam assembly 400 in accordance with various embodiments. This

could be a system such as system 200 in Figures 2A, 3A-3C, or a system such as that shown in

other embodiments of this disclosures. Non-PV pan seam 412 of non-PV pan 410 and PV pan

seam 414 of PV pan 420 can be interlocked with seam clip 432 positioned therebetween. Seam

clip 432 can include two or more tabs (identified individually as first tab 432C and second tab

432D) that can be folded (e.g., bent or crimped) over respective standing seams non-PV pan

seam 412 and PV pan seam 414 to interlock non-PV pan 410 and PV pan 420 together.

Moreover, standing seam assembly 400 can, for example, hold and position both non-PV pan

410 and PV pan 420 such that the surfaces of non-PV pan 410 and PV module 401 form a

uniform or substantially uniform planar surface. In aggregate, PV module 401, whether bonded,

adhered, or mechanically coupled to PV pan 420, can be referred to as a PV pan-module

assembly.

[00098] In various embodiments, as noted above and shown in FIG. 4A, standing seams,

such as non-PV pan seams 412 of non-PV pans 410 can be hemmed or bent into various shapes

rather than extend in a substantially vertical direction. The various shapes of non-PV pan seams

412 and PV pan seams 414 can include, for example, standing seams that are hemmed inwardly

or medially toward each other, closed hems (e.g. with no gap), open hems where the hemmed

portion can extend at various angles relative to a vertical axis. Such hemming can provide



improved stiffness and rigidity that can help mitigate wind uplift as well as ease of installing or

moving pans. The tabs of seam clips 432 can then include bent, hook, J-shaped, other projection,

or engagement portions 438 for engaging hemmed non-PV pan seams 412 (e.g., in a snap-lock

manner). Tabs of seam clips 423 can be installed extending generally upward in a vertical

direction and then bent along a path P in FIG. 4A to be in an orientation to latch or interlock with

standing seams. Seam cover 436 can then be cut to the appropriate length and assembled over

the top of the interlocked (bent-over) seam clips 432 and standing non-PV pan seams 412. As

noted above, this secured assembly can provide improved resistance to pullout of pans from the

clips in response to, for example, wind uplift. Similarly, PV pan seams 414 of PV pans 420 can

be hemmed or bent into various shapes rather than extend in a substantially vertical direction,

and the tabs of seam clips 432 can include bent, hook, J-shaped, other projection, or engagement

portions 438 for engaging hemmed PV pan seams 412 to secure PV pans 420 to a structure.

[00099] Shown in FIG 4B, seam clip 432 can be attached to an existing roof surface or

structure 407 (e.g., roof deck, composition shingle, rafter) prior to laying the pans over seam clip

432. As shown, in some embodiments, seam clip 432 has an L-shaped cross section with base

portion 432A that extends under a lower surface of one of the non-PV pan 410 or PV pan 420

when attached to roof surface 407, and wall portion 432B extending between the respective non-

PV pan seam 412 and PV pan seam 414. Seam clip 432 can include first tab 432C and second

tab 432D, each of which can be configured to bend in opposite directions from each other, and

thereby be positioned to latch or couple with standing seams on either side of seam clip 432.

Further, both first tab 432C and second tab 432D can include one or more projections or "wing"

portions, referred to as first tab wing 432E and second tab wing 432F, respectively, to engage

with corresponding engagement features of seam cover 436 as described in more detail below.



[000100] In certain embodiments, seam cover 436 (or cap) can be attached over adjacent

non-PV pan seam 412 and PV pan seam 414. Seam cover 436 can help reduce and ideally

prevent the ingress of water, wind, or other debris to the space under either non-PV pans 410 or

PV pans 420, or between standing seams. In various embodiments, seam cover 436 can include

engagement features 438 (e.g., hooks, curved portions, J-shaped end portions) to engage or mate

with corresponding projections, such as first tab wing 432E and second tab wing 432F, extending

from first tab 432C and second tab 432D, respectively, to secure or couple seam cover 436 to

seams clips 432 onto the respective standing seams of interlocked pans. In some aspects, first

tab wing 432E and second tab wing 432F can have a spring tension, such that engagement

between first tab wing 432E and second tab wing 432F with engagement features 438 secures

seam cover 436 with seam clip 432 due to the mechanical interlocking of these parts and/or the

frictional interface between these parts due to the restoring spring force of first tab wing 432E

and second tab wing 432F on opposing interior sides of seam cover 436.

[000101] As shown, PV modules 401 can be attached to the upper surfaces (e.g., ridges

422) of corrugated PV pans 420 with adhesive 440 (e.g., hook and loop, sealant, glue) or with

other types of suitable mechanical fasteners. Adhesive 440 can include one or more hook and

loop strips or patches. In other embodiments, glue or other types of adhesives 440 can be

applied to PV module 401 and PV pan 420 to couple or bond PV module 401 to PV pan 420. In

some embodiments, the underside or backside (e.g., backsheet) of PV module 401 can include

one or more layers, strips, and/or patches of padding 442 between applied adhesive 440 and PV

module 401. Padding 442 can help protect PV module 401 and/or improve adhesion with

adhesive 440. In other embodiments, padding 442 can be attached to the ridge portions 422 of

pan 420. In certain embodiments, padding 442 (e.g., VHB tape, hook and loop) of a desired



thickness can be applied to PV pans 420 or PV modules 401 in order to set PV modules 401 at a

desired height above PV pan 420, such that PV module 401 will be mounted at a specified height

(e.g. uniform with proximate non-PV pans 410) after applying adhesive 440. In such cases,

padding 442 can be mounted to PV modules 401 prior to the application of adhesive 440.

[000102] FIGS. 4C and 4D are cross-sectional views of building integrated PV system 400

with seams secured according to other embodiments of the present technology. As shown,

respective non-PV pan seams 412 of roof pans 410 and PV pan seams 414 of PV pans 420 can

be secured together or interlocked by overlapping the seams and using rivets 416 to secure them

together. As described above, PV pans 420 can be secured to the roof through the overlapping

portion of via one or more rivets 416, screws 418, or other fastening members 444 (where

fastening members 444 can be nails, bolts, etc.). FIG. 4D shows an embodiment where

corresponding non-PV pan seams 412 of adjacent columns of non-PV pans 410 (e.g. roof pans)

are secured together with rivets 416. Further, screws 418 can be hidden under an upper seam of

the overlapping non-PV pan seams 412 and extend through the lower seam into an underlying

roof (e.g., into a batten, rafter, deck, or other roof structure) to secure non-PV pans 410 to the

underlying roof.

[000103] FIGS. 4E-4G show various isolated views of an embodiment of seam clip 432 that

can be used to interlock or couple standing seams of PV pan-module assemblies, transition pans,

or roof pans. Seam clip 432 can be configured to have tab portions, hook portions, or the like.

Seam clip 432 can have a substantially L-shaped configuration or body having first surface 432A

(alternatively referred to as a "base" surface) and second surface 432B (alternatively referred to

as a "wall" surface) extending substantially perpendicular relative to each other. Such seam clips

432 can save or reduce manufacturing costs (e.g., by having one SKU). Seam clip 432 can be



dimensioned such that seam clip 432 can be positioned below battens or other insulation layers

(e.g., isoboard) to couple seams of adjacent pans (e.g. roof pans, PV pans, non-PV pans,

transition pans, etc.) in a first configuration. Seam clip 432 can also be positioned above battens

or other insulation layer to couple seams of adjacent pans in a second configuration.

[000104] In some embodiments, first surface 432A is smaller than second surface 432B

(e.g., FIG. 4E). In other embodiments, first surface 432A can have a greater length relative to

second surface 432B (e.g., FIG. 4G). Each of first surface 432A and second surface 432B can

include corresponding tab portions that can be bent over as noted above. In the context of the

present disclosure, first surface 432A can be considered the portion of seam clip 432 that is in

contact with the mounting surface while second surface 432B can be considered the portion of

seam clip extending upward and perpendicularly away from the mounting surface. Thus, if seam

clip 432 is reoriented for a particular installation, the base surface and wall surface of seam clip

can be defined such that second surface 432B can have a greater length relative to first surface

432A. Accordingly, both first tab 432C and second tab 432D refer to bendable tabs at the end of

second surface 432B, although both first surface 432A and second surface 432B have tabs at

their ends. The particular tabs used will depend on the orientation of clip 432. As a result,

instead of having two SKUs for two different sized seam clips 432, one SKU or seam clip 432

can be provided that can be mounted in two different configurations.

[000105] FIGS. 4H and 41 show gaps between opposing side edges of PV module 401 and

standing seams, particularly PV pan seam 414 in an exemplary PV roof system according to

various embodiments. As shown, in order to improve aesthetics (e.g., color matching) and to

reduce debris (e.g., dirt, water, ice) from being lodged between PV modules 401 and standing

seams, the gaps G between the two structures can be taped (with a colored tape) or painted



accordingly. In some embodiments, sealant (e.g. a silicon-based sealant) can be used to fill the

gap. In other embodiments, sealing member 450 (e.g., made of rubber or other suitable

materials) can also be inserted and secured within gap G or seam. Sealing member 450 or tape

or adhesive in the side gaps G can also improve adhesion or strength of the bond between PV

module 401 and PV pan 420, as such elements add further locations where PV module 401 is

bonded to PV pan 420 in addition to adhesive under PV module 401 . In other embodiments,

sealing member 450 can be positioned between PV module 401 and a rail physically connected

to underside of PV module 401.

[000106] As discussed in greater detail herein, in other embodiments, vertical seams 414

may be attached to either side of PV modules 401 so as create an integrated pan and module,

thereby eliminating the need for a separate PV module pan. In such cases, the PV module is

actually part of the building envelope. This distinction is significant because in such

embodiments, wiring may only reside under the PV modules and therefore, within the building

envelope, triggering different code requirements related to wire management.

[000107] FIGS. 5-8 and 9A-9B are perspective views and schematic cross sectional or front

views of a portion of BIPV system according to other various embodiments. In the embodiments

shown in these figures, PV modules 501 and PV module pan 520 are integrated into a single

structure, thereby simplifying the installation process. As shown, a bottom surface (e.g.,

backsheet) of PV module 501 is bonded (e.g., adhered, secured, coupled) to pan 520 (e.g., sheet

metal). In such embodiments, pan 520 extends across the entire or substantially the entire

bottom surface of PV module 501, forming PV module-pan assembly 560 (e.g., a bonded PV

module and pan). Thus, PV module-pan assembly 560 forms a portion of a new roofing

membrane (e.g., maintaining the area between the pan and module dry) above an existing roof or



roof surface. Pan 520 includes standing seams that can be interlocked (e.g., with seam clips and

a seam cover) to seams of adjacent pans as described above. In other embodiments, pan 520 can

include inverted seams as noted above with respect to other embodiments.

