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Satcon Solstice
The New Standard for Large Scale Solar Power Production

Introducing the industry’s first complete power harvesting and
management solution for utility class solar power plants
• Boosts total system power

• String level power optimization and

production by 5-12%

centralized total system management

• Lowers overall balance of system
costs by 4-10%

control capabilities

• Reduces installation time and
expense

• Advanced grid interconnection and utility
• Increased system uptime, safety and
reliability

Call 888-728-2664
or visit
www.satcon.com/solstice

to learn more
©2009 Satcon Technology Corporation. All rights reserved. Satcon is
a registered trademark of Satcon Technology Corporation.

© National Semiconductor Corporation, August, 2009. National Semiconductor is a registered trademark and SolarMagic is a trademark of National Semiconductor Corporation. All rights reserved.

Need more flexibility with your solar design?

SolarMagic power optimizers enhance design flexibility by enabling:
™
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Varying string lengths
Different tilts and orientations
Multiple module types and sizes
Better aesthetics

SolarMagic power optimizers use an advanced technology that monitors
and maximizes the energy harvest of each individual solar panel and
reclaims more than 50% of lost energy due to mismatch conditions.
To learn more, visit www.solarmagic.com/flexible

Solar for the Real World. www.solarmagic.com

Winner, innovation
Award Photovoltaics

Fronius salutes other
top performers

The FRONIUS IG Plus PV Inverter
A solid performance inverter for commercial and residential systems
The next generation Fronius IG Plus PV inverter builds on the strong
design of the Fronius IG inverter with multiple enhancements, including:
Lightweight – even the commercial size inverters
Smart, integrated MIX™ technology to maximize
energy harvest even on cloudy days
Signiﬁcantly improved efﬁciency
Integrated DC disconnect
A built-in six circuit string combiner
Field programmable to 208, 240, and 277 volts with
no loss in output power
Field programmable to positive or negative ground
Removable power stage for ﬁeld service
Standard 10-year warranty, upgradable to 15 years

Models from 3 to 12 kW available in a single inverter.

Visit www.fronius-usa.com, or call 810-220-4414, for more information on this exciting line in the Fronius family.

Think Globally

Install Locally
SunWize is committed to helping the world go solar one customer at a time.
Whether you are a local independent installer, a company needing to power a remote location,
or looking to install solar on your home or business, SunWize has a solar solution for you.

800.817.6527 • www.sunwize.com

up now!
training: Sign
Free installer
lasses
lar.com/freec
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SC500USHIPNOW-AUS092319

www.SMA-America.com

The biggest name in solar inverters just got bigger.
Meet the new Sunny Central 500U.
Today’s solar power plants are getting larger and customer demands are getting tougher.
Choosing the new Sunny Central 500U means you’re backed by over 25 years of industry
experience. Combine that with world-class German engineering and stand behind your work with
conﬁdence. The new Sunny Central 500U features industry-leading technology with powerful
options such as smart combiner boxes and Modbus® capability. Your customers expect the best.
Rely on SMA to help you deliver.
The Sunny Central 500U. Ask for it by name.
Call 888 476 2872

The Future of Solar Technology
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What Makes AEE Solar
a Great Team to Work With?
REASON #4

Best Dealer Training
AEE SOLAR offers the most extensive dealer
training opportunities in the solar industry.
From our acclaimed solar business webinar
to our partnership with Solar Energy
International (SEI) – the oldest and best
training organization in the business
– we provide comprehensive training
and education for dealers and installers
at all levels of experience.
• Launch & Grow Your Solar Business – a free
webinar geared to new market entrants and
prospective AEE Solar dealers

The AEE Solar training
program is sponsored by

High-Performance Solar
Energy Solutions for
Long-Term Value

Introducing the new
black-framed REC AE-Series
modules…

• Supplier Webinars – we host frequent online
trainings presented by our top suppliers.
• Regional one-day and two-day product
workshops throughout the year
• Our annual AEE Solar Dealer Conference with
3 solid days of classes conducted by AEE Solar
and 40 top suppliers
• Special prices on SEI online trainings, both
beginner and advanced
• SEI hands-on workshops held exclusively for
AEE Solar dealers

Available exclusively from
AEE Solar.

Check our website for full details on these and
other training opportunities that help you succeed
in the exciting, demanding, and highly competitive
solar industry.

aeesolar.com/rec

Become an authorized dealer and get all AEE Solar has to offer:
1. Best Products
2. Widest Inventory
3. Unsurpassed Tech Support

4. Dealer Training
5. Renowned Catalog
6. On-Time Shipping

The Only Wholesale Distributor You’ll Ever Need

www.aeesolar.com
800-777-6609
8:30 to 5:00 Pacific Time
Monday-Friday

707-923-2277
707-923-3009 fax
sales@aeesolar.com

1155 Redway Drive
PO Box 339
Redway, CA 95560
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With Trojan Battery, you just may forget
you’re off-the-grid.
With over 85 years of experience, Trojan Battery offers a complete line of flooded, GEL and AGM
deep cycle batteries for reliable power and long life in the toughest off-grid locations.
Trojan Battery is the most trusted name in deep cycle technology:
• Even longer life
• Superior charge performance
• 5 year limited warranty: Best-in-class for Renewable Energy applications
Visit www.trojanbattery.com to see our selection of Renewable Energy batteries or call
800-423-6569 for the nearest Trojan Battery partners near you.
Trojan batteries are available through Trojan’s Worldwide Master Distributor Network and
Renewable Energy Wholesalers. For the nearest partners, call 800-423-6569 or visit us at
www.trojanbattery.com/RE

Receive your FREE Technical Brief on Deep Cycle Technology:
visit our website at www.trojanbattery.com/RE008

Contributors

Experience + Expertise

Blake Gleason manages the engineering department at
Sun Light & Power, a 33-year-old solar design/build firm
where he previously was a foreman and built more than 100
residential and commercial PV systems. He possesses an MS
in mechanical engineering, a California professional engineer
license and a California C-10 electrical license. He is a
NABCEP Certified Solar PV Installer and a California-certified
journeyman electrician.

Yun Lee is a senior project engineer at Sun Light & Power,
where he has designed more than a hundred residential and
commercial photovoltaic and solar thermal projects since
2006. He earned his BS in mechanical engineering at the
University of California, Berkeley, and is a LEED-accredited
professional. In his spare time, Yun is a biodiesel advocate
and biking enthusiast.

Chuck Marken is a New Mexico-licensed plumber, electrician
and heating and air conditioning contractor. Since 1979,
Chuck has personally installed hundreds of jobs and
supervised thousands of installations, including applications
for hot water, space heating and pool heating. Chuck also
teaches solar hot water and solar business workshops for
Solar Energy International and the University of New Mexico.

Ryan Mayfield has been working in the renewable energy field
since 1999 and is the principal of Renewable Energy Associates, a consulting firm in Corvallis, Oregon, that provides
design, support and educational services. He also teaches PV
courses in Lane Community College’s Energy Management
Program. Ryan holds a Limited Renewable Energy Technician
(LRT) license in Oregon and chairs the state’s LRT apprenticeship committee. He is a NABCEP Certified Solar PV Installer
and a technical editor for PV at SolarPro magazine.

John Patterson is the founder and president of Mr. Sun Solar,
one of the Northwest’s oldest solar businesses. He is the
inventor of the Sol-Reliant solar water heating system. He
has installed more than 1,000 solar water heating systems
and serviced many thousands more, including nearly every
type of system sold in the past 30 years. A speaker and
advocate for renewable energy and carbon reduction, John is
currently writing a book on global warming called Footprint.

OutBack Power Systems is a leading manufacturer of inverters, charge controllers, and balance of system components
for renewable energy. OutBack’s rugged inverter/chargers are designed to survive in environments that would
normally cause other inverter/chargers to fail, without compromising outstanding performance and reliability. No
matter where your location, no matter what your power source, OutBack Power has the solution for you. With industry
leading customer service and customizable True Sinewave systems from 2 to 36 kW, find out why more home owners
count on OutBack Power than any other company for their energy independence.

www.outbackpower.com
Corporate Office 360.435.6030
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A COST-EFFECTIVE SOLUTION
TO TIE INTO THE GRID WITH EASE
EXELTECH’S XLGT INVERTERS

XLGT SERIES

Transformerless grid-tie inverter
 1800 watts
 96% efficient
 200 - 600 VDC input
 Compact
 Made in the USA
 Low cost, high quality
 Simple, one person installation
 Natural convection cooling
 Weighs just 14 lbs
 No transformer – means greater efficiency,
lower cost, and less weight
 Built-in AC/DC disconnect switch further
reduces the total installed system cost
 ETL certified to UL1741
 Housed in a NEMA 3R indoor/outdoor enclosure
for maximum environmental safety and protection

7317 Jack Newell Boulevard North
Forth Worth, Texas 76118-7100
817-595-4969 voice, 817-595-1290 fax
800-886-4683 toll free
www.exeltech.com web site

QA

Quality Assurance

Corrosion Chemistry in Solar Thermal Systems

M

any plumbers and solar
thermal system installers
have a limited background
in corrosion avoidance. They rely on
equipment manufacturers to engineer
systems with long operational lives,
and most do an excellent job. However,
even a carefully engineered system can
be installed incorrectly, and local water
quality issues can result in the corrosion of components and premature
system failure. Storage tanks made of
steel and some types of stainless steel
can be weak links in the system as they
may be subject to corrosion failure.
Steel tanks utilize a sacrificial anode
to slow the impacts of corrosion. Anodic
and cathodic materials are relative to
each other based on the electromotive force series, presented in Table 1.
Aluminum, magnesium and zinc are all
sacrificial and anodic compared to iron
(the main component in steel). Sacrificial anodes, typically of aluminum,
magnesium or zinc, are incorporated
into virtually all glass-lined steel pressure storage tanks manufactured in the
US. Once the rods are spent, the iron
becomes sacrificial and anodic compared to any copper in the system and
therefore begins to corrode rapidly.
The rate at which corrosion takes
place is a function of the concentration of ionic species in the water, such
as calcium, magnesium and sodium.
These dissolved elements increase the
conductivity of the water in the tank.
Softening the water does not decrease
its conductivity, but simply replaces the
calcium and magnesium with sodium.
Iron from the tank’s steel wall will
give up electrons and go into solution if it is electrically coupled to the
copper piping in the house, which is
typically grounded to earth. Most hot
water tanks are dielectrically isolated
from the house plumbing, precluding
copper-based galvanic attack of the

14
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iron. The sacrificial anode is electrically
connected to the iron in the hot water
tank wall. Hence the aluminum or zinc
gives up electrons more easily than
iron, which gives the iron a negative
charge so it cannot give up an electron
and go into solution. This protects the
iron in the steel from dissolving.
When I was on staff at the National
Renewable Energy Laboratory, we
would isolate the sacrificial anode
with a PVC coupling. By hooking up an
electrometer between the tank and the
sacrificial anode, we could measure the
coulombs transferred and calculate the

dissolution rates of the anode aluminum or zinc. We could then predict the
life of the anode as a function of tank
temperature by connecting to copper
pipe and a nonisolated recirculation
pump. We concluded that as long as the
tank stays electrically isolated, the sacrificial anodes can last up to 40 years.
Electrical isolation is the key.
During service calls, I inspect the
anode by inserting a Milwaukee M-Spector
TV camera with a light on a waterproof
probe into the hot water outlet. If the
anode appears to be toward the end of its
life, I install a new anode, and the tank is

Electromotive Force Series (77ºF)
Element

Electrode
Reaction

Sodium

Na → Na+ + e

-2.712

Magnesium

Mg → Mg + 2e

-2.340

Beryllium

Be → Be++ + 2e

-1.700

++

Standard Electrode
Potential (v)

Aluminum

Al → Al

+ 3e

-1.670

Manganese

Mn → Mn++ + 2e

-1.050

+++

Zinc

Zn → Zn + 2e

-0.762

Chromium

Cr → Cr+++ + 3e

-0.710

Iron

Fe → Fe+++ + 3e

-0.440

Cadmium

Cd → Cd++ + 2e

-0.402

Cobalt

Co → Co + 2e

-0.277

Nickel

Ni → Ni++ + 2e

-0.250

Tin

Sn → Sn++ + 2e

-0.136

Lead

Pb → Pb + 2e

-0.126

Hydrogen

H → 2H++ + 2e

(reference) 0.000

++

++

++

Copper

Cu → Cu + 2e

0.345

Copper

Cu → Cu+ + e

0.522

Silver

Ag → Ag + e

0.800

Platinum

Pt → Pt++ + 2e

1.200

Gold

++

+

Au → Au

+++

+ 3e

1.420

Table 1 The surface of any metal is a composite of a large number of microelectrodes. For corrosion to occur, the microcells must also be connected through
some conducting path external to the metal. Usually, the external connection is
provided by water or an aqueous solution, and the cells produce a current. Adapted
from US Department of Energy’s Fundamentals of Chemistry Handbook,1992, published by the DOE.

good for another 7 years or more. If the
anode is so corroded away that the center
steel rod is showing, I know the tank is
compromised and needs to be replaced.
While stainless steel has a reputation
for durability, this is not always the case.
There are numerous and widespread
instances of stainless tanks used in thermal systems experiencing premature
failure. A common occurrence in these
systems is failure at a tank’s welds.
Stainless steel is manufactured in
hundreds of types. Numbers 304 and
316 are two common types used in
tanks and heat exchangers. When 304
stainless, which is about 4% carbon,
is welded, the carbon precipitates in
the heat-affected zone in the form of
chrome carbide. As a consequence, the
mild steel in the heat zone corrodes
through in a few years, even though the
tank body will last for 40 years.
There are two solutions to this

problem. The best one is for manufacturers to use 304L, or low carbon stainless,
in tank manufacture. With only 0.5% carbon, chrome carbide does not precipitate,
and the whole tank will resist corrosion
for a long time. The second solution is
for manufacturers to heat treat the entire
tank after welding to about 1,400ºF to
get the chrome back into solution, then
quench the tank quickly in water so no
chrome carbide can precipitate.
Number 316 austenitic stainless
steel is also subject to chrome carbide
precipitation in the weld–heat-affected
zone. The problem can be solved by
using 316L—also known as marine
stainless, a favorite of sailors. A simple
spark spectrograph can determine the
chrome, nickel and carbon content in
an unknown stainless steel. All manufacturers should utilize one to check
incoming materials.
Since many expansion tanks are

installed in a copper system and are not
electrically isolated, they can also fail
prematurely. Of the failed units I have
observed, in all cases they corroded
through on the band around the tank
where the rubber bladder was sealed
in place. It appeared that the bladder
attachment process allowed cracks in
the polymer protection coating, exposing the tank to corrosion. The expansion and contraction of the bladder
seemed to push the iron oxide that was
protecting the surface from further
corrosion into the tank, increasing
corrosion and adding iron oxide flakes
into the system that in turn foul pumps
and valves. In seal-less magnetically
coupled pumps, these flakes accumulate on the rotor, slowing it down or
stopping it, and result in poor performance or failed systems.
—Barry L. Butler, PhD / Butler Sun Solutions /
Solana Beach, CA / butlersunsolutions.com

NABCEP is Raising the Bar for Solar Installers
NABCEP Certification
is achieved through
a combination of...

Experience
Training
Rigorous Testing
“Systems installed by
NABCEP Certified installers
have fewer problems at the time
of inspection than those installed
by non-certified installers.”
- PV Workforce Development and the Market
for Customer-Sited PV. McRae et al. ASES 2008

www.nabcep.org
solarprofessional.com | S o l a r P r o
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QA
Voltage Drop in PV Systems

V

oltage drop is a common name for
the electrical potential loss that
inevitably occurs when current flows
through a conductor between the
source and the load. Conductor resistance and reactance combine to make
a small heating load that draws power
from the circuit whenever a normal
load is attached. The amount of voltage drop—also known as voltage rise,
resistive losses, or wire loss—is dependent on circuit voltage, current and
length; conductor size and material;
and other complicated factors, such
as the type of raceway, the geometry
of the conductors, the number of
phases and the temperature.
Why Worry about Voltage Drop?
There are two problems with voltage
drop in PV systems. First, it represents
wasted energy. Transforming electrical
energy into heat in circuit conductors
is lost energy production. Second, voltage drop can cause PV inverters to stop
working properly under certain conditions. For example, if the dc bus voltage
drops below the inverter’s minimum
MPPT voltage, then the inverter will
operate in a limited state. If the ac bus
voltage rises above the maximum grid
voltage set point, then the inverter will
stop operating completely.
What can you as a PV system
designer do about voltage drop? You
can optimize the schematic design
and layout of equipment strategically
to minimize voltage drop. You can also
consider upsizing certain system conductors to further reduce voltage drop.
Quantifying Voltage Drop
To understand how you can reduce
voltage drop, you have to quantify it.
In its simplest form, a circuit conductor can be considered a long, lowresistance electric heater obeying
Ohm’s Law. The voltage across the
heater is the current multiplied by the
resistance, or V = I x r. The resistance
16
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will depend on the size, material, temperature and length of the conductor.
Typical values for standard conductors
are given in tables as ohms per 1,000
feet of conductor length. Therefore, the
basic equation for dc voltage drop is:
V_drop = I x r
= I x (2 x L x R) / 1,000
= (2 × L × R × I) / 1,000

where I is the circuit current, L is the
one-way circuit length and R is the
conductor resistance per 1,000 feet.
The basic equation can be modified
for single-phase or 3-phase ac circuits,
different temperatures and different
power factors.
A good place to start for manual
voltage-drop calculations is provided
by the NEC. Values for dc resistance
per 1,000 feet can be found in Chapter
9, Table 8. Reactance and ac resistance
per 1,000 feet can be found in Chapter
9, Table 9. The NEC Handbook lists some
voltage-drop equations and gives example calculations following the Tables.
To be clear, however, the NEC does
not require any particular amount of
voltage drop. Instead, Article 210 on
branch circuits and Article 215 on feeders both have a fine print note (FPN)
suggesting that “reasonable efficiency
of operation” occurs if voltage drop is
limited to less than 3% each on feeders and branch circuits, and less than
5% overall (210.19(A) FPN No. 4 and
215.2(A)(3) FPN No. 2.) These FPNs
are not binding and certainly were not
written with PV in mind. Nevertheless,
they provide useful reference points.
One general requirement the Code
does make in Article 250.122(B) is that
if the current-carrying conductors are
upsized for voltage drop, the equipment grounding conductor (EGC) must
also be proportionally upsized. The
2008 NEC includes an exception to this
rule in Article 690.45(A), stating that it
is not necessary to upsize the dc EGC in

a PV system to address voltage drop. As
a result, the EGC in PV source and output circuits is generally sized according
to Table 250.122.
Another option for performing
voltage-drop calculations is to use one of
the many available electrical calculator
programs. Some programs can be used
online, and some can be downloaded to
your computer. Handheld calculators
with special buttons for electrical functions are also available. Most of these
calculators are reasonably accurate and
good for standard situations. However,
most will not show you exactly how
the calculations are being done so that
you can verify the answer you are getting. Most will not adapt very well to
nonstandard applications like PV. For
example, many allow dc voltages up to
only 48 V, and few allow adjustment for
temperature or power factor.
The best source for good voltagedrop calculations specific to your
project is a licensed electrical engineer
experienced in both PV and voltagedrop issues.
Schematic Design and
Equipment Layout
An example of a PV system with possible voltage-drop challenges would
be one where you want to transmit
100 kW of power from a PV array
through a central inverter to a main
switchgear that is 1,000 feet away from
the final combiner box at the array.
There are several possible ways of
transmitting the power.
You could locate the inverter right
next to the combiner box and plan
to cover the long distance in 3-phase
ac at the nominal voltage dictated
by the electrical service and inverter
output. Another option is locating
the inverter next to the switchgear
and covering the distance with the
dc output from the combiner box.
Of course, the inverter could also
be located somewhere in between,

Principles for Minimizing
Voltage Drop
All other things being equal, designing with the following principles in mind
will help minimize voltage drop:
1. Transmission at higher voltage will result in lower losses. In fact, for
the same power, doubling the voltage decreases the voltage drop by a
factor of four.
2. Shorter distances will have smaller voltage drops.
3. Transmission with 3-phases is more efficient than single-phase.
4. Larger conductors will have lower voltage drop.
5. Copper conductors will have lower voltage drop than aluminum
conductors of the same size.
6. Transmission with two conductors in dc will result in lower losses than
two-conductor, single-phase ac, especially with relatively large conductor sizes like 350-kcmil and larger. However, this effect is much
smaller for inverter output circuits, in which the power factor is close
to unity.
7. Use parallel conductors for large ac circuits.
8. Cooler conductor temperatures will reduce voltage drop.
9. Higher power factors are better.
10. Pay attention to the type of conduit used. For ac circuits with small
conductor sizes (less than 3/0) and power factor of 0.85 to 1.0, the
type of conduit makes almost no difference in the voltage drop; for
power factor of 0.85 and larger wire sizes (3/0 and above) PVC is best,
but aluminum is better than steel. However, for PV inverter-output
circuits, with power factor close to 1.0 and larger wire sizes, PVC is
still best, but steel is better than aluminum.

