


This document is a revised and updated version of the 2006 We Energies Guide to Solar Electric

Systems, compiled by Niels Wolter. That document was in turn an update of the 2003

“Consumers Guide to Photovoltaic (PV) Systems” which was accredited to Wisconsin Division of
Energy, Wisconsin Solar Use Network, and Focus on Energy Renewable Energy Program. The
2003 version was adapted from a solar electricity consumers guide authored by the National
Renewable Energy Laboratory (NREL) Golden Colorado. The current version of the NREL

consumers guide can be found at: http://www.nrel.gov/docs/fy040sti/35297.pdf

Prepared by Focus on Energy

Cover photographs: from top and clockwise,

C1. Memorial High School, solar electric awnings (photograph Niels Wolter)

C2. Bahr Home, solar electric shingles (photograph Niels Wolter)

C3. Dane County Zoo, dual axis tracking solar sunflower (photograph Niels Wolter)

C4. Larkins Home, rectangular and triangle shaped modules over shingles (photograph
Light Energy Systems)

C5. Urban Ecology Center, modules clipped onto standing seam metal roof (photograph
H&H Electric)

C6. Advent Lutheran Church, aluminum framed modules over shingles (photograph
Niels Wolter)

C7. in the center, happy solar system owner and her inverter (photograph Mary Ann
Phalen)
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Introduction

Are you thinking of buying a solar electric (also known as photovoltaic or PV)
system for your home or business? If so, this guide provides basic information to
help you select a system that makes sense to you.

Investing in a solar electric system allows you to produce your own electricity
without noise, air pollution or moving parts while using a clean, renewable fuel
resource. A solar electric system is really the only renewable electricity
generation technology suitable for cities and neighborhoods. Benefits are felt on
the local, national and global levels, as new jobs are created, energy imports are
decreased and the economic impacts caused by sudden increases in the cost of
fossil fuels are reduced.

The world’s solar electric market is booming. In Japan, Germany, Spain and
California, it is becoming a mainstream technology. Sales of solar electric
systems have recently been increasing at an annual rate of 40 percent and are
anticipated to grow at high rates for decades. Demand is so great that there is a
current shortage of solar electric modules.

Solar electric systems are fully commercialized:

e The modules have warranties of up to 25 years and are made by companies
such as Sharp, General Electric, Shell, and Kyocera

e The inverters have warranties of five to ten years

e Wisconsin has a rapidly growing network of certified installers.

Although systems are expensive, they are becoming more affordable as energy
prices increase. Focus on Energy, utility, and federal incentives are also
available to help reduce their costs.

Solar electric systems should operate for 40 years to 50 years with little
maintenance’. Once purchased, they provide free green power for decades.

This guide summarizes the information you may want to consider before
purchasing a grid-tied solar electric system. This is not a technical guide for
designing or installing your system—for that information, you need to consult an
experienced full-service solar electric installer’>. A solar electric system is a
substantial investment and, as with any investment, expert advice and assistance
help ensure success.

Informational resources on incentives, installers, information and utilities are
included at the end of the consumer’s guide.

! During the system’s first ten years, it likely that the inverter will need to be replaced once, at a cost
of about $500/kilowatt. After the first replacement, inverters are anticipated to have warranty periods
similar to solar electric modules. Tracking systems will require additional maintenance.
2 A listing of full service solar electric installers is available from the Focus on Energy.
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Background

How solar electric systems work

The basic building block of a solar electric system is the photovoltaic (PV) material.
The PV material is typically made out of specially treated silica semiconductor
material. The cells generate electricity whenever photons (sunlight) strike the PV
material and move loosely-held electrons (Figure 1).

Figure 1. Cross-section of a photovoltaic cell. Note the “n-type” silica, which contains loosely
held electrons and the “p-type” silica, which has holes for electrons. As photons strike the n-

layer, electrons move to the top of the cell and through a load (the light bulb) and are delivered
to the back of the cell.
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Solar electric systems work any time the sun is shining, but more electricity will be
produced when the sun’s rays are brighter and strike the solar electric cells directly
(perpendicular to the solar electric cell’'s surface). Unlike solar systems for heating
water, solar electric technology generates electricity, not heat.

A solar electric module (also known as a ‘panel’) is made up of many PV cells that

are wired together in a series to achieve the desired voltage. The Kyocera 158 watt

module, in Photograph 1, has 48 square cells. The thin wires on the front of the
BT module pick up the free electrons from the PV cell.

Photograph 1. 158-watt solar module comprised of six rows of eight
PV cells. A system with six of these modules would have a module
capacity of 948 watts. Photograph: Niels Wolter

A solar electric system, which is tied to the electric provider’s
distribution grid (or "grid-tied"), consists of solar electric modules
connected to an inverter and tied into your site’s electrical
service, as shown in Figure 2.




The inverter (cover photograph C7) changes the direct-current (DC) of electricity
created by the solar electric modules to alternating current (AC). The AC current is
compatible with the electric provider’'s grid, and is able to power devices such as
lights, appliances, computers and printers. When excess power is produced by the
solar electric system, it can be put back onto the electric grid. You can include
batteries in the system to provide back-up power, thereby improving your power with
reliability and security.

Figure 2. Diagram of a (o St
grid-tied solar electric | PHOTOVOLTAIC ROOF SYSTEM 1
system. There are two
mains components, the
solar electric module
(labeled photovoltaic roof
system) and the inverter.
lllustration by Deb
Rasmussen, California
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Off-grid solar electric systems

Solar electric systems that are not connected to the electric provider’s distribution
grid will require batteries to supply a reliable source of power. The size of the
battery bank depends on the electricity needs of the site and the days of storage
the owner desires (three to seven days is common). Battery-based systems will
require a charge controller and ventilated battery box. Quite often, a gasoline,
diesel or propane generator is included in off-grid systems to help maintain
batteries and support the site during prolonged periods of low sun. Batteries
require some maintenance and, if treated well, will last four to seven years.

