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service panels, 
meters, and the 
connection to 
the utility grid. 
The inverter is 
the component 
that converts 
the electricity 
generated by 
the array (direct 
current or 
DC power) to 
alternating current 
(AC) power. There 
are two types of 
inverters: string 
and micro. A 
string inverter is 

a single component that converts the electricity generated 
by the entire array into alternating current. Micro-inverters 
are installed on each PV module, and the conversion from 
DC to AC power happens at each panel. The advantages 
of string inverters include that they have a long successful 
track record, and that they are more economical than the 
alternatives. Micro-inverters are newer to the industry, and 
their combined cost is more expensive than a comparable 
string inverter. However, micro-inverters make the array 
more tolerant to shading, allow for flexibility in design 
and future additions to the array, and have a built-in rapid 
shut-down compliance (see below). As a third option, a 
PV system can include DC optimizers. These components 
allow a string inverter system to have similar advantages to 
one with micro-inverters.

What are photovoltaic systems?
Photovoltaic (PV) systems – also referred to as solar electric 
systems – convert sunlight directly into usable electricity 
in buildings. A solar panel works by allowing photons or 
particles of light from the sun to knock electrons free from 
atoms using semiconductor technology, generating a flow 
of electricity. Solar panels actually comprise many smaller 
units called photovoltaic cells. These cells are arranged in a 
grid-like pattern on a module or panel, and many modules 
are used to form an array. These arrays can provide some 
or all of the electricity needs of a building if designed and 
installed correctly. The most common solar technology is 
rigid panels with crystalline silicon modules, making up 
more than 93% of the market. They have the longest track 
record, over 50 years, and have the highest efficiency 
ratings. Another option is the newer, thin-film PV modules 
that are a flexible panel, and can be applied to many 
different surfaces and materials. The thin-film modules are 
commonly incorporated into the construction of a building, 
for instance, as roofing tiles or on the building façade. If 
either of these panel types are integrated into a building 
design, in such a way that a common person could not 
distinguish between the system and the building skin, then 
the system is identified as Building-Integrated Photovoltaics 
(BIPV).

Understanding the basic components of PV 
systems
Although the PV array is the most visible and largest part 
of the design, a complete system includes the necessary 
components to convert the electricity generated by the 
sun into usable electricity by the building. A complete PV 
system includes the array, the inverter(s), disconnects, 
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Photovoltaics 101: How to 
Incorporate PV Systems in 
your Future Designs

A
re you or your clients thinking about adding a solar energy system to generate electricity in your future building 
designs, but not sure you understand the benefits and requirements of these systems? If so, this article will 
assist you in understanding various options, asking important questions during the design process, and making 
well-informed decisions. Unlike conventional power, photovoltaic systems produce no harmful emissions that 
hurt the environment. It’s a clean, renewable process that uses the most natural of all resources: the sun. 

The solar photovoltaic (PV) industry is the fastest growing of all the energy sectors, and it continues to be the best choice 
for renewable energy systems for buildings in most parts of the US. The US Department of Energy has a program called 
SunShot that is specially focused on increasing use of solar technology in buildings. Part of this program is a national 
outreach effort to educate architects and engineers about the basics of PV systems, and how easy it is to integrate into 
almost all building designs.
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Figure 1: A string inverter (courtesy of Fronius).
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angles. Tilt-rack systems (see figure 4) use rails and 
supports to orient the panels to optimum sun angles. 
Because a solar cell performs the best when its surface 
is perpendicular to the sun’s rays, many PV systems are 
installed on tilt rack mounting systems, which can help 
to increase the amount of electricity generated by the PV 
array. Tilt-racking is commonly used on flat and low-sloped 
roofs. Pole-mounted systems (see figure 5) are installed 
on poles or structures on the site (parking lots, open 
areas) and are used when there is not a lot of space on the 
building, or the roof slope is not a good orientation for PV 
arrays. The final mounting system, ballasted (see figure 6), 
uses masonry or other heavy materials as “ballast” to hold 
the panels and support system in place. Although ballasted 
systems are more flexible and require less penetrations to 

Continuing Education

What are the Mounting System Options 
Recommended for PV Systems?
There are four types of mounting systems for PV arrays: 
flush, tilt-rack, pole, and ballasted. Flush-mount systems 
are attached directly to the roof and the modules are 
installed parallel to, and relatively close to, the roof surface. 
Flush mount systems (see figure 3) are commonly used 
when the roof slope is close to or equal to optimum sun 

Figure 6: A ballasted PV array (courtesy of the National Renewable Energy Laboratory).