with part of the long run in dc and
part in ac. Other options include
step-up and step-down transformers located at the inverter and at the
interconnection location, allowing
the use of higher voltage 3-phase ac
for long-distance power transmission, although the inefficiencies and
standby losses of the transformers
must be taken into account.
Depending on the PV string voltage
and the available ac voltages on site, it
might make more sense to design the
long-distance run in ac or dc, to minimize voltage drop and installation costs.
Calculations for the various options
will quickly show which one provides
the lowest voltage drop with the least
amount of copper. Assuming that you
use parallel conductors when appropriate, in general the best option for long
distance runs is 700–800 Vdc, which is

the typical PV operating voltage where
1,000 Vdc systems are allowed. If the
open-circuit voltage is limited to
600 Vdc, then 3-phase 480 Vac is the
best option for long runs. The next
best option is any dc voltage from
about 300–500 Vdc. These PV operating voltages are preferable to 3-phase
240 Vac or single-phase 277 Vac, which
are roughly equivalent depending on
the range of wire sizes. 3-phase 208 Vac
or single-phase 240 Vac are next best,
depending again on the range of wire
sizes, and are preferred over long runs
at 120 Vac or 48 Vdc. In summary, if
possible, design the longest distance
run according to Table 1, which shows
nominal operating voltage in descending order of preference.
For designers who are used to large
ac loads, voltage drop can be much
worse on an ac motor circuit than on

Preferred Voltage for
Long-Distance Runs
Nominal Operating Voltage
700–800 Vdc
480 Vac (3∅)
300–500 Vdc
240 Vac (3∅) or 277 Vac (1∅)
208 Vac (3∅) or 240 Vac (1∅)
120 Vac
48 Vdc

Table 1 Designers can minimize the
impact of voltage drop by strategically
specifying higher system voltages to
long-distance wire runs.

a similar dc circuit. However, power
factor is an important consideration,
especially for larger conductor sizes.
For the same voltage and current,
a two-wire, single-phase ac circuit
using 300-kcmil conductors will have
50% more voltage drop than the same
two-wire dc circuit using 300-kcmil
conductors, according to the standard
tables (NEC Chapter 9, Tables 8 and 9)
at 85% power factor. However, since
the power factor in PV applications
is very close to 100%, the ac circuit
actually has only 5% more voltage drop
than the dc circuit. In other words, factors such as voltage level and number
of phases in PV applications are far
more important than ac versus dc.
How Much Is too Much
Voltage Drop?
After strategically designing the PV
system layout to minimize voltage
drop, you must make decisions about
upsizing the various circuit conductors to reduce voltage drop further.
First, voltage drop must be low
enough to allow the inverter to operate as intended. To that end, the dc
input voltage to the inverter under
worst-case normal operating conditions must be no lower than the
bottom end of the MPPT window of
solarprofessional.com | S o l a r P r o
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the inverter. This means that at the
highest expected ambient and cell
temperatures, after the module has
aged a decade or two, and with full sun
and full current available, the string
voltage—after voltage drop to the
inverter is considered—must be within
the MPPT window.
Second, the inverter ac output
circuit must not have excessive voltage
drop that would cause the inverter
to reach the high voltage limit. This
scenario can easily occur if the grid
voltage is above its nominal value,
which is a common occurrence during
parts of the day and times of the year,
though it is more frequent in some
locations than others. For example,
grid voltage at the interconnection
might be 252 Vac line-to-line on a
nominal 240 Vac system. If there is 5%
voltage drop in the inverter output circuit, then the ac voltage at the inverter
will be 265 Vac, which is higher than
the typical 264 Vac high-voltage trip
point, and the inverter will go offline
with a “high grid voltage” error.
Third, voltage drop must be within
the project specifications, if any exist.
Typical blanket values called for in bid
packages are less than 2% voltage drop
on each of the dc and ac circuits, and
less than 3% overall voltage drop from
the modules through to the interconnection. These requirements protect
the system owner’s investment and
help to ensure that excessive energy is
not wasted in wiring losses.
Upsizing Wires to Increase
Production
After meeting the inverter considerations, voltage drop can be further
reduced, if cost effective, to increase
system energy production. While voltage drop may result in a slight change in
operating current—for example, when
the MPPT algorithm in the inverter
adjusts to the change in the load—a
percent drop in voltage is essentially
equivalent to a percent drop in a PV system’s power production at any instant.
18
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Rule of Thumb: PV Source-Circuit
Homerun Length

F

or installers who are wondering whether extra-long dc homeruns are
acceptable on a particular project, consider this rule of thumb: For modules with maximum power current around 5 A and 12 AWG homerun wiring,
the voltage drop will be less than 2% if the distance from the array to the
inverter in feet is less than or equal to the string voltage. The same is true for
maximum power current up to 8 A and 10 AWG homerun wiring.
For example, assume you have a 200 W module with the following
operating characteristics: Imp = 5 A and Vmp = 40 V. With a 12 AWG copper homerun conductor, you can have 400-foot long homeruns if there are
10 modules (400 Vdc) in each string, or 280-foot homeruns if there are seven
modules (280 Vdc) per string. To achieve a 1% voltage drop, the homerun
length can be half of the string voltage.
This rule of thumb is handy for installers who are used to dealing with a
handful of module types and know the corresponding Vmp values by heart.

With that in mind, there are two
primary ways to consider the additional cost of larger-than-minimum
conductor sizing. The first method
is to compare the first costs of larger
conductors versus the system lifetime
costs of reduced production. Since
this comparison requires investment
assumptions about the time value
of money, it is best captured using
financial analysis spreadsheets or
other software tools. An easier method
is to compare the incremental cost to
install larger conductors versus the
incremental cost to install additional
PV modules to produce the equivalent
additional power. Consider the following two examples.
Example 1. Assume a 50 kW PV
system at 400 Vdc with 1,000 feet
from combiner box to inverter. The
minimum dc output-circuit conductor is 4/0 for ampacity, resulting in
3.8% voltage drop, or 1,900 watts of
lost power at full-power conditions.
Upsizing to 300-kcmil conductors
would result in 2.68% voltage drop,
or 1,340 watts of lost power, which
is a net gain of 560 watts. Is upsizing
worth it?
Table 2 illustrates the incremental cost per watt to reduce the voltage drop in Example 1, factoring in
conductor, conduit and labor costs.
Note that in this case, increasing the

conductor size requires increasing
the conduit diameter and purchasing larger fittings. According to the
table, it appears that the net gain of
560 watts from upsizing the conductors from 4/0 to 300-kcmil costs about
$12.50 per watt. This suggests that
adding another string of modules, if
possible, is a more cost effective way to
increase energy harvest.
Example 2. Assume a 2 kW PV system
at 400 Vdc with 1,000 feet from combiner
box to inverter. In this case, as shown
in Table 3, switching from 12 AWG to
8 AWG to reduce voltage drop by a few
percentage points may well be worthwhile. This assumes that the same size
conduit is used in both instances, meaning that upsizing from the smaller wire
size does not increase conduit costs.
When considering the benefit of
increased conductor sizing, remember that, on average, both dc and ac
PV conductors will carry less than
the maximum power current. This
is because, most of the time, irradiance is less than 1,000 W/m2 and cell
temperature is generally above 25°C.
Therefore, annual production losses
from voltage drop will be less than
those calculated using Imp values.
Conversely, when conductors are
sized for voltage drop for long runs
rather than for ampacity, conductors will not heat up as much. They

Incremental Cost Per Watt
Example 1

Minimum wire

Upsized wire

Difference

Example 2

Minimum wire

Upsized wire

Difference

Peak PV power (kW)

50

50

—

Peak PV power (kW)

2

2

—

Vmp (V)

400

400

—

Vmp (V)

400

400

—

Imp (A)

125

125

—

Imp (A)

5

5

—

Conductor size

4/0

300-kcmil

—

Conductor size

12 AWG

8 AWG

—

Cost per foot*

$18

$25

$7

Cost per foot*

$4.16

$4.30

$0.14

Distance (ft.)

1,000

1,000

—

Distance (ft.)

1,000

1,000

—

Installed cost

$18,000

$25,000

$7,000

Installed cost

$4,160

$4,300

$140

Voltage drop

3.80%

2.68%

1.12%

Voltage drop

4.95%

1.95%

3.00%

Power lost (W)

1,900

1,340

560

Power lost (W)

99

36

60

Incremental cost per watt

—

—

$12.50

Incremental cost per watt

—

—

$2.33

* I n c l u d i n g co pper, co n du it and fittings, and lab or. U se y our own num be r s to se e wh e re you wou ld c om e ou t.

Tables 2 & 3 In Example 1, the incremental cost per watt to upsize the PV output-circuit conductors is greater than the nominal cost to install more PV generating capacity. However, in Example 2, upsizing the conductors provides the same benefit as
installing more PV generating capacity but at a lower cost per watt.

are oversized for the current they are
carrying, and voltage drop will be
reduced by more than the amount
calculated at the standard 75°C tables,

because of the reduced conductor
temperature. These facts make any
return on increased conductor size
investment slightly more complicated

than the simple calculation implies.
—Blake Gleason, PE /
Sun Light & Power / Berkeley, CA /
sunlightandpower.com
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Industry Currents

Advanced Energy Launches
Solaron 250 kW Inverter
Advanced Energy (AE) has added the Solaron 250 kW to its
line of transformerless, bipolar, high-efficiency grid-direct inverters. This latest
offering joins AE’s previously released 333 kW and 500 kW units. Weighing in at
2,175 pounds, the Solaron 250 kW is well suited for the rapidly growing commercial rooftop market. A CEC-weighted efficiency of 97.5% is projected. The
included Integrated Data System communications device collects a variety of
real-time data and allows remote unit configuration and monitoring.

[Fort Collins, CO]

Advanced Energy Industries / 800.446.9167 / aesolaron.com

SEIA Announces
Group Insurance
Program
[Washington, DC] In an effort to leverage

collective buying power, the Solar Energy
Industries Association (SEIA) appointed Kessler Advisors as its official insurance broker.
Kessler designed a focused and proprietary
insurance program that offers business
and employee coverage to those involved
in the manufacture, distribution and installation of solar products. The unique insurance package offers competitive premium
insurance rates to solar energy businesses
and minimizes related operating costs. SEIA
members are eligible for the program, which
includes general liability, workers’ compensation, group medical and dental coverage,
surety, property, professional liability and
motor vehicle liability coverage.
Solar Energy Industries Association / 202.682.0556 /
seia.org
Kessler Advisors / 310.309.2200 /
kessleradvisors.com
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SMA to Open US Manufacturing
Plant; Introduces SB 8000US
[Rocklin, CA] SMA Solar Technology selected Denver, Colorado, as
the site of its first international production facility. To meet growing
demand in the North American market, the plant will produce the
Sunny Boy, Sunny Central and Sunny Island product lines. SMA claims
the facility will be the largest inverter manufacturing plant in the US,
with annual production estimated at 1 GW initially and plans for future
expansion. Production is scheduled to begin mid 2010 and will create 300 jobs. In addition, SMA has released
its seventh and highest-power offering in its
US string inverter line, the SB 8000US. The
inverter has an MPP range of 300–480 Vdc,
a 10 kW max input, and a CEC-weighted
efficiency of 96%. Integrated into the
Sunny Tower, six SB 8000US units create
a 48 kW stand-alone building block for
larger projects. Slated for early Q1 2010
release, the SB 8000US is certified to UL
1741 and IEEE 1547, is CEC eligible and
comes with a standard 10-year warranty.
SMA Solar Technology / 916.625.0870 /
sma-america.com

National Semiconductor Acquires
Energy Recommerce
[Santa Clara, CA] To complement its SolarMagic line of power optimizers released in June 2008, National Semiconductor has purchased Energy
Recommerce Inc. (ERI), the San Francisco–based software developer of
the MYPVDATA management system. The pairing creates the potential for
bundling ERI’s data monitoring hardware and software with SolarMagic
power optimizing equipment—a sound move considering the monitoring
capabilities of some dc-to-dc power optimization equipment hitting the
market, such as products from Tigo and SolarEdge.
SolarMagic by National Semiconductor / 877.765.6244 / solarmagic.com

Belden Offers Family of
Solar Cables
[Richmond, IN] Belden announced a line of PV Cable
designed specifically for solar installations. Belden
Solar Cable is UL Type PV listed to UL 4703 standard
and is acceptable for use as interconnect wiring of
both grounded and ungrounded PV systems. The cable
employs USE-2, XLPE insulation and sunlight-resistant
black PVC jacketing. It has a maximum operating voltage rating of 600 Vdc and a temperature rating of -40°
to 90°C. Wire sizes from 8 to 18 AWG are available.
The cable comes in standard lengths of 1,000 and 5,000
feet per roll.
Belden / 800.235.3361 / belden.com

Heyco Introduces
Cordgrips
[Toms River, NJ] Heyco released two

cordgrips to ease the PV installation process
and keep weather out. The Liquid Tight
Snap-In “Solar Combiner Box” Cordgrip
allows for weather-resistant and cleanconductor entrance to a string combiner.
Each cordgrip can house multiple nonjacketed wires, and the click-in-place fit requires
no tools or locknuts for proper installation.
Designed for rooftop applications, the Solar
Masthead Cordgrip provides a weathertight seal for PV source-circuit conductors to
BOS components and includes NPT threads
that easily assemble into Schedule 40 fittings. Both cordgrips are constructed of
UV-resistant nylon with Thermoplastic Elastomer sealing glands.
Heyco / 732.286.1800 / heyco.com/solar
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Enphase Releases D380 TwinPack
[Petaluma, CA] Designed to reduce installation and BOS costs, and increase
the Enphase brand’s reach into the commercial-scale market, Enphase Energy
has announced its newest arrival: the D380 TwinPack microinverter. The D380
is composed of two Enphase 190 W inverters in a single enclosure, with a new
trunk-and-drop cable assembly that reduces BOS expenses and installation
time. The two-in-one design allows for an estimated 50% reduction in inverter
units and 33% fewer connections. The 12 AWG trunk cable allows for 20 A
branch circuits, resulting in more modules per branch circuit than in singlemicro counterparts. Although intended for the commercial market, the D380
is also appropriate for residential installations. Enphase expects the product to
be available Q1 2010.
Enphase Energy / 877.797.4743 / enphaseenergy.com

Suntech Announces First US
Manufacturing Plant
Suntech Power Holdings recently became the
first Chinese module manufacturer to announce plans for a US-based
manufacturing facility. At launch in Q3 2010, the plant, to be located
near Phoenix, Arizona, is expected to employ 75 full-time employees,
with the goal of doubling staff within a year as the North American
market continues to expand. Initial production throughput for the
facility is set at 30 MW. Suntech’s move to develop a manufacturing
base here in the US is another example of equipment manufacturers geographically positioning themselves for what may be explosive
growth in the US PV market over the coming years.

[San Francisco, CA]

Suntech Power / 866.866.6555 / suntech-power.com

SANYO Opens
Ingot and
Wafer Facility
in Salem, OR
[Salem, OR] SANYO announced its

newest manufacturing facility for
PV products, which is located in
Salem, Oregon. SANYO Solar of
Oregon has begun production of
silicon ingots and wafers, to be used
in the manufacture of SANYO’s HIT
module at its new Monterrey, Mexico,
facility. Full production of the Oregon
plant is expected to reach 70 MW by
Q2 2010.
SANYO Solar of Oregon / 408.557.4083 /
us.sanyo.com/solar

Industry Groups Collaborate to Develop SolarHub
Equipment Database
[Berkeley, CA; San Jose, CA; Ashland, OR] SolarNexus, SolarTech and

SolarPro magazine have partnered to develop SolarHub—a new equipment
reference database for solar professionals. Available for free online, the beta
version includes extensive product specification data for close to 1,000 PV
modules and more than 400 inverters. Users can browse and filter products
by a variety of attributes specific to each product type. Consistent specification formatting further facilitates comparisons. Additional features, such as
side-by-side comparisons and user-contributed comments, will be added
as the database is developed.
SolarHub / solarhub.com
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Over 1 MW of Solar Modules Sold
in the Fourth Quarter 2009
Industry Recognized and
Approved Solar PV
Training Programs
125+ Certified
Partners in
First 90
Days

ONTILITY Turns Solar ON
WWW
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efficient solar builds. ONTILITY’s comprehensive offerings add up to success for solar system installers.
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One Issue—Three Viewpoints

DC Arc-Fault Circuit Protection for PV Systems

A

rticle 690.11 is a new proposal for the
2011 National Electrical Code that
would require the use of listed dc arc-fault
circuit protection devices in grid-tied PV
systems, as well as in most stand-alone
PV systems. This raises many questions.
How does the dc arc-fault circuit protection requirement differ from existing GFDI
requirements for PV systems? Where is the
best place in the PV power circuit to locate
a dc arc-fault circuit protection device?
And, since this is a new category of equipment, what are the potential challenges to
the successful adoption and implementation of dc arc-fault circuit protection?

Arc-Fault Detection Could
Improve Safety
Marv Dargatz / Enphase
Energy / Petaluma, CA /
enphaseenergy.com
The proposed requirements for dc arcfault detection are necessary and prudent. Specific implementation details
of arc-fault detection and mitigation
are yet to be determined, however. The
reduction of arc-fault risk requires some
new thinking in terms of PV system
design practices.
The proposed change to the NEC
would require dc arc-fault detection
and mitigation for series arc faults in PV
systems with system voltages greater
than 80 Vdc. Notice that the requirement
applies to series arc faults only. There are
three basic types of arc faults, defined by
their placement and mode of operation in
the circuit: series, parallel and to ground.
A series arc occurs when a connection is pulled apart while the PV is
producing current. Any intermittent
connection in the dc circuit could produce a dc arc fault. These connections
may include soldered joints within
the module, compression type wire
24
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Article 690.11 Arc-Fault Circuit Protection (dc). PV systems with dc source and/
or output circuits on or penetrating a building operating at a PV system maximum
system voltage of 80 volts or greater shall be protected by a listed (dc) arc-fault circuit
interrupter, PV type, or other system components listed to provide equivalent protection. The PV arc-fault protection means shall comply with the following requirements:
(1) The system shall detect and interrupt arcing faults resulting from a failure in the
intended continuity of a conductor, connection, module, or other system component in the direct current PV source and output circuits.
(2) The system shall disable or disconnect one of the following:
a. Inverters or charge controllers connected to the fault circuit when the fault is
detected
b. The system components within the arcing circuit.
(3) The system shall require that the disabled or disconnected equipment be manually restarted.
(4) The system shall have an annunciator that must be manually disabled.

connections or the connectors that
are commonly used on the wire leads
attached to PV modules.
A parallel arc occurs when an insulation system suffers a breakdown. Two
conductors of opposite polarity in the
same dc circuit are often run in close
proximity to each other. The insulation
between the two wires can become
ineffective due to animals chewing on
them, UV breakdown, embrittlement,
cracking, moisture ingress and freezethaw cycles.
A fault to ground requires only the
failure of one insulation system. While
the GFDI provides some measure of
protection against this fault, there
have been cases of faults to ground that
failed to trip the GFDI device, yet created an arc.
Detection of the arc is the first
challenge. It is paramount that arcs are
reliably detected without raising false
alarms. Many different techniques can be
employed. Most of these techniques rely
on voltage, current, radiated energy or a
combination of these.
Taking appropriate action once the

arc has been detected is the second challenge. The correct action for series arcs is
the opposite of the action necessary for
parallel arcs. In fact, the corrective action
for a series arc can actually exacerbate a
parallel arc.
To extinguish a series dc arc, power
production must be ceased and current
flow in the dc circuit must be reduced to
a very low level. It is preferable to reduce
the dc current flow to zero to guarantee that the arc is extinguished. The PV
inverter can accomplish this by ceasing
to export power.
A parallel arc requires the opposite
action. The two dc conductors must
be shorted together to bring the array
voltage to zero. Once the voltage is near
zero, the arc extinguishes. The protective
device must be capable of carrying the
array short-circuit current indefinitely.
The existing dc GFDI requirements
for PV systems do little to prevent arc
faults. In fact, because the GFDI circuit,
by necessity, grounds one of the two dc
circuit conductors, it provides the first
fault of the two required faults to allow
an arc to occur. In c o n ti n u e d o n pag e 2 6
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Europe they learned this long ago. As a
result, dc systems must not be grounded
there. Instead, a scheme of leakage current detection ensures that no unintended faults to ground can exist.
We must take care not to create a
second problem in our haste to correct
the first. Just as the grounding of one
dc circuit conductor creates the first of
two faults necessary to present a shock
hazard, requiring series arc detection
and suppression may create a bigger
problem in the presence of parallel arc
faults. Further, in combination with
the GFDI and the dc circuit-grounding
requirement, dc arc-fault protection
may increase the hazard from a fault to
ground.