Other information for on-grid solar electric systems

Before deciding to buy a solar electric system, it is important to know the
following:

= Solar electric systems produce power intermittently because they work only
when the sun is shining. (This is not a problem for grid-tied solar electric
systems because your local electric utility can provide back-up power.)

= When the solar electric system generates more power than the site needs at
any particular moment, the power is put back onto the utility grid. The site is
credited for the power production, often at the retail electric rate (i.e. net
energy billing).



= Solar electric-generated electricity is still more expensive than conventional
utility-supplied electricity.

= The solar electric system usually will meet a portion (10 percent to 40
percent) of your electricity needs.

= |If the utility electricity grid goes down, the solar electric system will turn off to
protect line workers, unless a battery backup is included.

Investing in a solar electric system

Why should | buy a solar electric system?

Many people ask, “What is the payback period of a solar electric system?” The
simple payback period, based strictly on the dollar value of the power generated,
is between 60 years and 70 years®. However this does not include incentives
from Focus on Energy or utility companies (see below), federal tax benefits, nor
does it take into account the expected increases in electric rates. If electric rates
increase at eight percent per year and the Focus on Energy and Federal
incentives offset the installed cost, the system payback period drops to 12 years
to 23 years (depending on the ownership of the system)®.  Other additional
incentives from some utilities may lower these payback periods further. Check
with your utility contact (page 26) to determine if they offer additional incentives.

Most people who purchase solar electric systems are not making their decision
based simply on the value of the electricity generated. Non-economic reasons
for purchasing a solar electric system include:

= Making a public statement about concern for the environment
= Helping Wisconsin move toward a sustainable economy

» Reducing our energy dependence on other nations

= Helping grow solar energy businesses in Wisconsin

= Increasing power security and reliability

= Educational benefits at schools and other public buildings

= Public relations benefits at commercial buildings

® The solar electric system is assumed to cost $8,000 per kW and generate 1,200 kWh/year. The
value of electricity is assumed to be 10 cents/kWh.

* This assumes a 2kW system generating 2,400 kWh per year with an installed cost of $16,000. The
payback periods are roughly 12 years for a commercially owned system (where the owner has a 30%
tax rate), 20 years for a residential system owner and 23 years for a non-profit system owner.)
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Individuals and businesses that install a solar electric system feel that these non-
economic reasons add significantly to the value of solar electric systems.

Systems that are installed for educational and public relations reasons need not
be large. A smaller system will provide almost as much education and public
relations as a much larger system.

Solar energy is widely thought to be one of the most important energy sources of
the future. In 1932, Thomas Edison said "I'd put my money on the sun and solar
energy. What a source of power! | hope we don't have to wait until oil and coal
run out before we tackle that."

Photograph 2. The Ritger Law
Office, Random Lake, WI has a 5.12
kW solar electric system composed
of thin film modules laminated onto
the standing seam-metal roof. Note
the darker colored solar electric
modules installed on the upper gable
of the roof. The office also employs
daylighting, a geothermal heat pump
system and in-floor radiant heating.
Photograph by Wayne Stroessner

Optimal performance from solar electric systems

A solar electric system providing maximum power production requires that it
faces the sun, has clear and unobstructed access to the sun and is designed to
minimize system losses.

You can begin your own solar assessment simply by noting where your site gets
full sun in the winter and summer. A solar electric installer or site assessor has
the tools needed to trace the sun’s annual path at your location that will help you
make a more exact determination of your solar energy resource.

Module orientation

The orientation of your solar electric system (the compass direction that your
system faces and the angle at which it tilts down from the horizontal) will affect
performance. Often, the best location for a solar electric system is a south-facing
roof, but roofs that face east or west may be acceptable. Flat roofs also work
well for solar systems because the solar electric modules can be mounted on
racks tilted toward the south at the optimal angle. The optimal orientation for
solar electric modules in Wisconsin is facing due south and tilted up about 45°
from the horizontal. However, the solar window is broad, see Figure 3.

Solar electric modules can:

e face from 45° east of south to 45° west of south, and
5



e slope up from the horizontal between 20° and 75° while generating 90
percent or more of their maximum production.

Figure 3. Solar window for Wisconsin. The x-axis shows which direction the modules are facing
and the y-axis shows the tilt of the modules up from the horizontal. The shaded areas show the
direction a solar electric module can face and still generate over 90 percent of its maximum power
production. The values shown on the table represent the kilowatt-hours (kWh) generated per year by
one square meter of crystalline solar electric modules. This figure is from the Energy Center of
Wisconsin, 1999.
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Shading

To get the most power out of your solar electric system, the modules must
have a clear "view" of the sun, unobstructed by trees, roof gables, chimneys,
buildings, or other nearby features. Shading during the core hours of the day
(10 a.m. to 3 p.m.) will substantially reduce the system’s output.

There is no rule of thumb when shading is too great. Many prospective
system owners want a system but also want to keep the trees around their
site. Shading of 20 percent to 30 percent is not unusual. It is a personal
choice.

Shading obstructions can be classified as either “soft” or hard>. If the shading
object is distant, its shadow on the module is diffuse or soft. Soft obstructions
significantly reduce the amount of light reaching the module, thus significantly
reducing power generation.

> This section is based on Kyocera’s synopsis (see www.kyocerasolar.com/solar/modules.html).
6



Hard obstructions stop light from reaching the module. These may include a
wire or branch running in front of the module or a bird dropping on the
module. If one full PV cell is hard-shaded, the voltage of the entire module is
reduced by half. Because cells are connected in series, the hard-shaded cell
will bring the others down to its reduced power level. If enough cells are
hard-shaded, the module will not generate any power, but instead become a

small power draw.