[000108] In various embodiments, pan 520 is coupled to spacer or support 562 that is

attached to the roof surface or other roof structure. In some embodiments, pan 520 can be

coupled to PV module 501 prior to installation to a roof surface. Support 562 can be made of

foam or other suitable materials (e.g., polystyrene, polyisocyanurate foam) and can elevate PV

module 501 and pan 520, referred to in combination as PV module-pan assembly 560, above the

existing roof surface (e.g., to provide channels for airflow or j-box(es) as described in more

detail below). As described above, adjacent columns of non-PV roof pans can sit on battens or

other spacers (e.g., insulation layers) to maintain a planar or uniform height of the plurality of

pans and PV modules forming the building integrated PV system.

[000109] In certain embodiments, support 562 can include one or more channels 564

passing underneath and open to a bottom surface of pan 520. Channels 564 can provide space to

accommodate junction box 517 attached to the bottom of PV module-pan assembly 560 as well

as space for associated wires. Also, channels 564 can provide space for airflow underneath PV

module-pan assembly 560. Further, openings 566 (e.g., a window, cut-out) can be formed in

pans 560 to allowjunction box 517 to extend down into one of channels 564 when PV module-

pan assembly 560 is coupled to support 562. In certain embodiments, rows of channels 564 or

other cut-outs (e.g., perforations) can be made through support 562 to allow wires to be run in a

direction generally transverse (e.g., side to side) to a longitudinal axis of pan 560.

[000110] At one end, for example, first edge portion 568, of pan 520 may extend past PV

module 501 to allow room for two successive assemblies 560 to overlap within a column. Thus,



first edge portion 568 of a top surface of pan 520 can be exposed. Second edge portion 569 (e.g.,

an overhang, ledge) of PV module-pan assembly 560, on the opposing side of PV module-pan

assembly 560 from first edge portion 568, can extend in an opposite direction from first edge

portion 568 past a portion (e.g., top or bottom edge portion) of support 562 when PV module-pan

assembly 560 is coupled to support 562. This arrangement can allow for a portion of first PV

module-pan assembly 560A to lay or be positioned on a region of second PV module-pan

assembly 560B within a column of PV module-pan assemblies. For example, as shown in FIG.

7, second edge portion 569A of first PV module-pan assembly 560A overlaps and sits on top of

exposed portion 568B, a top surface of second PV module-pan assembly 560B. This will tend to

direct rain water down the array rather than under the array.

[000111] In systems as shown with pan-to-pan contact (e.g., a bottom pan surface portion

of first PV module-pan assembly 560A to a top pan surface portion of second PV module-pan

assembly 560B), gap 572 can be present between PV modules 502 and/or supports 562 at these

overlapped portions. In some embodiments, gap 572 extends between the bottom edge and top

edge of first PV module-pan assembly 560A and second PV module-pan assembly 560B, or PV

module 501 edges. In other embodiments, portions of PV module 501 edges of first PV module-

pan assembly 560A and second PV module-pan assembly 560B can abut each other when

installed. In yet further embodiments, gap 1972 can be filled or covered (e.g., reduced) with a

sealant or with the use of edge trims or other sealing members (e.g., gaskets, edge protect, tape)

as described above. The sealing members can be made of rubber or other suitable materials.

[000112] Additionally, in some embodiments, a sealant or other adhesive (e.g., butyl) can

be used to bond overlapping pan portions of first PV module-pan assembly 560A and second PV

module-pan assembly 560B. Second PV module-pan assembly 560B and third PV pan-module



assembly 560C can be overlapped in a similar manner as first PV module-pan assembly 560A

and second PV module-pan assembly 560B. Additional PV module pan assemblies can be added

as desired. In certain embodiments, grooves (e.g., channels, indents, recesses, ridges) can be

formed in first edge portions 568 and second edge portions 569 that contact and can couple with

each other when overlapped. Such grooves can help reduce or prevent capillary action of

moisture or water between pans, for example, in an up-roof direction. In some embodiments

butyl caulk or sealant can be included between the overlapped sections.

[000113] Non-PV roof pans can be used as dummy modules or transition pans for areas

where no PV modules are desired or needed, and/or at the transition to an eave or a ridge. Non-

PV roof pans 510 can be installed on exposed edge portion of pan 520 of PV module-pan

assembly 560. For example, as shown in FIG. 8 showing a side view of an up-roof portion of a

building PV integrated system, lower edge portion of non-PV pan 510 is positioned on exposed

first edge portion 568 of PV module-pan assembly 560. Spacer 565 (e.g., filler, offset, support,

batten, pad) can be positioned between exposed first edge portion 568 and lower edge portion of

non-PV roof pan 510 to elevate non-PV roof pan 510 to a uniform or substantially uniform

height as PV module 501. In certain embodiments, an opposing edge portion of non-PV roof pan

510 can extend under flashing 567 or a ridge cap depending on where the assembly with respect

to features of the roof.

[000114] FIG. 9A shows a down-roof portion of a BIPV system according to various

embodiments. In the system shown in this figure, Z-shaped (non-PV) pan 580 can be positioned

at a bottom edge of PV module-pan assembly 560 such that first leg 582 of Z-shaped pan 580

extends in an up-roof direction underneath overhang or ledge portion 569 of PV module-pan

assembly 560. Second leg 584 of Z-shaped pan 580 extends in a down-roof direction towards



eave or gutter of roof R . Second leg 584 is positioned on spacer 565 to elevate Z-shaped (non-

PV) pan 580 to a uniform or substantially uniform height as PV module-pan assembly 560.

Middle body portion 586 (e.g., wall portion) extends between or couples the two leg portions,

first leg 582 and second leg portion 584. Middle body portion 586 extends in a direction

generally transverse or perpendicular to roof surface R when mounted to either PV module-pan

assembly 560 or spacer 565. Middle body portion 576 can fit within gap 572 between pan

structures, and can prevent PV module-pan assembly 560 from sliding down-roof (e.g., provides

a stopping surface).

[000115] In various embodiments, a vent such as vent 590 (e.g., louvered vent, coravent,

vented batten) is provided in front of spacer 565 at eave portion of roof R to allow air to flow

through space 565 and underneath PV module pan assemblies 560. FIG. 9B shows in more

detail a portion of an eave portion including perforated or caged vent cover 592 usable with

various embodiments described herein. Air can flow or enter through such vent cover 592 and

vent 590 and flow under PV module pan assemblies or between PV modules and pans of PV

module pan assemblies.

[000116] Assembly of Building Integrated Photovoltaic Systems

[000117] FIGS. 10A-10H show an exemplary installation of BIPV system 1000 on building

1002 (e.g., roof surface of a home) including one or more features or components (e.g., roofing

components, transition pans, PV module assemblies, roof pans, underlayment layers), in whole

or in part, according to various embodiments of the present technology. BIPV system 1000

includes columns of roof pans 1010 and PV module- pan assemblies 1060 secured together via

one or more standing seams (each PV module-pan assembly 1060 being a coupled structure of

PV module 1001 and PV pan 1020). The columns of PV module-pan assemblies 1060 can



further include down-roof transition pans 1091 and up-roof transition pans 1089 at eave and

ridge portions, respectively, of roof surface 1003. BIPV system 1000 can be positioned or

mounted on roof surface 1003, either directly to the wooden roof deck or over an existing layer

of composition shingles. Intermediate layers of insulation (e.g., isoboard), batten, moisture, and

fire protection layers can be laid upon roof surface at least in part below BIPV system 1000. The

roof and/or roof surface 1003 of building 1001 can include various components including ridge

cap 1093, edge trims 1095, flashing 1097 (e.g., rake, eave, ridge), vents, and gutters.

[000118] FIGS. 10B-10H are a series of figures showing an exemplary installation

sequence of BIPV system 1000 and other various roofing components according to various

embodiments. In some aspects, eave flashing 1097 can be installed onto existing roof surface

1003, which can be composition shingle roof or roof deck. Next, side edging or trimming 1095

can be applied to sides of roof surface 1003.

[000119] Layers or rows (e.g., battens) of insulation 1005 (e.g., foam, polyisocyanurate

foam) can be installed on portions of roof surface where columns of roof pan (e.g., metal pans)

are to be positioned. As noted above, one or more underlayment or other intermediate layers

1007 can be positioned between deck and insulation or insulation and roof pans. Then roof pans

1010 can be laid on top of insulation layer 1005 and/or intermediate layer 1007 and secured with

staples, nails, screws or other suitable fasteners. Next, one or more rows of vented battens 1092

(e.g., metal, foam, polyisocyanurate foam) are secured to roof surface at down-roof and up-roof

end portions (e.g., by the eave and ridge, respectively) in areas of roof surface 1003 configured

to include PV module-pan assemblies 1060.

[000120] Down-roof transition pan 1091 can be installed on portion of vented batten 1092

adjacent side of previously installed roof pans 1010. PV module-pan assemblies 1060 are



installed, with first PV module-pan assembly 1060A lapped onto a rear or up-roof portion of

down-roof transition pan 1091. Second PV module-pan assembly 1060B is lapped onto the rear

or up-roof portion of first PV module-pan assembly 1060A . Next, up-roof transition pan 1089 is

positioned onto and lapped onto rear or up-roof portion of second PV module-pan assembly

1060B. As shown, two or more (e.g., additional) columns of transition pans 1089, 1091 and PV

module-pan assemblies 1060 are similarly installed forming PV array of three columns and two

rows of PV modules. In other embodiments, different configurations of PV modules can be

included as desired.

[000121] Finally, a further layer of insulation 1005 and optional intermediate layers 1007 is

installed on second side of the array formed by PV module-pan assemblies 1060, and

corresponding columns of non-PV roof pans 1010 are positioned and mounted thereon as on

other side of roof surface 1003. Flashing 1097 (e.g. rake flashing) can be installed onto sides of

the roof surface (e.g., on the side edging or trimming). Finally, ridge cap 1093 can be installed

over ridge. In certain embodiments, a ridge vent can be provided or installed within ridge cap

1093 as described in more detail below.

[000122] Supplementary PV Array Hardware

[000123] Various aspects of the present disclosure further describe components of

structures that can aid in the installation and operation of BIPV systems, including but not

limited to, grounding clips and wiring tunnels. In particular, in some embodiments as described

in more detail below, one or more grounding members or clips for the PV modules can be

positioned under seam covers in contact with a plurality of the seams. In some embodiments,

cables or conduits can run along the seams under cover. In other embodiments, cables or



conduits can be run along the outer surface of cover and a second cover can be positioned over a

first seam cover to conceal cables.

