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Credit(s) earned on completion of this course will be reported to
AlA CES for AIA members. Certificates of Completion for both AIA
members and non-AlA members are available upon request.

This course is registered with AIA CES for continuing professional
education. As such, it does not include content that may be
deemed or construed to be an approval or endorsement by the AIA
of any material of construction or any method or manner of
handling, using, distributing, or dealing in any material or product.

Questions related to specific materials, methods, and services will be addressed at the
conclusion of this presentation.
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Course
Description

As the demand for renewable energy sources is increasing and more energy programs
are available, photovoltaic (PV) arrays are being installed on roof areas more frequently.
Proper planning when considering installing PV arrays can greatly reduce the potential
for roof leaks, voided roof warranties, structural damage and unnecessary expenses.
These considerations should include evaluation of the existing roof system and planning
for the installation of a roof-top PV system; selection of the appropriate PV system for
the building; design of the PV system attachment to the building and roof; design of roof
repairs or roof replacement in conjunction with the PV installation; maintenance of the
roof and PV arrays; and evaluation of the costs associated with each phase. Specifically,
the owner and designer should review the condition and warranty duration of the
existing roof system, the available capacity of the existing structure; options for PV
systems and attachments; roof manufacturer limitations; life safety for maintenance; fire
safety; and the appropriate coordination of the various tradesmen before, during and
after construction.
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Learning
Objectives

At the end of the this course, participants will be able to:

1. Understand how proper planning when considering installing PV arrays
can greatly reduce the potential for roof leaks, voided roof warranties,
structural damage, and unnecessary expenses.

2. Understand the available options for PV systems and attachments, and
roof manufacturer limitations.

3. Overview of the condition and warranty duration of the existing roof
system, the available capacity of the existing structure.

4. Understand life safety for maintenance, fire safety, and the appropriate
coordination of the various tradesmen before, during, and after
construction.







A Brief History of Photovoltaic Technology




1839 - French physicist,
Edmond Becquerel,
observed a physical
phenomenon allowing
light-electricity conversion

1954 - Bell Labs exhibits
first high-power silicon PV
cell

1990 - Progressive
Governments Use

Subsidies to Speed
Adoption

1997 - Kyoto Protocol




Photovoltaic Technology:
How it Works

Positively and negatively charged silicon
semi-conductors are arranged in PV cells,
creating an electric field at the junction

Photons from the sun knock electrons
free, generating an electric current

Metallic conductor plates collect
electrons and transfer the current to
electrical wires

Sunlight

Electron
Flow

n-type | p-type
zilicon | silicon

Junetion

Solar Panel
Diagram
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EVOLUTION OF GLOBAL ANNUAL SOLAR PV INSTALLED CAPACITY 2000 -
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Global annual PV installed capacity increased by over 29% YoY in 2017

World Solar Power Generation




2016 based on total PV installed capacity (MW)?

China: 78,100 MW (25.8%)

Japan: 42,800 MW (14.1%)
Germany: 41,200 MW (13.6%)
United States: 40,300 MW (13.3%)
Italy: 19,300 MW (6.4%)

United Kingdom: 11,600 MW (3.8%)
India: 8,000 MW (3.0%)

France: 7,100 MW (2.3%)
Australia: 5,900 MW (1.9%)

Spain: 5,500 MW (1.8%)

All others: 42,300 MW (14.0%)




* Annual Power Demand = 22,000 Terawatt-hours | Equivalent to 2,500 GW running 24/7

e 98.9 GW of solar generated electricity added in 2017
v' 0.7% of World Power Demand

v Pound for pound: Solar capacity > Nuclear Power Capacity

Current State of Power Worldwide



Solar-Ready Buildings

2015 IBC

Solar-ready zones required for most low-rise
commercial buildings

Requirements for solar-ready area, including
structural, electrical, and fire protection

Design criteria must be included in the
construction documents

REDLINE VERSION
shows changes from
the 2012 edition

2015 srmunonn

Building Code’



Types of Photovoltaic Panels

* Monocrystalline
e Polycrystalline
 Thin film



Monocrystalline PV

= QOldest technology on the market
= Crystalline Silicon based

= Created from a single, continuous crystal
structure

= Highest efficiency
= Long life span (typical 25 year warranty)