Solar electric system power losses

Every solar electric system will experience power losses, so be prepared to get
less than the rating of the modules. Modules are rated for the DC power they
produce at the module and at 77° F. However, electricity is typically used as AC
power, some distance from the solar modules, and sunshine can warm modules
over 180° F. Electricity is also lost due to shading and snow cover on the
modules themselves. There are several types of losses:

Objects, typically trees, between the modules and the sun, create shading
losses. A line shadow across a solar electric system can drastically reduce
its KWh production.

Snow cover losses are caused by snow lying on the modules and blocking
the sunlight. Sweeping snow off the modules reduces snow shading. Inclined
modules naturally shed snow as they warm up in the sun. Snow losses of one
percent to five percent are common.

Wire losses occur as electrons move through wiring. Wire losses of two
percent are common.

Inverter losses result from the natural inefficiencies of converting direct
current to alternating current. Different inverters have different loss rates. For
systems without batteries, losses commonly range from four percent to six
percent.

Module-temperature losses occur because of the reduced efficiency of the
solar electric module as it heats up. For crystalline solar electric modules,
module-temperature losses for Wisconsin sites are estimated at 14 percent
annually. Thin-film module manufacturers claim that their efficiency improves
with increased temperature.

Battery losses are highly variable, depending on how the solar electric system
is used.

As a result, an unshaded grid-connected solar electric system has losses of

between 21 percent and 27 percent. This means that if you install 1,000 watts
(or one kW) of solar electric modules, they will deliver roughly 730 watts to 790
watts of AC electricity for use. Solar electric professionals are well-acquainted
with system losses and can help specify equipment and design the system to
minimize losses.



Solar electric module area needs

Solar electric system area requirements are based on your goals of electricity
generation and the conversion efficiency of the modules. About 90 percent of the
solar electric modules sales are crystalline silica modules, which have
efficiencies of 14 percent to 21 percent’. The remaining 10 percent of the solar
electric module market are thin-film modules, which have an efficiency of up to
eight percent. Both module types cost about the same on per kilowatt-hour
(kWh) generated basis.

Crystalline solar electric modules require about 80 square feet for each kilowatt
(kW), of capacity, depending on the efficiency of the module, while thin-film
modules require about 150 square feet for each kW of capacity. A fixed 1 kW
system facing south at a tilt of 45 degrees will generated about 1,200 to 1,250
kWh/year in Wisconsin.

Solar electric system mounting options

Solar electric systems are typically mounted on roofs or on the ground. They can
also be incorporated into building structures as roofing, shade screens, windows
and siding.

Roof-mounting options

Rooftop solar electric modules can either be mounted on racks on top of existing
roofing materials or they can replace the roofing materials themselves. Roofing
replacements include solar electric shingles, standing seam-metal roofing or
slate roofing. These options both generate electricity and serve as the home’s
weather barrier. Roofing solar electric systems tend to cost more than other roof
or pole-mounted options.

Solar electric modules mounted over existing roofing

Solar electric modules mounted on top of roofing are typically composed of
aluminum-framed, rectangular solar electric modules (photograph 1) installed on
brackets (photograph 3, and cover photograph C4) or racks (photograph 4). This
is the most common type of mounting for urban solar electric systems in
Wisconsin. If your roof will need to be replaced in the near future, you could
combine its replacement with installation of the solar electric system to avoid the
cost of removing and reinstalling your solar electric system.

The drawbacks of mounting modules on top of existing roofing include:

® This is the efficiency of converting sunlight (i.e., photons) into electrons flowing in a direct current at
the cell. To compare, conventional coal-fired power plants have an efficiency of approximately 31%,
while photosynthesis has an efficiency of, at most, 6%.
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= Modules must be removed whenever the roofing materials are replaced or
repaired

= |Installation of brackets and racks may affect the warranty on existing roofing
materials

= Some people find them unattractive

However, bracket-mounted roof modules do tend to cost less than solar electric
roofing options. Solar electric modules can be clipped onto the seams of
standing seam-metal roofing (cover photograph C5). This is the lowest cost
method of roof-mounting modules.

A bracket-mounted solar electric system can be installed over any type of
roofing, but installation costs may vary. Typically, composition shingles are the
easiest to work with and slate is the most difficult. In any case, an experienced
solar electric provider will know how to work on all roof types and can use roofing
techniques that eliminate the possibility of leaks. Ask your solar electric provider
how the solar electric system affects your roof warranty.

Photograph 3. The Bircher home in
De Pere, WI includes two small solar
electric modules (right) mounted over
shingles, total capacity 550 watts, as
well as two solar water-heating
modules (left). The solar electric
system meets roughly 15% of the
home’s electricity needs. Photograph
Chip Bircher

For flat roofs, solar modules are commonly mounted in racks that position the
modules tilting from 25 degrees to 35 degrees up from horizontal (see
photograph 4). These racks are commonly constructed with large pans that sit
directly on the roofing membrane. Roofing ballast stones or bricks are placed in
the pan to anchor the rack. No holes through the roof are needed. However
engineering analysis of the roof should be completed to ensure that it is capable
of supporting the weight of the solar electric system, snow and ice that may
accumulate around the modules and wind loading on the modules.



Photograph 4. Flat roof
mounted solar electric
system at Middleton High
School. The mounting racks
include large pans that sit on
the roof's rubber membrane
and are filled with stone roof
ballast. Photograph Niels
Wolter.

Solar electric roofing modules

Solar electric roofing modules also serve as roofing materials, providing the
customary weather protection that standard roofing materials provide. These
modules are available as shingles (cover photograph C2), standing seam-metal
roofing (photograph 2) and slate roofing (photograph 5). Of the three, the most
economical is field-laminated, standing seam-metal roofing. Solar electric roofing
will cost 10 percent to 40 percent more than rack-mounted solar electric
modules.