[000124] FIGS. 11A-l 1H show various views of grounding clips 1100 configured in

accordance with certain embodiments described herein. In various embodiments, grounding

clips 1100 may be used in addition to mounting clips 432. Grounding clip 1100 can be made of

stainless steel or other suitable metals or materials. In some embodiments, grounding clip 1100

can be manufactured from a sheet metal stamping process. In application, grounding clips 1100

can provide for structural stability and support to non-PV pans, PV pans, and other standing

seam elements on a PV array system. Grounding clips 1100 can also electrically ground such

structural elements such that accumulated charge, voltage, or static electricity is drawn away

from and does not affect PV modules 1122 supported in the PV array system. In other words,

grounding clips can electrically isolate standing seams of structural support pans, as well as rails

of PV modules, from electrically conductive and solar energy collecting PV modules.

[000125] In various embodiments, grounding clip 1100 includes one or more teeth (e.g.,

projections, tabs, protrusions, 1104, 1108, 1 1 10) configured to cut or "bite" into standing seam

portions 1120 of adjacent, lapped, or overlapped pans (e.g., scrape through a paint coating of the

pans or pierce or engage into the pans). Grounding clips 1100 can thereby bond support pans,

including both PV module pans and non-PV pans (e.g., roof pans, dummy modules, transition

pans,) together. Grounding clip 1100 can bond two panels lapped or positioned side to side as

shown in FIGS. 1IF. As shown in FIG. 11G, grounding clip 1100 can also couple and

electrically ground four PV pans 1122 where their standing seams 1120 overlap. In various

embodiments, the seam cap may fit over bonding clip 1100.



[000126] In some embodiments, particularly shown in FIGS. 11A and 1IB, grounding clip

1100 includes body portion 1102 adapted to be inserted between standing seams 1120 of at least

two lapped, adjacent, or side-by-side panels 1122 or pans. As shown, inner teeth 1104 extending

from opposing side portions of body portion 1102 are configured to engage inner surfaces of

lapped standing seams 1120 adjacent to and facing each other. Further, grounding clip 1100 can

include hemmed, bent, or curved tab portions 1106 that extend around or over top or upper

portions of standing seams 1120 or similar structures. Bent or curved tab portions 1106 can

include pair of outer teeth 1108 for engaging outer surfaces of corresponding lapped standing

seam 1120 portions adjacent to and facing laterally opposite directions.

[000127] Grounding clips 1100 can electrically ground pans 1120 together when installed,

directing electrical charge (e.g. static electricity not necessarily generated by PV modules 1122)

away from the PV array system to ground. As shown in FIG. 1ID, outer teeth 1108 can engage

lapped standing seam 1120 portions of two pans, thus grounding two pans together when

installed. Similarly, inner teeth 1104 engage paired standing seams 1120 of two pans, with body

portion 1102 in between standing seams 1120. Grounding clip 1100 can be configured or sized

such that a seam cap can be installed over grounding clip 1100. FIGS. 1IE and 1IF show an

installation of grounding clip 1100 for grounding four lapped standing seams 1120 together, with

FIG. 1IF showing the positioning of grounding clip over four standing seams 1120 of pans

holding PV modules 1122, and with FIG. 1IE showing the engagement of grounding clip

between four standing seams 1120 after installation. As shown in FIG. 1IE, outer teeth 1108 can

engage lapped standing seam 1120 exterior face portions, while inner teeth 1104 engage paired

standing seams 1120 interior face portions, of two pans, with body portion 1102 in between

standing seams 1120.



[000128] In certain embodiments, particularly shown in FIGS. 1IB, 11C and 11H,

grounding clip 1100 includes body portion 1102, pair of inner teeth 1104 extending from

opposing side portions of body portion 1102, and curved tab portions 1106, and can also include

additional projections, referred to as secondary outer teeth 1110, as well as wings 1112 extending

from the ends of curved tab portions 1106. Secondary outer teeth 1110 project laterally outward

away from the body portion 1102 of grounding clip 1100. Secondary outer teeth 1 1 10 can be

configured to cut or "bite" into or engage seam cover or cap as described above, seam cover

being positioned over coupled or interlocked standing seams 1120. Wings 1112 can provide for

a further frictional interface or tension spring to secure grounding clip 1100 in place with

standing seams 1120.

[000129] FIGS. 12A-12C show views of conduits, cables, or wires 1200 of PV system

extending or running beside seam covers or caps 1204. Color matched trim piece or secondary

cover 1202 can be secured or snap-locked to seam cover 1204 or cap to conceal conduits or

wires 1200. In certain embodiments, wire clip 1206 can be secured beside seam cover or cap

1204 under secondary cover 1202 to further secure or hold PV conduits, cables, or wires 1200.

Wires 1200 can electrically connect with electrical outlets or other such connections (not shown)

of PV modules 1201 to interconnect solar panels together as a PV system. Secondary cover

1202, similar to seam covers or caps 1204, can be configured to connect either or both of non-PV

pans and PV pans (along with PV modules, dummy modules, or roof pans, as appropriate)

together with a generally uniform appearance.

[000130] Wiring Layouts

[000131] FIGS. 13A-13M show various examples of portions of wiring systems (e.g., wire

management, wire solutions, electrical circuits, configurations, connections, routes, conduits, or



pathways) for electrically coupling or connecting PV modules 1301 of PV module-pan

assemblies 1360 (e.g., column to column, in a column, in East-West or North-South directions)

as part of BIPV system 1300 according to various embodiments. As noted above, one or more

channels or pathways can be tunneled or cut through portions of insulation or insulation layers to

run PV wires. In various embodiments, micro-inverters, DC optimizers, or other module-level

electronics can optionally be electrically connected to one or more of PV modules 1301 as part

of overall array and BIPV system 1300.

[000132] As shown in FIGS. 13A-13C, BIPV system 1300 can include columns and rows

of PV module-pan assemblies 1360, upper transition pans 1389, (e.g., up-roof) and lower

transition pans 1391 (e.g., down-roof), and non-PV or roof pans 1310. FIG. 13B shows a portion

of BIPV system 1300 with PV modules removed for clarity, showing that columns of PV

modules of a PV array can be serially connected by electrically connecting ("stringing up and

down") the columns from one junction box 1375 to nextjunction box 1375. Respective columns

can be connected by running wire under either or both of upper transition pans 1389 or lower

transition pans 1391, or under lapped portions of PV module-pan assemblies 1360.

[000133] Various wiring arrangements are possible for any given array in BIPV system

1300. FIG. 13C shows an example of column-to-column stringing within BIPV system 1300

array (e.g., under lapped portions of PV module pan assemblies 1360A and 1360B). FIG. 13D

shows column-to-column stringing at top of array (e.g., under up-roof transition pans 1389, here

semi-transparent, above array columns). Further, the transition from conduit 1340 to exit the

array can be routed through channel 1342 formed in insulation layer under the adjacent column

of non-PV pan as shown in FIGS. 13D-13E. Conduit 1340 can then exit out through rake 1344

of roof. In other embodiments, conduit 1340 can be run vertically through to the roof eave and



exit through slot or opening 1380 in eave as shown in FIGS. 13F-13G. In certain embodiments,

two or more arrays on opposing sides of roof ridge can be connected by having conduit transition

at ridge of roof that wires from each of arrays run to as shown in FIG. 13H.

[000134] FIG. 131 shows a wiring schematic for exemplary array 1300 in FIG. 13B. In this

schematic, junction boxes are strung together along the length of each column and at North-

South ends of the array, optionally connected beneath transition pans. FIG. 13J shows an

exemplary wiring schematic of array 1300 of PV modules with single junction boxes, stringing

all PV modules of array 1300 in series. FIGS. 13K-13M show exemplary wiring schematics for

stringing or connecting PV modules having two separate junction boxes (V+ and V-). PV

modules of these arrays can be "handed" or polarized as shown. FIG. 13K shows a schematic

connecting positive and negative poles of PV modules with alternating short and long electrical

connections. FIG. 13L shows connecting positive and negative poles of PV modules with short

electrical connections laterally and longitudinally for poles that are relatively proximate to each

other in array 1300. FIG. 13M shows connecting positive and negative poles of PV modules

with a diagonal electrical connections within each row and short connections between rows of

array 1300 to connect all PV modules in series. Thus, junction boxes can be positioned

accordingly such that internal PV wires run to positive and negative junction boxes at terminal

ends of each. Such arrangement of junction boxes can reduce internal and external resistance

and the amount of copper wiring or bussing required for each PV module and for connecting PV

modules in array 1300. Accordingly, such arrangement can also lower manufacturing cost,

installation costs, or improve efficiency. All of the wiring schematics considered may further

include a home run to connect array 1300 to a respective electrical grid (e.g., the customer's

main electric panel).



[000135] FIGS. 14A-14D show other wiring solutions or pathways that can incorporate

structural accommodations in support pans as part of PV pan-module assemblies 1460. For

example, holes or other openings 1400 can be made in seams 1414 or other pan portions of PV

module-pan assemblies 1460 such that wiring 1403 can be routed from column to column via

such openings 1400. Grommet seals 1402 (shown here as exploded from opening 1400) can be

positioned into openings around wires to seal opening 1400 after routing.

[000136] In some embodiments, particularly in configurations as seen above in FIGS. 3A-

3C and 4A-4D, wires can be passed or routed column to column around end portions of

overlapped portions of PV pans in column. For example, as shown in FIGS. 14B-14D, wires

1403 can be wrapped around up-roof seam end portions of two adjacent PV module pan

assemblies 1460A, 1460B. As shown, wires 1403 can be understood to be located on the

undersides of PV module pan assemblies 1460A, 1460B, or alternatively resting on PV pans of

PV module-pan assemblies 1460 positioned to be between an upper surface of PV pans and a

lower surface of PV modules connected thereto. Down-roof end portions of each PV module

pan can include recessed portions 1405 (e.g., cavities, tunnels channels) that can be spaced over

wires 1403 when lapping PV module- pan assemblies 1460 onto each other.

