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Intro to solar installation
Course curriculum by SunStreet

OBJECTIVES

-Identify the tools and equipment used by solar installers today
-Understand contributing factors to layout placement/design
-Read and interpret solar array layout design documents
-Develop and apply basic skills in roof penetration, flashing, and waterproofing
-Locate center of rafter/top-cord, pilot drilling and roof attachment
-Racking assembly, adjustability, leveling and planning for array uniformity
-Maximize teamwork to assist in module placement and attachment
-Name and identify all racking components and connectors
-Name and identify micro inverter wiring components
-Layout and install modules from permit sets/engineering drawings
-Lay out trunk cables and install with accessories for proper operation
-Complete rooftop wire management
-Complete project documentation
-Work cooperatively as a member of a team
-Identify hazards and how to avoid or minimize them in the workplace
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Solar Industry and Opportunity
About two-thirds of U.S. solar workers (about 162,000) are employed at installation and project development
firms. Others work in manufacturing, operations & maintenance, sales, and miscellaneous categories.
New building codes requires residential new construction to include solar. The available workforce to install
solar is not sufficient to meet demand. New trade groups, especially roofing contractors are adding solar
installation to their offerings and are hiring/cross training employees to support the new demand.
Solar installation companies are comprised of many supporting positions besides solar installation.
Learning the rooftop installation nuances prepares one for success in other potential roles, and is a good
way to get a foot in the door at installation companies that also staff positions specializing in:

Sales, Project Management, Site survey technician, Service, Electrician,
Apprentice, Journeyman, Master, Monitoring, Customer care, Supply chain, 		
warehouse management, Utility relations/interconnections, Operations managment

Solar Installer Wages
All these sectors of the industry have entry level positions and advanced levels of opportunity with pay
ranging from $16-40/hr. For further information https://www.thesolarfoundation.org/national/

Entry-Level Full-Time Installers:

Mid-Level Full-Time Installers:

Manufacturing Production Jobs:

$20/hour for electricians
$16/hour for non-electricians

$28/hour for electricians
$23/hour for non-electricians

$15/hour for entry-level
$22/hour for mid-level
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Safety on the jobsite

According to OSHA’s website, Out of 4,779 worker fatalities in private industry in calendar year 2018, 1,008 or 21.1%
were in construction — that is, one in five worker deaths last year were in construction. Among the leading causes of
private sector worker deaths in the construction industry were falls, by struck by object, electrocution. These three categories were responsible for more than half (53.1%) of the construction worker deaths in 2018.
•
•
•

Falls – 338 out of 1,008 total deaths in construction in CY 2018 (33.5%)
Struck by Object – 112 (11.1%)
Electrocutions – 86 (8.5%)

A rooftop solar installer is exposed to all three of these risks. Employers and Employees are required to work together
to eliminate risks to health and safety. Employers are required to provide personal protective equipment and training on
how to use and maintain the equipment Employees are required to use their training and personal protective equipment
to protect themselves and others on a jobsite.
Top 10 most frequently cited OSHA standards
The following were the top 10 most frequently cited standards by Federal OSHA in fiscal year 2018. Those highlighted
are commonly related to rooftop solar installation.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Fall protection, construction
Hazard communication standard, general industry
Scaffolding, general requirements, construction
Respiratory protection, general industry
Control of hazardous energy
Ladders, construction
Powered industrial trucks, general industry
Fall Protection–Training Requirements
Machinery and Machine Guarding, general requirements
Eye and Face Protection

In addition to the hazards highlighted above, Heat Illness Prevention is extremely important for anyone working on rooftops or areas exposed to high heat. Your employer is required to have a Heat Illness Prevention Plan and to provide the
training on ways to keep all employees safe from heat exhaustion and heat stroke.
https://www.osha.gov/data/commonstats
4

SunStreet.com

Intro to solar installation

Understanding layout location and setbacks
The number of modules designed for a home is based
on the homes estimated electrical needs. The
arrangement of those modules on the roof will be
determined by the available roof space and the
orientation of the home.

Solar Design Layout
Light blue color indicates where the modules will be
installed on the rooftop.
Red color indicates where the setbacks in the roof are.
Setbacks are dedicated areas determined by fire
department official as areas to steer clear of for installing
solar arrays.