Inevitable Deterioration
Requires New Standard
John Wiles / Institute for
Energy and the Environment /
Las Cruces, NM /
iee.nmsu.edu
The NEC proposal requires a dc PV
arc-fault circuit interrupter (AFCI) that
will detect and extinguish series arcs,
the type of arc that is predicted to be the
most likely to occur as systems age. As
PV modules and PV systems age, they
deteriorate. Because PV modules are
inherently very reliable and require little
maintenance, this inevitable deterioration may go unnoticed.
Based on observations of older PV
systems and other electrical systems
in similar environments, the electrical deterioration will first be seen as
failures in electrical connections, either
in the balance of system wiring or in
circuits internal to the module, such as
the solder bonds to the cells. The severe
thermal cycling and outdoor environment that wiring and PV modules are
subjected to eventually cause a failure of
one of the connections in these circuits.
This break in a circuit results in a series
arc at that point.
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At the same current, dc arcs are
hotter than equivalent ac arcs; they are
therefore more difficult to extinguish.
Arcs have been established and maintained in PV wiring connectors, PV
wiring and in internal module circuits
at voltages as low as 15 V. With driving
voltages approaching 600 V, laboratory
experiments have produced spectacular
arcs that have melted module glass and
continued to burn through the module
for many minutes.
No real-world building fires have
been attributed to arcing from a deteriorated PV system. However, keep in
mind that nearly all of the systems prior
to about 1997 or 1998 when California
began the rebate program were off-grid,
low-voltage PV systems. Data on system
failures is therefore lacking.
Underwriters Laboratories (UL) has
established an ad hoc working group
to draft a standard for this new type of
device. The standard will include the
requirements to control both series and
parallel types of arcs. The new standard
will start with the basic requirements
found in the ac AFCI standard, UL
1999. It will be modified as necessary to
deal with the unique nature of dc arcs
and the current-limited nature of PV
modules and circuits. The standard will
establish a set of design and construction requirements for these devices,
but will not determine how the requirements will be met. The proposed NEC
requirement will necessitate only a
device that controls series arcs.
After the working group has finished the draft, it will be circulated to
the appropriate UL Standard Technical
Panel for further review, coordination
and refinement. Eventually the draft will
become a UL standard that manufacturers can use to develop equipment to
meet the proposed 2011 NEC requirement. If no equipment is available to
meet a particular NEC requirement, then
that requirement is not enforceable (see
NEC Article 90.4).
In any arcing situation, the arcing
current may be small or large—from less

than 1 amp in module circuits at low light
levels, to thousands of amps at the input
of a megawatt inverter under full power.
These arcs have electrical and possibly
radio frequency signatures that must be
characterized. The arc signatures must
be distinguished from nearby electrical noise from power lines, noise from
the switching circuits in the inverter
and noise from neon lights, power saws,
vacuum cleaners and other sources that
may come into the system through the
power lines. Nuisance tripping must be
thoroughly and completely addressed.
Lessons learned during the development
of the AFCI must be applied.
After a signature and detector are
developed, the implementation of the
arc current interruption system must be
attacked in concert with a decision on
the location of the device in the system.
In a series arc, removing the load on the
circuit will reduce the current in the arc
to zero. This could be accomplished by
opening the dc disconnect in the system
or by shutting down the utility-interactive
inverter. The detection device, once
defined and developed, could be built
into the utility-interactive inverter, with
the annunciator and shut-down mechanism included in one product.
Of course, the detection and isolation device could also be inserted into
the system at other locations, such as
the module junction box. Every location will have pros, cons and associated costs. The development work
will address all of these. Since the NEC
requirement and the UL standard will
leave implementation up to the developer, many solutions will be considered
and possibly several different solutions
will be fielded.
One consideration must be
addressed when the dc PV AFCI is
installed in the circuit at the module
level or in a combiner box: How does
the system operator know there has
been an arc fault and that the circuit
needs repair? The lost output from an
isolated string out of hundreds or
thousands may not c o n ti n u e d o n pag e 2 8
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be noticed. The annunciator function
will have to be carefully considered
and solutions for remote annunciation
developed. This requirement will be
included in the UL standard and in possible future editions of the Code.

New Standard Not Ready
for Prime Time
Richard Scott / KACO new
energy / San Francisco, CA /
kaco-newenergy.com
The proposed NEC Article 690.11 dc
arc-fault circuit protection requirement
is not ready to be put into the 2011
Code. The dc arc-fault protection device
performs a new function compared to
the existing GFDI requirement, which
is intended to detect short circuits
between hot conductors and ground.
The dc arc-fault requirements are
intended to catch intermittent or open
connections that would draw an arc
and potentially cause a fire. As of this
writing, no listed devices are available
to satisfy the requirement, and no UL
standard exists to list such a device. A
draft standard for dc arc-fault protection
devices is scheduled to be available from
UL shortly.
The hope is that once the draft standard is in place, someone will produce
a product that will fill the requirement.
This leaves about one year to design,
develop, fully test, certify, manufacture
and distribute the new device by 2011.
This is an aggressive goal for such a
critical device, one that must function reliably and effectively in systems
ranging from hundreds of watts to
multi-megawatts. With such a short
development time frame, this may not
be accomplished reliably.
Article 690.11(2)(b) states that the
dc AFCI must disable or disconnect the
“system components within the arcing
circuit.” This is very vague and could
be interpreted to mean that the device
must disable or disconnect any surge
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S

example, I remember
many inverter failures
related to a poor solder joint after a GFDI
circuit was patched
into the unit.
The short time
frame for implementation can also cause some manufacturers to apply solutions that are not fully
tested in the real world, which we all
know is completely different from the
lab. These devices might cause nuisance
tripping due to external influences
such as RFI, household appliance noise,
lightning in the area or any number of
other possible causes. After all, the dc
wiring makes a great antenna and can
pick up lots of noise from many sources.
As a result, manufacturers may make
the device so insensitive it does not trip
when a real fault occurs.
I have spoken to many installers,
integrators and others in the industry
regarding the requirement of dc arc-fault
protection. The possibility of having
another unreliable device in the system
is the issue that worries them most.
No one wants nuisance tripping or an
annunciator constantly going off. This
inconvenience could impede the growth
of the industry. While many people I
have spoken with admit that dc arc-fault
protection sounds sensible, they also
question how many real problems there
have been in the field.
For the dc arc-fault protection
requirements to be effective, for them to
have a smooth path to adoption, there
needs to be at least another year before
the requirements are put into place.
There are three reasons we need to wait
until after 2011. The first is to develop
off-the-shelf solutions that the industry
can implement in a reliable and effective
manner. The second is to allow time for
those solutions to be field-tested, which
is necessary to determine what realworld problems they will encounter. The
third is to develop training for installers
and service personnel to better handle
these new devices.

At the same current, dc arcs are hotter
than equivalent ac arcs; they are therefore
more difficult to extinguish.

suppressors, fuses or switches. Remember, many inspectors interpret the code
as written. If it says “components in the
arcing circuit,” they will look at everything in the dc path that could arc.
Article 690.11(4) states that the “system shall have an annunciator that must
be manually disabled.” This requirement
does not make sense. Once the protection trips the equipment, it is in a safe
condition according to 690.11(2). I have
to ask: If ac arc-fault protection devices
do not require an annunciator, then why
do dc arc-fault devices require one?
Taking the entire system into
account, most will agree the best location for a dc arc-fault protection device
is in a string combiner. The optimal
approach is to protect each individual
string. This allows scalability of the
system size, while protecting each
string as well as the downstream wiring. An arc-to-ground on an upstream
string between the PV string and the
combiner is still an issue. The only way
to fully protect the PV strings from
series and parallel arcs is to implement
a device that disconnects both the positive and the negative conductors from
the circuit, which would eliminate any
return paths.
History has shown, however, that it
is less expensive to integrate a protection device into the charge controller or
inverter than to place a separate device
into service to satisfy the requirements.
This puts the pressure on manufacturers to integrate dc arc-fault protection
into their products. This may lead many
manufacturers to implement patches
to the hardware and software in a very
short time frame, which can lead to
unstable products in a market where
reliability is already of great concern. For

Pitched-Roof
PV Mounting:
Design and Engineering Considerations

By Yun Lee
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A

s PV begins to garner more interest from
the public, it also draws more scrutiny
from building inspectors and fire officials.
The success of the PV industry depends on
the development of good design practices.
PV system designers must understand the
factors that limit usable roof area, design
an array for efficient use of materials and
ease of assembly, and evaluate the structural integrity of
the rack and building to ensure a safe and code-compliant
installation. Designers must also consider the aesthetics
of the array and the potential aesthetic tradeoffs, such as
decreased production due to thermal effects. Finally, designers must be familiar with various roof types and existing
solutions for successfully installing or integrating PV systems on pitched roofs.

production of a system mounted due west at a 12:12 tilt.
Local microclimates should be considered as well. If morning fog is a daily occurrence at the site, an east- or southeast-facing PV system will consistently underproduce over
its lifetime.
As a general rule, the system designer should avoid placing modules to the east or west of an object at a distance
equal to the object’s height. For northern latitudes, the distance away from an object to the north ranges from one to
three times the height of the object, depending on the latitude of the site. This distance can be determined by looking
up the solar elevation angle at the winter solstice on the sun
path chart for a particular location. You can use these distances to draw a shade ellipse, as shown in Diagram 2 (p. 32),
indicating areas to avoid that substantially affect system
production. Complex shading due to steep slopes and mul-

roof PV mounting design challenges to
cost-effective, long-lasting system.
From a PV system designer’s perspective, nothing is more
challenging than a steeply pitched roof with looming chimneys, pronounced dormers and clusters of vents. Factor in a
century-old roof structure and a high-end custom roof job, and you are looking at one challenging design project. But with a systematic
70º
approach, these challenges can be overcome.

tiple hip roof planes should be verified with a shade analysis tool. The tilt and orientation of pitched roof planes will
significantly affect the shape of this ellipse and ultimately
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SOLAR ELEVATION

In an ideal world, the size of the PV system
would be limited only by the client’s enthusiasm and budget. In reality, the amount of
usable space is determined by a variety of
factors, including shade, obstacles and setback requirements.
Shade. PV array shading depends on time
of day, season and latitude. This information is
conveniently displayed in a sun path chart, as
shown in Diagram 1. The University of Oregon
Solar Radiation Monitoring Laboratory has
developed a useful program to generate a sun
path chart based on location. (See Resources.)
PV system designers are mostly concerned
with shading during peak production hours,
which fall between 10am and 2pm throughout the year. Morning shade at 10am, however,
will have only a slight affect on the overall
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0º
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Diagram 1 A sun path chart for Portland, OR, was created using the
University of Oregon’s sun path chart program.
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Morning
shade

Afternoon
shade

C ou r te sy su n ligh ta n dpo w e r. c o m ( 2 )

Object with
height = H

H

H

Diagram 3 The shade
ellipse for a southwest-facing
pitched roof is more complex
than in Diagram 2 and may
require a shade analysis tool
to accurately model.

225° azimuth

180° azimuth
North
North
Diagram 2 This shows a typical shade ellipse for a southfacing flat roof.

determine what is considered usable area, as shown in Diagram 3. (For more information, see “Solar Site Evaluation,”
December/January 2009, SolarPro magazine.)
Obstacles. While larger obstacles such as skylights must
be avoided altogether, static and plumbing vents typically
pose no problem for a PV system on a standoff racking system. Static vents, also known as eyebrow vents, are generally close enough to the roof for modules to span over them
without an issue. Avoid installing modules over active ventilators, as these require wind to spin the turbine and draw air
out of the attic space.
As required by the Uniform Plumbing Code, each vent
pipe or stack must terminate at least 6 inches above the roof.
In locations with a minimum design temperature below 0°F,
where frost or snow closure is likely to occur, the vent must
terminate at least 10 inches above the roof. Check with the
local AHJ, as some jurisdictions in snow locations require a
certain height above the average snowfall depth. In theory,
modules can be placed over these types of vents as long as
there are a few inches between the back of the module and
the top of the vent, but some jurisdictions may not allow
such an installation. Heat-producing appliance vents, however, require higher ventilation rates to operate safely and
thus should not be covered by PV modules. In addition, the
hot gases from the vent may damage the module backsheet
over time.
Setbacks. Roof setback requirements for PV systems
vary, depending on the AHJ and the fire department
involved. If a section of roof faces the street, for example,
many jurisdictions require a setback from the eave and the
ridge. These setbacks provide an obvious and unobstructed
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path for firefighters to access and vent a roof in the case
of fire. With input from fire officials, building officials and
PV industry representatives, the California Department
of Forestry and the Fire Protection Office of the State Fire
Marshal have developed the Solar Photovoltaic Installation
Guideline, which outlines setbacks for various situations.
(See Resources.) It is also common for a jurisdiction to
limit the size of a continuous array. Always check with the
local AHJ for its guidelines before maximizing any roof area
with modules.
Even if the AHJ does not require setbacks, they are still
part of a good design. Setbacks provide adequate room for
safe installation, troubleshooting and maintenance, including the removal and replacement of modules. Limiting a
continuous array to 50 feet in length and providing at least
one 3-foot aisle from eave to ridge is recommended. At the
very minimum, the array should allow for a minimum setback distance from the eave for water runoff, as shown in
Diagram 4. Refer to Table 1 for the proper setback distance
at a given roof slope and array height.
The setback should be increased even farther for snowy
regions. Namaste Solar Co-Owner and PV System Designer
Jonathan Ernst is expert in dealing with the negative affects
of snow on PV installations in the vicinity of Boulder and
Denver, Colorado.
“Because the glass surface of the modules is so smooth
and heats up rather quickly when exposed to the sun,”
Ernst explains, “large sheets of snow can give way all at
once from an array. The top surface of an array usually sits
off of the roof a good 6 inches. Under the right conditions,
those chunks of snow can completely clear a gutter. Leaving some open roof space, or including a snow guard below
an array, can help prevent this shedding snow from becoming a safety hazard. This is a good example of designing systems for real-world conditions, trading increased safety for
decreased PV production.”

Co ur te sy sunl i g hta ndpo w e r. c o m

PV module

Roof Slope

Precipitation

Post mount
H

A
Gutter

X

Diagram 4 Use this diagram along with the data in Table 1 to
determine the proper PV array setback distance (X) for a given
roof slope (A) and array height (H).

DETERMINING ARRAY LAYOUT

The array layout is often one of the most contentious issues
during the design phase. For example, the architect may
want the array centered on the roof; the client may not want
to see the array from the deck; the sales team may want to
increase production by tilting up a row of modules on the
north-facing section of the roof. It is a challenge for even the
Chalk it up For best results, snap horizontal chalk lines to
guide the placement of standoffs and rail, as Thayer Hirsch of
Lighthouse Solar is doing at this Boulder, CO, residence.
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Minimum Setback Distance
Array Height (in)
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11:12

6

8

11
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17

12:12

6

9
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Table 1 This data shows the minimum setback in inches required
for different roof slopes and array heights, as illustrated in
Diagram 4.

most seasoned PV system designer to appease all the stakeholders, while adhering to good design practices. In the end,
however, it is the designer’s responsibility to devise a costeffective, efficient and aesthetically pleasing PV system that
all stakeholders can take pride in.
Module and rail orientation. In terms of the most efficient
use of materials, Diagram 5 (p. 34) illustrates what is often
the ideal module orientation. For typical sloped roofs, where
the rafters run parallel to the slope, modules are generally
best mounted in portrait orientation. This layout minimizes
the length of rail and allows for proper alignment. Diagram
6 (p. 34) shows the same number of modules mounted in
landscape orientation. This configuration requires twice as
many roof attachments and virtually twice the length of rail.
Additionally, some module manufacturers do not allow this
configuration because it stresses the module frame past its
allowable limits.
Diagram 7 (p. 34) shows a similar array layout in landscape
orientation, but with the rails running parallel to the rafters. Module manufacturers recommend, and in some cases
require, attaching the module to the rail at or near the bottom mounting holes provided to ensure that the load is evenly
distributed to the frame. Unfortunately, the relationship of
the distance between rafters and the module length may not
facilitate this. As shown in Diagram 7, this configuration may
lead to asymmetrical loading, with some modules supported
near the end and others in the middle of the frame. Furthermore, older rafters tend to bow over time, causing alignment
problems for the rails mounted directly above them.
solarprofessional.com | S o l a r P r o
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If a landscape layout is required to maximize the number of modules on a roof, a strut sublayer can allow the
proper alignment of rails to module frames. As shown in
Diagram 8, this technique allows for proper rail spacing
relative to the module frame, while increasing the array
size from 14 to 21 modules. It is important, for course, to
consider the additional material and labor required for this
type of configuration.
On larger sloped roofs, it is not uncommon to find large
beams running down from the ridge with smaller members
running between them, as shown in Diagram 9. In these
instances, the PV modules should be mounted in landscape
orientation, parallel to the smaller structural members, to
conserve rail and posts. As in Diagram 5, the most efficient

and cost-effective rail orientation is perpendicular to those
structural members.
Locating attachments. If you desire a step-by-step process
for locating rafters or need sealant and flashing recommendations, refer to “Pitched Roof Racking,” October/November
2008, SolarPro magazine.
In terms of the structural integrity of any pitched-roof
attachment, however, some additional points are important
to address here. When locating rafters to attach post mounts
or other structural attachments, be wary of false rafter tails
and rafters in the eaves of the roof. False rafter tails are often
used for decorative purposes and provide no structural support. Occasionally ornamental rafter tails even have a different size and spacing than the actual rafters. Similarly, avoid

37'-5"

Diagram 5 In a
typical pitchedroof application, mounting
PV modules in
portrait orientation
results in the most
efficient use of
materials.

Diagram 6
Mounting PV
modules in landscape orientation
may double the
number of posts
and the rail length
required.

PV modules
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Rail
Post mount
Rafters
Number of modules = 14
Number of posts = 20
Feet of rail = 75

36'-2"

PV modules
Rail

5'-4"

Post mount
Rafters
Number of modules = 14
Number of posts = 40
Feet of rail = 145
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Number of modules = 14
Number of posts = 28
Feet of rail = 75

Co u r t e s y s u n l i gh t an d p o w er. c om ( 3 )

Diagram 7 With
rails parallel to
the rafters and
the modules in
landscape orientation, supporting
module frames as
recommended by
the manufacturer
is difficult.

Diagram 9 This
module and rail
configuration is
recommended
for roofs where
closely spaced
support members
run horizontally.

acceptable ranges. Any gain in production is quickly negated by the
increased costs to design, build and
permit a tilt-up racking structure.
Furthermore, these systems are an
eyesore to neighbors and the community. System designers often
become too focused on maximizing
the efficiency of the array and tend
to ignore the equally important aesthetic considerations.
Thermal considerations. Flush-mounted PV arrays are often
subject to high temperature gains due to the close proximity to
the roof. The client or architect may request that the array be
mounted as close to the roof as possible for aesthetic reasons.
However, the lack of airflow under the modules will increase
cell temperatures, significantly decreasing power production.
According to Photovoltaics Systems, the National Joint
Apprenticeship Training Council (NJATC) textbook by Jim
Dunlop, the temperature rise coefficient for the back surface
of a module that is exposed to wind can range from 27° to
36'-2"

PV modules

Post mount

8'

Rail
Rafters
Strut

Number of modules = 21
Number of posts = 20
Feet of rail = 112
Feet of strut = 72

36'-2"

PV modules
5'-4"

Post mount

Rail
Joists

Glulam
Number of modules = 14
Number of posts = 28
Feet of rail = 75
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Diagram 8 Using a
strut sublayer solves
the rail spacing
challenge shown
in Diagram 7. The
additional time
and materials may
be justified if this
is the only way to
maximize the PV
array capacity.

Tried and true Sounding with his
hammer, Lighthouse Solar’s Justin
Reese marks the center of each
rafter with a lumber crayon.
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attaching mounts to rafters in
wide eaves, as these are supported only by the ridge beam
and by structural supports
cantilevered from the loadbearing wall.
Multiple roof pitches. Many
sloped-roof PV systems need
to be installed on multiple
roof planes at different azimuths in order to meet the
client’s power goals. When
splitting an array across multiple roof planes, keep in mind
the string size requirements of the inverter. Unless the PV
system design incorporates microinverters or module maximizers, the best practice is to orient all of the modules in a
single series string at the same tilt and azimuth. Similarly,
it is best to have different string orientations dedicated to
separate MPPT inputs, either using separate inverters or a
multistring inverter.
Optimal orientation. In general, PV system designers should
avoid the temptation to tilt modules off a pitched-roof slope
to optimize solar irradiance. The decrease in production due
to the deviation from ideal tilt and azimuth is often within

36°F/kW/m2. Where the modules are mounted close to or
directly on the roof surface, temperature rise coefficients
can be as high as 45° to 54°F/kW/m2. Installation guidelines
published by the Sandia National Laboratories recommend
installing PV modules at least 3 inches above the roof surface to allow for sufficient airflow underneath the modules.
(See Resources.) In addition, modules mounted close to the
roof will generate additional thermal loads that can affect
the overall heating and cooling loads of the building.
High temperature gains on the roof also affect the
amount of thermal expansion in the rail. In fact, the cyclical loading of a long and rigid section of rail can compromise the waterproofing of the post mounts over time.
Aluminum, which is a common racking material, expands
approximately 1 inch over a 60-foot length when exposed
to a 100°F difference in temperature. Generally, rigid
lengths of rail should be limited to 50 feet or less by limiting the array size or by creating expansion joints to prevent
buckling. Modules should not straddle expansion joints,
because this translates expansion and contraction forces
to the module frame. For specific instructions on dealing
with thermal expansion for a particular racking system,
refer to the manufacturer’s guidelines.