Photograph 5, The University of
Wisconsin — Madison, McKay
Arboretum Building. This 8.5 kW
system uses solar electric modules
laminated onto 700 man-made roofing
slates. Photograph: Niels Wolter.

Modules integrated as part of the roof are best installed at the time of roof
replacement or during the initial construction of the home or addition. For the
urban setting, they may become the preferred type of solar electric system.

Ground-mounting options

Ground-mounted systems are commonly installed in rural Wisconsin or in
situations where the roof is not suitable. Four types of ground-mounted systems
are available:

o Fixed racks are fixed at one orientation, typically face due south and slope at
the angle of the latitude at the site. In Wisconsin, an unshaded fixed mounted
system will generate about 1,200 kWh to 1,250 kWh per year per kW of solar
electric modules.

e Manually-adjustable racks allow for the slope of the modules to be changed.
Typically, racks are adjusted four times a year (early February, May, August
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and November). This results in about a five percent output increase,
compared to a fixed mount system.

e Single-axis tracking racks are typically used on modules that tilt at about 45°
and follow the sun from east to west each day. Photo-eyes, a controller and a
small electrical motor are needed to operate the system. Single-axis tracking
systems, which increase output by about 25 percent, are relatively rare in
Wisconsin.

e Dual-axis tracking racks continually orient the modules perpendicular to the
brightest part of the sky (see photograph 6 and cover photograph C3). Two
basic types of tracking racks are available: active or passive. Active racks use
photo-eyes and a motor-driven tracking system to keep the modules facing
the sun. Passive racks use gas-filled pistons that use the warmth of the sun
to move the modules. The use of passive racks is rare in Wisconsin, as they
tend to produce less electricity than active tracking racks given our climate.
Dual axis-tracking systems, which increase output by about 30 percent, are
relatively common in Wisconsin, particularly in rural areas.

Single and dual-axis tracking systems have moving components. With moving
parts maintenance and repairs will be needed over the system’s life.

Photograph 6. Grass Roots Health
Food Store, Eagle River, WI. Includes a
0.5 kW dual-axis tracking solar electric
system. (Typically, systems are mounted
on shorter poles.) Photograph David
Koller, Grass Roots Health Foods.

Specifying a solar electric system

Solar electric site assessments and site visits

Wisconsin is the first state in the nation to have professional solar electric site
assessors who will visit a prospective system owner to help them make the right
choices. The site assessment will include recommendations regarding the best
site and size for the system, an estimate of system shading, estimates of the
system’s price, the value of any incentives that may be available as well as
advice on electricity efficiency measures.

The site assessment is also a great way to get a solar electric expert at your site
to answer all of your questions. If you are new to solar electric systems, a site
assessment may be just for you. Site assessments, if co-funded by Focus on
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Energy, are required to be unbiased. Site assessors are paid a normal hourly
rate. Contact Focus on Energy for a list of site assessors and to determine if you
are eligible for their cost share program.

You can also simply call a solar electric installer to assess the site and provide a
guote. However, expect it to be biased as they will also be marketing their
services and products. Also expect them to spend less time with you, resulting in
a less-detailed analysis. Most critical is determining the annual shading at the
site. For solar electric system owners who understand the options and already
know what they want, an installer’s site visit and quote may be sufficient.

Focus on Energy has a list of solar electric installers who provide design,
components sales, installation and maintenance services in Wisconsin. The “Full
Service Installers” list is available through Focus on Energy.

System size

The system size is typically based on either your budget or the degree to which
you want the system to meet your electricity needs. The average single-family
home in Wisconsin consumes about 10,000 kwh annually. A more efficient
single-family home may consume 5,000 kWh per year. Some families have
reduced their usage to 2,500 kWh per year. An under-sized solar electric system
is great incentive to the site owner to further reduce their electricity needs.

Reducing your electricity consumption

As a starting point, you should consider how you consume electricity’ and then
implement energy efficiency measures. Simple energy efficiency measures can
reduce your electric demand much more cost effectively than generating solar
electric power. The less you use, the smaller your solar electric system can be.

Simple and cost effective energy efficiency measures include:

» Replacing electric hot water heaters and clothes dryers with natural gas or
propane-fueled appliances.

= Replacing old, inefficient air conditioners, refrigerators, freezers, and
dehumidifiers with new ENERGY STAR® appliances.

= Decreasing the size of appliances, such as refrigerators and freezers.

= Replacing standard incandescent lights with high-quality, compact fluorescent
lights.

= Staying away from electricity-hungry devices like hot tubs, waterbeds, and
electric space heaters.

An old saying in the renewable energy business is “Energy Efficiency First.”

"You can contact your electric provider and request your annual and monthly electricity usage.
12



e A Wisconsin solar electric system owner replaced his older refrigerator and
chest freezer with new more energy-efficient models. Combined, they cost
about $1,000 to replace and saved 1,325 kWh per year. A solar electric
system capable of generating an equivalent amount of electricity would have
cost about $8,000.

e Replacing a 100-watt incandescent light bulb with a 27-watt compact
fluorescent light bulb (CFL) will produce the same amount of light but reduce
electricity usage by 80 kWh per year (if it is used 3 hours per day). The cost
of the CFL is about $3.00. A solar electric system capable of generating an
equivalent amount of electricity would have cost over $500. In monetary
terms, a 1-cent energy efficiency investment reduces solar electric system
cost by $1.65.

Sizing a solar electric system

The first step in sizing your solar electric system is to determine your current
electricity usage. Most electric utilities will mail you, or allow you to download, a
year or more of your electricity consumption records for free. Simply call them or
go online. Second, determine the fraction of your electricity usage that you want
the solar electric system to meet. The system size is most likely constrained by
your budget. Many systems meet under half the electricity needs of the site.
Finally, work with a solar electric site assessor or installer to determine the
amount of shading and to specify your system.