[000137] FIGS. 14E shows an exploded view and FIG. 14F shows a perspective view of PV

module-pan assembly 1460 according to various embodiments. Assembly 1460 includes

exemplary PV pan 1420 that holds PV module 1401 (with PV module 1401 being transparent for

this illustration). FIG. 14G shows a bottom perspective view of PV pan 1420. In these views,

PV pan 1420 is seen with a gap in the lower surface, forming a workspace between the main

trough portion of PV pan 1420 and support bar 1429. Moreover, PV pan 1420 does not have a

central or middle rail or support leg, providing for more room for electronics or wire



management. In the space between the main trough portion of PV pan 1420 and support bar

1429, multiple wiring routes can be laid allowing more room for cables, better air flow, a wide

opening for symmetric or asymmetric wiring, and other conveniences in installation. Further,

support bar 1429 can be used as a surface for nailing down or securing the edge of PV pan 1420,

and the overall shape of PV pan 1420 can be easier to manufacture. PV module 1401 can be any

solar cell laminate as considered herein to be a bonded or adhered (e.g. with a sealant bead) to

PV pan 1420. In an array of PV pans 1420, wiring / cabling channels can be aligned with

support bars 1429 facing each other across rows of PV module- pan assemblies 1460.

[000138] Phase Change Material Aspects

[000139] FIGS. 15A-15D are top perspective, exploded, section, and detail views,

respectively, of PV module-pan assembly 1560 usable with building integrated PV systems (e.g.,

system 200) as described herein according to various embodiments. FIG. 15A shows a

perspective view of completed PV module-pan assembly 1560 while FIG. 15B shows an

exploded view of the same. PV module-pan assembly 1520 includes PV module 1501 bonded to

pan 1520. Pan 1520 can include standing seams 1524 on opposing side portions for coupling

pans 1520 with other pans (e.g., other PV pans, non-PV pans, roof pans, etc.) as noted above.

Standing seams 1524 can be monolithically or separately attached/formed components. Standing

seams 1524 can extend perpendicular to planar surface portions of pan 1520, extend at a non-

perpendicular angle, and/or be hemmed to round edges. For example, standing seams 1524 can

be hemmed inward or medially relative to opposing side portions of the pan. In other

embodiments, pans 1520 can include inverted seams.

[000140] Referring to FIGS. 15A-15D together, pan 1520 includes first substantially planar

surface 1532 (e.g., upper or top surface portion) on which PV module 1501 is mounted. First



substantially planar surface 1532 includes opposing substantially planar shoulder portions 1546

that PV module 1501 is positioned or configured to be positioned on. Further, pan 1520 can be

bonded to first substantially planar surface 1532 via adhesive 1544 (e.g., strip(s), patch(es),

pad(s)) as noted above. Pan 1520 can include recessed portion 1528 (e.g., cavity, lower portion),

where recessed portion 1528 includes second substantially planar surface portion 1530 (e.g.,

lower or bottom surface portion) positioned below or under first substantially planar surface

1532. First substantially planar surface 1532 and second substantively planar surface 1530 can

be spaced apart by sidewall portions. While shown as being substantially planar, either of first

substantially planar surface 1532 and second substantively planar surface 1530 can also include

projections, bumps, or other non-planar features. Further, in some embodiments, pan 1520 does

not include second substantively planar surface 1530 portion, such that pan 1520 (and by

extension, at least a portion of underside of mounted PV module 1501) can be open to the roof or

roof surface on which pan 1520 is mounted.

[000141] PV module 1501 can be bonded or otherwise secured to pan 1520 using known

techniques. For example, PV module 1501 can be bonded with adhesive 1544 such that a water

tight or substantially water-tight seal is provided between PV module 1501 and pan 1520. In

certain embodiments, strips or pads of VHB tape or other suitable material of a desired height

can be applied to pan 1520 to set a desired height of PV module 1501. Adhesive or sealant 1544

can then be applied, and PV module 1501 can be set on top of the adhesive and VHB tape to

bond PV module 1501 to pan 1520 at the desired height.

[000142] PV module-pan assembly 1560 can include one or more active or passive cooling

or heat transfer features. In certain embodiments, the PV system includes one or more fans

configured to provide airflow underneath PV modules 1501 . In other embodiments, PV module-



pan assemblies 1560 can include one or more heat sink features (e.g., fins), thermoelectric

devices (e.g., materials for cooling), and/or layer or sheet of heat storage materials 1534 (e.g.,

phase change materials), where in many aspects, heat storage materials 1534 have a relatively

high heat capacity as compared to other components of a BIPV system.

[000143] PV module-pan assemblies 1560 can include one or more electrical components

for electrically connecting PV modules 1501 to an overall PV system, and further, for example,

to a household electrical system to provide power to the home. The electrical components can

include, but are not limited to, wires 1525, junction boxes 1538, and connectors 1526 (e.g., MC4

connectors). Many of these electrical components are located or pass under PV module 1501 .

Conventional PV electrical components can be rated or certified for eighty-five degrees

centigrade (85° C). In certain areas, due to increased ambient temperatures and/or operation of

BIPV systems, the area under PV modules 1501 may approach and or even exceed this

temperature. Therefore, improved heat transfer features can reduce the operating temperature to

a desired level and result in improved safety and efficiency of PV modules 1501 (e.g., electrical

components).

[000144] One or more layers or sheets of heat storage material 1534 can be positioned

within recess portion 1528 of pans 1520. Heat storage material 1534 can be, for example, a

phase change material such as BioPCM™. Such phase change materials can absorb heat and

thereby transition between or change phases (e.g., when reaching or exceeding a melting or

freezing temperature or boiling point) from a first phase to a second phase (e.g., from solid to

liquid, from liquid to gas, from solid to gas) without raising a temperature of the air around the

phase change material during the phase change. For example, heat storage material 1534 can

absorb heat from operating PV modules 1501, electrical components, and/or the ambient



environment temperature. As heat storage material 1534 reaches a characteristic melting or

sublimation temperature (e.g., melting peak) as a result of absorbing heat, it undergoes a phase

change. When the temperature of heat storage material 1534 is lowered or passively drops past

the phase change temperature, the reverse occurs (e.g. solidification, condensation, or

deposition). Further, heat from heat storage material 1534 can be released when phase change

material returns to the first phase, for example, when a heat source is removed or ambient

temperature decreases.

[000145] In addition or alternatively, phase change materials can also be wrapped around

the electrical components (e.g., wires, cables, connectors, etc.) in place of or in addition to a

phase change material layer placed in a pan.

[000146] During a phase change, phase change material remains at a steady or near

constant temperature as the phase change material transitions between phases until the phase

change material completes or substantially completes the phase transition. During the phase

change material phase transition, the temperature of the space or air around the phase change

material does not substantially raise even as the temperature of the space or air around it

continues to absorb heat. The choice of heat storage material 1534 for any given implementation

can be optimized based on expected temperatures from ambient environment, electrical

components, and/or PV modules 1501. As the temperature of PV modules 1501 or ambient

environment is lowered or removed (e.g., when the sun sets, in the evening), phase change

material can return or transition back from the second phase to the first phase (e.g., releasing heat

into the ambient air or surroundings when ambient temperature and temperature under the PV

modules is lower). By returning to the first phase prior to the next day, when the temperature is

once again expected to exceed a desired temperature (e.g., of PV modules 1501 or electrical



components), phase change material is ready to absorb heat again and undergo the process

(phase change) in response to increased heat so the cycle can be repeated.

[000147] As an example, during operation certain BIPV systems can result in an increase of

up to or about fifty degrees centigrade (50° C) over ambient (e.g., in areas under PV modules

1501). In certain locations, temperatures can approach about fifty degrees centigrade (50° C)

ambient or above, which can lead to a temperature of about one hundred degrees centigrade

(100° C) under PV modules 1501. As noted above, certain electrical components are generally

rated for about eighty-five degrees centigrade (85° C). Therefore, in this example, temperatures

above about thirty-five degrees centigrade (35° C) ambient can result in potentially reaching or

exceeding the temperature rating on certain electrical components (e.g., in an area under PV

modules 1501) during certain times of the day.

[000148] Generally, phase change material can return to the first phase after transitioning to

the second phase (e.g., re-freeze or become solid or liquid again). In order for the phase change

material to return to the first phase from the second phase, the material may need to have a

characteristic melting or freezing temperature (e.g., from liquid to solid) above an expected

evening or night temperature (highest) in a location where BIPV system is installed. For

example, if the melting or freezing temperature of the phase change material is below that of the

highest expected evening or night temperature, the phase change material may not be able to re-

freeze or return to the first phase when ambient temperature exceeds the freezing temperature.

[000149] In certain embodiments, it can be desirable to choose a phase change material

having a melting or freezing temperature that is closer to a maximum operating temperature of

PV modules 1501 and/or electrical components (e.g., about 85° C) than that of the highest

expected ambient evening or night temperature where BIPV system is installed. For example, if



the phase change material undergoes a phase change at a temperature of about forty degrees

centigrade (40° C) in a location where the ambient evening temperature is about thirty-five

degrees centigrade (35° C), then the transition from the first phase to the second phase can occur

earlier in the day than desired, and consequentially reduce the amount or time of heat protection,

relative to choosing a phase change material with a temperature closer to the maximum operating

temperature. In other examples, heat storage materials 1534 can have characteristic phase

change temperatures (e.g., melting points) from about sixty degrees centigrade (60° C) to about

eighty degrees centigrade (80° C), from about sixty degrees centigrade (60° C) to about seventy-

five degrees centigrade (75° C), about sixty degrees centigrade (60° C) to about seventy degrees

centigrade (70° C), or about sixty-five degrees centigrade (65° C) to about seventy degrees

centigrade (70° C). Such embodiments of heat storage materials 1534 can provide improved or

increased heat transfer. In certain embodiments, the phase change temperatures can be lower or

higher depending on the ambient temperature or maximum operating temperatures.

[000150] Further, in certain embodiments, the phase change materials can decrease the

change in temperature between peak and minimum temperatures (e.g. the delta between expected

maximum and minimum temperatures) of PV modules 1501 and electrical components. This can

reduce the amount of cycling or maintain a more steady temperature, which in turn can improve

reliability of the PV modules and electrical components, as well as increase efficiency.

[000151] As shown in FIGS. 15B-15D, heat storage material 1534 (e.g., phase change

material) can include pockets or pouches 1536 configured to hold the actual phase change

material inside. Such pouches 1536 can hold phase change material such that when the material

transitions, for example, from a solid to a liquid or liquid to a gas, the material remains contained

within. Shown in FIG. 15C (a cross-sectional view taken along the line F l 5C in FIG. 15A),



pouches 1536 can form series of peaks or ridges 1540 (e.g., bumps, projections) and valleys

1542. Such a structure can also provide channels through which air can flow under PV modules

1501 through heat storage material 1534 layer. Junction box 1538 can connect to PV modules

1501 through a hole or cutout region of heat storage material 1534.

