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General Overview
• Energy institute of the State of Florida

– Largest and most active in nation
– 25+ year history of research and training 

excellence

• Approximately 130 staff
– 80 professionals 
– 35 technical support and clerical staff
– 15 graduate student assistants



FSEC Program Areas

• High-Performance Buildings
• Solar Thermal Systems
• Photovoltaics
• Testing & Certification
• Hydrogen and Fuel Cells
• Education and Training
• Electric Vehicle Transportation Center 



Education & Training



EnergyGauge® Software
• Florida’s Energy Code compliance tool
• Plus . . .

– Nationally accredited 
Home Energy Ratings (HERS)

– Economic and financial 
analysis

– HVAC system sizing
– Pollution analysis
– Automatic building 

optimization



Solar Test and Certification at FSEC
• Florida law requires FSEC to develop and promulgate 

standards for solar energy systems (§377.705(4)(a), FS)
• Charged with establishing criteria for evaluating the 

performance of solar energy systems (§377.705(4)(b), FS)
• Requires that all solar energy systems sold or 

manufactured in Florida meet those standards
• “Such standards shall ensure that solar energy systems 

manufactured or sold within the state are effective and 
represent a high level of quality of materials, workmanship, 
and design”



Solar Test and Certification at FSEC
• Standards developed put into effect by FSEC are subject 

to rulemaking under the Florida Administrative 
Procedures Act (Chapter 120, FS)

• This process requires notice to interested parties, 
workshops, and hearings in order to assure the standards 
are developed with industry input and consensus to the 
extent possible. 

• The standards are then adopted by reference in the 
Florida Administrative Code (FAC) Rule Chapter 6C7-8

• There are no provisions for enforcement by FSEC



System Electrical
 Some lack of familiarity with NEC Article 690 by code 

officials, installers and design professional
 Relatively new article
 Frequent changes and additions initially
 Relatively few installations in Florida

 Specific areas with frequent questions
 DC rated equipment and components versus AC ratings
 Temperature requirements (above 30°C)
 Grounding, bonding, lighting protection confusion
 Conduit types and applications
 Labeling
 Disconnect requirements 
 Adequate schematic drawings for permitting and installation
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FSEC System Certification Process
• Process

– Review PV system electrical plans
– Verify UL listed components are used
– Ensure code compliant electrical design of PV systems
– Verify basic performance expectations

• Intent
– Consumer protection
– Safety
– Value to owners, installers, and inspectors



Application



• Multiple steps involving frequent 
communication with the applicant.

• Currently the process is all 
electronic by utilizing pdf 
applications, e-mail communication, 
and data entry.

Certification Process



Certification Process
• This only accounts for the FSEC 

certification of electrical designs
• Several additional steps from the 

contractor are still required for system 
approval

Structural Design

Local Permitting 
Processes

Utility Net Metering 
Agreements

Inspections



System Design Approval
• FSEC certification ensures NEC compliant design that performs as expected.
• CRITERIA FOR SYSTEM DESIGN (ELECTICAL) APPROVAL

– Module specifications, array design and inverter compatibility
– Wire type, gauge, lengths
– Conduit type, size, lengths
– Voltage sizing, voltage drop
– Disconnect rating, location
– Overcurrent protection rating, location
– Combiner/junction box rating, location, NEMA rating
– Grounding type, placement, wire gauge
– Appropriate ground fault protection
– Service panel requirements
– Appropriate markings and labels



FSEC Experience
• Wide variety of electrical schematics submitted

• Variations in layout, symbols, notation, etc.

• Often requires several interactions between the system 
reviewer and the applicant to arrive at a complete and 
code compliant design.

• A more standardized electrical schematic will streamline 
both the certification, permitting and inspection processes.
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Sample Electrical Diagrams



Varying Complexity



Automated Design Tool
• Our goal is to develop design software in 

which the applicant can input system 
information, design requirements, choose 
from a database of approved components 
(modules, inverter, etc.), and receive a set of 
custom plans.