Solar electric system power production

About 70 percent of the solar electric systems installed in Wisconsin between
2002 and 2005 were fix-mounted, of which about 20 percent were manually
adjustable. Approximately 30 percent of the solar electric systems were active
dual-axis tracking systems.

An unshaded fix-mounted one-kilowatt solar electric system® that is facing due
south and tilted at the site’s latitude should generate 1,200 to 1,300 kWh per year
depending on the location® (see Figure 4). An unshaded dual-axis tracking, one-
kilowatt solar electric system will generate between 1,600 and 1,750 kWh per
year depending on the site’s location'® (see Figure 4).

® One kW of solar electric modules in direct sunlight for one hour will generate one kwWh.
° Actual energy production from your system will vary by up to 20 percent from these figures,
depending on your geographic location, the angle and orientation of your system, the quality of the
components of your system and shading/snow cover of your system.
19" Actual energy production from your system will vary by up to 20 percent from these figures,
depending on your geographic location, the angle and orientation of your system, the quality of the
components of your system and shading/snow cover of your system.
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Figure 4. Annual power production for unshaded fix-mounted (left) and dual-axis tracking
(right) solar electric systems with one kilowatt of modules. The fix-mounted system is facing
due south, tilted up from the horizontal at the site’s latitude. System power losses of 23% are
included. Data source PVWatts version 1.

An energy-efficient moderately-sized home, using 5,000 kWh per year, would
require between 3 kW and 4.2 kW of solar electric modules to meet all its
electricity needs.

Time of power production

Solar electric systems generate power during the daylight hours (Figure 5). This
matches many of the hours that electric provider power costs are the high (i.e.,
during peak electricity demand periods).

14 Figure 5. Electricity

12 production on July 24
: 2005, from a 1.6 kilowatt
11 dual axis tracking solar

electric system located in
Madison WI. (Based on
0.6 1 data from Madison Gas
0.4 and Electric.)

0.8

Kilowatts

0.2

0.00 5.00 10.00 15.00 20.00 25.00

Hour

For larger commercial electricity customers that pay demand charges as part of
their electric bill, a solar electric system may reduce those demand charges. The
daily power production curve for a solar electric system is very similar to the
electricity use at many commercial buildings such as office buildings — and will
overlap the building’s peak demand periods on sunny days.
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On an annual basis, solar electric system power production peaks during the
early summer months and is at its lowest during the early winter months. Figure
6.

Figure 6. Annual
electricity production
from an unshaded
fix-mounted 1 kW
solar electric located
in Milwaukee WI.
100 (Data from PVWatts)
50 -

Monthly Solar Electric System Production
1 kW fix mounted system located in
Milwaukee

150

kilowatt hours

1 2 3 4 5 6 7 8 9 10 11 12
Month

Electricity bill savings from solar electric systems

The value of your solar electric system’s power production depends on how
much you pay your utility for electricity and how much your utility will pay you for
any excess that you generate.

Wisconsin’s investor-owned™! and municipal utilities are required to purchase the
excess power production from systems of under 20 kW at the retail rate. This is
called “net energy billing”. Net energy billing makes it fairly easy for you to
calculate the value of your electricity, because you and your provider will pay the
same price for each other’s electricity.

The current average price for electricity for residential customers is about eight to
twelve cents per kWh and has been increasing at a rate of about eight percent
per year. At time of publication, a fix-mounted one-kW solar electric system
producing 1,250 kWh per year will save roughly $125 in annual electricity costs
when valued at 10 cents per kWh. If rates continue to go up eight percent per
year, the solar electric system will save about $250 in year ten.

For many residential and small commercial solar electric system owners, it may
be economically advantageous to switch to a time-of-day electric rate. Time-of-
day electric rates charge more for the power used during on-peak periods (e.g.,
from seven in the morning until seven in the evening on business days) than off
peak periods (all other times). The off-peak rates are commonly around three
cents per kWh, while the on-peak rates are about 15 cents per kwWh. If the
customer can shift other electric loads to off-peak times, the time-of-day rate
benefits are increased. All net energy billing customers can be on a time-of-day
electric rate.

1 wisconsin’s investor-owned utilities include Alliant Energy, Madison Gas and Electric, We
Energies, Wisconsin Public Service and Xcel Energy.
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If your electric provider does not offer net energy billing*?, determining the value
of the electricity is much trickier because your excess electricity will not be worth
as much as the electricity you actually use. In such a case, you will receive your
utility’s “avoided cost™” which will be much lower than the retail rate. To avoid
generating electricity significantly beyond your actual needs and receiving a low
rate, you should size your system appropriately.

Solar electric system prices

Solar electric system prices

Table 1 provides an overview of Wisconsin system prices from 2002 to 2005.
The data is based on the solar electric systems funded through the Focus on
Energy Renewable Energy Program. The data may not show clear trends; this is
primarily due to the small numbers of systems installed.

A solar electric systems price will depend on your system’s configuration, your
equipment options and other factors. Smaller systems tend to cost more per kW,
while larger systems cost less. Your local solar electric installers will provide you
with a price quote.

Table 1. Solar electric system and component prices on a per kW basis. The data is for
systems installed with Focus on Energy co-funding. The rows show the system types, and the
columns list the average installed system price and number of systems installed per year.

(Source: Focus on Energy Renewable Energy Program).