Examples of solar design layouts with various roofing styles, materials and array set ups.
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Reading layout and design documents
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Overview of Basic Roof Construction
It’s important to understand what you are attaching the solar compenents to, there are serveral different types of
roofing structures. However, typically in recent and new construction you’ll find something like the below image.
The spacing between top cords is 2’ on center, the center of the 2 x 4 is 2’ from the center of the previous 2x 4.
Top Cord: sometimes referred to as trusses, 2x4’s, structural members.
Comp: short for Composition Shingle. Also known as asphalt shingles.
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Hip and ridge shingles
Ventilation
Felt underlayment

4
5
6

Shingles
Starter shingle
Ice and water barrier
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Gutter
Insulation
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Roof Construction Terms Quiz
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1. __________________________________

5. __________________________________

2. __________________________________

6. __________________________________

3. __________________________________

7. __________________________________

4. __________________________________

8. __________________________________
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Verifying Site Conditions
What is designed for you to install may not be possible or
ideal based on actual site conditions that you find once you
are on the jobsite. It may be necessary to make changes
to the designed layout or site conditions to ensure that you
have an optimal design before you start doing any work on
site.

Flashing and Roof Attachment
View the video below of a flashing and roof attachment installation.

12
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Required Tools

These are the tools you will need.
Drill
Impact Driver
Chalk line
Roof crayon
Flatbar
Mallot
Caulking Gun
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Flashing Installation and Roof Attachment
PRE-INSTALL
• Locate roof rafters and snap chalk lines
to mark the installation point for each roof
attachment.
- Seesaw method
- Mallot method
- Roof penetration setback
• Drill a 7/32” pilot hole at each roof attachment. Fill each pilot hole with sealant.

STEP 1

STEP 2

STEP 3

STEP 1 PREP FLASHING

• Add a U-shaped bead of roof sealant to the underside of the flashing with the open side of the U pointing down the
roof slope. Slide the aluminum flashing underneath the row of shingles directly up slope from the pilot hole as shown.
Align the indicator marks on the lower end of the flashing with the chalk lines on the roof to center the raised hole in the
flashing over the pilot hole in the roof. When installed correctly, the flashing will extend under the two courses of shingles
above the pilot hole.

STEP 2 INSTALL L-FOOT

• Fasten L-foot and Flashing into place by passing the included lag bolt and pre-installed stainless steel-backed EPDM
washer through the L-foot EPDM grommet, and the raised hole in the flashing, into the pilot hole in the roof rafter Drive
the lag bolt down until the L-foot is held firmly in place. It is normal for the EPDM on the underside of the stainless steel
backed EPDM washer to compress and expand beyond the outside edge of the steel washer when the proper torque is
applied.
			TIP:
			
• Use caution to avoid over-torqueing the lag bolt if using an impact driver
			
• Use rubber washer on lag bolt as a gauge for not over-torqueing
			
• Over tightened L feet will lift corners of the flashing off the roof surface
			
• Repeat Steps 1 and 2 at each roof attachment point.

STEP 3 ATTACH L-FOOT TO RAIL

• Insert the included 3/8”-16 bolts into the lower slot on the Rail (sold separately), spacing the bolts to match the spacing
between the roof attachments.
• Position the Rail against the L-Foot and insert the threaded end of the bolt through the continuous slot in the L-Foot.
Place the 3/8” flange nut on the bolt and finger tighten. Repeat STEP 3 until all L-Feet are secured to the Rail with a bolt.
Adjust the level and height of the Rail and torque each bolt to 30ft-lbs.

14
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Racking Assembly

1 RAIL: Supports PV modules. Use at least two per row of modules. Aluminum extrusion, available in mill, clear anodized, or dark anodized.
2,3 RAIL SPLICE: Non structural splice joins, aligns, and electrically bonds rail sections into single length of rail. Forms a
rigid splice joint, 4 inches long, preassembled with bonding hardware. Available in dark anodized or mill finish.
4 L-FOOT: Use to secure rails through roofing material to building structure. Refer to loading tables or U-Builder for
spacing.
5 L-FOOT T- BOLT: (3/8” x ¾” or 1”) – Use one per L-foot to secure rail to L-foot. Stainless steel. Supplied with L-foot in
combination with flange nut, provides electrical bond between L-foot and rail.
6 SERRATED FLANGE NUT: Use one per L-foot to secure and bond rail to Lfoot. Stainless steel. Supplied with L-foot.
7 MODULE ENDCLAMP: Pre-assembled universal clamp that secures module to rail at module flange by tightening 1/2”
hex head bolt.
8 MODULE MIDCLAMP: Pre-assembled clamp provides module to module and module to rail bond. Aluminum clamp
with stainless steel bonding pins and T-bolt. Available in clear or dark finish.
9 MICROINVERTER MOUNTING BOLT: Preassembled bolt, nut, and captive star washer attaches and bonds microinverter to rail.
POSITION INDICATOR: T-bolts have a slot in the hardware end corresponding to the direction
of the T-Head.
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Rail Components Quiz
Indicate the names of the components in the spaces below.