• All design aspects will be calculated using the 
NEC, FL Building Code, ASCE 7, and all relevant 
code requirements.
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Automated Design Tool
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Electrical 
Code 

Compliance



Standard Design Plans
• Standardizing the way in which plans are constructed 

with consistency in layout, notations, and symbols
• This will reduce the time required to read and 

understand system design plans.
• Potential for faster approval processes and 

inspections.
• Produce electrical diagrams that allow for simple and 

straight forward inspection process
• Creation of a single database for all certified PV 

components.
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Standard Design Plans
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A New Model



Design Tool Calculations



Standardized 
Output

http://10.173.65.161:3333/draw1/draw.html
http://10.173.65.161:3333/draw1/draw.html


Automated Design Tool
• The expected users are residential/small 

commercial photovoltaic installers.
• The system will produce code compliant plans 

that are easily understood and include all 
required notations.

• The system will be maintained to 
accommodate code changes and updates.

• Requires feedback from code officials during 
development and buy-in for implementation.
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Wind Loads
and 

Structural Code Compliance

http://windspeed.atcouncil.org/
http://windspeed.atcouncil.org/


Guidance is Lacking
Frustration, uncertainty, inconsistency, and gross 
negligence will result from the current lack of guidance.

ASCE 7 does not
currently address solar
equipment
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Computational Fluid Dynamics Model



Wind Load Calculator

http://centecorp.com/wlc/
http://centecorp.com/wlc/






Solar ABCS
Temperature Map

Input: 
Zip code

Output:
Electrical design 
parameters



Array Layout Sketch
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Automated System Design Tool 
Limitations



Roof Types

Source: Quick Mount PV 
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PV Arrays on Rooftops
Two general categories for roof mounted PV arrays

1) Above and parallel to the 
roof plane

2) At a tilt relative to the 
roof plane
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Design Loads
• UL 1703 describes the 

structural loading tests for 
PV modules

• Minimum design load      
30 psf* 1.5 = 45 psf

• The Design Load can be 
greater if specified by the 
manufacturer

Figure from UL 1703 Test Standard
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Net Design Wind Pressures
• Roof Component and Cladding design 

pressures can exceed 100 psf

• Upward (negative) design pressures 
typically exceed the downward (positive) for 
components and cladding

• 50 psf meets requirements for 100 mph 
wind zones

• May be exceeded in 100+ mph wind zones

• Arrays should be installed in the interior 
zone of the roof to minimize the wind 
loading
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Mounting Hardware
• Array mounting rails and attachments transfer loads from 

the modules to the structure
• Loads can be concentrated and may exceed the design 

strength of structural members if installed incorrectly
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Module 
Attachment 
Hardware

Roof 
Attachment 
with lag screw

Attachment for 
rack

Rack for the 
Array

Hardware to 
attach the 
modules to 
the rack
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Building Integrated PV Limitations

Photo courtesy of USSC42



Rooftop PV Array Installation Process



Pilot Hole for Truss

• A pilot hole should be 
drilled to prevent 
splitting the wood.

• The drill bit used should 
be 50-75% of the shaft 
diameter of the lag 
screw.  

• For softer wood use a 
smaller pilot hole; for 
harder wood use a 
larger one.

44



Attachment to Trusses

• High-quality, roof-compatible caulk should be applied 
before attaching the mounts to roof
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Attaching the Array Rack

• Additional piece provides a point of attachment for the 
aluminum rack

• Aluminum rack is then placed over the bolts protruding from 
the mounting hardware.
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Rack and J-Box

• Making sure module J-box doesn’t hit the rack
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Securing Rack in Place

• Once the rack distance has been determined, the rack 
can be fastened to the roof attachments. 
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Module Fasteners

• Special assemblies are then 
used to attach the modules 
to the rack.  

 These assemblies slide in the 
groove at the top and bottom of 
the rack and clamp the 
aluminum frame of the module in 
place.
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Attaching the Modules

• The aluminum frame of the modules then slips under 
the clamps and are secured with a bolt and socket 
wrench.
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Wiring Modules Together

• Once the array is installed, the modules can then be 
wired in series using the quick connects provided 
with each module.
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Questions?
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