
How homes are evaluated for solar,        how a system works, and how it’s installed 
InstallIng Rooftop PV

Solar sayings  
Grid tied: The most common type of 

PV installation is grid tied. When a grid-

tied system is producing more electricity 

than the home requires, the additional 

power is fed into the grid. In most cases, 

these systems will not continue to pro-

vide power to the home if the utility grid 

goes down. This is meant to prevent elec-

tricity from being fed into the grid while 

utility workers perform maintenance on 

power lines.  

Net metering: The process of 

measuring a homeowner’s electricity 

consumption relative to the amount of 

solar energy their system has produced 

is called net-energy metering, or net 

metering for short. It’s a type of debit-

and-credit system that many electric 

utilities have put into place to determine 

exactly how much electricity has been 

provided to the homeowner directly by 

the utility company. 

Off the grid: Batteries are most com-

monly incorporated into PV installations 

where there is no cost-effective access to 

a reliable utility grid. These off-the-grid 

PV systems can provide reliable power for 

a range of two to 10 days depending on 

system design and weather conditions. 

Battery storage can also be effective in 

grid-tied systems where utility rates spike 

during peak hours of the day, or when the 

utility grid goes down.
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Lauren Coyne is the director of member collaboration at 
Amicus Solar. Before taking her current position, she worked 
with us at Namasté Solar, an employee-owned cooperative 
based in Denver, Colorado. Despite the fact that she’s spent 

the last decade working in the solar industry, Lauren has never lived 
in a home with a photovoltaic (PV) system—until now. We recently 
installed a 7.93kw system on Lauren’s house.

Though each job we do is a little different depending on how the 
home was designed and built, the type of roofing, and even the city 
we are working in, Lauren’s project is a good example of how we 
evaluate and install new systems on most existing homes. At Lauren’s 
house, the four-man crew simultaneously installed electrical equip-
ment at the meter, ran conduit and pulled wires, and laid out and 
installed the feet and rails—known as “racking”—that holds the 
modules on the roof. All told, the system took two days to install.

Evaluating a house for PV 
Most homes are great candidates for a PV installation; the exception is 
if they are significantly shaded. The systems are most effective when 
they are installed facing south. East-facing arrays are our second 

choice due to the development of afternoon clouds in our area, but 
west-facing roofs are still viable, just slightly less productive. North-
facing roofs are typically not used for PV installations. 

For optimal efficiency, modules would ideally be tilted to an angle 
that matches the location’s latitude. Unfortunately, this is rarely pos-
sible. For our location, the ideal pitch is approximately 39°, since 
Denver is at 39° latitude. In actuality, this roof had two pitches: The 
south-facing roof is tilted at 45°, and the east-facing roof is tilted at 
30°. With these conditions, there is only a minor reduction in esti-
mated electrical production.  

For most of our customers, the goal is to design a system that will 
produce 100% of their annual electricity demand. In many cases, this 
goal is achievable and cost-effective. For other customers, the goal 
might be to install a smaller system to offset a portion of their energy 
use based on their budget, or to only install modules on a specific roof 
surface for aesthetic reasons. 

We expect this system to produce 10,054kwh per year. The kilowatt- 
hour production will vary based on the time of year, but local net-
metering laws in our area allow homeowners to bank kilowatt 
hours at the retail rate when they are produced and use them when 
their system is generating less electricity. Lauren’s system will offset 
82% of her current consumption. But we have found that in many 
cases, the system raises the homeowners’ awareness of their electri-
cal consumption habits, leading to lighting and appliance upgrades 
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Code-compliant components 
the components for a grid-tied pV system may be as 

minimal as an inverter, a DC disconnect, and a net meter. 

the inverter transforms the DC current produced by the 

modules to aC current needed to power the house. the 

disconnect is between the modules and inverter, allowing the 

power from the modules to be switched off for maintenance 

or emergencies. the net meter is installed by the local 

electric utility to tally electrical production and consumption. 