Figure 4: Tilt-rack PV array (courtesy of the National Renewable 
Energy Laboratory).

Figure 3: Installing a flush-mounted PV array  
(courtesy of the National Renewable Energy Laboratory).

Figure 2: A Micro-inverter for a PV module (courtesy of Enphase).
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the roofing system, they can add between five and seven 
pounds to the roof dead load on average. All PV mounting 
systems can include one or two-axis tracking. Tracking 
allows the panels to tilt in a horizontal and/or vertical 
direction to maintain good orientation with sun angles. 

Start by making your designs “solar-ready”
A solar-ready building is designed to accommodate a 
solar PV installation, even if the solar installation does 
not occur at the time of construction. By making your 
designs solar-ready, the costs to install a future PV 
system are significantly less, and allows for a much easier 
future installation. A good design should include these 
recommendations, once you realize that most buildings will 
need to incorporate some type of renewable energy system 
(preferably solar PV) within their lifetime. The first step is to 
make the building as efficient as possible, especially when 
considering the heating and cooling loads for the building. 
Reducing the energy consumption of the building affects 
how many panels are needed in the array, and ultimately 
decreases the total cost of the system. Other important 
recommendations include:

•  Extending the building in an east-west axis to increase 
southern exposure to the roof and south wall (the areas 
where buildings receive the best direct sun exposure).

•  If roofs will have a slope, consider a south-facing slope 
that is close to the optimum sun angle for that latitude 
– see the website PV Panel Tilt (www.news.energysage.
com/whats-the-best-angle-for-my-solar-panels) for a 

good resource for calculating this angle – or consider a 
tilt-rack system that is tilted to this angle.

•  Maximize open spaces (parking lots, open green spaces) 
to the south to provide opportunities for pole mounted 
systems and to reduce shading from buildings, trees, and 
other structures.

•  On tilt-rack PV arrays on low-slope roof installations, 
provide enough space for the array so that modules 
do not shade other modules in the array. Also consider 
the “corridor” spaces between arrays required for roof 
circulation.

•   For roof mounted systems on low-sloped roofs, try to 
place equipment and vents compact locations as to 
minimize conflicts with the placement of the PV modules. 
Also check to make sure these items and parapets will not 
cast shadows on the array.

 •  Provide conduits and chases that can be used to install 
the wiring required for the system, and provide space on 
the building for disconnects, inverters, and meters.

•  Consider using roofing systems that are easier to install 
PV support racks with minimum penetrations. Also be 
sure to design the roof structure to support the additional 
dead loads for the PV array.

A good overall resource for making your designs solar-
ready is the Solar-Ready Building Planning Guide from the 
National Renewable Energy Laboratory (NREL).

What about the codes?
Like many complex building systems, there are significant 
code requirements for PV system installations. These 
systems do require an understanding of the applicable 
provisions of the International Building Code, National 
Electrical Code, and other life-safety codes and 
requirements. The good news is that the International 
Code Council has assembled all of the necessary code 
requirements for PV systems into a single code book: The 
International Solar Energy Provisions or ISEP as it is known 
in the industry (see: ISEP (www.shop.iccsafe.org/2015-
isep-code-and-commentary-1.html)). The ISEP guide 
contains all of the applicable codes for PV systems, culled 
from all of the other applicable codes. Two essential code 
provisions concern rapid shutdown and clear access areas. 
All new systems now require that the array be shut down 
automatically (no or little electricity generated) if there is 
a power outage from the electric utility. These provisions 
keep utility line workers from electrocution while they are 
repairing lines near the building, and also protects fire 
officials during firefighting operations on the roof. Another 
series of requirements require clear space around the 
arrays and size of groups of arrays (for very large systems), 

Figure 5: Pole-mounted PV array with Tracking (courtesy of the National 
Renewable Energy Laboratory).
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to allow for roof access and circulation for fire departments 
if necessary. The best recommendation is to set up a 
meeting with the project team (architects, engineers), 
the local code officials, and representatives of the utility 
company to go over specific needs for the project and to 
minimize lengthy reviews.

