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Executive Summary 

In February 2011 the US Department of Energy announced their new Sunshot Initiative. The Sunshot 

goal is to reduce the total cost of solar energy systems by about 75 percent before the end of the 

decade. The DOE estimated that a total installed cost of $1 per watt for photovoltaic systems would 

be equivalent to 5–6¢/kilowatt hour (kWh) for energy available from the grid. The DOE also estimated 

that to meet the $1 per watt goal, PV module costs would need to be reduced to $.50 per watt, 

balance of systems costs would need to be reduced to $.40 per watt, and power electronic costs 

would need to reach $.10 per watt. To address the BOS balance of systems cost component of the 

$1 per watt goal, the DOE announced a funding opportunity called (BOS-X) Extreme Balance of 

System Hardware Cost Reductions. The DOE identified eight areas within the total BOS costs: 1) 

installation labor, 2) installation materials, 3) installation overhead and profit, 4) tracker, 5) permitting 

and commissioning, 6) site preparation, 7) land acquisition, 8) sales tax. The BOS-X funding 

announcement requested applications in four specific topics: 

Topic 1: Transformational Building Integrated Photovoltaic (BIPV) Modules  
Topic 2:   Roof and Ground Mount Innovations 
Topic 3:  Transformational Photovoltaic System Designs 
Topic 4:    Development of New Wind Load Codes for PV Systems 
 
The application submitted by ARaymond Tinnerman reflected the requirements listed in Topic #2, 
Roof and Ground Mount Innovations. The goal of topic #2 was to develop technologies that would 
result in the extreme reduction of material and labor costs associated with applications that require 
physical connections and attachments to roof and ground mount structures. The topics researched in 
this project included component cost reduction, labor reduction, weight reduction, wiring innovations, 
and alternative material utilization. The project objectives included: 
 
1) The development of an innovative quick snap bracket assembly that would be bonded to frameless   
     PV modules for commercial rooftop installations. 
 
2) The development of a composite pultruded rail to replace traditional racking materials. 
 
3) In partnership with a roofing company, pilot the certification of a commercial roof to be solar panel 
    compliant, eliminating the need for structural analysis and government oversight resulting in  
    significantly decreased permitting costs. 
 
4) Reduce the sum of all cost impacts in topic #2 from a baseline total of $2.05/watt to $.34/watt. 
 

Budget Period DOE Funding ARTI Funding Total 

1 $420,000 $105,000 $525,000 

2 $625,000 $625,000 $1,250,000 

3 $625,000 $625,000 $1,250,000 

Total $1,670,000 $1,355,000 $3,025,000 
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Task 1: Component Concept Design (Budget Period 1) 

 

Task objective:  

Develop primary system design direction and finalize component specific designs. 

 

Highlights: 

The proof of concept activity took place primarily at Rayce Americas in Auburn Hills,MI. Initially 

research was conducted to gather information from select glass/glass PV module manufactures, 

current mounting/racking  manufacturers and various trade sources to gage the current challenges 

and opportunities in the industry as they relate to topic #2, “Roof and Ground Mount Innovations”. 

Although permitting activity was not scheduled until budget period three, the initial interaction with PV 

professionals included discussions on permitting opportunities so that component concepts would 

include features that will eventually contribute to lowering permitting costs. As a result of the study, 

numerous potential system designs were considered. The benefits and trade offs for each concept 

were evaluated and systems were chosen based on component feasibility, component/labor costs, 

and assumptions made in the original grant application. 

 

Chosen System Designs: 

1) Bonded Bracket w/ Pultrusion –  The system includes (4) metal brackets bonded to glass/glass PV 

modules. The metal brackets snap into composite pultruded rail that is supported by vacuum formed 

HDPE bases. The system is ballasted and intended for flat commercial roofs. 

2) Bonded Bracket w/o Pultrusion -  The system includes (4) metal brackets bonded to glass/glass PV 

modules. The metal brackets snap into vacuum formed HDPE bases. The system is ballasted and 

intended for flat commercial roofs. 

3) Bonded Bracket / Standing Seam – The system includes (4) metal brackets bonded to glass/glass 

PV modules. The metal brackets snap into another metal hinge/snap bracket that is clamped to the 

seam of a standing seam commercial roof. 
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System Design #1 
Bonded Bracket w/ Pultrusion System 
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Bracket (Hinge) 
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Bracket (Snap) 
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Support Base 
 

 
 

Pultrusion 
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The support bases are 

positioned and ballast 

is added. 

The rails are inserted 

into the holes in the 

base. 
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The PV module is 

hinged down to engage 

the opposite rail. 

The hinge brackets are 

set into the slots in the 

rail 

The PV module is 

snapped into the rail 

slots. 
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System Design #2 
Bonded Bracket w/o Pultrusion System 

(Angled Mount) 

 

 
 
 

 
 
 
 
 
 
 
 
  

Item Description Part Number Overall Size Material Finish Color Quantity

1 Support Base N/A 29.5 X 9 X 45 mm HDPE N/A Black 1

2 Braket Attachment Ray-001-2011_6-1A 71 X 120 X 165.5 mm 1.0mm Thick 1050-1065 Steel Geomet Silver 4

3 Solar Panel Ray-001-2011_7-1A 76.2 X 152.4 cm Glass/Glass N/A Glass 1

4 Ballast N/A 3 X 7 X 29 mm Cement N/A Gray 2

5 Techbond N/A As Needed Polyurethane N/A Black As Required

6 Engagement Bracket N/A 50 X 120 X 34mm 1.0mm Thick 1050-1065 Steel Geomet Silver 4

7 Locking Plate N/A 90 X 120 X 2mm 1.0mm Thick 1050-1065 Steel Geomet Silver 4

System #2 utilizes the same module attachment brackets as System #1. The modules are snapped 

directly into vacuum formed bases. This design does not use pultruded rails but does require the 

addition of engagement brackets not used in system #1.  



DE-EE0005438 
Bonded Bracket Assembly for Frameless Solar Panels 

ARaymond Tinnerman 

 

 

 

 

Page 23 

 

  

 

 Angled Support Base 
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Bracket Assembly 
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System Assembly  
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System Design #3 
Bonded Bracket Standing Seam Roof 
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Task 2: Prototype Development (Budget Period 1) 

 

Task objective:  

Produce prototypes based on concepts from task #1 that can be performance tested. 

 

Highlights: 

Each system concept from task #1 required prototype components for testing. All brackets were 

produced with heat treated and plated steel. Support bases were vacuum formed and made with high 

density polyethylene. The pultruded support rail is made of glass filled polyurethane. Each component 

concept was evaluated for general tolerance fit/function as well as manufacturability prior to final 

prototype build. The prototyped components include:  
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Task 3: Prototype Validation (Budget Period 1) 

 

Task objective:  

Validate performance criteria for system components and assemblies. 

 

Highlights: 

Following the development of prototype system components and assemblies, performance 

characteristics estimated during finite element analysis needed to be verified. FEA assumptions 

included criteria from UL1703 and UL 2703. Due to the timing of prototype availability and the end of 

budget period one, not all testing was completed prior to project close. During the project focus turned 

to commercial flat roofs and away from standing seam roofs therefore, no validation was started on 

system #3 (Bonded Bracket /Standing Seam). Initial mechanical testing and bond verification are 

shown below. 
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         Bond Validation 
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   Results 
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