STRUCTURAL CONSIDERATIONS

The PV system designer must consider the total design
loads on an array to properly specify the post spacing and
attachment detail. The point loading on the roof structure
also must be analyzed. Most reputable racking manufacturers will provide the designer with guidelines regarding the
maximum allowable span of the rail for standard uses. The
system designer need only identify the attachment detail to
ensure that the PV array is firmly fixed to the building roof
structure and is able to withstand the maximum uplift loads.
Unconventional applications of the manufacturer’s racking
components should be carefully evaluated to ensure structural integrity of the racking system.
The PV system designer must also ensure that the design
loads that the PV array applies to the roof structure do not
exceed the capabilities of the structural members. For new
buildings or major retrofits, the system designer should work
with the structural engineer of record for the project to incorporate the additional loads into the structural design of the
roof. Design load calculations are based off of the methodologies described in the American Society of Civil Engineers
(ASCE) ASCE/SEI Standard 7-05: Minimum Design Loads for
Buildings and Other Structures. For a typical PV installation,
wind loads dominate the total design loads in most locations. Depending on the region, snow and earthquake loads
also affect the overall design loads, but the methodologies for
calculating these loads are outside the scope of this article.
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Load capacity After attachment spacing is determined, the
integrator must specify attachment hardware that meets the
total design load.

Consult with a structural engineer or refer to ASCE/SEI 7-05
chapters 7 and 11 for more information.
Calculating Wind Load
PV system designers should be familiar with the methodology
to calculate wind load. This is required when it is necessary
to evaluate the loads on the array or the structural members
of a building. Wind load or wind pressure acts normal to the
roof, meaning perpendicular to the surface. Positive pressures
acting toward the surface are known as downforces. Negative
pressures acting away from the surface are called uplift. These
loads will determine the post spacing and the minimum pullout capacity required per structural attachment.
This calculation is unnecessary for a typical residential
PV system mounted on a sloped roof with standard racking
materials. In these situations, the racking system and building structure can easily handle the wind loads imposed. For
particularly windy regions, tall buildings or nonstandard
roof framing, however, the system designer should perform
these calculations to ensure the structural integrity of the system. The method for specifically determining the wind load
of PV structures on buildings does not yet exist and is therefore subject to interpretation. The Solar America Board for
Codes and Standards (Solar ABCs) is currently developing
a recommendation for calculating wind c o n t i n u e d o n p a g e 3 8

Less Rack, More Solar

PATENTED

Zep Solar auto-grounding drop-in mounting
systems require no rails and offer a faster,
safer, and less expensive way to install
solar. Help your customers bring more
solar into the world.
Lose the rail, make the sale.
Learn more at our website:
www.zepsolar.com
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loads on flush mount and tilt-up PV arrays. Check the Solar
ABCs Web site for additional information. (See Resources.)
Until a recommendation is finalized and adopted, PV
system designers should use the simplified approach for
components and cladding outlined in Chapter 6 of ASCE/SEI
7-05. This method can be used if the building is less than 60
feet tall and has a flat roof, a gable roof with a roof slope less
than or equal to 45°, or a hip roof with a roof slope less than
or equal to 27°. Furthermore, the building must have no large
openings in the walls, have no unusual geometry and must
not be flexible. This describes most residential and commercial sloped roofs. Consult with a structural engineer if the
building does not meet all of these requirements.
A few concepts must be introduced to understand the
methodology for determining wind load, including building characteristics like the roof zone and importance factor, as well as regional factors such as wind speed, exposure
category and topography. Each of these will affect the total
design wind pressure.
Roof zone. This building characteristic qualifies increased
wind speeds, particularly at building edges. As shown in Diagram 10, which is based on Figure 6-3 of ASCE/SEI 7-05, every
roof plane can be separated into interior (Zone 1), edge
(Zone 2) or corner (Zone 3) roof zones. The area in each
roof zone is determined by calculating the width of the
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h
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a

h
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a
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Gable roof (Ѳ < 7°)
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a
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End roof zones
Zone 2

a
Corner roof zones
Zone 3

W it h p e r mi s s i o n f rom a s ce . o r g

Diagram 10 As
described in
Chapter 6 of
ASCE/SEI 7-05,
the width of the
pressure coefficient zone,
dimension a,
determines the
three roof zones:
interior (Zone 1),
edge (Zone 2) and
corner (Zone 3).

pressure coefficient zone, which is dimension a in Diagram
10. This dimension is the smaller value of 10% of the leasthorizontal dimension (in feet) or 40% of the mean roof
height—the average of the eave height and the peak height—
but it must be at least 3 feet or 4% of the least-horizontal
dimension. The width of pressure coefficient zones, a, for
a combination of mean roof heights and least-horizontal
dimensions are shown in Table 2.
Importance factor. This is a quantification of the degree of
hazard to human life and property should the building fail.
This factor depends on the occupancy category of the building and is represented in calculations by I. Occupancy categories range from Category I, structures such as storage facilities
that represent a low risk to human life, to Category IV, structures such as hospitals that are essential in the event of an
emergency. According to Tables 1-1 and 6-1 of ASCE/SEI 7-05,
the building importance factor, I, is equal to: 0.87 for a Category I building, 1.0 for Category II, and 1.15 for Categories III
and IV. Most PV applications fall under Category II or III.
Wind speed. The wind speed for a particular region is based
on nominal design 3-second gust wind speeds, which are given
in miles per hour. As shown in Figure 6-1 of ASCE/SEI 7-05,
reprinted here as Diagram 11 (p. 40), wind speed is read off of
a map. Values can be interpolated for regions between contour lines. Higher wind speed results in increased wind load.

Width of Pressure Coefficient Zone
Mean Roof
Height (ft.)
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Table 2 This table shows calculated values for dimension a in Diagram 10 for a combination of mean roof heights and leasthorizontal dimensions.
Exposure category. This category is a qualification of the
surface roughness in the building’s region. As described in
sections 6.5.6.2 and 6.5.6.3 of ASCE/SEI 7-05, dense urban and
suburban areas are typically classified as Exposure Category
B; open terrain with occasional obstructions is classified as
Exposure Category C; and flat unobstructed areas are classified as Category D. The wind load will increase as surface
roughness decreases. If the exposure category is ambiguous,
stay conservative or ask the local AHJ for the exposure category of a particular location.
Topography. The wind load is also affected by topography.
If the building is located on a hill or escarpment, the local
wind speeds may be greater than the design wind speeds
determined from Diagram 11. The effect of this is described
in Section 6.5.7 of ASCE/SEI 7-05.

Example Wind Load Calculation
The building under consideration is a four-story, multifamily,
residential housing facility that is 60 feet long, 30 feet wide and
has a mean roof height of 50 feet. Wind loads need to be calculated for this installation. The PV system will be mounted
on a gable roof with a slope of 18° (4:12 pitch). The local AHJ
has determined that the regional wind speed is 100 mph with
Exposure Category C and that topographic effects can be
ignored. The PV system designer would like to design the post
spacing for the array at 6 feet on center, in order to minimize
the number of posts. Is this post spacing acceptable? What
size lags should be used to withstand the calculated pullout?
Net design wind pressure. According to Section 6.4.2.2 of
ASCE/SEI 7-05, the net design wind pressure, Pnet, on the PV
array is determined from Equation (1):

	Pnet = λ x Kzt x I x Pnet30 		

(1)

where λ equals the adjustment factor for mean roof height
and exposure category; Kzt equals the topographical factor
evaluated at the mean roof height; I equals the importance
factor; and Pnet30 equals the simplified design wind pressure for Exposure Category B at a height of 30 feet and an
importance factor (I) of 1.0.
The adjustment factor for mean roof height and importance factor is applied because the assumptions embedded in the simplified design wind pressure, Pnet30, do not
all match those of the building in the example. In this case,
the additional mean roof height—50 feet, not 30 feet—needs
to be considered, as does the Exposure Category C, which
has less surface roughness than Exposure Category B. As
described in a table embedded in Figure 6-2 of ASCE/SEI
7-05, which is reprinted here as Table 3 (p. 40), λ equals 1.56
in this example. The topographical factor, Kzt, depends on
the topography near the building site; in this example, Kzt is
equal to 1.0 because the AHJ has stated that topographical
effects can be ignored. As described in tables 1-1 and 6-1 of
ASCE/SEI 7-05, this is a Category II building type.
The simplified design wind pressure, Pnet30, depends on
the following variables: roof slope, wind speed, roof zone and
effective wind area. It is determined by looking up the value in
the table that accompanies Figure 6-3 of ASCE/SEI 7-05. (This
two-and-a-half page table is available as exclusive Web content
in the online version of this article at solarprofessional.com.)
The roof slope is 18° and regional wind speed is 100 mph.
Roof zone areas are determined by calculating the width
of the pressure coefficient zone, dimension a in Diagram 10.
solarprofessional.com | S o l a r P r o
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Diagram 11 The wind
speed map used to
determine design-towind speeds in the US
is found in Figure 6-1
of the ASCE/SEI 7-05.
Consult the AHJ for
locations in special
wind regions.

90 (40)
100 (45)
85 (36)

110 (49)
90 (40)

120 (54)

130 (58)
140 (63)

120 (54)
110 (49)
100 (45)
90 (40)

130 (58)

140 (63)
90 (40)

130 (58)

120 (54)

130 (58)

Exposure Category
C

D

15

1.00

1.21

1.47

20

1.00

1.29

1.55

25

1.00

1.35

1.61

30

1.00

1.40

1.66

35

1.05

1.45

1.70

40

1.09

1.49

1.74

45

1.12

1.53

1.78

50

1.16

1.56

1.81

55

1.19

1.59

1.84

60

1.22

1.62

1.87

W it h p e r mi s s io n f rom a s ec . o r g ( 2)

B

Table 3 This table, embedded in Figure 6-2 of ASCE/SEI
7-05, provides the adjustment factor, λ, for mean roof height
and exposure category.
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Vmph
105
145
170
145
125

(m/s)
(47)
(65)
(76)
(65)
(56)

Notes:
1. Values are nominal design 3-second gust wind speeds in miles per hour (m/s)
at 33 ft (10 m) above ground for Exposure C category.
2. Linear interpolation between wind contours is permitted.
3. Islands and coastal areas outside the last contour shall use the last wind speed
contour of the coastal area.
4. Mountainous terrain, gorges, ocean promontories, and special wind regions
shall be examined for unusual wind conditions.

Adjustment Factor for Mean Roof Height
and Exposure Category
Mean
Roof Height (ft.)

150 (67)

Special wind region
Location
Hawaii
Puerto Rico
Guam
Virgin Islands
American Samoa

100 (45)
110 (49)

130 (58)

130 (58)
140 (63)

130 (58)

100 (45)
110 (49) 120 (54)
90 (40)

140 (63)
150 (67)

In this case, 10% of the least-horizontal dimension, 30 feet,
is 3 feet, which is smaller than 40% of the height (0.4 x 50
ft. = 20 ft.). Given a 50-foot mean roof height and a 30-foot
least-horizontal dimension, Table 2 (p. 39) confirms that
dimension a in this example is 3 feet. This 3-foot wide pressure coefficient zone is illustrated in Diagram 12 (p. 42). As
shown, there are post mounts located in all three of the roof
zones: interior (Zone 1), edge (Zone 2) and corner (Zone 3).
The effective wind area, A, is the area for which the wind
load will be applied. Wind load increases as the effective wind
area decreases to account for localized pressure fluctuations.
As the effective wind area increases, the averaged pressure
fluctuations decrease. For the purposes of calculating wind
load on a PV array, the effective wind area is the minimum
continuous area of the array. Effective wind area, A, in our
example is calculated in Equation (2) as follows:
	A = 58’-9” x 10’-4” = 607 ft2		

(2)

At this point, we now have all of the information required
to use the table embedded in Figure 6-3 of ASCE/SEI 7-05.
Before referring to the table, two things c o n t i n u e d o n p a g e 4 2
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60'
58'-9"
Edge zone

Interior
zone

10'-4"

15'

a = 3'

a = 3'

Corner zone

Pressure coefficient zone = 3'
(27) posts in interior zone (Zone 1)
(15) posts in edge zone (Zone 2)
(2) posts in corner zone (Zone 3)

are worth noting. First, if the effective wind area is in
between the values given in the table, the values for the net
design wind pressure can be interpolated. Second, for areas
greater than 100 square feet, as with our example, use the
values given for 100 square feet in the table. With this in
mind, the Pnet30 values for this example are described in
Table 4.
With the Pnet30 values in hand, it is now possible to
calculate the net design wind pressure, Pnet, for each roof
zone. Again, this is accomplished using Equation (1). In
this example, topography and importance factor do not
increase the net design wind pressure over the simplified
Pnet30 value, but the adjustment factor does. Because Pnet
in this example is equal to 1.56 x 1.0 x 1.0 x Pnet30, the calculated values for Pnet are 1.56 times the Pnet30 values.
The net design wind pressure values for our example are
displayed in Table 5.
One final note: If the calculated design pressure is less
than 10 pounds per square foot (psf), use +10 psf for downforce and -10 psf for uplift.

combinations of loads, such as dead load, snow load and
wind load. Of the eight equations given, the following four
apply to a PV array mounted on a sloped roof:
	P = D + S			
	P = D + W			
	P = D + 0.75W + 0.75S		
	P = 0.6D + W			

(3)
(4)
(5)
(6)

Calculating Total Design Loads
Once the wind loads have been determined, the total
design loads on the PV array can be calculated using the
method described in ASCE/SEI 7-05 Chapter 2, which covers

In these equations, P is the total design load in pounds
per square foot; D is the dead load of the array; S is the snow
load; and W is the wind load, as calculated previously. Equations (3)–(5) are used to determine the amount of downforce on the array; the equation that produces the maximum
design load should be used. Equation (6) is used to determine the amount of uplift.
The dead load of an array is largely dominated by the
dead load of the modules. Most modules have a dead load of
approximately 2.5–3.0 psf. Typical racking systems made from
lightweight aluminum contribute a dead load of no more than
0.5–1.0 psf. Custom racking solutions with heavy members or
additional sublayers should be calculated separately to determine the dead load. For PV systems mounted parallel to a
sloped roof using standard components, the total dead load is
typically less than 4.0 psf. c o n t i n u e d o n p a g e 4 4

Pnet30 by Roof Zone (psf)

Pnet by Roof Zone (psf)

Downforce
Uplift

Zone 1
Interior

Zone 2
Edge

Zone 3
Corner

7.3

7.3

7.3

–14.9

–21

–33.2

Table 4 Simplified design wind pressures, in pounds
per square foot, as determined by the table embedded in Figure 6.3 of ASCE/SEI 7-05.
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Zone 1
Interior

Zone 2
Edge

Zone 3
Corner

Downforce

11.4

11.4

11.4

Uplift

–23.2

–32.8

–51.8

Table 5 Net design wind pressure values are determined using Equation (1): Pnet = λ x Kzt x I x Pnet30.

Co ur te sy sunl i g hta ndpo w e r. c o m

Diagram 12 The
width of the pressure
coefficient zone is
3 feet in this example. Due to the array
capacity and placement, modules and
posts extend into
all three roof zones.
Zone 3 has the highest design loads.

Pitched-Roof PV Mounting

Zone 1
Interior

Zone 2
Edge

Zone 3
Corner

Equation (3):
P=D+S

4

4

4

Equation( 4):
P=D+W

15.4

15.4

15.4

Equation( 5):
P = D + 0.75W + 0.75S

12.6

12.6

12.6

Equation (6):
P = 0.6D + W

–20.8

–30.4

–49.4

Table 6 Total design load takes into account snow (S), dead
(D) and wind (W) loads. For design purposes, downforce
is determined by the largest calculated value for equations
(3)–(5), while uplift is determined by Equation (6).
Example calculation. In our example, the AHJ has determined that there are no snow loads for this region. In addition,
the array dead load is 4.0 psf. Using the values for wind load
already calculated, you can determine the total design loads
from equations (3)–(6). The results are presented in Table 6.
The maximum downforce design load is 15.4 psf and the
maximum uplift design load is –49.4 psf. These values can
now be used to calculate the maximum allowable post spacing and maximum downforce and uplift per post mount.

Post Spacing and Point Loads
PV system designers should strive to reduce the number of
post mounts to decrease the cost of materials and labor, as
well as minimize the risk for leaking, since each penetration
represents a potential water entry point. However, a reduction in the number of posts in an array will increase the tributary area of each post, resulting in higher loads on the rail
and roof structure.
The tributary area is defined as the area of the array supported by a single structural attachment. As shown in Diagram
13, an interior post mount has a larger tributary area than a
post mount on the perimeter. For this example, the tributary
Diagram 13 The tributary
area is the area supported
by a single structural
attachment. This diagram
shows the relative tributary
areas for the interior and
exterior post mounts in our
example.

1'-8" cantilever

4'-8"

area of a post mount in Zone 1 is 15.5 square feet (6′ x 2′-7″ =
15.5 ft2). The tributary area of a post mount in the zones 2 and
3 is 12.1 square feet (4′-8″ x 2′-7″ = 12.1 ft2).
Maximum post spacing is limited by the allowable span
and cantilever of the rail, as well as by the capacity of the
structural members. PV rack manufacturers often publish
the maximum allowable span and cantilever of the rail for
a total design load of 50 psf (the maximum design load on
modules per IEC 61215 standards). If the maximum design
load is less than 50 psf or if there are no published guidelines,
then the allowable span and cantilever of the rail can be calculated. The method for calculating the maximum stress on
a rail, however, is outside the scope of this article.
After you have determined the desired post spacing, you
can calculate the downforce and uplift per post by multiplying the total design load by the tributary area. Multiplying
the tributary values found in Diagram 13 by the maximum
downforce and uplift design loads yields the point load per
post values shown in Table 7.
Specifying lag size. On any roof, the lag size must be specified to resist the maximum uplift generated per post. The
withdrawal capacities for lag bolts depend on the diameter of
the lag, the length of embedment in the wood and the wood’s
specific gravity. According to equation 11.2-1 in the 2005 edition of the American Wood Council’s National Design Specification for Wood Construction (NDS), the allowable pull-out
(withdrawal) capacity for a lag bolt can be determined from
Equation (7):
p = 1,800 x D3/4 x G3/2			

where p is the allowable pull-out capacity; D is the shank
diameter of the lag screw or bolt; and G is the specific gravity
of the wood. The values determined using this equation have
a built in safety factor of 1.6.
Withdrawal capacities and specific gravity for types of
wood typically used in structural framing are also provided in
the NDS. The amount of embedment is defined as the length of
the threaded section engaged in the structural member, excluding the tip. This means that the actual lag length will depend on

6'

2'-7"

2'-7"
6' span

Post mount
PV modules

Tributary area of center post = 6' x 2'-7" = 15.5 ft2
Tributary area of edge post = 4'-8" x 2'-7" = 12.1 ft2
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(7)

Co u r t e s y s u n l i gh t an d p o w er. c om

Total Design Load (psf)

Point Load per Post
Zone 1
Interior

Zone 2
Edge

Zone 3
Corner

Tributary Area (ft2)

15.5

12.1

12.1

Downforce per Post (lbs.)

238.7

186.3

186.3

Uplift per Post (lbs.)

–322.4

-367.8

-597.7

Co u r t e s y u n i r a c. co m ; d a t a c ou r t es y A me r i can F ores t & P a pe r A ssoc ia tion , Wa sh in gton , D .C .

the thickness of the washer, post mount base, roofing material,
sheathing and the embedment requirements. Note that if the
post mount allows, multiple lags may be used in cases where
additional embedment is necessary or desirable.
For this example, assume that the rafters are made from
Douglas Fir (Larch), which has a specific gravity, G, of 0.5
according to Table 8, which is based on Tables 11.2A and
11.3.2A of the NDS. The worst-case uplift from Table 7 is in
Zone 3, where the uplift per post is –597.7 pounds. This is the

a lpin e c re a tive . c o m

Table 7 Roof zone, tributary area and total design loads
determine the total point load per post. In this case, uplift in
Zone 3 will drive lag selection.

Waterproofing Flashed attachments that integrate with the
roofing system, like these Flat Jack Roof Mounts from Thomson Technology Industries, should meet or exceed construction industry codes and standards.

