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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 
trades before, during, and after construction.

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



Solar Energy (Basics)

Design Criteria Related to Roof-Mounted PVs

Introduction to Roof-Mounted Photovoltaics (PV)

Brief History of Photovoltaics



Brief History of Photovoltaics



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

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

 1958 –Vanguard Satellite launched 
 1973 – Eliot Berman started using 

scrap silicon (reduced price from 
$20/w to $10/w)

 1990 - Progressive Governments Use 
Subsidies to Speed Adoption 

 1997 - Kyoto Protocol- Ratified in 
2005 (GHG<5.2%)



Solar Energy (Basics)



Photovoltaic Technology:
How it Works

 Positively and negatively charged silicon 
semi-conductors are arranged in PV cells, 
creating a potential 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



Photovoltaic Technology:
How it Works

 Panel Construction



Photovoltaic Technology:
How it Works

 Silicon Generation



Seasonal Effects on Quality of Solar Energy

Tracking systems
10% more Eff in winter

40% more Eff in summer

Spring Equinox –
suns angle = lat
(12hrs of sun)

Winter Solstice 
(8hr of sun)

Summer Solstice 
(17hr of sun)



Geographic Effects on Quality of Solar Energy



Power coefficient
 .258%-.4 per Degree C



World Solar Power Generation



Current State of Power Worldwide

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

• 98.9 GW of solar generated electricity added in 2017 

 0.7% of World Power Demand

 Pound for pound:  Solar capacity > Nuclear Power Capacity 



Types of Photovoltaic Panels

• Thin film

• Monocrystalline

• Polycrystalline



Monocrystalline PV
 Oldest technology on the market

 Crystalline Silicon based

 Created from a single slice of a crystal

 Highest efficiency (23% max / 16% nom) 

 Long life span (typical 25 year warranty) 

 Most expensive

 Captures light better in low light 
conditions



Polycrystalline PV
 Crystalline Silicon based

 Made by pouring molten silicon into a mold

 Less expensive than monocrystalline panels

 Less efficient than monocrystalline panels (14-
16% max – 8% nom)

 Most common in residential applications

 Reduced efficiency in low light conditions



Thin Film Amorphous PV

 Thin, flexible panels

 Higher temperature resistance

 Better resistance to shading

 Flexible installation options

 Lower efficiency than polycrystalline panels 
( 7%-13% max – 5% nom)

 Potential issues with differential thermal 
expansion when laminated to roofing 
materials



Introduction to Roof-Mounted 
Photovoltaics (PV)



Low Slope Roof 
Curb Systems



Curb Systems

Pros:

 Attachment to building structure 

 Can adjust angle for optimum efficiency

Cons:

 Additional roof penetrations

 Curbs can disrupt drainage path on roof

 Potential for additional wind loading on 
structure

Try to find additional photos (this is same as previous)



Low Sloped Roof Post 
Systems



Post Systems

Pros:

 Attachment to building structure

 Can adjust angle to optimize 
efficiency

 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 drifting



Low Sloped Roof 
Ballasted Systems



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

Try to find additional photos (this is same as previous)



(SIKA 
CORPORATION)

Low Sloped Roof – Roofing 
Manufacturer Integrated Systems



(SIKA 
CORPORATION)

Low Sloped Roof – Roofing 
Manufacturer Integrated Systems



Steep Sloped Roof 
Standing Seam Systems



Standing Seam Roofs

www.roofingcalc.co
m

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



Steep Sloped Roof 
Shingle Systems



Steep Sloped Roof Shingle Systems

Pros:

 Direct attachment into structure

 Easy to install

Cons:

 Connection typically through roof

 Difficult to access panels for maintenance 
and repairs

 Snow/ice sliding off roof



Solar Shingles – Building 
Integrated PV (BIPV)



ShingleTechnology

Tesla - Electrek

Apollo by 
certainteed

Powerhouse by 
RGS Energy



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

Design Criteria Related to Roof-Mounted 
PVs



Design Criteria

 Structural Code Review – dead 
load, wind load, seismic load 
analysis

 Roof System Selection and Detailing

 Fire Protection (NFPA 285)

 Access and Safety Considerations

 Electrical Design (NFPA 70)

 FM Global Design Requirements 
(Data Sheet 1-15)



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 
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

 Roof Manufacturer’s warranty 
exclusions/ requirements



Evaluate the Existing Roof Deck and Structure



Dead Load Analysis



Wind Load Analysis

(SIKA CORPORATION)



Seismic Analysis



Roof Selection and 
Detailing

 Traffic Resistant Roof  

- PVC

- BUR

- High Compressive Strength        
Insulation Boards and Rigid  
Cover Board

 The need for leak detection

- EFVM Grid



 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

Roof Detailing



Fall Protection and Access



Fall Protection



Electrical Connections / roof 
Coordination

 Review existing equipment to be 
removed, stored, and reinstalled.

 Include Wall Penetrations

 Review Conduit tray locations and 
extent of penetrations

 Modify conduit to accommodate 
new cable tray height



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



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



Issues to Avoid with Rooftop Solar



Fire in Arizona – GT Advanced 
Technologies, 2015

Fire in New Jersey – Dietz & 
Watson, 2013

Fire Protection

http://us-news.us



Steep Sloped Roof Solar Installation Issues



 PV material and installation, 
combined with additional roof 
recommendations

 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 300kW PV 
system

Additional Costs



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



Financing Options

• Direct Use

• Power Purchase Agreement (PPA)

• Net Metering



A third party owner installs 
the solar panels on your 
building

Solar Leases/Power Purchase Agreements (PPA)

Building owners agree to pay 
a negotiated price to use the 
solar electricity (typically 
below market price)

The third-party owner is 
responsible for maintenance 
and operation of the 
photovoltaic panels 

PPA’s terms vary in 
duration but are typically 
around 20 years



Power 
Purchase 
Agreements 
(PPA)

www.seia.org

(BUILDING OWNER)

(SOLAR SYSTEM PROVIDER)

(POWER PROVIDER/GRID)



Power Purchase Agreements (PPA)

Advantages

• Low upfront costs for building 
owners

• Low risk for building owners

• Consistent power cost for 
owners

• Can include roof replacement 
costs

Disadvantages

• Building owner does not own 
the panels

• Additional cost to the owner if 
panels need to be removed 

• Long-term contract

• May require building or facility 
upgrades



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

Solar Loans / Net Metering

Building owner is 
responsible for installing 
and maintaining 
photovoltaic system

The solar electricity is used 
by the building to 
supplement electricity 
demand at no cost

Excess power is sold back 
to the utility at the same 
rate the customer pays for 
utility generated power 
(net metering)



Solar Loans / Net Metering

(solargaines.com)



Building owner installs PV 
panels and uses the energy 
produced

Storing / Direct Use

Storing power is not 
efficient and requires 
multiple batteries

The power that is produced 
when there is no demand 
is stored on site in 
batteries

Typically the power 
produced is not sufficient 
to fully power a large 
commercial building



www.galeassociates.org

Thank you!