[000152] In certain embodiments, shown in FIG. 15D, peaks of pouches 1536 can contact

or further support PV modules 1501 above pan 1520 or roof surface. In other embodiments, a

gap can be provided between underside of PV modules 1501 and layer of heat storage material

1534. In some embodiments, heat storage material 1534 layer can be inverted such that peaks

1536 are positioned against the second surface of pan 1520 or roof surface, and planar surface

portion of heat storage material 1534 is oriented towards underside of PV module 1501.

[000153] Supplementary PV Array Variations

[000154] FIGS. 16A-16I are schematic diagrams showing wiring options for solar cell

sections 1600 of a PV module accounting for shading caused by standing seams 1614. With

standing seams 1614 extending upward above a substantively uniform plane of a PV module, at

various times during the day, as the angle of incident sunlight changes (either or both of altitude

and azimuth angles) standing seams 1614 can cast a shadow and shade a portion of solar cell

sections 1600. The resulting power loss from a set of solar cell sections 1600 is proportional to

the area under shade. Using conventional wiring techniques, when shading occurs even more

power can be lost due to the shaded solar cell sections 1600 of a PV module limiting the overall

current in the PV module, making the entire PV module less efficient. Accordingly, the manner

in which solar cell sections 1600 can be set up to include bypass circuits such that solar cell

sections 1600 which become shaded can be shunted or bypassed while under shade and not act as



a power sink while shaded. These arrangements of solar cells are referred herein to as shade

tolerant.

[000155] FIG. 16A shows a set of six solar cell sections 1600, in two sets of three wired in

parallel and in series (referred to as a shingling arrangement), and with standing seam 1614

proximate to one side of the set of solar cell sections 1600. By orienting solar cell sections 1600

as shown, solar cell sections 1600 can be connected in series within one sub-string column and

connected in parallel across adjacent sub-string columns. Solar cell sections 1600 closest to

standing seam 1614 will tend to receive the most shading from standing seam 1614. When this

occurs, first bypass diode 1606 and second bypass diode 1608 allow for bypassing of one or the

other of the set of three solar cell sections, depending on which section is shaded. This

arrangement can thereby limit loss of current to the shaded area only.

[000156] FIG. 16B shows a set of three solar cell sections 1600 wired in series, with panel

diode 1602 in line with solar cell sections 1600 connecting to an electrical grid, and with

standing seam 1614 proximate one side of the set of solar cell sections 1600. Solar cell section

1600 closest to standing seam 1614 will tend to receive the most of a shade pattern due to

shadows cast by standing seam 1614. Bypass diode 1604 is positioned in-line between solar cell

sections 1600 proximate to standing seam 1614, and can allow for the bypass of solar cell

sections 1600 proximate to standing seam 1614 such that current loss is limited to one-third (½)

of the power delivered by the overall module.

[000157] FIG. 16C and FIG. 16D show embodiments and arrangements applying cell string

optimizers 1610 within the circuit of solar cell sections 1600. FIG. 16C shows an embodiment

with one optimizer 1610 per solar cell sub-string and FIG. 16C shows an embodiment with one

optimizer 1610 per every two solar cell sub-strings. Optimizers 1610 can be embedded within a



solar panel module, either in a junction box or within the laminate. Optimizers 1610 help to

limit the shading loss of shaded solar cell sections 1600 by maximizing performance of each sub

string with maximum power point tracking (MPPT). Optimizers 1610 can minimize or eliminate

mismatch loss between sub-strings that are under a shade pattern and sub-strings that are not. In

some aspects, a single optimizer can be used with a long solar cell sub-string (e.g. shown in FIG.

16B) or with a short solar cell sub-string (e.g. shown in FIG. 16A), depending on the operating

voltage range of optimizer 1610.

[000158] FIGS. 16E, 16F, 16G, 16H, 161, and 16J show various embodiments of solar cell

section 1600 layouts that can mitigate loss due to shading, in situations where shade patterns on

one or more sub-strings of solar cell sections 1600 turn on bypass diode(s) 1608. (Standing

seams 1614 are not shown in these Figures for clarity.) FIG. 16E shows a three bypass diode

1608 configuration where solar cell sections 1600 (sub-strings) are connected to one junction

box 1616 that is positioned close to an end of PV module. FIG. 16F shows a three bypass diode

1608 configuration where solar cell sections 1600 are connected to two junction boxes 1616

(where two diodes 1608 are directed toward one of junction boxes 1616) that are positioned at

opposite ends of PV module respectively. FIG. 16G shows a three bypass diode 1608

configuration where solar cell sections 1600 are connected to one junction box 1616, all being

positioned proximate to the middle of PV module. This arrangement can be more energy

efficient than configurations with two sub-strings per diode installations.

[000159] FIG. 16H shows a two bypass diode 1608 configuration where solar cell sections

1600 (sub-strings) are connected to one junction box 1616 that is positioned close to an end of

the PV module. FIG. 161 shows a two bypass diode 1608 configuration where solar cell sections

1600 are connected to two junction boxes 1616 positioned at respective opposite ends of the PV



module. FIG. 16J shows a two bypass diode 1608 configuration where solar cell sections 1600

are connected to one junction box 1616, all being positioned proximate to the middle of PV

module.

[000160] A further embodiment shown in FIG. 16K considers the use of laminated and

reflective surfaces on standing seam 1614 in combination with optical texture film 1640

alongside both longitudinal edges of PV module 1601 surface. With sunrays 1650 at a given

angle relative to surface of PV module 1601, shade region 1601a is created due to the relative

height of standing seam 1614. As shown, the surface of standing seam 1614 can be reflective,

due to either a light redirected film and/or texture of the seam, to redirect sun rays 1650a, 1650b

to shaded region 1601a of PV module 1601. Specifically, rays 1650a can be directly incident on

standing seam 1614 and then reflect or refract off of the surface of standing seam 1614 onto

shade region 1601a of PV module 1601. Alternatively or additionally, rays 1650b can be

directly incident on optical texture film 1640 and then reflect or redirect onto the surface of

standing seam 1614, then further reflecting or refracting onto shaded region 1601a of PV module

1601.

[000161] FIG. 17 shows an embodiment of PV column 1700 of a solar panel array where

the PV column is configured to take advantage of convection and related heat transfer. On any

given roof or structure, one or more PV panels 1702 are positioned between lower transition pan

1704 and upper transition pan 1706. The surface of lower transition pan 1704 can be coated with

a thin film or other material that has a high solar reflectance and a low thermal emittance, which

can be referred to as a "cool coating" material. Solar energy incident on lower transition pan

1704 can convert to become about 50% heat reflecting from lower transition pan 1704, or in

other words, absorbing about 50% of the heat from incident solar energy. PV panels 1702 have



the primary function of converting incident solar energy into electricity, absorbing about 70% of

the heat from incident solar energy. The surface of upper transition pan 1706 can be coated with

a thin film or other material that has a low solar reflectance and a low thermal emittance, a

selective coating similar to or the same as the coating of for a solar thermal collector. Thus, for

solar energy incident on upper transition pan 1706, about 90% of the heat from incident solar

energy can be absorbed.

[000162] The transition along the slope of the surface or roof on which PV column 1700 is

installed can thereby create a temperature gradient, hotter toward the bottom and cooler toward

the top, such that convective air motion 1708 is increased or supplemented. Convective air

motion 1708 can aid in cooling the overall solar panel array of which PV column 1700 is a part

of, as well as an underlying roofing surface.

[000163] FIG. 18 shows a schematic representation of a pair of vent modules according to

embodiments. Two vent modules are shown in FIG. 18, active vent module 1810 and passive

vent module 1820. Both versions are configured to draw air from underneath PV modules 1801

of a BIPV system without penetrating underlying roof 1800 or ventilating an attic beneath roof

1800. Either embodiment of the vent can be positioned at, along, or under top rows of roofing

structures (e.g. underneath PV modules 1801) proximate to ridge 1805 of roof 1800 such that the

air drawn by either active vent module 1810 or passive vent module 1820 exits underlying roof

1800 structure before reaching ridge 1805. Active vent module 1810 can include fans 1815

installed along its width to draw air into and through active vent module 1810. Passive vent

module 1820 can include vent slots 1825, which can be either horizontal or vertical slots along

width of passive vent module 1820.



[000164] In further aspects, either active vent module 1810 or passive vent module 1820

can be positioned toward the bottom or eave of roof 1800, to provide for an air inlet.

Accordingly, air can be drawn into a space underlying PV modules 1801 by active vent modules

1810 or passive vent modules 1820 at bottom of roof 1800, generally cooling PV modules 1801.

Similarly, heated or ambient hot air can egress through active vent modules 1810 or passive vent

modules 1820 proximate to top of roof 1800, similarly cooling PV modules 1801.

[000165] On-Roof Embodiment

[000166] In several embodiments, photovoltaic modules and assemblies of photovoltaic

modules and supporting structural pans for photovoltaic modules can be constructed to be

elevated from the surface of a roof as part of a solar panel array - in other words, as part of an

"on-roof ' photovoltaic system. As used herein, on-roof systems are a type of BIPV in which the

PV portion of the system resides outside the building envelope. Non-PV components such as

metal support pans still make up the roof, but the PV modules are installed on top of those

components. In such on-roof systems, water may in some embodiments be able to pass under the

PV modules while remaining above the support pans.

[000167] As with other BIPV systems according to the various embodiments, on-roof solar

panel arrays and systems provide the advantage of being capable of being installed on a wide

variety of pre-existing roofs or other surfaces, with flexibility and modularity in application.

Also, electrical connections, junction boxes, and wiring can be generally housed underneath

photovoltaic modules of such photovoltaic assemblies, optionally within spaces between a

photovoltaic modules and a supporting structural pan, protecting such components from

precipitation, wind, and excess heat, and further hiding such components from an observer so as

to make the overall photovoltaic system visually attractive or uniform. One advantage of this is



that wiring that is outside the building envelope (i.e., above the support pans) does not have to be

enclosed in conduit, which may simplify wire management as well as reduce costs. In some

embodiments, supporting structural pans for such on-roof installations can be corrugated metal

pans, where the spaces provided within the corrugations can be efficiently used for wiring

connections and other components of a solar panel array. As with other embodiments,

photovoltaic modules used for on-roof installations considered herein may use crystalline

photovoltaic laminates, then film, perskovite, or other photovoltaic technology.