Lag Pull-Out Capacities in Typical Roof Lumber
Specific
Gravity

5/16" Lag Screw
Capacity
(lbs./in. of thread)

3/8" Lag Screw
Capacity
(lbs./in. of thread)

Douglas Fir (Larch)

0.50

266

305

Douglas Fir (South)

0.46

235

269

Engelmann Spruce,
Lodgepole Pine
(MSR 1650 f or higher)

0.46

235

269

Hem, Fir

0.43

212

243

Hem, Fir (North)

0.46

235

269

Southern Pine

0.55

307

352

Spruce, Pine, Fir

0.42

205

235

0.50

266

305

Species and Grade
of Wood

Spruce, Pine Fir
(E > 2 million psi and higher
grades of MSR and MEL)

Table 8 Specific gravity and lag screw capacities for wood used in
typical structural framing are described extensively in Tables 11.2A and
11.3.2.A of the NDS. The abbreviated table shown here is published in
the Unirac SolarMount installation manual.

maximum uplift that the lag must resist. According to Table 8, a 5/16-inch lag bolt in Douglas Fir
(Larch) has a design capacity of 266 pounds per
inch of embedment. Dividing the maximum uplift
pounds per post by the lag screw capacity per inch
of thread results in the minimum lag embedment
length (L_min), as shown in Equation (8):
L_min = 597.7 lbs. ÷ 266 lbs./in. of
embedment = 2.25 in. 		
(8)

Since this is the minimum acceptable embedment, using a single 5/16-inch lag bolt per post
mount with 2.25 inches or more of embedment
meets the uplift in Zone 3 in our example.
Roof capacities. Modern structures are built with
factors of safety large enough to account for the
relatively small loads imposed by a PV array. For
older buildings or those built with nonstandard
construction practices, however, the structural
members should be evaluated to ensure structural
integrity. The methodology for calculating bending
stress due to the point loads in combination with
the existing dead loads on the structural members
is outside the scope of this article. Consult with
a structural engineer to determine the effects of
these loads on a building’s structural frame.
If a roof structure on an existing residential
building is deficient, most AHJs require that the

solarprofessional.com | S o l a r P r o
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roof structure below the PV array be brought up to current
building code. This may entail either reducing the span of
the existing members by bracing to a load-bearing wall, or
increasing the area moment of inertia by sistering additional
structural members to the existing members. Although the
roof structure may be up to code, excessive point loading
can still occur when post spacing is increased. If this is the
case, techniques such as distributing the load between two
structural members through the use of blocking or staggering the post mounts between rafters can reduce point loading. For typical residential buildings with 2 x 4 rafters, the
maximum post spacing should be kept to 4 feet or less, even
if the rail and lag embedment allow for greater spans. Larger
structural members can handle greater point loads.

STRATEGIES FOR
DIFFERENT ROOFING TYPES

al p in ecrea t i v e. co m

From composition shingle to corrugated metal, the types
of roofing are varied, as are the manufacturers and specific
products. Installation times for equivalent PV systems can
range greatly depending on the type of roof. Rack manufacturers have developed a myriad of products to help integrate the
PV array onto the roof. The following strategies will ensure a
well-designed and leak-free system for various roof types.
Composition shingle. This is the most common type of roofing in the US. Because of that distinction, many products have

First things first Rail-to-rail grounding and the routing of PV
source-circuit homerun conductors is often performed prior
to array installation, as the Lighthouse Solar crew has done at
this 4.4 kW residential PV installation in Boulder, CO.
46
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been designed to integrate an array into an existing composition shingle roof. Good solutions will utilize some form of
sheet-metal flashing installed over the mounting attachment
and under the upper course of shingles for excellent waterproofing. Composition shingle roofs generally have a shorter
life than other roofing material. Be sure to check that the roof
is in good condition, because the roof will need to last the lifetime of the PV system.
Tile. Concrete and clay or Spanish tile pose a more difficult problem for the PV installer. The tiles are fragile and
often break when walked on. Some manufacturers, especially European manufacturers such as Conergy and Schüco,
offer specially designed brackets to mount onto these types
of roofs. Because these systems often require additional
notching and modification of the tile, they may also result in
tile breakage. Flat concrete tile is a little easier to work with
than curved clay tile. Some attachment manufacturers, such
as Quick Mount PV, supply flat tile replacements. With these
products the standoff is preattached, and the flashing can
slide easily under the upper course of tiles. (For more information, see the article “Tile Integrated PV Modules,” August/
September 2009, SolarPro magazine.)
Flashing curved tile is more of a challenge. Some products made for Spanish tile forego the sheet-metal flashing
and rely on gaskets and sealants for waterproofing. One
surefire method for robust waterproofing is to remove the
clay tile completely from the section of roof where the PV
is going and replace it with composition shingles. After the
PV array is installed over the asphalt shingles, the clay tiles
are then feathered back in to give the appearance of a clay
tile roof. When factoring in the additional cost of labor and
potential for callbacks due to waterproofing issues, this may
be the best option. Although concrete and clay tiles are long
lasting when well maintained, the tiles are heavy and may
require additional structural analysis when determining
loads on the structural members.
Wood shake. The techniques for integrating a PV system
into a wood shingle or shake roof are similar to composition
shingle. The attachment is mounted on top of the wood shingle
with the flashing covering the mounting attachment and sliding under the felt paper and upper course of shingles. Shake
roofs tend to be labor-intensive given the additional work to
pull out shingles, drill through the wood shingle, flatten out
uneven spots and replace the upper course of shingles.
Metal shingle. These roofing materials are often made to
look like composition shingles, shake or concrete tile roofs.
Long-lasting metal shingles connect with interlocking lips
and mount to the roof with clips mounted to battens. Unfortunately, there is no great solution for mounting a PV array to
this type of roof due to the interlocking features. Some roofing manufacturers offer sheet metal brackets that are specifically designed to slip under the shingles, c o n t i n u e d o n p a g e 4 8

schottsolar.com

Sunny Days Are Here.

SCHOTT Solar modules are produced with pride in Albuquerque,
NM from foreign and domestic
components and qualify as a
domestic end product under:
the Buy America Act, the Trade
Agreement Act, and the American
Recovery and Reinvestment Act.
Tested at twice the international
standard, SCHOTT Solar modules
are guaranteed to perform at or
better than specification. Because
the forecast calls for solar, whatever the future holds.

Compression connection Nonpenetrating seam clamps offer
installers, such as
Jared Schue from Simple Solar, a relatively
quick way to mount
PV arrays to a standing seam metal roof.
At this 75 kW project
at the Police & Courts
Building in Lafayette,
CO—owned and operated by PPA provider
Main Street Power—
the rail-less S-5 PV
Kit was specified.
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but because the brackets are thin and long, the allowable
loads are small. If you use these brackets, you need more of
them to reduce the forces on each bracket.
Metal standing seam. Typically these are the most convenient roofs on which to install a PV array. Standing seam
clamps, such as those manufactured by S-5!, are designed
to attach PV modules or PV rails to the standing seams.
These products use compression setscrews that do not
pierce the metal, meaning that they can be used without
creating waterproofing issues. Beneath the metal roofing,
hidden clips are used to mount the standing seam panels
to the sheathing. On new construction, additional clips can
be installed beneath the PV array area to strengthen the
structural connection between the standing seam and the
roof sheathing.
Exposed-fastener metal roofing. PV arrays on face-fastened
metal roofs often rely upon sealants, such as butyl tape, for
waterproofing PV array attachments. Even rubber pipe boots,
which could be used with standoff posts, ultimately rely on
sealant for waterproofing. Corrugated roofs are especially
challenging for the PV installer; however, some racking manufacturers offer custom mounting brackets that are designed to
accommodate the curved profile of a corrugated metal roof.

improving standards that facilitate designing safe and reliable systems.
The Solar America Board for Codes and
Standards is one of the main entities charged
with developing new standards and integrating solar into existing codes to encourage its
adoption. As an example, a recently released
report by Bill Brooks, Expedited Permit Process for PV Systems, is available at the Solar
ABCs Web site. This document provides
AHJs with a straightforward method for distinguishing between mounting systems that
require structural analysis and those that
can be expedited. A standardized method
for calculating wind loads on sloped and
tilted arrays is currently in the works. Efforts
to refine fire regulations for PV systems are
underway. Equipped with standards and
codes based on good design practices, PV
system designers will have the tools to tackle
challenging projects in the future.
X Web excl usive

Go to the online version of this article at

solarprofessional.com to access additional tables from asce/sei 7-05.

g C O N TAC T
Yun Lee / Sun Light & Power / Berkeley, CA / yun@sunlightandpower.com /
sunlightandpower.com
Resources:
ASCE/SEI 7-05 Minimum Design Loads for Buildings and Other Structures,
2005, ASCE Publications
“Installing Your PV System,” Sandia National Laboratories (photovoltaics.
sandia.gov/docs/installation.html)
National Design Specification for Wood Construction, 2005, American
Wood Council
Photovoltaic Systems, Jim Dunlop in partnership with the NJATC, 2009,
American Technical Publishers
Solar America Board for Codes and Standards / solarabcs.org

LOOKING FORWARD

Sloped roofs present many challenges to the PV system
designer. From determining the usable area of a roof plane
to calculating the design loads on the array, the path to
designing an efficient and aesthetically pleasing PV system is difficult. Fortunately, as PV becomes increasingly
popular, the solar industry is constantly developing and
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Solar Photovoltaic Installation Guideline, 2008, California Department
of Forestry and Fire Protection (osfm.fire.ca.gov/pdf/reports/
solarphotovoltaicguideline.pdf)
University of Oregon Solar Radiation Monitoring Laboratory sun path
chart program / solardat.uoregon.edu/sunchartprogram.php

Plug into Solar Power

SM

Announcing:

Zep Solar’s rail-free,
drop in mounting and
grounding system will be
available from groSolar
in February 2010.

Zep Solar’s low-profile mounting/grounding
systems will cut your installation labor by over 80 % and dramatically
simplify logistics and array design, saving you more than $.50/watt for installed systems.
See groSolar.com/zepsolar for more information.

As one of the largest solar power distributors in N. America we invite you
to leverage our strengths to grow you business:
• Industry-leading online account management-ordering system and collateral portal
• Competitive pricing on modules, components and pre-engineered PV packages
• Outstanding technology including ZEP Solar, Motech inverters, groEnergy Watch
Monitoring and Canadian Solar modules
• Nationwide warehouse network for faster service
About groSolar
groSolar is North America’s premier distributor, installer and
integrator of solar energy solutions for residential and comme
rcial
installations. Founded in 1998, groSolar is the largest 100 percent
U.S.-owned distribution company in the solar industry. The company
distributing solar
CT, MA, MD, DE, PA, CO, MT, and CA.

800.GO.SOLAR
groSolar.com /ZEPSolar

Racking
Equipment
Guide
By Ryan Mayfield
and David Brearley

Sloped-Roof
Attachment
Solutions and
Mounting Systems

I

n this article we survey products available to North American PV integrators
for residential or commercial pitchedroof applications. While several of the
companies listed here are well-known
to veteran installers, others are likely unfamiliar to you.
These include established manufacturers in Europe that
are relatively new to the US market or are just launching
products here for the first time; new products targeted
at PV applications from companies that have typically
served the broader roofing market; and entirely new
product innovations from start-up companies.
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Most of the sloped-roof products included here were
represented at Solar Power International 2009. While at
the event, SolarPro’s team of technical editors were on the
lookout for attachment solutions that meet building code
requirements for flashed penetrations and for mounting
systems designed for installing PV systems on pitched
roofs. Here is what we found.
Flashed or Nonpenetrating
Attachment Solutions
Manufacturers, installers and customers increasingly insist
on the highest-quality practices for all aspects of the PV
installation. It is no longer considered acceptable, for example, to rely exclusively on sealants for waterproofing when

Green-Fasten EcoFasten Solar’s Green-Fasten
product is structurally
attached using a single lag
screw. The top bracket, a
Z-foot in this case, is compressed onto a watertight
bushing located beneath
the foot while a neoprene
bonding washer seals
the top.

solarprofessional.com | S o l a r P r o

Co u r t e s y e co f a s t en s ol ar. c om

al p in e cre at i ve .c om

lagging an L-foot to a rafter. Many in the industry consider
this method negligent, given the flashed attachment options
readily available today. After all, the International Building
Code requires that all roof penetrations be flashed for proper
weatherproofing. Installation manuals from roofing manufacturers and the Asphalt Roofing Manufacturers Association also specify that roof penetrations be flashed. (Refer
to the “Wheel of Accountability,” which was developed by
Stuart Wentworth at Quick Mount PV, on page 74 of the
October/November 2008 issue of SolarPro magazine to see
the many sources of guidelines, rules and regulations that
pertain to the roof.)
Within the last decade, most racking manufacturers
introduced posts—also known as stanchions—as attachment

options, which allow contractors to install a boot flashing over
roof penetrations. Some installers embraced this method, but
others saw it as cost prohibitive. However, when the additional
cost of this hardware and the labor to install it is compared
with the liability for damage caused by non–code-compliant
roof penetrations, many installers conclude that flashing is
cheap insurance in the long run. Precisely because the construction industry faces increasing litigation from building
owners, especially due to water intrusion, PV installers need
to reevaluate their positions about how roof penetrations are
waterproofed and how this affects the bottom line.
Historically, this issue of flashing of attachments has been
ignored. Installers did not have many alternatives to L-foot
attachments. Few inspectors seemed to pay attention to this
detail of the installation process. But as jurisdictions formalize the permitting processes that pertain to PV systems, properly flashed roof penetrations will likely show up on the list
of their requirements. Fortunately, as the need for and awareness concerning flashed-attachment products have grown, so
have the diversity and adaptability of the solutions available
to you.
EcoFasten Solar. The latest in a line of companies that offer
slate roof services and snow guard systems, EcoFasten Solar
is a new entrant to the PV market. Flashed attachments from
the company are available for multiple roof types. Its slopedroof product lines include the Quik-Foot and Green-Fasten
options, both of which are designed for use on asphalt shingle
roofing systems. The Quik-Foot method utilizes a base plate
that connects to the rafter using two screws. Flashing covers
the base plate, extending below the course of shingles above
the attachments. The Green-Fasten method uses a single lag
screwed into the roofing member. Flashing is placed under
the course of shingles above the lag, and the lag screw passes
though the separate block attachment and the flashing as it
attaches to the roof member. The installer is not required to
cut the roofing shingles while installing either Quik-Foot or
Green-Fasten products. In addition to attachments, EcoFasten Solar offers a wide variety of top-compression blocks,
including several types of L-feet and Z-feet.
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Quick Mount PV solutions Offering products compatible
with composition asphalt shingle, wood shake, S-tile and, as
pictured here, flat tile roofs, Quick Mount PV has a flexible and
adaptable line of low-profile, flashed roof attachments.

Quick Mount PV. The innovators behind Quick Mount PV
have been in the PV installation industry for 7 years and in
the construction trades for more than 20. The company offers
flashed attachments for a variety of roof materials: composition asphalt, wood shake and flat or curved tile. The products
are designed to allow the installer to penetrate the roof surface while maintaining a watertight seal, regardless of the roof
material. The composition asphalt and shake products have an
aluminum block integrated into the flashing, which allows for
connection to any rail system that utilizes L-feet. Rail systems
from ProSolar or other channel systems are compatible as well.
The tile flashings integrate a post attachment for connection
to the rail system. In addition to the PV racking attachments,
Quick Mount PV also has products for pool heating collectors
and conduit supports for exposed conduit runs.
S-5! Standing-seam metal roofs are often ideal for mounting a PV array, especially since the roofing material generally
has a life expectancy similar to that of the PV modules. In
order to eliminate penetrations in the metal roof and maintain the roof warranty, S-5! has developed a line of clamps
that attach to the standing seams without penetrating the
metal. S-5! also offers the S-5 PV Kit, which eliminates the
need for a rail system. The kit consists of the S-5! clamp, a
mounting disc, a flange nut and a mounting stud. The PV
Grab, a top-down clamp, is sold separately and is specified
by the installer based on the module frame thickness. Alternately, installers can incorporate a mounting rail system if
desired. S-5! also has footing solutions for trapezoidal and
corrugated roof types that require a lag attachment.
Thompson Technology Industries (TTI). The Flat Jack product from TTI is designed for use on composition asphalt
roofs with minimal or no shingle cutting. TTI recently
announced that the Flat Jack received International Code

Co ur t es y t t i s ol a r. co m

S-5 PV Kit With clamps to match most standing-seam
profiles, S-5! offers a nonpenetrating attachment solution for
hidden-fastener metal roofs. The S-5 PV Kit, pictured here,
requires no additional mounting rails.

Flat Jack While TTI offers its own Flush Mount Rail System,
the Flat Jack roof mount is also compatible with other PV rail
systems.
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Council certification for stress and waterproofing. TTI’s literature states that the Flat
Jack roof mount is designed to withstand
130 mph winds, when installed as specified.
It is compatible with most PV rail systems.
The Flat Jack has three components: a base
plate with an integral bolt that is lagged into
the roof rafter, the flashing that fits over the
base plate and a weather guard aluminum
block that fits over the base plate and bolt
assembly. The base plate provides multiple
locations for the two required lags; the exact
locations are dependent on the calculated
uplift resistance. TTI also offers the Flush
Mount Rail System, a racking system that
integrates with the Flat Jack.
SnapNrack In addition to integrated wire management, another innovative

Module Mounting Systems for
feature of the SnapNrack system from AEE Solar is a universal end clamp that
Sloped Roofs
eliminates the need for rails extending beyond the edges of the array.
Whatever characteristics you are looking
for in a module mounting system, increasingly there is a product designed to meet your needs. In some snow loads. Solutions with integral grounding are available
cases, you might want a simple, low-cost, lightweight system; to streamline installations. For uneven roofs, various adjustin others, a heavy-duty rail system may be required to meet ment strategies are offered to optimize array aesthetics.

Protect your installations and your reputation:

T ONLY TAKES A SMALL LEAK to cause
major damage to a customer’s roof and
home, In fact, most constructionrelated lawsuits involve water intrusion.

Models for composition,
wood shake, and tile roofs

No matter how well a system
is installed, inadequate
flashing can fail and
place a PV installation
business at serious
risk. But you don’t
need to take that risk, thanks to Quick
Mount PV’s industry-leading flashing
and mounts that ensure 100%
code-compliant, waterproof roof
penetrations.

All aluminum flashing; 50-year life

No roof cutting required
Works with all standard racking
Stainless steel hardware included
Live tech support
Safeguard your customer’s home and
your good reputation with Quick Mount
PV, the industry standard for highquality, watertight PV installation.

Available
through all
major solar
distributors

Designed by installers for installers,
Quick Mount PV installs faster than
any other flashed PV mounting, saving
you time and money on the job.
Made in USA

Patents Pending
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Integral wire management solutions are finally
starting to be offered, reducing or eliminating the need for cable clips or nylon wire ties.
Evidence of innovation is everywhere, from
established companies to national distributors
to new entrepreneurs. This means that module
mounting should be more convenient and cost
effective than ever. If you are not excited about
the product you are currently using, consider
the following options.
AEE Solar. Wholesale distributor AEE
Solar has developed the SnapNrack for use
on pitched roofs. The system includes a wide
range of attachment methods, allowing the
installer to mount the array on asphalt shingle,
slate, tile or wood shake roofs. Each method
includes a flashed attachment to properly
seal roof penetrations. The attachment methods also include spacers to level the array by
as much as 3 inches when mounting to an
uneven roof. Tilt-up options are also available if the array tilt needs to be increased. The
rack channel itself can be utilized for wire management in
conjunction with wire clips. This allows the installer to minimize the number of wire clips required and to protect the
PV source circuits. A ground clip option is available through
Wiley Electronics.
Conergy. The SunTop racking system from Conergy has
been used worldwide for many years and has been offered in

Power Rail This POWER-FAB Power Rail installation by Independent Energy Systems of Santa Cruz, CA, features bronze
anodized rails and stanchions waterproofed with solid metal
flashing and rubber flashing collars.
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SunTop When matched with
the proper combination of
standard rail lengths—of which
there are five—the Telescope
eliminates the need for cutting
rail when using Conergy’s
SunTop racking system.

the US for the past 3 years. The
racking system includes telescoping end rails that allow
the installer to stock standard
rail lengths while maintaining
design and installation flexibility. Attachment options
allow for installation on nearly
all pitched-roof materials. The
standard L-foot, for example,
can be integrated with one of
the flashed attachment solutions that we mentioned earlier. Tile hooks are available for use with a variety of tile roofing
profiles. Conergy also offers mounting extension plates that
assist in straightening the array on uneven surfaces. For engineering support, a sizing tool is available online to help determine the specific materials needed to maintain building code
compliance based on site-specific information.
DPW Solar. POWER-FAB Power Rail system from DPW
Solar is a top-down mounting system with multiple attachment options. Attachment methods are offered for composition asphalt, metal, tile and shake roofs. The system is
available in kits that include all the required module attachment hardware. Alternately, the Power Rail system can
be purchased in bulk with rail sections up to 27 feet long.
The kits come standard with L-feet, but can be upgraded
to incorporate any attachment option, including a variety
of stanchions, Z-feet and even custom feet for corrugated
metal roofs. DPW Solar has also developed front and back
legs with fixed tilts, in 5° increments between 5° and 25°, that
attach directly to the rail system and allow for optimizing
module tilt angles. Grounding clips from Wiley Electronics
are also available for use with the Power Rail system.
FATH Solar. A relative newcomer to the solar industry, FATH
is a German hardware manufacturer that serves a variety of
markets. Strong stainless steel hardware sales made the company aware of the burgeoning solar market in Germany. In
2008, the company created FATH Solar, which now has offices
in Germany and Spain. North American distribution of FATH
Solar mounting system components and mounting systems is
in the works. The company’s S3 mounting system for pitchedroof applications that use conventional framed PV modules
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FATH Solar S2
The S2 mounting
system from FATH
Solar features
frameless PV
modules that are
gasketed during
installation to
form a complete
roofing system
that easily sheds
dirt and snow.

will have US availability in 2010. The same is true for the FATH
Solar S2 mounting solution, which is a gasketed, waterproof,
in-roof PV mounting solution—the PV system is the roof. The
S2 system features FATH Solar PV laminates, which have a
frame system behind the glass. This makes for a smooth surface that is both visually appealing and minimizes snow or
dirt buildup. FATH Solar modules are currently pending UL

certification. According to the company, TRA-MAGE will distribute its modules in the US beginning in Q1 2010.
IronRidge. Founded in 1996 as Two Seas, IronRidge has
manufactured several racking solutions for the PV industry.
For pitched-roof mounting, IronRidge offers the XRS and
XRL racking systems. The XRS, its standard rail, allows for
spans of up to 120 inches between supports. This results in

AURORA

The Installer-friendly
solution to all your solar
Renewable Energy Inverters and wind requirements!
®

▲
▲

Wide MPPT operating ranges.