Type of System 2002 2003 2004 2005
Average |# | Average |# | Average |# | Average | #

Per kilowatt (kW) price Price price Price

Simple grid connected roofing $ 7030|2| $ 8,750 |1

Simple grid connected fix mounted $ 11,3764 | $ 9677 (7| $ 7,768 |6 |$ 8,445|15

Simple grid connected dual axis tracking $ 9,801|3| $ 8658 |1| $ 8544 |5|$ 9,943|5

Off grid fix mounted $12,745|3| $11,810 |3|$17,725|7

Off grid tracking $10,040 |1

Grid connected battery back up fixed $ 9987 |2 $ 9539 2% 9941|121

Grid connected battery back up tracking $ 13,725|1 | $12,027 |1 | $12,528 | 2

Modules per kW $ 378L|7| % 4279|211 $ 3917 |21|$ 4,081|21

Inverter per kW $ 1,361|6 | $ 885 |13| $ 1,632 |17|$ 1,194|19

Labor per kW $ 2133|7|$ 1,627 22| $ 1,314 |22|$ 2,179|25

2 Many of Wisconsin’s rural electric cooperatives do not provide net energy billing.

13 Simply stated, the avoided cost is the cost incurred by the utility for generating or purchasing the

next unit of electricity.
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Incentives

Several incentives are available from Focus on Energy, utilities and the federal
government. For an up-to-date listing of incentives visit the Database of State
Incentives for Renewable Energy DSIRE web page.

Federal incentives

The U.S. government provides tax incentives for solar electric systems for
businesses and homeowners. Prospective systems owners are advised to
consult with a tax professional before purchasing a solar electric system to
determine their eligibility for federal tax incentives and to estimate the incentive
level.

The federal incentives include:

For Businesses:

e Thirty percent tax credit. A tax credit is a dollar for dollar reduction in the
systems owner’s taxes. It is scheduled to drop to ten percent on January
1, 2008*.

e Five-Year Accelerated Depreciation®. Accelerated depreciation allows
the system owner to write off the installed cost of the system over five
years. Its benefit depends on the system owner’s federal tax rate (the
greater their tax rate, the greater the benefits).

For Individuals:

e Thirty percent tax credit: The residential tax credit is limited to a maximum
of $2,000. A tax credit is a dollar for dollar reduction in the system’s
owner’s taxes. It is scheduled to sunset on January 1, 2008°.

Focus on Energy incentives

Customers of investor-owned electric utilities, and some municipal electric
utilities and rural electric cooperatives are eligible for Focus on Energy
incentives. Contact Focus on Energy to determine your eligibility. Focus on
Energy also provides other assistance services including: information (solar
electric case studies, fact sheets, full service solar electric installers list),
sponsors workshops, and the solar electric site assessment program.

1 1tis likely that the sunset date on the 30% tax credit will be extended beyond 2008.

' The cost of a commercial solar electric system can be depreciated over five years. The
depreciation schedule for each of the six years is: 20%, 32%, 19.2%, 11.52%, 11.52% and 5.76%.
The first and last years are considered half years.

18 |t is likely that the sunset date on the 30% tax credit will be extended beyond 2008 and there is
some likelihood that the maximum incentive level will be increased.
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The Focus on Energy incentives include:

= Cash-Back Reward: For system of not more than 20 kilowatts. Cash-Back
Rewards cover approximately 20 percent to 30 percent of project cost. The
incentive is calculated based on the expected annual kWh production of the
solar electric system.

= Implementation Grants: For systems of between 20 kilowatts and 50
kilowatts. Implementation grants cover approximately 10 percent to 30
percent of project cost. The incentive is calculated based on the expected
kWh production of the solar electric system and capped at $35,000.

= Solar Electric Site Assessments: Focus on Energy provides co-funding of
solar site assessments.

Investor Owned Utility Incentives

Most Wisconsin investor owned utilities provide funding to the Focus on Energy
program and do not provide additional incentives. However, this is not true for all
utilities. For instance, beginning in October of 2005, We Energies began offering
a 22.5 cents per kWh buyback rate for solar electric power delivered to their grid
from their customers. In addition, in March of 2006 We Energies began offering
a special 50 percent installation cost incentive for their nonprofit customers
producing renewable energy. Check with your utility (contact information on
page 29) to determine if any additional incentives exist and the details of the
incentives.

Municipal Utility incentives

Wisconsin Public Power Inc. (WPPI) operates a residential solar electric system
incentive program for their member municipal electric companies. It is structured
similarly to the Focus on Energy Cash-Back Reward Program. For more
information, contact Wisconsin Public Power Inc.

Net energy billing

When a solar electric system is tied to the electric distribution grid, net energy
billing allows you to bank excess electricity with the utility at the retail rate. In
other words your meter turns backwards. The idea behind net energy billing is
that the electric grid is your battery. Net energy billing is available to customers
of Wisconsin’s investor-owned utilities, municipal utilities, and a few of the rural
electric cooperatives. Net energy billing solar electric systems must have a rated
capacity of 20 kW or less. If the customer’'s net consumption is negative in any
month (i.e. the solar electric system produces more energy than the customer
uses), the balance is either paid or credited to the next month’s bill depending on
the electric provider.

If you are a customer of one of Wisconsin's rural electric cooperatives, net
energy billing may not be available. Most rural electric coops will require two
meters and will only pay their avoided cost for your excess electricity. Their
avoided cost is likely to be much below the retail rate, although this cost can vary
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considerably. The price you receive may be a factor in how you optimize your
system size, because you may want to limit the excess electricity you generate.

Many smaller utilities, especially rural electric cooperatives, do not have net
energy billing policies in place and may handle each request on an individual
basis. If you receive electricity from a smaller electric utility, you may be the first
person to approach the electric provider about net energy billing. Please
approach them in a friendly manner.

Owners of systems larger than 20 kW will need to negotiate a special buy back
rate for and excess power production®’. For more information contact your local
electric provider or the Public Service Commission of Wisconsin.

Personal property tax exemption

All Wisconsin taxpayers are exempt from paying additional property taxes on
solar electric systems. This exemption is available for residential, commercial,
industrial, agriculture, and utility sectors and covers the total value of the
systems, without a size limit.

Clean energy credits

As global climate change continues to gain political acceptance it is likely that
markets selling “clean energy credits” or “green tags” will be created®®. This
could occur in the next five years to ten years. Solar electric system owners will
have green energy credits to sell into these markets. Depending on market
conditions for these credits, income from larger systems could be significant.