1. __________________________________

6. __________________________________

2. __________________________________

7. __________________________________

3. __________________________________

8. __________________________________

4. __________________________________

9. __________________________________

5. __________________________________
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Planning Your Solar Mount Installation
The installation can be laid out with
rails parallel to the rafters or
perpendicular to the rafters.
Note that SOLAR MOUNT rails
make excellent straight edges for
doing layouts.
Center the installation area over
the structural members as much as
possible.
Leave enough room to safely move
around the array during installation.
Some building codes and fire codes
require minimum clearances around
such installations, and the installer
should check local building code
requirements for compliance.
The length of the installation area is equal to:
• the total width of the modules,
• plus 1” inch for each space between modules (for mid- clamp),
• plus 0 to 1” ( 0 to ½ inches for each Endclamp)

Laying Out L-Feet for Top Clamps
L-feet, in conjunction with proper
flashing equipment and techniques,
can be used for attachment through
existing roofing material, such as
asphalt shingles, sheathing or sheet
metal to the building structure.
Locate and mark the position of the
L-feet lag screw holes within the
installation area as shown below.
Follow manufacturer module
installation guide for rail spacing
based on appropriate mounting
locations

NOTE: FOR EXPANSION JOINT REQUIREMENTS, REFER TO PAGE I. RAIL LENGTHS AND LOCATIONS OF L-FEET
FOR EXPANSION JOINTS WILL NEED TO BE DETERMINED AT THIS STAGE IN PLANNING SYSTEM LAYOUT.
If multiple rows are to be installed adjacent to one another, it is not likely that each row will be centered above the rafters.
Adjust as needed, following the guidelines below as closely as possible.
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System Layout - Measuring and Marking
On the layout below, indicate the full length of each rail in inches. Assume module width is 34.5”and the width of each
intermodule clamp is 1”
1. Calculate the measurement for the rails: Top Row ___________ Bottom Row ____________

On this layout, assume module are 33.25” and intermodule clamps are 0.75”
2. Calculate the measurement for the rails: Top Row ___________ Bottom Row ____________
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Staggering

Staggering Roof Attachments

Roof attachments need to be staggered to distribute the load to as many rafters as possible while still
adhering to the manufactures spacing requirements. Check out the two examples below to see the right
and wrong way to lay out roof attachments.

The right way- The load is distributed onto ten rafters:

The wrong way- Only six rafters are carrying the load:
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Attachment Layout Worksheet
On the layout below, circle which Rail-Truss junctions should have an attachment assuming the maximum
spacing permitted is 48”.

On this layout, indicate attachment points assuming maximum spacing is 6’

20
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Squaring and Leveling

Rails can be raised or lowered at each attachment point. This helps keep rows of modules on
an even plane even if there are dips in the roof structure.
Squaring the rails to each other is critical. If rails are not square, modules will not line up with
each other, and clamps may not function properly.
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System Bonding and Grounding

22
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Trunk cable layout and attachment
Installing the Enphase IQ Series Micros involves several key steps. Each step listed here is detailed
in the following pages.
Position the Enphase Q Cable
Mount the Microinverters
Manage the Cabling
Connect the Microinverters
Terminate the Unused End of the Cable
Create an Installation Map
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Position the Enphase Q Cable
A. Plan each cable segment to allow drop connectors on the Enphase Q Cable to align with each PV module. Allow extra
length for slack, cable turns, and any obstructions.
B. Mark the approximate centers of each PV module on the PV racking.
C. Lay out the cabling along the installed racking for the AC branch circuit.
D. Cut each segment of cable to meet your planned needs.

Mount the Microinverters
A. Mount the microinverter bracket side up (as shown) and under the PV module, away from rain and sun.
Allow a minimum of 1.9 cm (3/4”) between the roof and the microinverter.
Also allow 1.3 cm (1/2”) between the back of the PV module and the top of the microinverter.

B. Torque the microinverter fasteners as follows. Do not over torque.
• 6 mm (¼”) mounting hardware: 5 N m (45 to 50 in-lbs.)
• 8 mm (5/16”) mounting hardware: 9 N m (80 to 85 in-lbs.)
• When using UL 2703 mounting hardware, use the manufacturer’s recommended torque value

24
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Inverter/Trunk Cable Layout Worksheet
On the layout below, draw squares on the rail where inverters should be mounted
1.