▲

True sine-wave outputs feature self-selecting voltage capabilities.

▲

Integrated RS485 port allows PC-based monitoring of up to 31 inverters.

▲

PVI-6000

Laptop-free configuration via front-panel mounted buttons (solar only).

UL 1741/IEEE 1547 certified.

PVI-3.0/3.6/4.2

1-800-678-9445 or (+1) 805-987-8741 (OUTSIDE U.S.)
EMAIL: aesales-us@power-one.com

www.power-one.com
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IronRidge XRS One of the unique features of the IronRidge
XRS standard rail-mounting system is the internal splice bar
pictured here.

Zilla Rac After
NGE’s Zilla Claw,
on the bottom, is
mounted to the
flashing assembly
(not shown), the
company’s Zilla
Rac snaps permanently in place.
While the top slot
is used for module
mounting hardware, either side
slot can be used
as a wire chase
and capped.

Next Generation Energy (NGE). The Zilla racking system from
NGE offers a wide variety of mounting options. A standard
base tube and various fittings allow the installer to configure
the racking system as desired—to remain parallel to the roof
or to increase the array tilt. NGE has also developed the Zilla
Flashing Assembly, which can be used with any standoff system. The four-piece assembly includes a base plate, flashing,
silicone washer and double-stud bolt. The Zilla Rac system
includes a full line of hardware for mounting
modules and managing array conductors. Additional components that can be integrated with
the system include conduit clamps, a junction box
clip that allows for a strain-relief installation or a
junction box for wire management.
Professional Solar Products (ProSolar). ProSolar
has been manufacturing solar equipment for more
than 20 years. It has racking solutions for pitched
roofs as well as flat roofs. The RoofTrac and TileTrac systems are both top-down mounting systems designed for use on pitched roofs. ProSolar
also manufactures roof attachments for both tile
and composition shingle applications. The Fast
Jack, for example, can be used with standard flashing to eliminate the possibility of water intrusion.
A unique feature of the Fast Jack system is that it
allows the post to be removed from the base, meaning that flashing can be placed without compromising the surrounding shingles. The RoofTrac rail
system is designed to conceal the hardware attaching the rails to the attachments inside the rail.
Slanted-Roof (SR) system Among the unique features of the Schletter
Schletter. The Slanted-Roof (SR) system from
mounting systems are middle and end clamps designed for use with PV
Schletter allows for configurations on multiple
laminates, like the First Solar laminates pictured here on a Schletter SR
roof surfaces, including tile and metal roofs. The
rail system.

reduced penetrations while maintaining proper support for
the PV array. A letter from an independent professional engineer is available on the IronRidge Web site that clarifies both
the installation conditions and attachment requirements for
the mounting system. IronRidge also offers the XRL system, a
lightweight rail that reduces aluminum use and expense. Each
system can be coupled with L-foot or standoff attachments.
Tilt legs and grounding clips are also available.
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system utilizes three main rack profiles: Eco 05, Solo 05
and Profil 05. Standard middle and end clamps are available for both framed modules and laminates. The SR system includes optional components to create a grid when
the roofing structure does not align itself with the racking
system. Laminate mounting options also include the SRIntegrated mounting system, which allows for integrating
the laminates as the roofing material for an in-roof installation. Schletter also offers attachment options for various
roofing materials.
Schüco. The SolarEZ mounting system from Schüco
allows for mounting to composition asphalt, clay and concrete tiles. Three rack profiles are available to match the

AluTec The AluTec insertion system is manufactured by
CreoTecc and available through ThinkSolar.
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SolarEZ The mechanically flashed ezL standoff is one of the
products that Schüco launched at Solar Power International in
Anaheim.

OnEnergy SRS The OnEnergy Solar Racking System from
Sharp features perimeter trim covers, low-profile flashed
attachments and integrated equipment grounding.

wind and snow load requirements at the installation site.
The mounting system can be used for Schüco’s PV or thermal modules, as well as for other manufacturers’ modules.
Roof attachment options include the mechanically flashed
ezL standoff and a variety of ezAnchors for tile or slate roof
applications. The ezAnchors are designed to attach underneath the tile without the installer having to cut tiles. An
innovative installation option from Schüco is the ezClip that
attaches to the top of the ezRail, which keeps PV modules
from sliding on the rail during installation.
Sharp. The Sharp OnEnergy Solar Racking System (SRS) is
designed to mount to asphalt shingle and flat or curved tile
roofs. The SRS provides a low-profile rack with front, top and
side trim covers for an integrated appearance. The racking
system is UL listed as a complete system and includes integral grounding hardware. The Talon Clip that comes with the
system grounds the module directly to the rail, minimizing
the need for additional grounding components. The only
equipment grounding hardware required for the array is
rail-to-rail. The system is essentially the same for all roofing
types, with the exception of the attachments. For composition asphalt, there is a flashed attachment option. The tile
roof attachments integrate a custom footing that penetrates
through the tile and uses butyl sealant pads as a waterproofing measure. The system is specifically designed for use with
SRS-compatible Sharp modules.
ThinkSolar. The US wholesale solar distributor ThinkSolar
and the German solar mounting system manufacturer Creotecc are both subsidiaries of SolarMarkt, a German company
founded in 1985. Since 2008, ThinkSolar has been distributing both Creotecc tile hooks and the AluTec mounting system in the US. According to ThinkSolar, the largest market
for Creotecc tile hooks is installers who work on Spanish
solarprofessional.com | S o l a r P r o
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modifying the module frame during installation. These are big concerns for integrators and the PV industry at large. The
industry needs products that meet all applicable codes and standards and that do not
void either the roof or the module warranty.
When it comes to installing PV on any roof,
clearly there are problems to solve and efficiencies to gain—whether in raw materials
or installation time—but these should not
come at the expense of the building system
as a whole.
In addition, we did not cover other
innovative products from companies like
Andalay Solar or Zep Solar in which the PV
module frame and assembly components
eliminate the need for mounting rails. These
products, as much as any of the equipment
that we described, reveal the infinite promCLICKSYS Unirac’s latest pitched-roof mounting system features an I-beam
ise of the future: mounting systems without
mounting rail. After the flashed standoff is attached to the roof, the aluminum
rails, PV laminates replacing other roofing
I-beam clicks into the standoff.
systems and mounting systems that require
no additional equipment grounding. These
tile roofs. Both top and side mount hooks are available. The ideas would have sounded improbable 5 years ago. Today,
AluTec mounting product utilizes a unique insertion system they are a reality. Perhaps the best is yet to come.
that eliminates the need for module clamps. When used
with pitched-roof standoffs, like the Creotecc tile hooks, the
g C O N TAC T
AluTec system can be used on sloped roofs; it is also adaptable for use on a flat roof or as a ground mount. Because this
Ryan Mayfield / SolarPro magazine / Ashland, OR /
is an insertion mounting system, not a clamped-in-place
ryan.mayfield@solarprofessional.com / solarprofessional.com
mounting system, conventional module ground lugs are
David Brearley / SolarPro magazine / Ashland, OR /
required for equipment grounding.
david.brearley@solarprofessional.com / solarprofessional.com
Unirac. Unirac offers multiple pitched-roof mounting
systems to choose from. The traditional SolarMount rail
Manufacturers
comes in three different styles: lightweight, standard or
AEE Solar / 800.777.6609 / aeesolar.com
heavy duty. Another option from Unirac is the SunFrame
Conergy / 888.396.6611 / conergy.us
shared rail system. The SunFrame supports the modules
EcoFasten Solar / 877.859.3947 / ecofastensolar.com
between the rails, rather than on top of the rails. This
FATH Solar / 407.601.5900 / fath-solar.com
allows the modules to sit closer to the roof and removes
IronRidge / 707.459.9523 / ironridge.com
the gaps between modules, improving the aesthetics of the
Next Generation Energy / 877.643.4786 / zillarac.com
array. Unirac’s CLICKSYS system is its latest release. This
POWER-FAB (DPW Solar) / 800.260.3792 / power-fab.com
system uses an I-beam rail that snaps onto the flashed roof
Professional Solar Products (ProSolar) / 805.486.4700 / prosolar.com
attachments. CLICKSYS uses top-down mounting hardQuick Mount PV / 800.998.6059 / quickmountpv.com
ware and incorporates module-to-rail grounding compoS-5! / 888.825.3432 / s-5.com
nents. Unirac offers online estimator tools for installers to
Schletter / 520.289.8731 / schletter-inc.us
use when configuring systems.
Mounting Concerns
A few products that we uncovered at Solar Power International did not make this list. These include proprietary mounting systems that offer no flashed attachment
options, for example, or mounting systems that require
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Schüco / 877.472.4826 / schuco-usa.com
Sharp / 800.765.2706 / sharponenergy.com
ThinkSolar / 510.653.5900 / thinksolar-us.com
Thompson Technology Industries (TTI) / 415.446.0103 / ttisolar.com
Unirac / 505.242.6411 / unirac.com

Steel and Aluminum
Utility-Scale Volume Capacities
Photovoltaic (PV) Mounting and Framing
Commercial and Residential Solar
Concentrated Solar Power (CSP) Structures
Parabolic Mounting Structures
Linear Fresnel Structures

Product Comparison
Just Got Easier!
The rapidly-growing module and inverter
landscapes make it both challenging
and time-consuming to compare specs
from one manufacturer to the next.
Now there’s an efﬁcient way to quickly
and easily make these critical component
selection decisions...and it’s FREE.
Introducing solarhub.com, an
online database of module and
inverter speciﬁcations.
Manufacturer-veriﬁed data o
Advanced ﬁltering o
Includes over 125 popular brands o
Continually updated o

solarhub.com

A free, online resource provided by...

www.solarnexus.com

www.solartech.org

Bookmark solarhub.com
in your browser today!

www.solarprofessional.com
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Streamlining
By Chuck Marken and John Patterson, with Suzanne Olsen

Proper planning and
well-coordinated crews
minimize solar water heating
system installation time
and maximize financial
returns.

Customer Considerations
Too often, new contractors, dealers and installers do not put
enough emphasis on the customer’s convenience. The first
foot forward is punctuality: From the sale, site visit, communications and scheduling of the installation, being on time
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very contractor knows the formula for success: Efficiency, organization and preparation
equal a job well done, a satisfied customer and
a profitable bottom line. Solar installers who
help their companies flourish reap the rewards
of a profitable company, including better pay,
benefits, tools and company vehicles. The less
time you spend on steep, hot roofs and in super-heated, confining attics, the better. A well-rehearsed road show is only
the tip of the iceberg. Optimized logistical planning and
preparation behind the scenes make it all happen.
While finishing a residential job in a single day is not
always possible, it should be the goal. Installations get increasingly difficult with multistory buildings, but often the job can
still be accomplished in a day. The key ingredients are starting
early; an organized, well-stocked truck or trucks; an experienced crew and preassembled equipment.

Solar Water Heating

Installations
sets the stage. Professional installers are always on time,
every time, and if an unforeseen circumstance such as traffic prevents this, they always make sure their customer is
promptly informed. Being a half hour late for an installation
is not a big deal if the customer knows about it instead of
wondering what is going on.
Customers nearly always appreciate your being there
early. Most of them work, and this enables them to let you in
and start the job before they have to leave. In other cases, the
client may schedule a day off to be at home during the installation. Having to reschedule time off can be a big inconvenience, and postponing an installation should be avoided
unless absolutely necessary.
Staying on Schedule
Imagine a crew that arrives at the shop at 8am, loads the
truck and talks with administrative staff about the day’s project. The installers are ready to leave the shop after 9am and
perhaps arrive at the jobsite a little before 10am. Two hours
later they break for lunch and then return at 1pm to a blazinghot roof. Production efficiency slows down in the heat.
They realize they will not be able to finish in one day, so
they decide to leave the job at 3:30 to beat the rush-hour
traffic. A one-day job turns into two days simply because of
a late start. The consequences are an inconvenienced customer and additional hours spent loading and unloading
tools and ladders, plus double the amount of travel time.
All of this reduces the profit margin of the job. The bottom
line: Start early to cultivate happy customers and save time
and money.
Most codes in the country allow for construction activity to begin at 7am, which means arriving at the job at 6:50,
greeting the customer and giving an installation overview
so that at 7am sharp drills start sounding. For solar installers working on hot roofs and in sweltering attics, it is especially important to get the work in those locations finished
before the heat of midday. Afternoon temperatures in attics
can easily exceed 120°F. Increased heat slows you down and
makes for unpleasant working conditions. This can be minimized if you start early and beat the heat.
Another benefit of starting early is reduced travel time.
Leaving the shop at 6am means you will do your driving
before rush hour, possibly cutting your road time in half. Of
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paperwork prior to beginning the project. The third is the
actual physical construction of the project. Communication
among the sales consultant, designer, contractor, administrative staff and the installers prior to beginning the job
helps installers avoid time-consuming surprises when they
arrive at the jobsite.
When jobs are not completed on time, a common excuse
is, “I had Murphy in my back pocket all day.” Whatever can
go wrong will go wrong unless you are ready for it. Good
planning and communication keeps Murphy at bay. Even
in startup solar thermal businesses, specialized employees
Planning and Communication
Often, time spent preparing for a job can equal or even or work groups generally accomplish dedicated sales and
exceed the installation time. Job preparation is not just installation activities. Facilitating communication between
about parts and equipment. It also involves a coordinated the two gives installers what they need to be prepared for a
effort to plan the right number of installers for the job; line given project. The more information they have about a job,
up any contract services, such as crane operators or other and the better it is organized, the faster the installation will
subcontractors; have permits and manuals ready; and com- be accomplished. A higher-quality installation is another
pleted warranty forms and incentive paperwork prepared obvious benefit.
A detailed job card, filled out by the salesperson, should
to give to the customer. Being prepared greatly affects the
be associated with each project. The ideal job card contains
amount of profit to be made.
It helps to think of a solar project needing to be “built” all the pertinent information an installer needs. At a minithree times. The first occurs when salespeople visualize how mum it should include contact information, job type, buildthe system will be installed and build it in their heads with ing orientation, roof type, roof pitch, attic access and the
all the necessary specifications. The second occurs when type, location, access and size of the existing water heater.
solar contractors imagine the steps needed to complete the Reports generated from site-survey tools enhance commusystem, order all the parts and coordinate the activities and nication among the staff. Digital photos of all the work areas
can be a great help in planning for the
job. In fact, in the age of digital cameras
Coordinated Good communication, planning and project work flow among sales,
design and installation staffs enable clean, fast and trouble-free installations that are and Google Earth views, some jobs may
pleasing to the eye and the client.
not require a preinstallation-site visit
by a qualified installer.
In many jurisdictions, a trip to the
planning or building department for a
permit is part of the planning process.
This can be accomplished online for
simple mechanical permits in some
locations. Larger jobs typically require
a detailed plan set before a permit is
issued. These plans will need to be
stamped by a professional engineer in
most cases, and the associated time
frame should be accounted for during
the system planning process. Detailed
plans will save time in the field and
minimize installation errors.
Finally, regular safety meetings and
a safety orientation for new installers
are important components of the planning stage. Time should be taken to
ensure new crew members are familiar
with overhead safety, fall protection,
the proper footwear continued on page 64
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course, in winter it may not be light at 7am when you arrive
on-site. You can use the time until sunrise doing work inside,
such as running pipe to the attic or setting and strapping the
tank in place.
Packing a lunch and having lots of water on hand helps
keep an installation on schedule. This may seem obvious, but
it is not always common practice. Leaving the job to go to a
restaurant, even a fast-food restaurant, can waste an hour or
more in the prime time of the day.
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Harvest the power of
the
Season after season,
the sun gives its light to the earth,
allowing life to bloom.

Sun

Every day a limitless crop of free,
clean energy reaches our planet.
Stiebel Eltron manufactures all the tools you
need for a successful thermal solar harvest.
And we’ve been doing so since 1976.
From our highly efficient flat plate collectors and
storage tanks to our complete line of mounting
hardware, pump stations, controllers, and
accessories, we have it all.

Stiebel Eltron is your one stop source for thermal solar products.
SOLKIT 2 includes:

2 x SOL 25 PLUS
Flat Plate Collectors

Pump station with
SOM 6 Controller

SBB 300 Plus Storage Tank

Because every installation is
different, we have a full line of
SOLKITS and mounting
hardware kits available. All
components and accessories are
available for individual sale.

Simply the Best

TOLL FREE

www.stiebel-eltron-usa.com

800.582.8423

info@stiebel-eltron-usa.com
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the job is located and have a solid
understanding of national and other
codes that have been adopted or
written by the local administrative
Justin Weil, President,
authority. Examples are rules and
SunWater Solar
guidelines for fractional HP motor
Richmond, CA / sunwatersolar.com
installation, gypsum wall spaces,
spacing requirements for gravity
Planning. Correct materials procurement prior to an installation’s start date
vents on the roof and potable water
is critical. Parts-runs often represent the most significant time loss on a job and
connection details.
can easily be avoided with proper planning. The farther the job is from the supplier,
The crew chief should discuss the
the more parts-runs hurt. Having a well-stocked shop is important, as is sourcing
system installation in general terms
special-order parts before a project begins. Along with materials procurement, havwith the customers. Any misconceping regular preconstruction meetings with the foreman enables him or her to develop
tions or conflicts with what might
an efficient build strategy before the installation crew sets foot on the jobsite.
have been promised by the sales staff
and the reality of what can be done
Equipment. In my experience, preassembled pumping stations provide the bigshould be ironed out with the cusgest labor savings. In the past it would take an installer about half a day to assemble
tomer prior to loading the roof and
and solder all the components and fittings that are included in a solar pumping
starting work.
station. It should be noted that specifying preassembled pumping stations does
Most solar water heating installanot always amount to significant savings for the client, because most predesigned
tions have three work areas: the roof,
and preassembled equipment includes the cost of labor. However, the clean and
the attic and inside the mechanical
professional-looking end product is a real benefit. In addition, since they are compact,
room. A crew of three works well for
pumping stations also help to conserve space in crowded mechanical rooms.
most small jobs. While two installers accomplish many installations,
Tools. Well-designed and thought-out charging stations are definitely an instala third person is valuable from a
lation time saver. They keep the glycol-filling process fast, clean and easy to set
time-to-benefit viewpoint. It is also
up and break down. For commercial-scale systems, heavy equipment, including
an opportunity to train new crew
excavators and cranes, is worth every cent.
members. Mounting collectors and
sealing penetrations do not have a
Techniques. While there are numerous installation techniques that streamline
steep learning curve, and new hands
projects, on the top of my list is hiring hard-working people to do them. Having a
are most valuable here.
crew that is highly motivated to install a quality product the first time, and that works
It is usually worthwhile to have
as a team, is invaluable and should be recognized as such by company owners and
more people on large jobs if the effort
management. {
is well-organized. Using more than
one crew for large jobs can help keep
costs down. Two lead installers are
for roof work, the precautions necessary for working with sol- better than one because of the added experience, but, if necdering tools, attic protection and electrical safety. Nothing will essary, one crew chief should be able to handle a crew of five
slow a job down more than an accident or injury on the site.
or six without a problem. If multiple crews work in dedicated
areas, they will be able to work effectively without getting in
The Installation Team
each other’s way.
To keep the installers organized and working efficiently, a
seasoned crew chief or lead installer is essential. More than Equipment Considerations
any tool, planning procedure or technique, an experienced Solar thermal equipment manufacturers have developed
lead installer who is skilled in keeping the crew on track is components and system packages that can efficiently be
the biggest factor in reducing installation time in the field. integrated with each other in the field and speed installaThis is a management position and should be recognized tions. When systems are designed using components from
as such. A good crew chief also assigns new hands to sea- various manufacturers, additional design time is required
soned crew members who are best at teaching others. This until integrators develop regular component sets. With
promotes increased installation efficiency for future jobs. either approach, sales, design and installation staffs should
The crew chief should be licensed in the jurisdiction where be thoroughly familiar with the equipment specified.
We asked four solar thermal experts for their advise on streamlining solar thermal
project planning and installation.
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mounts. In most cases, racking is easy to construct on-site
with standard angle, pipe or square stock, and materials are
locally available.
Photovoltaic pumping. In the last decade or so, using a small
photovoltaic module to run the circulator has become popular with some installers and system designers. The principle is
the same for all PV-powered circulating pumps: If there is sufficient sun to warm the water, there is sufficient sun to power
the pump. When the equipment manufacturer integrates
PV-powered pump components into the system design, the
installer can realize labor savings during installation.
Pump stations. Many manufacturers and system integrators
are moving toward pump and control stations that incorporate all the needed parts for antifreeze systems into a single,
off-the-shelf component. Secure the pump station to a wall or
a tank, hook up two to four pipe connections and much of the
inside work is done. Be sure to thoroughly review documentation on this preassembled equipment, and keep in mind that
currently it is available for antifreeze systems only.
PREASSEMBLY in the Shop
Many components of a solar water heating system can be
assembled at the shop. Pumps, valves and the fittings that

s h aw n sc h re in e r.c om (x3)

Collector size. The important thing about collector size is
square footage. The number of collectors is incidental. Generally, on both residential and commercial systems, it is best to
go with a fewer number of larger collectors. With residential
systems in the sunnier parts of the country, a single 4-by-10foot collector can often be used. Since single-collector systems
of any size do not require racking, they have an advantage
over multiple collectors. Most collectors are strong enough to
support themselves. When two or more collectors are combined, a rack is needed to support the collectors and reduce
the number of roof penetrations. Therefore, single-collector
systems require less labor and materials to install.
Mounting racks. There are two basic options for collector
racking: factory mounts and custom-built mounts. Racking
systems designed by manufacturers to interface with their
collectors are easy to install and can cut installation time
significantly. However, missing rack parts are notorious for
holding up installations. If you use factory racking, it is a
good idea to make sure that the installation truck is wellstocked. Carry extra clips and leg stock to keep the installation moving if parts happen to be missing. Because of
the added expense and shipping lead time associated with
factory racking, many installers prefer to build their own

Co u r t es y S ol ar C ol l ec t i o n ( x 3 )

Factory-built Racking systems designed by manufacturers to interface with their collectors can cut installation time significantly. Here, the SunWater Solar team installs an integrated Heliodyne system.