However, the system’s design is often driven by local codes 

and the particular components used. Here, for example, the 

inverter (1) has an integrated DC disconnect. local codes 

called for a dedicated production meter (2) with a simple 

levered disconnect (3) and a fused disconnect (4). once the 

system has passed final inspection, the utility will swap out 

the conventional electrical meter (5) for a net meter.
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and lifestyle changes that will then further increase their  
initial offset.

While customers often have enough money and enough 
roof to produce more electricity than they need, this isn’t 
always a wise investment—the costs and credits vary 
by state. For example, the average cost of electricity in 

Colorado is just over $0.11 per kwh, but if Lauren’s 
system overproduces on an annual basis, she only 
receives $0.01 to $0.03 per kwh for her excess pro-
duction. As a result, her primary motivation is to 
offset the $0.11 per kwh charge, but it isn’t finan-
cially beneficial to oversize the system and become 
a power producer to earn the additional $0.03 or less 
per kwh.

A system of components
The most basic components of a typical PV sys-
tem are the feet and racking, solar modules, and 
inverter. It is common for systems to also include 
power optimizers, a production meter, electrical dis-
connects, and a system-monitoring device. The type 
and quantity of these components will vary depend-
ing on the local electric utility’s requirements, state 
and municipal inspection requirements, and spe-
cific customer requests. 

We use a racking system from IronRidge. We like 
it because of its simplicity, flexibility, and durabil-
ity. The aluminum feet have integral flashing and 
no exposed rubber seals, which are common on 
other systems and tend to degrade. In addition, 
the IronRidge rails are designed to reduce tor-
sion on the modules in a high-wind zone, like the  
Denver area.

We installed Hanwha Q.Peak-G4.1 305w solar 
modules on Lauren’s house. These are our go-to 
modules for most installations because of their high 
quality, 25-year warranty, and fair price. At each 
module, we also added a power optimizer. 

The SolarEdge P320 power optimizers meet 
electrical- code requirements for rapid shutdown 
when the power grid goes down, and they have 
some other nice features, too. First, they maximize 
system efficiency by mitigating different types of 
production losses—from partial shading, for exam-
ple. Second, they allow for module-level production 
monitoring, which means that not only can Lauren 
monitor her system’s performance 24/7, but she will 
know exactly how much power each module is pro-
ducing. And should the system fail in any way, we’d 
know exactly where the problem lies. 

Solar modules create direct current (DC) electric-
ity, which needs to be converted to alternating cur-
rent (AC) through an inverter. For this project, we 
used a SolarEdge SE7600A-US-U inverter. These 

inverters are easy to install, they pair with the SolarEdge 
power optimizers, and they have wireless, cellular, and 
Ethernet connectivity options to provide system monitor-

The path of least resistance. 
When the wiring cannot be 
run through the attic or inside 
the walls, it is pulled through 
exterior-rated conduit and 
fittings. The system is grounded 
separately from the home’s main 
electrical system. 

Rooftop junction. In a SolaDeck 
self-flashing junction box 
designed to be installed on  
the roof, the 10-AWG PV wire 
that connects the modules 
meets the THWN-2 wire that 
runs to the inverter. The DC 
wires are positive (red), negative 
(black), and ground (green and 
bare copper).

Wiring 
thE  
systEm
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InstAllIng the feet And rAIls
A PV array (a group of modules) is first positioned on the roof for maximum performance. At that point, 

aesthetics can be considered. We always align the array with the ridge, the eave, and the shingle courses, 
if possible. If the shingle courses are not in line with the ridge and eave, we go with ridge and eave 

alignment. While each system is engineered for the specific house, in general there are two feet installed on 
the array’s outermost rafter. In between, the feet are staggered between the top and bottom rails.

1 Removing 
nails. A 
shingle ripper 
is designed 
to find and 
remove nails 
that will 
interfere with 
the flashing 
without 
damaging the 
shingle. These 
nails won’t 
need to be 
replaced; the 
flashing will 
secure the 
shingles.
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2 Sliding in 
the flashing. 
If the array is 
aligned with 
the shingle 
courses, the 
top of the 
foot aligns 
with the 
bottom of 
the shingle 
above. If not, 
the bottom 
edge of the 
shingle may 
need to be 
notched. 