= Most expensive




Polycrystalline PV

= Crystalline Silicon based

= Multicrystalline — made of multiple crystals of
Silicon

= Simpler manufacturing process

= Less expensive than monocrystalline panels

= Less efficient than monocrystalline panels

= Recent improvements in efficiency are making

these panels more common in residential
applications




Thin Film Amorphous PV

= Thin, flexible panels

= Higher temperature resistance

= Better resistance to shading

= Flexible installation options

= Lower efficiency than polycrystalline panels
= more panels are required to generate
equivalent power

= Potential issues with differential thermal

expansion when laminated to roofing
materials




Financing Options




Solar Leases/Power Purchase Agreements (PPA)

A third party owner installs
the solar panels on your
building




Power
Purchase
Agreements
(PPA)

Utility
Continues to provide
regular electricity service
Provides net metering Excess PV
credit to Host customer KWh
where net metering

available

Host

Receives power from on-
site PV system
Predictable electricity

prices

Developer
Coordinates financing,
design, and construction
of PV system at Host's site
Processes all incentives

10 - 25 yr. PPA

Monitors PV system
performance

www.seia.org

Regular kWh service

Payment for electricity

(POWER PROVIDER/GRID)

(BUILDING OWNER)

(SOLAR SYSTEM PROVIDER)



Power Purchase Agreements (PPA)

e Low upfront costs e Building owner

for building does not own
owners the panels

e Low risk for e Additional cost
building owners to the owner if

panels need to

e Consistent power



Solar Loans / Net Metering

Building owner buys the
solar system outright
(typically a loan is taken
out)




Solar Loans / Net Metering
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Storing / Direct Use

Building owner installs PV
panels and uses the energy
produced




Photovoltaic Systems and Attachments
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Curb Systems

Pros:

= Attachment to building structure

= Greater angles = more efficient panels
Cons:

= Additional roof penetrations

= Curbs can disrupt drainage path on roof

= Potential for additional wind loading on
structure







Post Systems

Pros:

= Attachment to building structure

= Greater angles = more efficient
panels

= Does not affect drainage

Cons:

= Additional roof penetrations = more
potential leak locations

= May require additional structure or
steel dunnage

= Potential for additional wind
loading on structure and snow
driftine







Ballasted Systems

Pros:

Easy to install

No roof penetrations

Cons:

Heavier system, but less snow
drifting

Lower angle = less efficient

Can displace in high wind or seismic
events

Direct contact with the roof system

For low slope roofs only




Low Sloped Roof — Roofing
Manufacturer Integrated Systems

New Industry Concepts:
Solar and roof are 1 system (solar-roof system)
Developed in partnership between roof and solar companies
Single-source warranty for both roof and PV mounting system

CORPORATION)



Innovative heat-welded
mount/roof attachment

Loads distributed throughout
Material: same formulation as
roof membrane

Welded interface resists
lateral movement

(SIKA
CORPORATION)







Standing Seam Roofs

Pros:

= Direct attachment to the metal
seams

= No roof penetrations

= Panels installed parallel to the
roof slope will have the same, or
reduced wind uplift loads

Cons:

= Difficult to access panels for
maintenance and repairs

= Additional fall protection may
be required

www.roofingcalc.co
Tiw m



Steep Sloped Roof
Shingle Systems




Steep Sloped Roof Shingle System

Pros:
= Direct attachment into structure

= Easy to install

Cons:
= Connection typically through roof

= Difficult to access panels for maintenance
and repairs

= Additional fall protection may be required

= Snow/ice sliding off roof







You’ve Decided to Install Rooftop PV Panels:
Now What?