Custom-built Many installers prefer to fabricate mounting systems, such as this one by Solar Collection. Necessary parts and
materials can be conveniently procured at the local supply house.
solarprofessional.com | S o l a r P r o
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Pump module Preengineered
and preassembled pump stations,
such as this Helio-Pak unit from
Heliodyne, reduce installation time
in the field and eliminate the need
to source or stock a multitude of
components and fittings.

C ou r te sy h e liodyn e . c o m

go on gauges can be assembled
ahead of time. There are several
advantages to doing this. Prefabrication not only gets work done
in a more efficient way, but it also
serves to make the installer aware
of additional parts that might be
needed. You have to locate every
part to prefabricate the assembly,
and it is better to hunt it down
in the shop or order it in than to
leave the jobsite and go to the
supply house. If you are working
out of town or out in the sticks, it is even more important to
be sure you have everything ready to go beforehand, because
parts-runs hurt even more.
Often there are repetitious tasks that are basically the
same from one system installation to the next, and these can
be done at the shop in a production fashion to save even more
time. You can make perfect cuts on insulation, for instance,
and pressure-test entire plumbing assemblies in advance.

Periods of inclement weather are
ideal times for equipment and
parts preparation and preassembly in the shop. This approach
will save countless hours and
dollars over the years.
Some installers might prefer
not to preassemble, because field
conditions may dictate something different. However, many
installers agree that 80% to 90%
of projects can be preassembled.
For insurance, take a duplicate
set of individual parts in case onsite conditions require changes.
Finally, labeling parts of the
system, which enhances the professionalism of any installation,
is sometimes an afterthought for
installers. It is easier to produce
quality labels in the shop with
office resources nearby, and it allows you to identify any special labeling required before heading to the jobsite.
Tooling Up
Most of the tools required for solar water heating installations are readily available, a few are specialized, and some,
like glycol charging stations, are typically custom built. A
smart business owner or operations director pays attention

Boaz Soifer, General Manager, Cedar Mountain Solar
Santa Fe, NM / cedarmountainsolar.com

Planning. There are two critical points in conveying
project details. The first is between sales and design, and the
second is between design and installation. Cedar Mountain
Solar addresses each using the following tools:
• A detailed site assessment form. When salespersons or technicians survey an installation site or project plan set, they fill
out a site assessment form to collect and organize as much
pertinent data as possible. The document is updated each
time a new logistics issue is raised. The assembled data is
then used to produce a proposal and is reviewed by the lead
installer when preparing for the job.
• Project turnover. Once a project is sold, we hold an internal
meeting with the salesperson, the system designer and our
construction manager. This meeting is used to define project
scope, ensure the customer’s expectations are well understood, and most importantly, to convey any perceived risk
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factors associated with the job. These could include a unique
technical detail, a difficult personality in the project mix, the
distance to the jobsite and the resulting inaccessibility of
parts—anything that could throw the job off scope, schedule
or budget.
• Detailed project management. One of the important things we
learned in managing solar heating projects is that typically
more than half the project timeline takes place before the
installation crew is on-site. Sufficient time for system design,
materials procurement and project planning needs to be
accounted for well in advance of installation. Critical Chain
Project Management (CCPM) theory has been useful in staging jobs accurately.
• Design methods. We’ve developed a modular design method
that enables quick design of complex systems. The key elements are sticking to proven methods and limiting choices. In

to tool requests coming from the installers and takes the
time to weigh the expense of new tools against the expected
ongoing labor savings.
Cranes. For large collector arrays, cranes usually pay for
themselves in time savings. They are essential for some
installations. For example, Mr. Sun Solar recently installed
nine 4-by-14-foot collectors on nine row homes that have
45° pitched roofs 35 feet in the air. Without a crane, loading the roofs would have taken 2 to 3 days and posed safety
risks. With a crane on-site, the task was accomplished in

addition to short design lead times, this approach also gives
installers consistency in piping layouts that enables more preassembly in the shop and reduces confusion in the field. We
close the loop by having design staff commission the system,
ensuring that the intended scope is installed and functioning properly and providing checks and balances for quality
control to reduce costly callbacks.

Equipment. We have not found any whole-system
packages that suit our design and installation philosophy and
methods, but we do tend to specify specific components that
save installation time and enhance quality control. We use
Caleffi pump modules in some cases, which each provide
a preassembly of about 15 parts, saving soldering time. On
a given job we might have four of these, saving about 60
connections, or 12–16 hours of installation time. Over the
past 2 years, we have been adapting flow centers (hydraulic
separators) to our design. Those made by Caleffi, PAW and

half a day for $700. Often, smaller projects can be completed for the minimum a crane company would typically
charge, somewhere in the $250 range. The key is to be
absolutely ready so that the crane is in and out in the least
amount of time.
Charge pumps. If you are installing antifreeze systems,
a powerful charge pump is a big time-saver. Charging

C ou r te sy m r su n sola r.c om

H

ere’s an example of how careful preparation saved time and money. My company was doing four jobs for four different
homeowners in a town 300 miles away. We
spent 2 days fabricating each of the tanks
and a day loading up the Sprinter Van for
the job. We checked, crosschecked and
rechecked everything in advance. We drove
out on Monday, completed the four jobs in 4
days and were back home for a long weekend. We never had to leave any of the jobs to
hunt down a hardware store or supply house
in unfamiliar territory.
—John Patterson, Mr. Sun Solar

Preassembly. Many system components can be preassembled in the shop in a production fashion to save installation time
on the jobsite. Preplumbing storage tanks is one example.

Precision Hydronic Products have different features, but each
eliminates the fabrication of copper primary and secondary
manifolds. Combining these equipment-related measures, we
have reduced our installation time by about 20%.

Tools. We use tools typical to heating contractors. However,
each installer having a digital camera has done wonders for
promoting continuity on jobs and facilitating communication with
the design team.
Techniques. Where possible, preassembly has helped
reduce installation time. We even went through a phase where
we’d mock up the mechanical room in our shop and build the
system in parts, then haul it to the jobsite, assemble and charge
it. We always preassemble and prewire our control systems. Our
shop is close to supply houses and just as importantly, close to
the design staff, making shop labor less costly than field labor
through reduced downtime. {

solarprofessional.com | S o l a r P r o
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C ou r te sy m r su n sola r.c o m

ne of my best installers would spend
Saturday morning cleaning out the
truck, restocking parts he used on jobs,
recycling the cardboard and scrap metals,
and cleaning out his toolbox and soldering
kit. The regular workweek was just too busy,
and he was too tired at the end of each day,
so this was his approach to taking care of
accumulated mess. That extra time on Saturday enabled him to start the new week fresh
and organized on Monday.
—John Patterson, Mr. Sun Solar

Co u r t e s y s u n w at e r s o la r. co m

Cranes Utilizing a crane for roof loading is often essential for
installations on multistory buildings. This Sol-Reliant system,
manufactured and installed by Mr. Sun Solar, uses S-5! clamps
for penetration-free attachments on standing-seam roofs.

ProPress System Tool manufacturers such as RIDGID manufacture equipment that compresses ProPress system fittings,
allowing for solder-free connections. Compared to torch and
solder, labor and time savings increase with pipe diameter.
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closed-loop pressurized glycol systems requires a pump
strong enough to lift fluid from a bucket at the solar tank
to the top of the solar collectors. Generally, a powerful
charge pump on the order of 0.5 horsepower is needed.
Use a Y fitting so that two different source hoses can
feed into the solar loop with a shutoff on each line. Use
a pressure gauge to make the process of pressure testing, flushing and charging much simpler. A good charge
pump can easily save an hour on any given installation
and sometimes more. Pumps at 70 PSI with high flow are
recommended—this amounts to more than 160 feet of
pump head, which blows the air out of any but the largest
systems in a few minutes.
Corded versus cordless. Most corded installation tools
now spend their days gathering dust in the shop. While
it is still a good idea to have a powerful hammer drill on
the truck for blowing holes in concrete and block work,
it will not be used much in normal installations. In the
past, corded ac half-inch drills were used for heavy work
such as driving lag screws and drilling through double top
plates, but newer tools have pretty much retired them. A
modern cordless impact tool will drive 5-inch lag screws
in one trigger press and reduce the chance of breaking
bolts. The newest lithium-ion battery cordless tools are
significant time-savers. They are lightweight, have a low
self-discharge rate and ample power.
ProPress. One specialty system that is gaining popularity
with both plumbers and solar water heating system installers is the ProPress. The system uses compression fittings
with O rings. The rings are made from high-temperature
material suitable for solar thermal piping systems. The
fittings are expensive, but the time savings increase with
pipe diameter and system size. Using c o n t i n u e d o n p a g e 7 0

®
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Tim Coats, Solar Trainer and
Consultant, Ontility
Houston, TX / ontility.com

Planning. I cannot put enough stress on the
importance of a detailed site survey. Being able to anticipate the challenges that a job may present and having
a plan for addressing those challenges are the keys to
a smooth and efficient installation. If the salespersons
have little or no installation experience, they must be
trained to know what questions to ask and what to
look for, and be directed to take plenty of photos. For
more-complex systems, it may be worthwhile to have an
experienced installer perform the site survey. Unfortunately, poor planning may require installers to design a
system while they are installing it. This will usually result
in plenty of trips back to the shop or supply house and
increase installation time significantly. In general, knowing what to expect on a particular job and starting that
job fully prepared will save hours and labor. Sending
the appropriate number of people to do the job can
also make a big difference. A job that should take three
people a combined total of 24 person-hours may end
up taking two people 36 person-hours.

Equipment.There are many equipment packages
available on the market, and they each have advantages
and disadvantages. Some equipment may take less time
to install but operates less efficiently or has a reputation
for callbacks. I prefer the drainback systems from AET,
which offers many different package options that enable
the system designer to pick the best system for the job. In
terms of installation time and labor savings, an installation
team that is very familiar with the equipment it is installing
is the most critical factor.

compression fittings rather than soldering is definitely
safer, especially in attics and crawl spaces.
Headlamps. The droplight tagged along with an extension cord for decades in the construction trades, and this
is another tool that is destined for the museum. Unless
the attic work is going to take more than an hour, leave
the droplight and extension cord in the truck. Individual
headlamps can light the way.
Vehicles
A well-organized truck facilitates streamlined installations.
Vans, pickups and step vans all have pros and cons. Vans and
step vans are ideal for securely holding hundreds of small
parts and tools. Pickup trucks have less secure space for parts
but are easy to work from when equipped with bed and side
boxes. Many plumbers prefer step vans because of their readily
accessible storage, but the roof can be a drawback for a solar
installer—the roofs of most step vans cannot be walked on.
Many installers prefer a full-sized van with a ladder rack, pipe
enclosures and a rack for collectors. Whatever your choice, a
well-organized vehicle makes the job go quicker.
Obviously, if you do not have or cannot easily find the
parts you need, you will waste time, job after job. A full
set of racks inside the truck with small bins for every type
of part is required. Good racks and bins are expensive
but well worth the money spent. Keeping the truck organized and stocked is typically the crew chief ’s responsibility. This means all tools, parts, fluids, consumables and
paperwork are in their proper places. Inventory control

Flashed penetrations Nothing wastes more time or cuts into
a project’s profits more than callbacks. Good materials and
workmanship, such as flashing all roof attachment points and
penetrations for pipe runs, go a long way toward eliminating a
return trip to the jobsite.

Techniques. Prepping tanks and other components
ahead of time in the shop is an excellent technique for saving time on the installation. It is also a great way to train new
installers. There are limits to what can be done in the shop,
because jobs have a tendency to be unique, but many
components will always go together the same way. {
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Tools. Nothing beats a good torch and solder. I have
yet to see a tool that can make a connection I can trust as
much as a soldered joint.

starts before the truck leaves the
shop and is part of the planning
process.

Rich Louis, PE, Partner and
Vice President, Sunnyside Solar Energy
Parkton, MD / sunnysidesolarenergy.com

Techniques and Tricks
Planning. We always make sure customers are clear on what they are
As installation teams gain experigetting and what the project will look like when completed. This way rework is minence, they develop techniques that
imized and customer satisfaction is increased. This may sound like a simple conenable faster, higher-quality instalcept, but extra communication amongst all members of the team (sales, design
lations. Some of these processes take
and installation crews) must be accurate and thorough to achieve that goal and
place in the installer’s head; others
meet the client’s expectations. We also make sure that project planning accounts
relate to construction approaches;
for any site-specific issues prior to the crew showing up. An important preplanning
and still others are just plain comcheck is to verify that the tank can be delivered to its final location. This is not a
mon sense.
problem for smaller-sized tanks, but is a critical check when a large tank is speciKnow the code. Being familfied in the design. Finally, we stock all basic parts so projects can proceed quickly
iar with the code and regulations
and stay on track regardless of any last-minute on-site surprises that can occur.
required by the AHJ in your marketplace is crucial. A good working
Equipment. Our systems are chosen for simplicity of operation, durabilrelationship with local inspectors is
ity and maximum efficiency rather than installation speed. Specifying high-quality
very helpful and can preempt any
equipment results in fewer warranty callbacks for the installer and increases
misunderstandings that may arise.
customer satisfaction. I have reviewed systems designed to be quick to install,
A lot of code has changed in the past
with flexible line sets and threaded or gasketed fittings, for example, but I have
few years, mostly having to do with
concerns about durability, maintenance and future parts availability. Some of these
structural requirements. For examproducts are metric sized or include parts that are available only via special order
ple, some jurisdictions now require
from Europe. System quality and performance should always be the priority.
the collector load to be spread over
several point loads in a fashion that
Tools. ProPress fittings speed the installation along nicely. We do continue to
results in six or more standoffs for
solder all connections above the roofline, rather than rely on gasket-type fittings,
two 4-by-8-foot collectors.
due to the high temperatures at that location. Milwaukee’s lithium-ion batteryFind the rafters or trusses. A sure
powered copper tubing cutter is quite handy, especially for tight spaces. I have
way to locate rafters or trusses on
been looking to try a tool by Bosch, the D-Tect 100, designed for locating trusses
the roof is to go into the attic and drill
under roofing materials. However, it is not yet available in the US. Milwaukee
an eighth-inch guide hole alongside
makes a similar tool, but it did not work well on shingled surfaces.
the rafter or truss. A second installer
can mark the pilot hole on the roof.
This will precisely define the edge
Techniques. A company that provides training and makes its well-trained
crews feel valued will have better staff retention and skilled installers, both of which
of the structural member you plan
ultimately lead to faster, higher-quality installations. Each project site offers its own
to lag into. Another approach is to
unique challenges. Skilled, motivated installers can assess those challenges and
approximate the rafter location by
provide quick, creative solutions. {
looking at rafter tails and measuring
off the gable, or skip hammering on
the roof to find the rafter by feel. Neither of these approaches is precise,
but they can typically get you within
a few inches; then drill multiple holes one-quarter inch apart idea. When a collector arrives on the job atop a pipe rack,
in a row to locate and mark each rafter. This method should the starting height of the collector is close to the height of a
be used only if the roof penetration will be flashed with an single-story roof. If the vehicle can be backed up close to the
approximate 1-square-foot base that will adequately cover eave, two or more installers can lift the collector from the
the row of drill holes. It is a good idea to caulk the test holes rack directly to the roof.
as a precaution against driving rain or hurricane-force winds
Attic work. If you have worked in enough attics, you probblowing water sideways under the flashing.
ably have a story about slipping off a truss or joist and damLift from the truck rack. Using the truck rack to your advan- aging the ceiling below. More than one solar installer has
tage with collector lifting is a smart time-and-labor saving taken the express elevator through the lid and down a story.
solarprofessional.com | S o l a r P r o
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Safety Uncalculated time is lost every year due to
accidents on the jobsite. Appropriate safety equipment and
crew training is critical and should be prioritized and enforced
by company owners, managers and lead installers.

Careful movements while in the attic will prevent injuries
and costs associated with repair work.
Soldering safety. To minimize fire potential, soldering pipe
in attics deserves the utmost of care. It should be avoided
whenever possible. On many jobs, with careful measurements, the tubing can be soldered on the roof or the ground
and then fitted in the attic. If this is not possible, make sure
that you bring a fire extinguisher into the attic. A small piece
of flashing about a foot square can be used to protect both
exposed framing and finished walls when you are soldering
close to them.
The bread trick. Even a pipe that is barely dripping cannot be
soldered because the water vaporization takes the temperature
of the tubing below the melting point of the solder. When soldering a fitting or a valve on a water line that is leaking slightly
due to a faulty valve, temporarily plug the pipe with a piece of
bread. After the joint is prepared and fluxed, push the bread
into the existing tubing. It will soak up small amounts of water
like a sponge and give you enough time to get the joint soldered.
This is no time for health food: cheap white bread works best
and dissolves quickly. Do not use multigrain bread, because
seeds may clog faucet aerators.
Control test. If the installed system has a differential control, every crew member should know that the last thing to
do on the roof is finish the insulation on the collector sensor
and to do so only after the controls have been cycled. This
can be done quickly, even on cloudy days with fire and ice—a
lighter and an ice cube. On the roof, heat the collector sensor
with the lighter and the pump should turn on; cool it with
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the ice cube and it should turn off. This test is simple, quick
and verifies continuity of the sensor wiring.
Count your tools. Tools are often left behind on jobsites or
lost for good in attics. It is a good idea to count them before
and after the installation. This can prevent the time lost looking in vain for a missing tool later. Using buckets with tool
sleeves helps keep tools organized and easily accessible.
Watch your feet. A good policy is to take off footwear prior
to entering a home, or to lay down protective plastic or paper
barriers. Homeowners appreciate this level of attention to
detail and respect for their space.
Safety. Uncalculated time is lost every year due to accidents on the jobsite caused by unsafe practices, and the time
lost is your least worry. Roofs are dangerous places, and solar
water heating system installers spend a lot of time on them.
Flat plate collectors are heavy and can be awkward to move
on steep roof pitches. Proper fall protection starts with quality equipment, including ladders, harnesses and rigging. But
the protection they provide is only as good as the training
needed to ensure proper use. Appropriate safety training for
the installation team is an absolute must.
g C O N TAC T
Chuck Marken / SolarPro magazine / Ashland, Or /
chuck.marken@solarprofessional.com / solarprofessional.com
John Patterson / Mr. Sun Solar / Portland, OR /
jp@mrsunsolar.com / mrsunsolar.com
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• Unlimited monthly use (Expert version)
Try it online FREE - solardesigntool.com/solarpro

For more information, contact us at: hello@solardesigntool.com

Draker's Sentalis Monitoring
delivers solutions that combine
engaging graphics with accurate
measurements. Sentalis makes
complex renewable energy data
analysis simple and intuitive.

v3.0 Core Features
Multi-Site Dashboard
Project Overview
Performance Trends

Raw Data
Alarms

Multi-Site Dashboard
Analyze all sites in portfolio with summary performance
information. Sites with active alarms are highlighted to
provide an instant assessment of the portfolio’s health.
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New-Product Launches
Solar Power International
Anaheim, California, October 2009
By David Brearley, Ryan Mayfield and Joe Schwartz
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he annual Solar Power International (SPI) conference presents unparalleled technical
resources and networking opportunities. One inescapable aspect of the conference
is the diversity of business and tech exchange that is happening in every exhibit
booth, conference room, hallway, restaurant and bar. Conversations run the full spectrum, from business (“I just closed a 100-plus MW deal”) to nuts and bolts (“Did you check
out the wire management on that Lumos rack?”). If you are working in the US solar industry,
SPI is a critical event.
This year’s conference saw an explosion of exhibitors. In total, 929 companies were represented, more than doubling last years’ count.
Attendance topped out at 24,000, up from
17,500 in 2008. Companies from every part
of the solar value chain were represented.
SolarPro magazine was on hand. We
brought a full team of technical editors to
SPI to meet with equipment manufacturers,
integrators, engineers and trainers. When
we returned home, we compiled our notes,
contacted industry colleagues and came
up with a list of equipment launches
that caught people’s attention. The list
of products that follows is by no means
comprehensive. The only way to catch
all of the new-product launches at SPI
is to attend one of the events—and the
next annual conference runs October
12–14, 2010, in Los Angeles, California.