3 Fastening 
the flashing. 
For inexpensive 
insurance, a 
thick bead of 
caulk should be 
added beneath 
the flashing 
before driving 
the lag screw 
into the rafter.

4 Capping 
it. The cap 
is simply 
twisted onto 
the threaded 
flashing base, 
where it 
becomes both 
the final layer 
of protection 
and the mount 
for the rails.

5 Readying 
the rails. 
Mounting rails 
are rated for 
wind and snow 
load and have 
specific span 
capabilities. As 
long as they 
are supported 
as designed, 
rails can be 
joined for 
custom-length 
arrays. 

6 Fastening 
the rails. A 
string line is 
used to set the 
rail heights. 
Though a 
little variation 
in height 
won’t affect 
performance, 
an aligned 
array looks 
better from 
the ground.
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connecting the modules
While the modules are light and the remaining wiring work is a simple matter of making the male/female 

plug-and-play connections, the modules are large and susceptible to damage, making this a two-person job. 

Optimization stage. A power optimizer is mounted at each 
module location, each one locked to the rails with T-bolts. 

Shared fasteners. Mating modules are clamped to the rails with a 
shared T-bolt that is part of the mounting system.
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ing through an interface on the homeowner’s computer 
or phone. They also have built-in arc-fault protection and 
rapid-shutdown capability, which are code requirements 
for the system.

Lauren’s system also has a dedicated production meter 
to monitor the amount of electricity the system is produc-
ing. Though this is not necessary for the system to oper-
ate, the local utility requires it. In addition, we installed 
two electrical disconnects, one on each side of the produc-
tion meter. These are also required by the utility here in 
Denver. The disconnect between the production meter 
and the usage meter is fused to protect from overcur-
rent, and the system also has a dedicated grounding rod. 

Installation, cost, and payback
Solar modules are expected to last for 25 
years, so we recommend that a homeowner 
take the age of their roof into account when 
choosing to install a PV system. In general, we 
recommend that a roof have at least 10 more 
years of expected useful life. The system can 
protect the roof surface beneath it, but this 
is not necessarily a meaningful benefit since 
most homes have the entire roof replaced at 
the same time, and most PV systems only 
cover a portion of a home. In instances where 
a roof needs to be replaced, we will take the 
PV system off prior to roof replacement and 
then reinstall the system after.

The IronRidge racking system we use is very 
intuitive. The self-flashed feet include a lag bolt 
that’s driven into the roof rafters. Often, all we 
need to do is pull a few roofing nails to make  
way for the flashing to slip beneath the shin-
gles. The rails mount to the feet and the opti-
mizers and modules to the rails with specialty 
bolts provided by the manufacturer. Even the wiring is 
mostly plug-and-play, though we do have to use home-
run conductors from the last module back to the inverter 
to complete the circuit. For this, we can sometimes add 
a SolaDeck (a rooftop junction box) and run the wiring 
in the attic. In situations like Lauren’s, where the house  
has vaulted ceilings, we have to run all of the wire in exte-
rior conduit.

This system cost $22,545 for materials, installation, per-
mit fees, and taxes—but Lauren will benefit from a 30% 
federal investment tax credit on the total system cost. The 
net cost after the tax credit is $15,781. Based on a con-
servative assumption of increasing electricity rates, the 
system will pay for itself in 11 years. In our experience, 
PV systems also increase a home’s value by roughly the 
amount of the after-tax-credit cost of the system. □

Jim Bakhaus is former residential operations 
director at Namasté Solar in Denver, Colo. He’s  
now CEO of Florida-based Solar Impact, Inc. Photos  
by Brian Pontolilo.

ProtectIng 
and testIng 
the system

Inverter setup. When the installation 
is complete, the inverter is turned 
on, and the installer walks through 
a setup process similar to starting a 
new computer for the first time. It’s 
possible to test the system, but it can’t 
be used until after final inspections and 
the utility installs the new meters.

Animal guard. A metal screen is 
installed around the perimeter of the 
array to keep critters from nesting 
beneath the modules and chewing on 
the cables.
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