[000168] According to certain embodiments, as is described with respect to FIGS. 19A-

24C, PV modules 1901 can include standing rails (e.g., metal "wings", brackets, seams, or tabs)

bonded or otherwise attached to opposing sides of PV modules 1901 (e.g., backsheet of the

modules, laminate) along either long edge of the module. FIG. 19A shows a perspective view of

PV module 1901 with attached rails 1944. Alternatively, FIG. 19B shows a perspective view of

PV module 1901 with attached turreted rails 1945. PV module 1901 shown in FIG. 19A and

FIG. 19B has trim 1946 on both end edges and electrical connections 1915 extending from

underneath.

[000169] FIG. 19C shows an exploded view, illustrating certain components of PV module

1901 with respect to certain embodiments. Either continuous rails 1944 or turreted rails 1945

can be used with module 1901 and mechanically fastened or coupled to the corresponding

standing seams of a PV pan to attach PV module 1901 to PV pan 1920. In many embodiments,

PV module 1901 will have standing rails on either longitudinal side of PV module 1901. In

alternative embodiments, PV module 1901 can have a standing rail on one side be continuous the

standing rail on the opposing side is turreted. In some embodiments, PV modules 1901 can

further include end edge trims 1946 (e.g., gasket or sealing member made of rubber or other



suitable materials) attached to top and/or bottom edges of the PV module as seen in FIG. 19C.

Trims 1946 can protect PV modules 1901 during transport, installation, and assembly, as well as

preventing the ingress of dust and debris when the module is installed end-to-end against another

PV module in a column. As described above, thin pads can be attached to the backside of PV

module 1901 such that PV module 1901 is not in direct contact with an upper surface of PV pan

1920 supporting PV module 1901, for example, with a ridge surface of a corrugated PV pan,

when installed.

[000170] As shown in FIGS. 20A-24C, seam clips 1932 can secure the corresponding

seams of adjacent pans together (in these Figures, only one pan seam is shown for clarity) as

described above with respect to the embodiment of FIGS. 4A-4G. As shown, FIG. 20A shows a

perspective view of PV pan 1920, specifically a corrugated support pan, with seam clips 1932

alongside standing PV seams 1914 on both longitudinal sides of PV pan 1920. FIG. 20B shows

a cross-sectional view of the left side of FIG. 20A, illustrating the interface between seam claim

1932, bottom surface 1924 of PV pan 1920, top surface 1922 of PV pan 1920, and seam 1914.

FIG. 20C shows a detail perspective view of first tab 1932C and second tab 1932D of seam clip

1932 alongside seam 1914, where both first tab 1932C and second tab 1932D are unbent and not

yet interlocked with seam 1914.

[000171] FIG. 21A shows a perspective view of PV pan 1920, with PV module 1901

resting on top of the peaks forming top surface 1922 of PV pan 1920. PV module 1901 is also

shown with continuous rails 1944 attached along its length, protruding slightly above PV pan

seams 1914 due to tabs 1932C and 1932D. FIG. 21B shows a partial detail view of FIG. 2 1A,

further showing pads 1942 between top surface 1922 of PV pan 1920 and the underside of PV

module 1901, positioned to both adjust the height of PV module 1901 as it rests on PV pan 1920



and to optionally protect PV module 1901 from potential damage at the interface of PV module

1901 and the metal support pan. Additionally, junction box 1917, affixed to the backside of

module 1901 is shown with electrical connection 1915 extending therefrom, being electrically

coupled with the photovoltaic cells of PV module 1901 for the collection and transmission of

electricity.

[000172] FIG. 22A shows a perspective view of PV pan 1920, with PV module 1901

resting and locked into place on top of the corrugation peaks forming top surface of PV pan

1922. Seam clips 1932 alongside standing PV pan seams 1914 and continuous rails 1944 on

both longitudinal sides of PV pan 1920 are in a bent configuration so as to lock PV module 1901

into a mounted position with PV pan 1920. FIG. 22B shows a cross-section view of the left side

of FIG. 22A, illustrating the interface between seam slip 1932, particularly first tab 1932C bent

over both PV pan seam 1914 and continuous rail 1944, thereby locking into place PV module

1901 onto PV pan 1920 (with padding 1942 in between). FIG. 22C shows a detail perspective

view of first tab 1932C bent over continuous rail 1944 in a locking configuration, and second tab

1932D of seam clip 1932 bent in the opposite direction where (not shown) second tab 1932D

could lock an adjacent PV module and PV pan assembly into place or a non-PV or dummy pan.

[000173] FIG. 23A shows a cross-sectional view of PV module 1901, seam clips 1932, and

PV pan 1920 interlocked together, further including seam cover 1936 fitting over interlocked PV

pan seam 1914 and continuous rail 1944 as secured by first tab 1932C. FIG. 23B shows a detail

view of the same at the left side the structure shown in FIG. 23A . As shown, seam cover 1936

fits over both PV pan seam 1914 and continuous rail 1944, providing additional structural

strength to the interlocked assembly and also additional protection from precipitation, wind, or

other debris in the environment from fitting into, past, or under the assembly. Further, seam



cover 1936 has engagement portions 1938 at the distal end on either side configured to interface

with both of first tab 1932C and second tab 1932D of seam clip 1932.

[000174] Further shown are thin pads 1942 (e.g., VHB tape, rubber, foam) that can be

attached to the backside (e.g., backsheet) of PV module 1901 such that PV module 1901 is not in

direct contact with an upper surface (e.g., ridge surfaces 1922) of PV pan 1920 (e.g., a

corrugated support pan) when installed onto PV pan 1920. In some embodiments, pads 1942 can

be attached to upper surfaces 1922 rather than the underside of PV module 1901. As noted

above, pads 1942 can also help set the height of PV module 1901. As further shown, lower

surface 1924 of PV pan 1920 forms a corner or bend with seam clip 1932 and PV pan seam

1914. The surface can be substantially flat and lay on top of the roof surface, forming planar

foot portion 1948. Planar foot portion 1948, the bottom of the far right corner of PV pan 1920,

can provide support for a standing seam against a roof surface, for example, when an installer

steps on an installed module or pan. Further, a bent or hooked portion (e.g., hemmed portion) of

PV pan 1920 or other structure (e.g., curled or angled clip) at the top and/or bottom edge of a

column can be used to secure the pan to, or "catch", for example, a flashing, another pan, or

other roof surface to maintain the vertical or North-South position of PV module 1901 and/or

non-PV modules 1910 (e.g. dummy modules) in the column. Other suitable mounting portions

or feet can also be integrated with the PV pan 1920 for mounting PV pan 1920 to a roof as

described above.

[000175] In some embodiments, after standing seams (either non-PV pan seams 1912 or PV

pan seams 1914) have been interlocked with seam clips 1932, further PV modules 1901 with

rails can be installed or laid onto PV pans 1920, forming a column or row of PV modules 1901.

Similarly, non-PV modules 1910 (e.g. dummy modules, transition pans, standard roof pans) can



be laid down as part of a row or column of structural elements proximate to, and/or in in line

with, PV modules 1901. Seam cover 1936 can be attached as described above over rail surfaces

and seam clips 1932 of such PV modules 1901 and non-PV pan 1910 components, using a snap-

fit, rivets, screws, bolts or other fasteners as appropriate. Seam cover 1936 not only helps secure

the PV pan seams 1914 and/or non-PV pan seams 1912 together and block out water or other

precipitation (e.g., from flowing over tops of standing seams), but also substantially maintains

the horizontal or side-to-side (e.g., East-West) position of PV module 1901 within PV pan 1920

and adds to the overall aesthetic by providing a uniform finish that conceals the intersection of

seams 1912, 1914 and clips 1932. In other embodiments, seam clips 1932 can be folded over to

couple both the respective seams of adjacent pans to each other as well as rail portions of PV

modules 1901 to PV pan seams 1914 while simultaneously maintaining the position of PV

module 1901 within PV pan 1920. Although shown in the Figures as having a substantially L-

shaped cross section, rails 1944 can have other suitable cross sectional shapes, including one

dimensional strips that are affixed to only to the sides of PV modules 1901.

[000176] As shown in FIGS. 24A and 24B, for some embodiments non-PV pans 1910,

specifically dummy modules 1905 (e.g., glass, non-PV, roof pans, sheet metal, etc.) can also be

installed on PV pans 1920 in the same column as PV modules 1901, for example and the top and

bottom of each column of PV modules. In certain embodiments, dummy modules 1905 can be

roof pans with pre-formed seams as described above. Non-PV (roof) pans 1910 or dummy

modules 1905 can be laid down or positioned onto PV pan 1920 - in other words, non-PV pans

1910 and dummy modules 1905 do not necessarily need to be mounted on battens, but rather can

also make use of the structure and support provided by PV pans 1920. The seams of non-PV pan

1910 can be secured to the seams of PV pan 1920 with one or more seam clips 1932. Spacer



strips of padding 1942 (e.g., foam, rubber) can be adhered to the upper ridge surfaces of non-PV

pan 1920, configured to lay out so as to elevate non-PV pan 1910 to a uniform height

substantially level with PV module 1901. In columns of roof where no PV module is desired,

PV pan 1920 (e.g. corrugated pan) and non-PV pan 1910 (e.g. roof pan or dummy pan 1905) can

still be installed together. In other embodiments, non-PV pans 1910 can be installed onto battens

as described above so that they are at substantially the same height above the roof as the PV

modules 1901 on PV pans 1920.

[000177] FIG. 24C shows a perspective view of a portion of a column of a BIPV system

including two or more modules (e.g., two PV modules 1901, one PV module 1901 and one

dummy module 1905, one PV module 1901 and one roof pan 1910, etc.). As shown, a plurality

of modules (e.g., PV modules with rails or roof pans with seams) can be positioned onto pans

1920 and secured to a roof via clips 1932 and cover 1936 to form a column of PV modules

and/or non-PV pans. Multiple columns can be installed side-by-side to cover a portion of or the

entire roof surface. Seams clips 1932 can secure PV modules 1901 or non-PV pans 1910 to PV

pans 1920. Seam cap or cover 1936 can then be secured over and to clips 1932, standing seams,

and rails coupled to PV modules 1901. Where appropriate and/or necessary, trim 1946 can be

positioned between adjacent PV modules 1901 or non-PV pans 1910 within the same column as

defined by PV pan 1920.

[000178] FIGS 24A-24C further show that the mounting arrangement of PV modules 1901 ,

dummy modules 1905, and non-PV pans 1910 on or above PV pans 1920 or other structural

support pans can allow for all panels or modules of a mounted array system to have a

substantively uniform, planar surface. In other words, through the various embodiments of the

disclosure, each of PV modules 1901, dummy modules 1905, and non-PV pans 1910 can be set



at a uniform height across the area of the array system, such that the appearance of the array is

aesthetically pleasing and such that the energy-collecting members of the array are positioned in

efficient orientations.