What resources are available to help with the 
design?
There are three good resources for you to use when 
considering a PV system for a building design. The first 
resource is an online app available from the National 
Renewable Energy Laboratory (NREL) called PVWatts 
(see PVWatts (www.pvwatts.nrel.gov) here). This program 
is useful during the schematic design stage to estimate 
the size of an array, as well as for predicting electricity 
generated by various tilt angles, module sizes, and other 
variables based on the project’s latitude. The second 
program, EnergySage (www.energysage.com), is an online 
program that not only estimates array size and solar 
potential (based on the project’s location), but also looks at 
various financing or leasing options. It also can generate an 
approximate payback timeline. It is a good resource during 
the more advanced design stages. Finally, there is the 
program System Advisor Model (SAM) (see www.sam.nrel.
gov) which is also available from the National Renewable 
Laboratory. This program is an extensive analysis of a 
PV system (including financing and specific information 
on all of the PV components) and is useful during the 
Construction Documents phase of a project to accurately 
predict energy generation from the proposed design. In 
conjunction with these programs, it is always advisable to 
consult with local or regional PV distributors and installers, 
especially if you have never incorporated these systems 
into your projects.  

What is Net-Metering?
Although early PV systems were designed to use batteries 
for excess electricity storage, most modern buildings with 
photovoltaics are grid-tied. This means that the building 
uses the utility company for electricity when the PV array 
cannot supply all of the electricity needs of the building. 
However, in grid-tied PV systems, any electricity generated 
that is in excess of the needs of the building is transferred 
back through the utility grid. Some utility companies and 
states are required to by statute or voluntarily provide 
compensation for this excess power, allowing customers 
to offset the cost of power drawn from the utility. When 
the compensation is equal to or close to the cost of the 
electricity purchased from the utility company that is net-
metering. 

Are there still incentives, rebates, and financing 
options?
Every residential, commercial, or industrial project in the US 
can benefit from federal incentives for installations of PV 

systems. Many states and cities have additional resources, 
tax credits, and incentives available for building projects 
for including photovoltaics in the final design. The best 
resource to discover the many incentives available for your 
project is the website Database of State Incentives for 
Renewables & Efficiency (www.dsireusa.org). In addition 
to the available rebates and incentives, there are also 
options for purchasing or leasing the PV system. In a 
conventional arrangement, your client would include the 
system as part of the overall construction budget. The 
system can then be purchased by cash, or included in 
a construction loan. There are special lower loan rates 
for some projects, and in some states for buildings that 
incorporate PV systems. Another option is to lease the 
system. In this scenario, your client would provide the 
space for the array (for example on the roof), and then 
a company would install the system at no cost to your 
client. In one scenario, the company then charges your 
client a monthly fixed fee for the electricity, regardless of 
the amount that is used. In a Purchase Power Agreement 
(PPA), the electricity is provided to your client as a fixed 
rate per kilowatt hour (similar to a utility company), and at 
a much lower cost than the same electricity purchased 
from the utility company. Some states do have regulations 
on PPAs and leased systems, so it is appropriate to 
check on the availability of these options from local PV 
system companies in your area. However, one benefit of 
a leased system is that your client can use renewable, 
clean energy for their building with little or no costs to 
buy and install the system. Another benefit of leasing the 
system is that the leasing company is usually responsible 
for all maintenance and repair to the system. One 
disadvantage to leasing is that incentives and rebates go 
to the PV leasing company, not the building owner. It is 
also important to look at the stability and longevity of a PV 
system leasing company. The EnergySage calculator (as 
referenced above) is a good resource to compare system 
purchase versus lease options for your client.

There are many reasons why you or your clients will want 
to incorporate PV systems in your projects, but improving 
the environment and cutting energy costs are the most 
common. As the solar industry is growing, and your clients 
are more aware of the need to reduce their building’s 
carbon footprint, this is a good time for you to learn how to 
incorporate this technology into your future designs. 

Mr. Michael Goldschmidt is an Associate Teaching 
Professor in the Department of Architectural 
Studies at the University of Missouri, and a licensed 
architect. Michael is one of seven subject matter 
experts and national trainers with the Building 
Codes Assistance Project (BCAP) outreach project 
for the SunShot program on photovoltaics for 
architects.
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