Evaluate the Existing Roof System: Repair or
Replace



Destructive and Non-Destructive Testing

(visual evaluation, leak audit, roof core/test cuts, infrared survey,
electric Field Vector Mapping [EFVM])



Review Existing Roof System [ e—
Warranty

= Warranties could be partially or fully
voided if a PV system is installed

= Each manufacturer has specific
requirements to maintain or obtain a
roof system warranty with a PV system

= Roof manufacturer PV installation
requirements

internal laws
e thal is relaled lo the

= Roof Manufacturer’s warranty 3
exclusions/ requirements e o et

be medified so th
aining provisions.

shsequent bullding o
he tima the request
P b




Evaluate the Existing Roof Deck and Structure



Design Criteria

= Structural Code Review — dead
load, wind load, seismic load
analysis

REDLINE VERSION

shows changes from
the 2012 edition

= Roof System Selection and Detailing
= Fire Protection (NFPA 285)

= Access and Safety Considerations i
2015 INTERNATIONAL

Building Code®

= Electrical Design (NFPA 70)

= FM Global Design Requirements
(Data Sheet 1-15) g INTERNATIONAL

£2=41 CODE COUNCIL
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Dead Load Analysis



STRUCTURAL ENGINEERS ASSOCIATION OF CALIFORNIA

WIND DESIGN FOR SOLAR ARRAYS

Uplift Forces

Wind Forces Across Roof

Lateral Forces

by

SEAQCC Solar Photovoliaic Systems Committee

Report SEAQC PV2-2017
July 2017

(SIKA CORPORATION)

Wind Load Analysis




STRUCTURAL ENGINEERS ASSOCIATION OF CALIFORNIA

STRUCTURAL SEISMIC REQUIREMENTS
AND COMMENTARY
FOR
ROOFTOP SOLAR
PHOTOVOLTAIC ARRAYS

By
SEAQC Solar Fhotovoltaic Systems Committee

Report SEAOC PV1-2012
August 2012

Seismic Analysis




Roof Selection and
Detailing

Reflective Roof Membrane
Fully Adhered Roof System

High Compressive Strength
Insulation Boards and Rigid
Cover Board

EFVM Grid

Increased Membrane
Thickness

Walkway Protection Pads and
Slip Sheets




Fall Protection and Access




Existing Electrical Equipment
Design Coordination

= Review existing equipment to be
removed, stored, and reinstalled to
perform rising wall repairs

= Raise wall penetrations to provide 8”
minimum height above roof to wall
flashing

= Raise conduit trays for new insulation
system thickness

= Modify conduit to accommodate new
cable tray height




Electrical Details



Fire protection — review panel fire ratings for compatibility
with A, B, or C Class rated systems



Solar-Ready
Requirements for New
Buildings

= Solar-ready zones required for
most low-rise commercial
buildings

= Criteria for solar-ready area,
including structural, electrical,
fire safety

".

'T_q_ WM L
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Pre-Construction

= Coordination meeting with all
trades — PV installer, roofer,
electrician, facility personnel, roof
manufacturer, designer, Owner’s
representative

= Submittals — review materials for
conformance with ASTM standards,
such as CMU ballast for freeze-thaw
durability




olar
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Fire Protection

nsfn:'iuzmﬁ

http://us-news.us

F|re in New Jersey — Dietz & Fire in Arizona — GT Advanced
Watson, 2013 Technologies, 2015



Fall Protection
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Roof Detailing

= Proper Detailing and Installation - have a
roofing contractor install any PV system
roof penetrations

= Flashing Heights - minimum of 8”

= Manufacturer Approval — use a certified
installer to avoid potential warranty
issues



Additional Costs

= PV material and installation, el ol

combined with additional roof S = NS
recommendations - - vreess

PV manufacturer claims of return
on investment may be
exaggerated

Disconnecting, removing, storing,
and reinstalling the PV system if
roof needs to be repaired/
replaced

Added costs of $500,000 to
remove, reinstall a 300kwW PV
system




Don’t Forget the Maintenance!




Snow Removal

= Snow can affect output of PV
system

= Snow removal is recommended
for highest output during the
winter months




Servicing PV Panels and
Roof System

= PV panel maintenance should be
performed annually

=  Annual roof maintenance should be
coordinated with the PV panel
maintenance to address any
potential damage caused by PV
maintenance staff

= The owner could consider additional
annual maintenance for the roof
system through the roof system
manufacturer
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This concludes The American Institute of Architects
Continuing Education Systems Course

GALE




Thank you!

CELEBRATING 50 YEARS

www.galeassociates.org
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