[000179] FIG. 25 is a perspective view of a portion of BIPV system 2500 that includes

transition or adapter pans 2550, and FIG. 26 is a perspective view of transition pan 2550

according to various embodiments. Transition pan 2550 can be used with the various systems as

described herein. Transition pan 2550 includes ramped (e.g., inclined, sloped) surface 2552 that

is tilted at an angle relative to the roof surface that BIPV system 2500 is positioned on.

Transition pan 2550 can be positioned in columns having PV modules 2501, for example,

proximate to a bottom edge of pan 2520 at a down-roof portion of BIPV system 2500 relative to

PV module 2501 near roof eave 2503. (In FIG. 25, the right-most PV module 2501 is removed

so as to more clearly show underlying PV pan 2520.) In various embodiments, ramped surface

2552 forms or creates opening 2554 between PV module 2501 and transition pan 2550. Opening

2554 allows air to enter or exit and flow under the column of PV modules 2501 attached to

pans 2520. Airflow through the column can exit, for example, through openings in a ridge cap or

ridge vent at the top of the array. Additionally, water running down upper surface of pans 2520

(e.g., along the roof from ridge to eave or down-roof in the downward direction of arrows A ,

opposite of airflow up-roof through the column) under module 2501 can exit out opening 2554.

For example, if PV modules 2501 are adhered to pans 2520 of the BIPV systems 2500 described

herein with a non-water tight seal (e.g., hook and loop), water that flows under PV module 2501

can flow down a column in between the PV module 2501 and pan 2520 and exit out through the

transition pans 2550 under the pull of gravity.



[000180] Transition pan 2550 can include step portions, upper step portion 2551 and lower

step portion 2553, on opposing sides of ramped surface 2552. A front or down-roof portion of

PV module 2550 or pan 2520 can be positioned at or about step 2552 portion such that a top of

PV module 2501 is uniform or substantially uniform (e.g., coplanar) in elevation with the top of

step portion 2551 . As seen, in several aspects, PV module 2501 can lap or overlap a portion of

transition pan 2550. Further, transition pan 2550 can also include standing seam portions 2514

configured to be secured to standing seams of other PV pans, standing seams of non-PV pans,

and/or rails of photovoltaic modules. In various embodiments, such standing seams 2514 of

transition pan 2550 can be positioned laterally outward, or on exterior sides of, the corresponding

seams of lapped pan 2520.

[000181] Transition pans 2550 can be used in BIPV systems having either built-in PV

module-pan assemblies or on-roof PV modules 2501 and pans 2520 as shown. In particular, for

on-roof embodiments, transition pans 2550 and openings 2554 formed by transition pans 2550

can reduce the effect of wind uplift on BIPV system 2500. By allowing air flow to enter opening

2254 and pass under PV modules 2501 upward and out of up-roof vent(s), the wind is not

trapped beneath any particular column or region of PV module-pan assemblies or roof pans, and

thus uplift strain is reduced on BIPV system 2500. This will also allow wind to remove heat

from under the array. Similarly, allowing for precipitation to pass out from under PV modules

2501 through openings 2554 formed by transition pans 2550 can reduce the amount of water or

pooling on any given PV module 2501, thereby minimizing water damage to BIPV system 2500

and/or to the roof.

[000182] Transition pan 2550 can also be positioned by an upper edge of a PV pan or

column at an up-roof portion of the system near the roof ridge if oriented so that ramp 2552



points down-roof. Such a transition pan can be configured similarly to a substantially flat or

planar roof pan with standing seams that can be secured to seams of a PV pan as noted above. A

portion of transition pan 2550 (e.g., a down-roof portion) can be lapped over a portion of the

down-roof PV module pan. In certain embodiments, the seams of the up-roof or ridge transition

pan are positioned on laterally inward or interior sides of the corresponding seams of the PV pan

to prevent water from reaching the roof surface.

[000183] FIGS. 27A-29G show other various embodiments of on-roof photovoltaic

assemblies having PV modules and PV pans that can be provided with systems as described

herein. In some embodiments, such assemblies can allow water to flow between PV modules

and PV pans and exit out, for example, through transition pans at the eave of the roof. In some

embodiments, PV modules may be attached to PV pans in non-water tight or sealed manners.

[000184] FIGS. 27A-27E show photovoltaic assemblies including columns of PV panels

according to various embodiments. PV pans 2720 can be pre-installed or mounted to the roof

surface before installing PV modules 2701 . In some embodiments, PV pans 2720 can have

mounting portions 2762A, 2762B on opposing lateral side portions of PV pan 2720 for

supporting and securing PV modules 2701 . In such embodiments, PV modules 2701 can be

provided with mounting clips 2763A, 2763B (e.g. hinge clips, latch clips) configured to secure

PV module 2701 to corresponding mounting portions 2762A, 2762B of PV pans 2720.

[000185] Standing seams 2714 can rise between columns of PV modules 2701 mounted to

PV pans 2720, as described above. Such standing seams 2714 can include seam covers 2736 that

can connect to other structural elements of various PV pans 2720 or non-PV pans 2710, as well

as provide protection from precipitation or wind from getting underneath PV pans 2701 . In

various embodiments, standing seams 2714 are only on PV pans 2720, non-PV pans and



transition pans, but not on modules 2701, because they are secured to pans 2720 with clips

2763A/B and 2762A/B. However, seam covers 2736 may further secure PV modules 2701 to

pans 2720 by preventing them from moving upwards away from pans 2720.

[000186] In certain embodiments, underside of PV module 2701 includes first mounting

clip 2763A on one edge of the underside, clip 2763A being a hinge clip and PV module 2701

includes second mounting clip 2763B on the opposite edge of the underside, clip 2763B being a

latch clip (see, e.g., FIGS. 27B-27C). PV modules 2701 can be dropped in (e.g., rotated or

pivoted) to PV pan 2720 mounting portions 2762A/B. For example, first side of PV module

2701 with first mounting clip 2763A can be secured to first mounting portion 2762A of pan

2770. An installer can push PV module 2701 in a first direction towards the corresponding first

side of pan 2720 such that first mounting clip 2763A (hinge clip) is secured to first mounting

portion 2762A of pan 2720. Next, the installer can drop in second side of PV module 2701 such

that second mounting clip 2763B (latch clip) is secured to second mounting portion 2762B of

pan 2720 to couple PV module 2701 to PV pan 2720. FIG. 27D shows a stage of assembly of

PV module 2701 to PV pan 2720, in a secured configuration, with a space between first

mounting clip 2763A and first mounting portion 2762A and with second mounting portion

2762B being effectively flush with second mounting portion 2762B.

[000187] In order to remove PV module 2701 (e.g., for repair or replacement), PV module

2701 can be pushed in first direction identified by the arrow A in FIG. 27E. The installer can

then lift second side of PV module 2710 and then first side of PV module 2710. FIG. 27D shows

a stage of disassembly of PV module 2701 from PV pan 2720, with a space between second

mounting portion 2762B and second mounting portion 2763B and with first mounting portion

2762A being effectively flush with first mounting clip 2763A .



[000188] FIGS. 28A-28H show another embodiment of photovoltaic assembly 2860 as part

of solar panel system 2800 according to other embodiments of the disclosure. Both PV pans

2820 and PV modules 2801 include structural rails, pan rails 2822 and module rails 2802,

respectively. PV pans 2820 include pan rails 2822 attached to upper surface of PV pans, which

are configured to be oriented toward PV module 2801 when coupled to PV pan 2820. PV

module 2801 includes module rails 2802 attached to lower surface of PV module 2801 that are

oriented towards PV pan 2820 when PV module 2801 is mounted onto PV pan 2820. Pan rails

2822 and module rails 2802 an be glued or otherwise adhered or secured to pan 2820 and PV

module 2801 surfaces, respectively. In some embodiments, module rails 2802 and pan rails

2820 pan can be set on or mounted on each other. In other embodiments, module rails 2802 and

pan rails 2820 pan can run parallel alongside or be mounted next to each other. In various

embodiments, solar panel system 2800 can include non-PV modules 2810 laid alongside

photovoltaic assemblies 2860 on a roof.

[000189] In some aspects, down-roof end portion of pan rails 2802 can have tabs or other

male coupling portions (e.g., hook, projection) configured to be inserted into slots or other

female coupling portions (e.g., hole, recess). Up-roof portions of PV module 2801 and up-roof

end portions of pan rails 2802 can have female coupling portions configured to receive both male

coupling portions and fastener 2828 (e.g. pins). As seen in FIGS. 28F-28H, when pan rails 2822

are bonded to PV pan 2820 and module rails 2802 are bonded to PV module 2801, PV module

2801 and PV pan 2520 can be secured together with fasteners 2828 mechanically coupling male

coupling portions and female coupling portions of either or both of pan rails 2802 and module

rails 2802, forming complete photovoltaic assembly 2860. In other embodiments, coupling



positions can be reversed. As noted above, PV pans 2820 can be tiled and secured onto roof

surface prior to installation of PV modules 2801 onto PV pans 2820.

[000190] FIGS. 29A and 29B show another embodiment of PV pan assembly 2960 for on-

roof installations. In this embodiment, instead of dedicated photovoltaic support pans, columns

of mounting rails 2902 can be secured directly to roof surface 2903. Mounting rails 2902 can

have substantially I-shaped cross-sections. Base portion 2907 of mounting rail 2902 can be

mounted or otherwise secured to roof surface 2903. Upper portion 2908 of mounting rail 2902

can receive lateral side portions of PV modules 2901 in adjacent columns. Panel clip 2905 or

other suitable fastener can secure PV module 2901 to mounting rails 2902 (PV modules 2901

being represented as transparent so as to view underlying mounting rails 2902). Seam cap 2906

can be received by or secured to panel clip 2905 further securing modules 2901 in place.

Accordingly, in such embodiments, a support pan may not be provided.

[000191] In another embodiment, shown in detail in FIG. 30, rather than a standing seam,

the system relies on inverted seams, in other words, seams that point downward toward the roof

surface. For purposes of this disclosure and claims, inverted seams 3014 can be understood as

seams that extend below PV module 3001. In various embodiments, inverted seams may be used

with PV pans 3020. As shown schematically in FIG. 30, inverted seams 3014 do not extend

above PV module 3001 or the planar surface of roof pan 3010 (and thus are not called "standing"

seams). PV modules 3001 can be positioned on discrete mounting feet 3022 (e.g., posts,

projections, Z-shaped mounts, spacers, stand-offs) coupled or extending from planar roof

mounting surface portion (e.g., PV pan 3020). Mounting surface portions 3012 (e.g., seams,

tabs) can be coupled (e.g., interlocked) to seams of adjacent roof pan 3010 or PV pan 3020.