On this layout below draw squares where each drop on the trunk cable will be mounted. Draw a circle
at both locations of the seal cap, and the temination cap
2.
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Manage the Cabling

A. Use cable clips or tie wraps to attach the cable to the racking. Leave no more than 1.8 m (six feet)
between cable clips or tie wraps.

B. Dress any excess cabling in loops so that it does not contact the roof. Do not form loops smaller than 12 cm (4¾ “) in
diameter.
WARNING: Tripping Hazard. Loose cables can become a tripping hazard. Dress the Enphase Q Cable to minimize this
potential.

Connect the Microinverters

A. Connect the microinverter. Listen for a click as the connectors engage.
B. Cover any unused connector with Enphase Sealing Caps. Listen for a click as the connectors engage.

WARNING: Risk of electric shock. Risk of fire. Install sealing caps on all unused AC connectors as
these connectors become live when the system is
energized. Sealing caps are required for protection
against moisture ingress.
NOTE: If you need to remove a sealing cap, you
must use the Enphase Disconnect Tool.

26
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Trunk Cable accessory installation
Terminate the Unused End of the Cable
1. Remove 13 mm (½ inch) of the cable sheath from the conductors.
Use the terminator loop to measure 13 mm.
2. Slide the hex nut onto the cable. There is a grommet inside of the hex
nut that should remain in place.
3. Insert the cable into the terminator body so that each of the two
wires land on opposite sides of the internal separator.

1. Insert a screwdriver into the slot on the top of the terminator to
hold it in place and torque the nut to 7 Nm.
2. Hold the terminator body stationary with the screwdriver and turn
only the hex nut to prevent the conductors from twisting out of the
separator.
NOTE: Turn only the hex nut to prevent conductors from twisting out
of the separator.
•

Attach the terminated cable end to the PV racking with a cable
clip or tie wrap so that the cable and terminator do not touch the
roof.

WARNING: The terminator cannot be reused. If you unscrew the nut, you must discard
the terminator.
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Create an Installation Map
The Enphase Installation Map is a diagram of the physical location of each microinverter in your PV installation. Copy or
use the blank map on page 39 to record microinverter placement for the
system or provide your own layout if you require a larger or more intricate installation map.
Each Enphase Microinverter, Envoy, and Battery have a removable serial number label. Build the
installation map by peeling the serial number labels from the microinverter mounting plates and placing the labels on the
map. You will also place the Enphase IQ Envoy and IQ Battery serial
number on the map after installation.
After you have created the installation map, use the Enphase Installer Toolkit mobile app to
record serial numbers and configure the system.
For details, refer to “Detect the Microinverters” in the help topics of the Installer Toolkit app.

A. Peel the removable serial number label from each microinverter and affix it to the respective location on the paper
installation map.
B. Peel the label from the IQ Envoy and any
Enphase Battery, if installed) and affix it to the
installation map.
C. Always keep a copy of the installation map for your records.

28
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Microinverter Installation Map
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Roof Top Junction Box
Roof Top Junction Box- flashed electrical junction box mounted near or under each solar array. Primary transition for
wiring from outside home to inside home.

This is typically where the rooftop solar installers scope of work is handed off to the electrician who then wires the system to the house.

