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Objective

To provide an overview of BIPV technology
and related Codes and Standards
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Hydroelectric

Energy Demand Continues to Grow
Solutions are Needed — Solar is Viable, But Untapped




Renewable Solutions Present Opportunity

Renewable energy consumption in the nation’s
energy supply, 2010

Total: 8,049 quadrillion Btu

Total: 97,892 quadrillion Btu /

Source: U.S. Energy Information Administration

2010 U.S. Solar Photovoltaic Market
2,150 MW, 154,700 Systems
(Total Installed Base, to Date)

Utility Owned — 399 MW (18%)

Non-Residential — 1,071 MW (50%)

Source: Sherwood Associates, Inc.




Building Integrated Photovoltaic (BIPV)

» Represents <15% of the total North American
residential roofing market

» Historically integrates with high end roofing
material: Metal Roofing, Slate and Tile




Figure, U.S. PV Installations 2010 - Q2 2012
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What Does the Market Need?

Navigating the Challenges to Residential Solar Leads to Great Solutions

Aesthetics ¢ Complexity ® Roof Integrity e Cost
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Residential Solar Solutions

BIPV BAPV
Building Integrated Building Applied
PV Solar Shingles PV Solar Panels

BIPV solar products are BAPV solar products are
designed to serve as the roof. designed to be attached to a roof.




BIPV Solution

Source: Solarfeeds.com




BIPV Solution

Source: Inhabitat.com




BIPV Solution

Source: Calfinder.com



BIPV Solution

Source: roofinfo.com




BIPV Solution

Source: article.wn.com



BIPV & BAPV Solution

Source: solar.calfinder.com




BIPV Solution

Source: cascadejoinery.com




Residential Solar Challenges

QCosts too much:
High installation costs can take
years to see paybacks

OToo ugly:
Unattractive “added on”
appearance

OToo complicated:
Complicated wiring system and
installation on top of existing roof

OToo disruptive to the home
and homeowner:
Concerns about roof integrity

QCodes and Standards:
Keeping up with innovation




BIPV Provides Solutions

il > Fully integrated into the roof

Installation Roofer friendly ease of
installation

Reduced installed cost that is
competitive with other forms
of Energy

Buildin Meets same wind and fire
Codes codes as conventional roof

Standards coverings




Aesthetics

Residential BAPV Applications




Residential Solar Misconceptions

Going Solar = Compromised Home Aesthetics




IPV Meets Homeowner Needs

DOW POWERHOUSE™




BIPV Meets Homeowner Needs

CertainTeed Apollo




BIPV Meets Homeowner Needs

DOW POWERHOUSE™
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BIPV Installation Minimizes Roof
Penetrations

Roof integrity concerns are addressed




BIPV: Improved Installation Features

» Installs like a roof
» No live wires run above the roof
» No grounded components on the roof

» All conductors are touch-safe throughout the
installation process

» Lightweight and easy to handle







Codes Addressing PV Systems

» International Residential Code (IRC)
> One and Two-Family Dwellings

» International Building Code (IBC) |
- All Buildings Except One and Two-Family Dwellings
> Multiple Single-Family not more than three stories

» International Fire Code (IFC)
- Hazards of Fire in all new and existing buildings

> Provide safety to fire fighters and emergenc
responders Y 9 gency

» NFPA 70, National Electrical Code (NEC
> Article 690 Apply to Solar Photovoltaic (PV) Systems

» IAPMO Uniform Solar Energy Code (USEC)

- Chapter 10 apply to Solar Photovoltaic (PV) S\éstems
- Requirements are primarily extracted from NEC
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BIPV: International Residential Code (IRC)

» Recognizes BIPV as a Roof Covering

- Photovoltaic Modules/Shingles: A Roof Covering
composed of flat-plate photovoltaic modules fabricated
into shingles.

» Section (R905.16) identifies requirements
Material Standard in accordance with UL 1703

Installation in accordance with Manufacturers
Instructions

Wind Resistance in accordance with procedures and
acceptance criteria in ASTM D 3161

Fire Resistance in accordance with ASTM E 108 or UL 790
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BIPV & BAPV: International Building Code (IBC)

» Photovoltaic Systems shall be labeled for fire (1505.8)

» Recognizes Photovoltaic Modules/Shingles as a Roof
Covering & include same requirements in IRC (1507.17)

» Rooftop Photovoltaic Criteria is Defined (1509.7)
Wind Resistance in accordance with Chapter 16

Fire Classification must be the same as Roof Assembly
Installation in accordance with Manufacturers Instructions
Material Standard in accordance with UL 1703

o
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» Solar photovoltaic Panels/Modules (1511)
> Must comply with International Fire Code

> Structure Fire Resistance - Frame and roof construction
supporting the load shall comply with Table 601 (Fire-
Resistance Rating Requirements for Building Elements (Hours)




BIPV Burning Brand Test - Class A




BAPV Fire Tests Under Development

Source: UL Effect of Rack Mounted Photovoltaic Modules on the
Fire Classification Rating of Roofing Assemblies




International Fire Code (IFC)