System price after incentives and bill savings

Residential systems

Table 2 summarizes the incentives available to Focus on Energy eligible
residential customers with a 2 kW fix mounted system. System costs and
incentive levels are estimated

Table 2. Estimated price and incentives for a residential 2 kW fix mounted system for Focus on
Energy eligible sites. Incentive levels may change. This table is for example purposes only.
Consult with a tax professional before purchasing and determining the economics of a solar
electric system.

Competitive System Price $16,000
Focus on Energy Cash Back Reward $3,600
Federal Tax Credit $2,000
Final system price $10,400

7" Large electricity consumers who install large solar electric systems may never sell power to their
utility because their internal demand will always be greater than the output of the solar electric
system.
'® Firms required to off set emissions from burning coal, natural gas or oil could purchase clean
energy credits.
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Commercial systems

Table 3 summarizes the incentives available to Focus on Energy eligible
commercial customers with a 20 kW solar electric system. System costs and
incentive levels are estimated.

Table 3. Commercial and non-profit owned twenty-kilowatt fix mounted system price and
incentive estimates for Focus on Energy eligible sites. Incentive levels may change. This
table is for example purposes only. Consult with a tax professional before purchasing and
determining the economics of a solar electric system.

Commercial systems Nonprofits 501.(c).3 and local
government systems
Competitive System $130,000 $130,000
Price
Focus on Energy $23,400 $35,000
Implementation Grant
Federal 30% Tax Credit | $39,000 $0
Federal Five-Year $40,425 (for owners ata | $0
Accelerated Depreciation | 35% tax rate, returned
over five years)
Final system price $27,175 $95,000

Solar electric systems at non-tax paying sites have a much higher final system
price because they do not pay taxes and are therefore unable to receive Federal
tax incentives. Other utility incentives, if applicable, may lower the final system
price.

Estimated electricity bill savings

The value of your solar electric system’s power production depends on how
much you pay your utility for electricity and how much the utility will pay for any
excess power. Bill savings estimates for residential 2 kW system, and
commercial and nonprofit 20 kW system owners are shown on Tables 5 and 6.

The current average electricity price is about ten cents per kilowatt-hour and has
been increasing at a rate of about eight percent per year. A fix-mounted, one kW
solar electric system producing 1,200 kWh/year will save roughly $120 per year
in electricity costs. If rates go up eight percent per year, the solar electric system
will save $240 in year ten.

Table 4 shows that 20 years of electric savings just cover the price of a
residential 2 kW net billing residential solar electric system.

Table 4. Estimated solar electric system price and bill savings over twenty years for a
residential 2-kilowatt, fix mounted solar electric system.

System cost after Federal and Focus on Energy $10,400
incentives
Focus on Energy Eligible Net Energy Billing Residential Customer
Bill savings over 20 years™ | $10,980

19 Assuming 10 cents/kWh in year one and increasing at 8% per year.
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For commercial tax paying customers (at relatively high federal tax rates), solar
electric system bill savings cover the price of solar electric systems in much less
than twenty years.

Nonprofit system owners that are Focus on Energy eligible will, with current
incentives and estimated electricity bill savings, cover solar electric system cost.
Customers eligible for additional utility incentives, such as We Energies Nonprofit
program, should see bill savings pay for the final system cost in significantly less
time.

Table 5. Estimated solar electric system price and bill savings over twenty years for a twenty-
kilowatt, fix mounted commercial or non- profit solar electric system.

Commercial systems Nonprofits 501.(c).3 and
local government
systems

For Net Energy Billing Customer
System price after Federal and Focus $27,175 $95,000
on Energy incentives
Year 1 to 20 bill savings® $109,800 $109,800

System larger than 20 kW will not be able to net energy meter and will require a
power purchase agreement to be negotiated with the site’s electricity utility.

If your electric provider does not offer net energy billing?*, determining the value
of the electricity is much trickier because your excess electricity will not be worth
as much as the electricity you purchase from the utility. In this case, you will
receive your electric provider's “avoided cost*®” which will be much lower than the
retail rate. If your electric provider does not offer net energy billing, you should
consider sizing your system to avoid generating electricity significantly beyond
your actual needs.

Selecting an installer

Full service solar electric installers list

The Focus on Energy Renewable Energy Program maintains a list of solar
electric installers that provide system design, sales, maintenance and installation.
That is called the Full Service Solar Electric Installers List. Contact Focus on
Energy to receive a copy. The list has three categories of installers: NABCEP
Certified, NABCEP In-process, and Other Installers.

NABCEP certified installers have met the rigorous testing, continuing education,
and system installation requirements of the North American Board of Certified
Energy Practitioners (or ‘NABCEP’). NABCEP in-process installers are activity
progressing toward becoming certified. “Other installers” are those that have

% Assuming 10 cents/kWh in year one and increasing at 8% per year.

2L Many of Wisconsin’s rural electric cooperatives do not provide net energy billing.

2 Simply stated the avoided cost is the utility’s marginal cost of generating or buying electricity.
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installed at least one system and provide the full suite of solar electric system
services.

Focus on Energy provides incentives only to systems installed by NABCEP or
NABCEP in-progress installers.

The installation warranty

Focus on Energy requires that solar electric installers provide at least a two-year
installation warranty. The warranty should cover any defects in the workmanship
of the installation at no charge to the owner. Make sure you get a signed and
dated copy of the installation warranty and all the component warranties.

Choosing a solar electric installer

Wisconsin is home to a nhumber of reputable installers. To find an installer, first
consider solar electric providers closest to you. However, many installers will
travel one to two hours to a job site.

It is recommended that you get at least three bids. Take steps to ensure that all
of the bids you receive are made on the same basis. Most prospective system
owners that get multiple bids are surprised at the variation in system price
quotes.