30
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Module Mounting

SunStreet.com

31

Glossary of solar terms
AHJ – Authority Having Jurisdiction. City or County
Alternating current (AC) – A type of electrical current, the direction of which is reversed at regular intervals or cycles.
The standard is 120 reversals or 60 cycles per second. Used for electrical transmission because AC voltage can be
controlled with relative ease.
Anti-Islanding- A requirement by electrical listing agencies specifying that all solar inverters can not send electricity onto
the grid when the grid is not delivering electricity. This is primarily a safety feature to protect linesmen from electrocution
when working on power lines during outages. Consequently, grid-tied solar inverters do not produce AC electricity when
the grid is down.
Azimuth Angle – The angle between true South and the point on the horizon directly below the sun. The direction the
solar modules are facing measured in degrees clockwise (1*-360*) from true north. North is 0* East is 90* South is 180*
West is 270*. (Related: See Tilt Angle)
Cantilever - a structural member extending beyond an anchor point and attached only on one end- Typically used in
solar in consideration of the length of rail permitted to extend unanchored beyond the nearest anchor point (Typically
about 18”)
Comp - short for Composition Shingle. Also known as asphalt shingles.
(DC) Direct current – A type of electricity transmission and distribution by which electricity flows in one direction
through the conductor, usually relatively low voltage and high current. To be used for typical 120 volt of 220 volt households appliances. DC must be converted to (AC) Alternating Current, its opposite.
Felt – Tar paper installed under composition roof shingles. Normally 15 lb. or 30 lb. We require two layers of felt under
our arrays.
Flashing - thin pieces of impervious material installed to prevent the passage of water into a structure from a joint or as
part of a weather resistant barrier (WRB) system
Flush Mount - Solar array installed at a fixed angle parallel to the roof surface.
Grid-connected system – (Residential) A solar electric photovoltaic (PV) system in which the PV array acts like a central
generating plant, supplying power to the utility grid when not being consumed by the home.
Ground – A grounding wire that protects against shock if the neutral leg is interrupted.
Inverter - A device that converts direct current (DC) electricity to alternating current (AC) either for stand-alone systems
or to supply power to an electricity grid.
Inverter Map (IMAP) /Array Map – Installation map showing location of microinverters on the roof and their serial numbers. Used to build system in Enlighten for monitoring.
Kilowatt (kW) – A standard unit of electrical power equal to 1000 watts.
Kilowatt-hour (kWh) – 1,000 thousand watts acting over a period of 1 hour.
Lag – Short for Lag Bolt- large screw used as the primary attachment points for the solar array
L Foot - “L” shaped bracket connecting the solar racking through the flashing to the structural members of the roof.
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Glossary of solar terms - continued
Micro inverter – A device used with (PV) Modules that converts direct current (DC) generated by a “single” solar module
to alternating current (AC). The output from several micro inverters is combined and often fed to the electrical grid.
Module – “a solar panel” also known as a photovoltaic (PV) module.
Panel - a set of (PV) modules electrically connected and mounted on a supporting structure.
(PV) Photovoltaic – Pertaining to the direct conversion of light into electricity.
(PV) Photovoltaic array – An interconnected system of PV modules that function as a single electricity-producing unit.
Pitch – The incline slope of a roof or the ratio of the total rise over run. See Also “Tilt”
Redline prints – Blueprints that reflect changes and that are marked with red pencil.
Roof Sheathing – The wood panels or sheet material fastened to the roof rafters or trusses on which the shingles or
other roof coverings are laid.
Roof Valley – The “V” created where two sloping roofs meet.
Roof Tile – A clay or concrete roof tile in the form of flat or an “S” shape.
Roof Top Junction Box - flashed electrical junction box mounted near or under each solar array. Primary transition for
wiring from outside home to inside home.
Roof Truss - a structural framework of timbers designed to bridge the space above a room and to provide support for a
roof.
Roof well – solar ready area prepared by roofer where PV System will sit
Setbacks - are dedicated areas determined by fire department official as areas to steer clear of for installing solar arrays.
Shingles – Various kinds of shingles (“architectural” or “3 tab”), used over sheathing for exterior covering of a structure.
(i.e., asphalt shingles)
Stagger - used to refer to alternating structural attachments on each row of racking to maximize weight distribution
across all top chords.
String Inverter – Converts electricity from “multiple” (PV) Modules or a string of modules (solar panels). Micro inverters
convert electricity from only 1 (PV) Module.
Tilt angle - The angle at which a (PV) module is set to face the sun relative to a horizontal position. Most residential systems are Flush Mounted, so the tilt angle of the PV modules is nonadjustable and always equal to the Pitch of the roof.
Top Chord - The top beams of a truss, and the anchor points for PV system structural attachment.
Well set – describes how we remove concrete roof tile at the area of the solar array, and replace the tile with composition
shingles and flashing. This provides for easier installation of solar mounts and also allows us to “recess” the array into
the roof for a better look.
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Resources
Racking Suppliers
This is a non-comprehensive list of the leading racking suppliers in the industry. There are many other companies that
offer solar mounting solutions. These are well known companies with a history of high-quality products and performance:

Solar Installers
American Sentry Solar
Bay Area Solar Solutions LLC
Blake Roofing Inc
California Premier Solar Construction
Cooper Roofing & Solar LLC
Edgewater Mechanical Services
EcoMark Solar
KW Solar Solutions
Leonard Roofing Inc
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Namaste Solar
Sol Sun LLC
Solar 4 America / James Peterson Industries
Solstema LLC
Sonray Construction
Standard Energy Solutions LLC
Sun Valley Solar Solutions
SunStreet Energy Group
Suntalk Solar
Villara Building Systems
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