» Section 605.11covers Solar Photovoltaic
Power Systems

- Marking is required on interior and exterior DC
conduit, enclosures, raceways, cable assemblies,
junction boxes, combiner boxes and disconnects

- Locations of DC conductors

- Roof Access and Pathways spacing Requirements
for various residential roof designs




Examples of Marking

PHOTOVOLTAIC PHOTOVOLTAIC

Main PV System RS SO
Disconnect ' DC DISCONNECT AC DISCONNECT

CAUTION: SOLAR CIRCUIT

SOLAR P V.
AC
DISCONNECT

Source: IREC Understanding the Cal Fire
Solar Photovoltaic Installation Guideline




Location of DC Conductors - Conduit Run
Along the Bottom of Load Bearing Members

Source: IREC Understanding the Cal Fire
Solar Photovoltaic Installation Guideline



Access and Pathways - Cross Gable Roof

Solar ABCs Understanding the CAL FIRE Solar Photovoltaic
Installation Guideline



Access and Pathways - Cross Gable with
Valley

Solar ABCs Understanding the CAL FIRE Solar Photovoltaic
Installation Guideline



Access and Pathways - Full Hip

Solar ABCs Understanding the CAL FIRE Solar Photovoltaic
Installation Guideline



Access and pathways - Full Gable

Solar ABCs Understanding the CAL FIRE Solar Photovoltaic
Installation Guideline



BIPV: NFPA 70 National Electrical Code (NEC)

» Article 690 covers the provisions for Solar
Photovoltaic Electrical Energy Systems

> Building Integrated Photovoltaic is defined:

- Photovoltaic cells, devices, modules or modular materials
integrated into the outer surface or structure of a building and
serve as the outer protective surface of that building

» Article 690 covers Installation, Ground-Fault
Protection, Alternating-Current Modules, Circuit
Requirements, Disconnecting Means, Wiring
Methods, Grounding, Marking, Connection to
Other Sources, Storage Batteries and Systems over
600 Volts

» IAMPO Uniform Solar Energy Code is primarily an
extraction of NEC
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Code Adoption

» I-Codes (IBC, IRC & IFC) Adopted by State
- 2000, 2003, 2006 and 2012 editions

» NEC Adopted by State
- 2005, 2008 and 2011 editions

» Uniform Solar Energy Code
- 2006, 2009 and 2012 editions

» Subject to local amendments

» Significant safety enhancements have been made
in the latest versions of the codes




The Solar America Board for Codes and
Standards (Solar ABCs)

» Provides an effective venue for all solar stakeholders.

» A collaboration of experts formally gathers and
prioritizes input from groups such as policy makers,
manufacturers, installers, and large and small-scale
consumers to make balanced recommendations to
codes and standards organizations for existing and
new solar technologies.

» The U.S. Department of Energy funds Solar ABCs as
part of its commitment to facilitate widespread
adoption of safe, reliable, and cost-effective solar
technologies.




Solar ABCs Fire Report

FLAMMABILITY TESTING
OF STANDARD
ROOFING PRODUCTS

In the Presence of Standoff-mounted
Photovoltaic Modules

A Solar ABCs Interim Report

Solar America Board for Codes and Standara

www.solarabcs.org

Flammability Testing of Standard

Roofing Products In the Presence
of Standoff-mounted Photovoltaic
Modules

Report is available at:
http://www.solarabcs.org/flammability/



Solar ABCs White Paper

W)

IMPACTS ON PHOTOVOLTAIC
INSTALLATIONS OF

Impacts on Photovoltaic
Installations of Changes to the
2012 International Codes

CHANGES TO THE 2012
INTERNATIONAL CODES

A Solar ABCs White Paper
May 2011

Report is available at:
http://www.solarabcs.org

Solar America Board for Codes and Standard

www.solarabcs.org



BIPV Certifications

UL 790 - Class A
ASTM D 3161, Class F
Roof ICC ES ESR 2991 - Fire classification — Class A, Wind and Weather resistance
Covering «Compliance with 2012, 2009, 2006 International Building Code (IBC)
«Compliance with 2012, 2009, 2006 International Residential Code (IRC)

UL 1703 Flat-Plate Photovoltaic
Modules and Panels (NEC & NFPA 70)

UL 746 C Polymeric Materials - Use in
Electrical Equipment Evaluations

UL 514B Conduit, Tubing, and Cable
Fittings

UL 486A-486B Wire Connectors

IEC 61646 (Thin film terrestrial PV
modules - Design qualification and type

BIPV Product ~ Other . approval
IEC

California Energy Commission
Florida Solar Energy Center

Electrical




Performance Integrity
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Summary

» The residential market is primed as more BIPV solutions are
introduced

» Safety, Cost and Performance are key elements for success

» BIPV is required to meet the same code requirements for wind
and fire as a conventional roof covering.

» Adoption of the latest versions of the codes are critical to take
advantage of the enhancements

» Third Party Certification Provide Integrity for Safety and
Performance

» Solar America Board for Codes and Standards (Solar ABCs) “The
Industry Experts for the latest on Codes and Standards