Some questions that you may want to ask your prospective installer include:

Are there any delays in getting solar modules?

Can you provide references from previous customers with similar systems?

When will you be able to perform the work?

How long will the project take?

How many similar systems have you installed?

Have you worked with local building officials and utility representatives when

installing similar systems in the past?

* Do you have a master electrician (or professional electrical engineer) as part of the
project team?

= Wil you hire subcontractors to complete portions of the project? What firms will you
hire and what will they do?

= Do you repair systems that you installed, and if so, what are your rates?

= Do you train the customer to operate and maintain the system?

= Will you offer a follow up visit to make sure the system is still operating properly?

Details of getting a system installed

Solar electric system owners are responsible for the design, installation,
operation, and maintenance of their solar electric system. It is their responsibility
to ensure the system conforms to all applicable codes, interconnection
guidelines, service performance requirements, as well as all relevant laws and
regulations at the local, state, and federal levels. Make sure you hire an installer
well-versed in National Electric Code (NEC) for solar electric systems.
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Homeowners associations

If you live in a community in which a homeowners association requires approval
for a solar system, you or your solar electric provider may need to submit your
plans. Remember that under Wisconsin State Law, any provision that prevents
or unduly restricts the construction and operation of a solar energy system is
“void.”® Gain approval from your homeowners association before you begin
installing your solar electric system. An attractive solar electric roofing system
may be easier to have approved.

Your solar rights

The State of Wisconsin provides you with the right to protect existing access to
the solar resource?*. Residential, commercial and industrial owners of solar
electric systems can apply for permits that will guarantee this access except in
cases where an obstruction already exists or if the construction of such an
obstruction is well into the planning stages. The permit cannot be requested for
an existing obstacle to the solar resource.

Building permits

Typically, the solar electric installer will take care of this and will include the price
of the permits in the overall system price.

Connecting to your electricity provider

For grid-connected systems, you are required by law to enter into an
interconnection agreement with your electricity provider. It is important that your
electricity utility is aware that your home will be delivering power to their grid. The
interconnection process has been standardized in Wisconsin and rarely presents
any problems to the solar electric system owner or installer. For more
information contact your electric provider or the Public Service Commission of
Wisconsin.

Liability insurance

Many insurance companies are rapidly becoming familiar with solar electric
systems and rarely hesitate to insure homes with solar electric systems. The
value of the insured property will be adjusted to include the cost of the system —
and thus the cost of the liability policy will increase.

Signing up for net energy billing

Simply contact your electric provider and ask to be placed on their net energy
billing rate. Signing up is typically done as part of the interconnection process.

% 5ee Wisconsin Statutes Ann. 236.292 and 66.031.
4 See Wisconsin Statutes Ann. 66.0401 et seq. and 236.292.
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Recommended steps

1. Inform yourself.

2. Get a renewable site assessment or have a solar electric installer do a site
visit to determine the solar electric systems shading and specify the
system.

3. Get three solar electric system prices quotes.

»

Check with a tax expert to determine the value of the Federal tax
incentives to you.

Get approval from your neighborhood association (if needed).
Check that your insurance company will cover your solar electric system.
Apply for Interconnection to your electric utility.

Apply for Focus on Energy and utility incentives (if applicable).

© ®©® N o O

Order and have the system installed.
10. Complete the interconnection agreement with your electricity provider.
11. Adjust the value of your insured property with your insurance company.

12.Make sure you are on the appropriate electric rate (e.g., net energy billing
or a special solar electric buy back rate (if applicable)).

13.Complete incentives and agreements (e.g. Focus on Energy or for utilities
if applicable.

14.Complete Federal tax forms to obtain the Federal tax incentives.
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Resources

Information resources

Information

Full service solar electric installers list
Site assessments

Incentives

Assistance with special issues

Focus on Energy
Renewable Energy
Program
800.762.7077
focusonenergy.com

Midwest Renewable Information
Energy Association e Education — Renewable Energy and Sustainable Living
www.the-mrea.org Fair, workshops, installer certification, Tour of solar

homes and businesses
(7_15)'592_'6595 e Sijte assessments
mreainfo@wi-net.com

Public Service e Interconnection forms
Commission of Wisconsin |® Netenergy billing for systems 20 kW and under
psc.wi.gov e Buy back rates for system over 20 kW

608.267.2896

Database of State Incentive | ypdated information on Federal, State and utility incentives
for Renewable Energy and regulations for renewable energy systems

(DSARE)
www.dsireusa.org
Solar Energy mdUSt”eS Detailed information on Federal tax incentives for solar
Association energy systems.

www.seia.org
Solar Electric Toolbox Links to all relevant online information
www.renewwisconsin.org/sol

ar/PVtoolbox
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Electric utility contact information

Contact your utility for interconnection application, net energy bill rate
information. Customers of We Energies and Wisconsin Public Power Inc. (many
municipal utilities) should contact their utility for information regarding additional
solar electric system incentives and special rates. Wisconsin’'s over 100
municipal utilities and rural electric coops are not included here.

Electricity Providers

We Energies
www.we-energies.com/RE
1-800-714-7777 ext. 7700

Alliant Energy Madison Gas and Electric
Leo Udee Jeff Ford
leoudee@alliant.com Jford@mge.com
800.972.5325 608.252.7387
Wisconsin Public Service Corporation Xcel Energy
Dennis Derricks David Donovan
Dderric@WPSR.com David.d.Donovan@xcelenergy.com
920.433.5734 715.839.4684
Municipal Utilities Rural Electric Cooperatives
Wisconsin Public Power Incorporated  [Municipal Electric Utilities of Wisconsin
Mike Hodges David J. Benforado
1.800.255.WPPI dbenforado@meuw.org
mhodges@wppisys.org 608.837.2263
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