Inverted seams 3014 of PV module 3001 can be positioned on supporting PV pans 3020,



covering adjacent mounting surface portions 3012 of PV pans 3020, and optionally roof pan

portions 3010. In other words, inverted seams 3014 can be understood as analogous to seam

covers, but positioned below the substantively planar surface of overall solar panel array 3000 or

system. Accordingly, the structure and appearance of solar panel array 3000 can be generally

planar and uniform, without seams rising up above the surface of PV module 3001 surfaces or

roof pan 3010 surfaces. In some aspects, inverted seams 3014 can rise up into gaps between PV

modules 3001 and/or roof pans 3010, level with those structures, filling intermediate spaces. In

other aspects, inverted seams 3014 can have a maximum height that remains below the surface of

PV modules 3001 and/or roof pans 3010, and other spacers or gap fillers (not shown) can fill in

any gaps between PV modules 3001 or roof panels 3010 as needed.

[000192] From the foregoing, it will be appreciated that specific embodiments of the

invention have been described herein for purposes of illustration, but that various modifications

may be made without deviating from the spirit and scope of the various embodiments of the

invention. Further, while various advantages associated with certain embodiments of the

invention have been described above in the context of those embodiments, other embodiments

may also exhibit such advantages, and not all embodiments need necessarily exhibit such

advantages to fall within the scope of the invention. Accordingly, the invention is not limited,

except as by the appended claims.

[000193] While the above description describes various embodiments of the invention and

the best mode contemplated, regardless how detailed the above text, the invention can be

practiced in many ways. Details of the system may vary considerably in its specific

implementation, while still being encompassed by the present disclosure. As noted above,

particular terminology used when describing certain features or aspects of the invention should



not be taken to imply that the terminology is being redefined herein to be restricted to any

specific characteristics, features, or aspects of the invention with which that terminology is

associated. In general, the terms used in the following claims should not be construed to limit

the invention to the specific examples disclosed in the specification, unless the above Detailed

Description section explicitly defines such terms. Accordingly, the actual scope of the invention

encompasses not only the disclosed examples, but also all equivalent ways of practicing or

implementing the invention under the claims.

[000194] The teachings of the invention provided herein can be applied to other systems,

not necessarily the system described above. The elements and acts of the various examples

described above can be combined to provide further implementations of the invention. Some

alternative implementations of the invention may include not only additional elements to those

implementations noted above, but also may include fewer elements. Further any specific

numbers noted herein are only examples; alternative implementations may employ differing

values or ranges, and can accommodate various increments and gradients of values within and at

the boundaries of such ranges.

[000195] References throughout the foregoing description to features, advantages, or

similar language do not imply that all of the features and advantages that may be realized with

the present technology should be or are in any single embodiment of the invention. Rather,

language referring to the features and advantages is understood to mean that a specific feature,

advantage, or characteristic described in connection with an embodiment is included in at least

one embodiment of the present technology. Thus, discussion of the features and advantages, and

similar language, throughout this specification may, but do not necessarily, refer to the same

embodiment.



[000196] Furthermore, the described features, advantages, and characteristics of the present

technology may be combined in any suitable manner in one or more embodiments. One skilled

in the relevant art will recognize that the present technology can be practiced without one or

more of the specific features or advantages of a particular embodiment. In other instances,

additional features and advantages may be recognized in certain embodiments that may not be

present in all embodiments of the present technology.

[000197] Any patents and applications and other references noted above, including any that

may be listed in accompanying filing papers, are incorporated herein by reference. Aspects of

the invention can be modified, if necessary, to employ the systems, functions, and concepts of

the various references described above to provide yet further implementations of the invention.

[000198] Unless the context clearly requires otherwise, throughout the description and the

claims, the words "comprise," "comprising," and the like are to be construed in an inclusive

sense, as opposed to an exclusive or exhaustive sense; that is to say, in the sense of "including,

but not limited to." As used herein, the terms "connected," "coupled," or any variant thereof

means any connection or coupling, either direct or indirect, between two or more elements; the

coupling or connection between the elements can be physical, logical, or a combination thereof.

Additionally, the words "herein," "above," "below," and words of similar import, when used in

this application, refer to this application as a whole and not to any particular portions of this

application. Where the context permits, words in the above Detailed Description using the

singular or plural number may also include the plural or singular number respectively. The word

"or," in reference to a list of two or more items, covers all of the following interpretations of the

word: any of the items in the list, all of the items in the list, and any combination of the items in

the list.



[000199] Although certain aspects of the invention are presented below in certain claim

forms, the applicant contemplates the various aspects of the invention in any number of claim

forms. Accordingly, the applicant reserves the right to pursue additional claims after filing this

application to pursue such additional claim forms, in either this application or in a continuing

application.



Claims

1. A solar roof assembly, comprising:

a support material covering a portion of a roof surface;

a plurality of standing seam metal roof pans arranged in columns on the roof deck over

the support material at a first height above the roof surface;

a plurality of support pans arranged in columns on the roof surface adjacent to at least

one column of standing seam metal roof pan, each support pan comprising a pair of standing

seams running a length of each side edge thereof and having a plurality of ridges and valleys and

between each side edge;

a plurality of photovoltaic modules arranged end to end in columns over the plurality of

support pans on the plurality of ridges;

at least one transition pan in each column of photovoltaic modules down-roof from the

last photovoltaic module, the at least one transition pan comprising a pair of standing seams

running a length of each side edge and a lapping portion extending under the corresponding up-

roof support pan; and

a seam cap covering all standing seam portions of adjacent pans, wherein the support pan

elevates a top surface of each photovoltaic module to the first height above the roof surface.

2 . The solar roof assembly of claim 1, wherein the plurality of standing seam metal roof

pans comprise one or more of non-photovoltaic pans, dummy pans, or roof pans.



3 . The solar roof assembly of claim 1, further comprising at least a first seam clip and a

second seam clip attached to the photovoltaic modules, configured to mechanically couple with a

first standing seam portion and a second standing seam portion, of the metal roof pans or the

support pans.

4 . The solar roof assembly of claim 3, wherein the seam clips include tab portions

configured to bend away from each other and to cover metal roof pan portions or support pan

portions on either side of the seam clips.

5 . The solar roof assembly of claim 4, further comprising module rails bonded to the bottom

surface of each of the photovoltaic modules, and pan rails bonded to the upper surface of each of

the support pans.

6 . The solar roof assembly of claim 1, further comprising a heat storage material positioned

between at least one pairing of the photovoltaic modules and support pans, wherein the heat

storage material comprises at least one compartment having a phase change material can

transition from a first phase to a second phase at a transition temperature.

7 . The solar roof assembly of claim 6, wherein the support pan further comprises stand-off

sections forming one or more wells in which pouches of heat storage material are contained.

8 . The solar roof assembly of claim 1, further comprising at least one transition pan in each

column of photovoltaic modules up-roof from the photovoltaic module closest to a roof ridge,



the at least one up-roof transition pan comprising a pair of standing seams running a length of

each side edge and a lapping portion extending under the corresponding down-roof support pan,

wherein up-roof transition are configured to form openings to allow heat to escape from

underneath the plurality of photovoltaic modules.

9 . The solar roof assembly of claim 1, wherein the transition pans in each column of

photovoltaic modules down-roof from the last photovoltaic module further comprise down-roof

transition pans proximate the roof eave, the down-roof transition pans configured to form

openings to allow for precipitation drainage and airflow underneath the photovoltaic module.

10. The solar roof assembly of claim 1, further comprising one or more non-photovoltaic

modules within one or more of the columns photovoltaic modules, the one or more non-

photovoltaic modules being configured to mimic the appearance of the photovoltaic modules.

11. The solar roof assembly of claim 1, wherein the seam covers, the photovoltaic modules,

the standing seam metal roof pans, and optionally the transition pans form a surface with a

generally uniform appearance.

12. The solar roof assembly of claim 1, further comprising grounding clips configured to

engage with and electrically ground one or more of the photovoltaic modules and the standing

seam metal roof pans.



13. The solar roof assembly of claim 1, wherein each photovoltaic module further comprises

bypass diodes configured to bypass one or more solar cell sub-strings affected by a shade pattern

of one or more of the standing seams.

14. A solar roof assembly comprising:

a support material covering a portion of a roof surface;

a plurality of metal roof pans arranged in columns on the roof surface over the support

material at a first height above the roof surface;

a plurality of support pans arranged in columns on the roof surface adjacent to at least

one column of metal roof pans, each support pan comprising a pair of mounting surface portions

running a length of each side edge thereof, and having a plurality of ridges and valleys and

between each side edge;

a plurality of photovoltaic modules arranged end to end in columns over the plurality of

support pans on the plurality of ridges;

a plurality of inverted seam members, wherein the mounting surface portions are

configured to align with at least one inverted seam member, the inverted seam members being

configured to couple with at least one other mounting surface portions of adjacent support pans.

15. The solar roof assembly of claim 14, wherein the plurality of metal roof pans and the

plurality of photovoltaic modules form a substantively planar surface.

16. A method of assembling a photovoltaic system comprising:

mounting one or more non-photovoltaic panels as part of an elevated array onto a roof;



mounting one or more photovoltaic assemblies in one or more columns on the roof to

form portion of an elevated photovoltaic array;

mounting seam clips on to the roof in between columns of non-photovoltaic panels and

columns of photovoltaic assemblies;

securing non-photovoltaic panels and photovoltaic assemblies in adjacent columns to

each other by engaging the seam clips;

mounting transition pans at at least one of the top of and bottom of the one or more

photovoltaic assembly columns; and

covering seam clips engaged with non-photovoltaic panels and photovoltaic assemblies in

adjacent columns with seam covers.

17. The method of claim 16, further comprising forming the photovoltaic assemblies by

bonding photovoltaic modules at an installation site to support pans attached to the roof.

18. The method of claim 17, further comprising electrically grounding the support pans and

non-photovoltaic panels with one or more grounding clips.

19. The method of claim 16, further comprising mounting a non-photovoltaic panel within a

column of photovoltaic assemblies, wherein the non-photovoltaic panel has an appearance that

mimics that of the photovoltaic assemblies.

20. The method of claim 16, further comprising mounting one or more of the transition pans,

photovoltaic assemblies, or non-photovoltaic panels over vented battens secured to the roof.
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