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Introduction

The Wisconsin Solar Use Network (WisconSUN) promotes the mainstream use of photovoltaic
(PV) systems. By mainstream, we mean PV located in an urban environment, where land is
expensive, and PV systems must be aesthetically pleasing. Given this objective, WisconSUN
envisions that portions of the building shell (i.e., rooftops, facades, and windows) of our homes,
shops and offices will be composed of PV modules and generating solar electric power.

Initially, WisconSUN isfocusing on PV roofing products. Currently there are three PV roofing
products readily available in the US market.

1. UniSolar PV Shingles

2. UniSolar PV Standing-Seam Metal Roofing Panels

3. Atlantis PV Roofing Slates (called SunSates)
The UniSolar modules use an amorphous solar cell (athin-film PV material). The Atlantis
modul es use a mono-crystalline silicon, polycrystalline or amorphous silica cell.

There have been four technica concerns with
PV roofing products:

1 Degradation of the amorphous silica
material and PV output over time
2. Delamination of the flexible module

substrate and cover (used both with PV
shingles and standing seam PV roofing)

3. Shorts at the electrical connections
between each module

4, Roof leakage caused by wiring
penetrations

/ ' | We discuss each of these concerns below.
Photo 1 Installing UniSolar PV Shingles

Capacity Degradation

The pre-1997 UniSolar modules used two, three-layer cells of PV material (thisisknown asa
dual-junction solar cell). These dual-junction cells experienced power output that degraded with
time (typically 20% of their rated capacity), a phenomenon known as photo-degradation. The
output of all PV materials degrades gradually with time but the dual-junction amorphous cells
degrade more rapidly than crystalline cells. For example, an eight-year-old dual-junction
amorphous UniSolar system being tested at the National Renewable Energy Laboratory (NREL)
is now producing 20% less power than its rated capacity’. Thisis, however, better than single-
junction amorphous cells from the 1980s, which exhibited output reductions of about 30%.

! In 1995 Home Power Magazine reported that their UniSolar module was operating above its rated outpu.
The module is operated in a hot climate and not ventilated; amorphous silica cells perform dightly better at
increased temperatures. An amorphous silica cell’ s operating temperature (~40 to 60°C) is usually greater
than the temperature used to rate the power output of modules (25 °C), hence the higher reported output.



In 1997 UniSolar introduced a new PV product line fabricated with a new amorphous silica solar
cell. The new cdll hasimproved conversion efficiency (power output), long-term performance
(due to reduced photo-degradation), and durability. The new UniSolar product line uses atriple
junction amorphous solar cell. The triple-junction cell uses three, three-layer cells of PV material,
each tuned to a specific spectrum of sunlight®. This hasimproved the modules efficiency. In
addition, each of the three amorphous silica layersis thinner than in the past; the thinner the
amorphous silicalayer the less photo-degradation is experienced. Thus, power-output degradation
has been significantly reduced, improving long-term performance.

The new UniSolar triple-junction modul€e' s degradation is anticipated
to be about 10% over a 20-year period. To date, NREL has not seen
any power degradation in their triple-junction test module. In cold

. climates output will decline slightly in the winter. But in general, the
amorphous silica modules are |ess temperature-sensitive over al
temperature ranges than crystalline silica modules. The conversion
efficiency of amorphous silica solar cells actually improves slightly in
warmer temperatures. Crystalline silica cell’s conversion efficiency,
conversely, degrades with warmer temperatures’.

Photo 2 Installing Atlantis Energy’s PV Shingles

UniSolar has a 20-year limited warranty for their products’. UniSolar guarantees that output
degradation will not exceed 20% of the modul €' s rated capacity for 20 years. The rated power
output of a UniSolar module is based on an estimate of the modul€’ s stabilized long-term
performance. Thus, it is common that a UniSolar modul€'s output will be somewhat higher than
its rated capacity for the first several months of operation.

Delamination of Module Materials

Older UniSolar PV roofing had problems with moisture entering the module and causing
delamination of the module. The new UniSolar modules have wider seals around the edges and sit
on asubstrate that does not wick moisture. To date, delamination has not been a problem with the
new UniSolar PV modules. The UniSolar 20-year warranty also covers module delamination; if a
UniSolar modul e delaminates and its output declines by more than 20% of its rated power, then
UniSolar’s 20-year warranty coversit.

2 Thetop cell istuned to blue light, the middle cell to green and yellow light, and the bottom cell to orange,
red and near infrared light.

% Thusit is better not to vent the backs of amorphous silica cells; rather, let them get warm in the summer
sun.

* The warranty covers the replacement of the module but does not cover other costs or items (such as lost
output and labor).



Electrical Shorts

Individual PV roof modules have the following peak outputs: 17 watts for a PV shingle®, 12.2
watts for a crystalline SunSlate, and 64 or 128 watts for a standing seam panel. Thus, systems of
1to 2 kW will require many electrical connections. To date, electrical shorts have not been a
significant problem if the modul es were properly installed.

Mechanical installation of PV roofing products are
performed by conventional roofers using standard
installation practices. Electrical installation is quite
* straight forward, allowing a qualified electrician or
. PV systeminstaler to easily install the system. The
Atlantis Energy SunSlates use plugs designed in
Switzerland that provide quick and easy module
interconnection and protect the connection from the
elements. In all cases, with proper installation
techniques, electrical shorts between modules should
: - not be a concern.
Photo 3 Installing UniSolar standing seam PV roofing

Roof Penetrations for Wiring

Roof penetrations are only needed for the UniSolar PV shingles. For the Atlantis SunSlates, wires
are run out the gable ends of the roof. For the UniSolar standing seam metal roofing, the wires are
run either beneath the ridge cap or under the roof’s
overhang. To minimize the potential for leakage
with the PV shingles, they are designed to form a
double weatherproof layer upon installation, like
conventional shingles. At the overlap between each
shingle an adhesive seal forms awater and weather-
tight bond between the consecutive layers.

Photo 4 Installing Atantis Energy’ s SunSlates

For More Information
Evaluations of the UniSolar Products

Ben Kroposki of National Renewable Energy Lab (NREL) in Colorado, phone 303.384.6170, e-
mail benjamin_kroposki @nrel.gov

Troy Strand of Independent Energy Solutionsin Caifornia, phone 760.752.9706, e-mail
Tstrand@indenergysol utions.com, www.indenergysol utions.com. Used to work at NREL and
UniSolar and isnow a PV systems designer and installer.

Joe Burdick of Burdick Technologies Unlimited (B.T.U.), phone 303.274.4358. Former UniSolar
employee; former NREL employee. Currently heisaUniSolar rep and installer. In 1997 he
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