AMTEC SOLAR, EQUINOX RECOMBINER Expanding on
its Prominence line of UL 1741 listed dc combiner boxes, AMtec Solar
introduced the Equinox series of listed recombiner boxes. Available
in 750, 1,200 and 2,000 A capacities, the Equinox recombiners are
customizable to meet individual project needs. The maximum fused
input is 200 A, and the acceptable number of incoming fused inputs
ranges between eight for the Equinox 750, and 20 for the Equinox
2000. Product features include integrated wire management, silkscreen labeling, plastic dead-front safety shields, large output lugs
and ample wiring room. Modbus monitoring for each fused input is
available as an option, as is surge protection. The Equinox recombiners are designed to mount to a wall or a freestanding scaffold and are
available in either NEMA 4 or NEMA 4X stainless steel enclosures.
g AMtec Solar / 510.887.2289 / amtecsolar.com

CRANE TECH SOLUTIONS, TOPLIFT With more than 50
years of experience in the crane-and-hoist business, Crane Tech now
offers its Toplift as a unique solution for transporting solar panels to
rooftops quickly and efficiently, while minimizing potential product
damage or personal injury. Aluminum rail sections are assembled
on-site. With a maximum lift height of 67 feet, the 120 Vac drive unit
is capable of raising a maximum payload of 330 pounds at a hoisting
speed of 92 feet per minute. An adjustable bend section, or knee joint,
allows the rail assembly to move panels parallel to the roof plane at
the Toplift’s highest point, keeping installers away from the edge of the
roof. A lift with 37 feet of rail length is sufficient for loading two-story
roofs and sells for about $5,600.
g Crane Tech Solutions / 757.405.0311 / ct-sol.com

DIRECT GRID TECHNOLOGIES, DGA SERIES
MICROINVERTERS Microinverter technology is gaining acceptance in the US market, and now integrators utilizing amorphous
thin-film technologies have an option. Direct Grid’s OEM Series offers
the DGA-200 and DGA-300 inverters with a 150–190 Vdc input range.
The inverters have a low profile that allows them to be mounted to
the back of PV modules. Direct Grid is simultaneously testing and
certifying the DGA-S200 and DGA-S300, which comprise its SMART
Series. The SMART Series microinverters incorporate additional
communications that allow for theft deterrence and remote monitoring. The SMART line is expected to be certified by the end of Q1 2010.
Direct Grid also incorporates Web-based inverter monitoring into its
products via WattTrack software, which allows users to view module
production for historical or diagnostic analysis.
g Direct Grid Technologies / 631.242.1900 / directgrid.com
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EATON, DISCONNECT, INVERTERS & COMBINER
BOXES As a power management company, Eaton is a familiar name
in the electrical world. The company now offers multiple solutions
specifically to the PV industry. Heavy-duty dc disconnects listed to
UL 1741, plus inverters and combiner boxes for use in residential and
commercial systems, were among its products on display in Anaheim.
Eaton’s residential inverters use the same technology found in its
UPS units and range from 1 kW to 10 kW. The commercial inverters
are based on Eaton’s ac motor drive technology and are available in
the 100 kW–1 MW range for utility-scale applications. Commercial
applications can utilize Eaton’s standard metering and monitoring
equipment, which includes Power Xpert software. Eaton also offers its
knowledge and experience to organizations wanting complete solutions for PV power plant installations.
g Eaton / 216.523.5000 / eaton.com
ECOFASTEN SOLAR, FLASHED ROOF ATTACHMENTS
A division of Vermont Slate & Copper Services, EcoFasten Solar offers
flashed roof attachment brackets for both flat roof and asphalt shingle
applications. The Eco-Fasten attachment bracket is designed for use
on common flat roof types, such as EPDM, TPO, vinyl, hot tar or torchapplied membranes. It consists of a 6-by-5.5-inch base plate that
attaches to the roof deck using eight fasteners, a 10-by-10-inch target
patch for flashing and a universal top plate. The Eco-Fasten bracket
can be used for a complete mechanical attachment or to enhance the
wind uplift capability of a ballasted mount without additional weight.
Two other product lines, Quick-Foot and Green-Fasten, are designed
for steeply sloped asphalt roofs. According to EcoFasten Solar, all its
flashed roof attachments meet or exceed building code requirements.
g EcoFasten Solar / 877.859.3947 / ecofastensolar.com

EIQ ENERGY, PARALLEL ARCHITECTURE DC-TO-DC
CONVERTER The vBoost 250 and 350 from eIQ Energy offer granular performance optimization by utilizing a parallel architecture,
which the company believes will increase energy harvest and design
flexibility while reducing installed system costs. Designed to work
with any inverter and most PV modules, each eIQ vBoost converter
outputs a fixed dc bus voltage that is matched to the optimal constant
voltage input of the inverter. Individual or small groups of PV modules
are connected in parallel to a converter module for MPP tracking.
Converter modules include an internal 1.5 A fuse and are connected
in parallel using a custom wiring harness to increase current. A return
wire is not required, simplifying installation; many more modules
may be installed per cable run than conventional series wiring
allows for, decreasing BOS costs. Detailed system monitoring
ensures plant operation.
g eIQ Energy / 408.533.8560 / eiqenergy.com
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FRONIUS, CL CENTRAL INVERTER Fronius introduced a
series of 3-phase central inverters modeled on the MIX concept design
utilized in its multiple-power stage string inverters. The CL central
inverter line can house 9, 12 or 15 power modules for inverter capacities ranging from 33.3 kW to 60 kW ac. To optimize energy yield, individual power racks are incrementally turned on or off, depending on
available array power. The CL’s compartmentalized power conversion
approach mitigates the impact of a failed power module because the
remaining modules will continue functioning. If service is required,
power modules can be easily replaced via a slide-in/slide-out, plugand-play design. The units’ closed-channel ventilation eliminates dust
or moisture coming into contact with the electronics. The CL inverters have a wide MPP window of 230–500 Vdc and CEC efficiencies of
94.5%–95.5%.
g Fronius USA / 810.220.4414 / fronius-usa.com

groSOLAR, gro ENERGY WATCH MONITORING
SYSTEM With the introduction of its proprietary gro Energy Watch
monitoring system, groSolar has underscored the industry-wide perspective that remote monitoring of photovoltaic systems will soon
be indispensable for both integrators and customers. Integrators benefit from streamlined, remote system diagnostics and troubleshooting
of all monitored sites. In addition, online system monitoring benefits
customers by giving them tangible insight into their investment.
gro Energy Watch is compatible with all groSolar-supplied Motech
inverters. The new monitoring product, version 1.0, is available for a
suggested retail price of $499 and includes two years of online service.
Installed monitoring units can be remotely upgraded as new software
features and versions are developed.
g groSolar / 800.374.4494 / grosolar.com

HILTI, SOLAR PARK MOUNTING SYSTEM While new to
the US solar market, the Hilti MSP-AL Solar Park Mounting System
is backed by more than 50 years of construction industry expertise.
Specifically designed for the utility-scale solar power market, it consists of only six components. It includes preassembled panel clamps
and cross connectors that drop from above into transverse
or longitudinal aluminum channels at any location, offering
significant installation efficiencies. Designed for use with
both framed modules and unframed laminates, the MSP-AL
Solar Park Mounting System is compatible with a variety of
foundations, including concrete footings, driven piles and ground
screws. In addition to planning, specification and design services,
Hilti offers inventory and mobilization support, as well as an extensive
line of cordless tools for array siting and installation.
g Hilti / 866.445.8827 / us.hilti.com
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KACO BLUEPLANET, 100 KW INVERTER The KACO XP
100U-H4 offers a standard 480 Vac unit with a unique graphical
interface. A touch screen supplies images that provide the user and
commissioning agent a clear picture of the system. Additionally, each
inverter has a built-in Web server that allows for remote software
updates by either KACO personnel or on-site technicians. The inverter
includes GFDI protection and field-selectable positive or negative
grounding configurations. The unit is actively cooled, and the fans and
control boards are supplied with power from multiple sources in order
to eliminate the possibility of single-point failures in the field. The
easyLink data interface includes Ethernet and RS485 connections for
system monitoring. An SD memory card for up to 8 GB of data storage
is included.
g KACO new energy / 415.931.2046 / kaco-newenergy.com

LUMOS, PROJECT X Lumos has patents pending on a racking
system with integrated wire management, which integrators have
been requesting for years. The modules are integrated with the racking as well. The frameless approach eliminates module-to-module
equipment grounding requirements. The monocrystalline 185 W modules are secured to the racking with a through-hole mounting system
that employs constrained positioning so the modules drop in square
to the rails, with even spacing. The racking includes prewired MC4
cabling that accepts short output leads from the modules. A bell box
at the end of each racking section allows conduit to be run directly to
the racking, for a 25-year, zip-tie-free solution. Project X is expected to
be in full production by Q2 2010.
g Lumos / 303.449.2394 / lumossolar.com

MORNINGSTAR, TRISTAR MPPT CONTROLLER With
the introduction of the TriStar MPPT controller, Morningstar now has
a competitive product for large, off-grid telecommunications and residential projects. Two TriStar MPPT models are shipping: the 45 A, TSMPPT-45 and the 60 A, TS-MPPT-60. Both models are ETL listed to UL
1741, have a 150 Vdc open-circuit voltage rating and provide 200 days
of datalogging capacity. Several design features are focused on product
reliability, including overload, short-circuit and high-voltage electronic
protection on the input circuit; passive thermal cooling with no fans;
and the absence of mechanical relays. Many consider the controller’s
direct networking and communication capabilities to be the best in
class. These capabilities include an Ethernet, Web-enabled interface
that connects to local networks or to the Internet and provides system
monitoring via Web browsers or email and text messaging.
g Morningstar / 215.321.4457 / morningstarcorp.com
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SATCON, SOLSTICE INVERTER The Solstice solution is a new
system architecture that consists of a 100 kW inverter and, typically,
four 26.2 kW combiners. Unlike other central inverters, MPP tracking
is performed at the string level in the array field. This approach minimizes the impact of module mismatch, shading and soiling. It allows
multiple PV module technologies to be placed on the same central
inverter, increasing design options. The combiners include 12 dc-to-dc
converters, one per string, that boost array voltage and output a fixed
575 Vdc, allowing the inverter to be optimized for a specific and constant voltage input. String-level monitoring and control are performed
via Power Line Carrier (PLC) communications between the combiners
and the inverter. Satcon estimates an energy throughput increase of
5%–12%. The lead time is reported to be 10 weeks.
g Satcon / 888.728.2664 / satcon.com

SHARP, THIN-FILM MODULES Sharp’s amorphous silicon/
microcrystalline modules were on prominent display at this year’s
show. The modules, with their peak 128 W output, are being used
in multiple utility-scale projects where thin-film products are well
suited. The 128 W modules boast 9% efficiency while using less than
1% of the silicon used in crystalline modules. The tandem-junction
technology allows the modules to use a larger spectrum of available
light to produce power. The module construction includes a front
glass cover with a back skin to reduce the overall weight of the
module. The thin-film modules are high voltage and low current: 238
Voc, 0.846 Isc after the initial burn-in period associated with thinfilm modules. Sharp also has additional thin-film modules listed for
1,000 V applications.
g Sharp / 800.237.4277 / sharpusa.com

SIEMENS, SINVERT PV INVERTER Siemens announced the
release of its 350 kW SINVERT PV inverter in Anaheim. The inverter
is built in accordance with ISO 9001 and features a compact design
and footprint that will allow for easy installation. The PV array can be
isolated from the inverter via fuses and dc contactors in the inverter.
Additional features include optional PV array isolation measurement
capabilities to detect faults in the array earlier than existing groundfault detection devices, and optional symmetry monitoring for the dc
input circuits. A cluster control feature allows for up to four inverters
to be interconnected at a common dc bus. System management is
achieved through WinCC software. This program helps monitor PV
performance and reports data and error messages back to the user.
g Siemens / 800.743.6367 / siemens.com
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SMA, HIGH-FREQUENCY INVERTERS SMA America
announced a line of high-frequency inverters that is expected to
receive UL listing and CEC eligibility in Q1 2010. Three inverter models will be released: the 2000HFUS, 2500HFUS and 3000HFUS. Power
outputs are 2,000 W, 2,500 W and 3,000 W respectively. The MPPT
range for all three inverters is 175–480 Vdc. The high-frequency transformer design reduces inverter weight by 35%, compared to current
Sunny Boy models with similar power ratings. The inverters’ 14-inch
width allows them to be mounted between wall studs via a flushmount kit. Features include automatic grid voltage detection for
either 240 or 208 Vac services and an integrated, lockable dc disconnect switch. The inverters can be configured for positively grounded
arrays. Wireless inverter monitoring is available with SMA’s new
Sunny Beam desktop monitor.
g SMA America / 916.625.0870 / sma-america.com

SOLAREDGE, DISTRIBUTED POWER CONVERSION
SYSTEM The SolarEdge system consists of three components: a
module-level PowerBox, a fixed voltage inverter and a monitoring
portal. With investment from GE Financing and other groups,
SolarEdge is working with module manufacturers such as BP Solar
and SCHOTT Solar to embed the company’s PowerBox into PV
modules, replacing existing junction boxes. The PowerBox provides
module-level MPPT and performance optimization. In addition to
enhanced design flexibility and roof utilization, the system offers
improved safety during installation and maintenance because
PowerBoxes will not export power unless the inverter is turned
on. Communication to the monitoring portal, which provides
remote data analysis, is enabled via a dc Power Line Carrier
communications. SolarEdge believes it can offer its system at the
same price as a conventional solution, even with additional features
such as module theft deterrence and dc-arc fault prevention.
g SolarEdge / 650.320.7695 / solaredge.com

SOLARTECH, PPA TEMPLATE In an effort to lower finance
transaction costs, SolarTech has made a PPA template available for
purchase. SolarTech is a PV industry consortium with a goal to
“identify and resolve the inefficiencies inherent in the delivery of
solar PV systems.” SolarTech estimates that the use of a standard PPA
contract will greatly reduce the negotiating time and will result in
a reduction of costs and project delays. The template was partially
funded by a grant from the California Energy Commission to develop
and promote best financial practices for solar markets. According
to SolarTech’s Web site: “The purpose of the template Power Purchase
Agreement and Site Lease is to provide the industry with a starting
point in completing a third-party financed distributed solar
PV project.”
g SolarTech / solartech.org
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SOLECTRIA RENEWABLES, SMART GRID INVERTERS
Expanding upon its existing line of string and central inverters, Solectria Renewables has added three utility-scale, smart grid PV inverters: the SGI 266KW, SGI 300KW and SGI 500KW. Designed for 3-phase
interconnection at 480 V, the transformer-isolated SGI inverters have
an estimated CEC efficiency of 97% and a peak efficiency of 97.4%. The
integrated design includes heavy-duty, visible-blade ac and dc disconnects. An optional fused dc subcombiner is available, as is subarray
current monitoring. A user-navigable LCD screen is standard, as is
Ethernet for use with third-party monitoring systems. Proprietary
inverter-direct SolrenView monitoring is available as an option. RS485
and MODBUS RTU are provided for SCADA systems. Solectria SGI
inverters offer the following smart grid features for utilities: VAR
support, low-voltage ride-through capability and remote command
and control.
g Solectria Renewables / 978.683.9700 / solren.com

SOLMETRIC, PV DESIGNER SOFTWARE Solmetric has
introduced PV Designer, an array design, layout and optimization
software package that integrates site-specific data captured by its
SunEye shading analysis tool. The package includes an equipment
database that eliminates the time required to source individual
specifications from various product Web sites and creates array layout
visualization using actual module dimensions. Shade impact analysis
allows system designers to create multiple array layouts and predict
maximum ac kWh output. Various module and inverter combinations
can be quickly examined, results quantified and system options
identified. System layout illustrations and chart and graph creation
functionality enables integrators to build high-quality proposals that
will give them a leg up on their competition.
g Solmetric / 707.823.4600 / solmetric.com

SUNLINK, GROUND-MOUNT SOLUTION The SunLink
Ground Mount Solution is designed to simplify the installation of
ground-mount PV systems. Available as a ballasted or post-mount
solution, the system arrives in a single shipment ready for installation,
eliminating inventory and supplier management issues—just add PV
modules. The ballasted solution is intended for flat tracts of land and
is ideal for situations where portability is desirable, such as leased
property. Because there are no footings to dig, the system can be
moved and reused at any time. The SunLink Ground Mount Solution is
custom designed for each application and module; it requires no drilling, cutting or welding. The tilt is configurable for any angle between
20° and 40°. Divider clamps ensure proper spacing between modules.
Optional antitheft hardware is available.
g SunLink / 415.925.9650 / sunlink.com
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SUNTECH, RELIATHON MODULE & BOS In an effort to
streamline utility-scale PV project specification and installation,
Suntech designed a new module and partnered with racking and
inverter manufacturers to offer the Suntech Reliathon System. The
Reliathon module ranges from 260 W to 270 W and incorporates
self-aligning frames, wire management and integrated grounding.
The U-bolt fastening system is designed to work with Suntech’s
fixed ground-mount or with the tracking solution offered by Array
Technologies. The PV modules are backed by 12-year workmanship warranties and 25-year power output warranties based on
annual degradation. Central inverter options include AE, Satcon,
Siemens and SMA. The company estimates that the packaged Suntech Reliathon System will cost 10% less than buying individual
components.
g Suntech Power / 866.966.6555 / suntech-power.com
TIGO ENERGY, MODULE MAXIMIZER, MANAGEMENT
UNIT & SOFTWARE Tigo Energy is a low-cost leader in the
rapidly evolving dc-to-dc power conversion arena. The company’s
Module Maximizer-ES optimizes the power output of each panel. As
arrays age and mismatch conditions expand, energy harvest benefits
from using the units are projected to increase. Maximizer-ES units are
rated for 300 W, with MPPT voltage ratings of 18–60 or 50–90 Vdc. The
Maximizer Management Unit communicates with each Maximizer in
the array and with the inverter. It provides control functions, including manual high-voltage dc bus deactivation, and serves as a gateway
to a Web-based data center. The monitoring functionality is extremely
granular, providing module-level data for operational and performance monitoring. Tigo is working with several module and inverter
manufacturers to develop fully integrated—and optimized—system
solutions.
g Tigo Energy / 408.364.0150 / tigoenergy.com
UNIRAC, ISYS ROOF MOUNT The latest innovation from
Unirac is the ISYS Roof Mount, a nonpenetrating solution that
requires no ballast blocks or concrete. The system is configurable for module tilt angles between 0° and 30° and achieves a
basic wind speed rating of between 90 to 120 mph, depending
upon the module tilt. The base of the mounting system is a patented carbon steel I-beam that is supported at regular intervals
by an EPDM rubber Dura-Block, which positions the ISYS Roof
Mount above roof obstacles, such as vents and drainage features. Due to various system efficiencies, Unirac estimates an
installation rate of 2 to 3 kW per person-hour. Support for the
ISYS Roof Mount is provided through Unirac’s new Commercial and Utility Group. To ensure proper system installation,
services include structural design, on-site installer training and
field support.
g Unirac / 505.242.6411 / unirac.com
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VALENTIN, T*SOL AND PV*SOL SOFTWARE Founded by
Dr. Gerhard Valentin in 1998, Valentin Software is the market leader
in Germany for solar thermal and PV performance modeling software. In 2010, the company is releasing localized versions of its T*SOL
and PV*SOL software for the US market. The PV*SOL product line
will include four software versions: online, express, professional and
expert. The most basic tool is a free online performance estimator.
The express version is a sales tool rather than a design-optimization
tool. The professional version has the most German subscribers.
Going beyond simple performance simulation, it offers designers
the ability to optimize plant performance, cost and ROI by comparing a variety of module, string configuration and inverter selections.
The expert version adds 3-D visualization tools. All versions have the
ability to auto-update online and auto-load new data. In addition to
standard applications and services, company-specific applications
are also available.
g Valentin Software / 888.786.9455 / valentin-software.com

XANTREX TECHNOLOGY, PV BOX The PV Box solar power
conversion substation is a prefabricated solution built to enable the
rapid deployment of power conversion equipment for utility-scale
array fields. Standard configurations range from 250 kW to 2 MW;
customized solutions are available. A steel building houses multiple
Xantrex GT central inverters, fused combiners, a recombiner with
onboard CTs for current monitoring, a Square D step-up transformer
and a medium voltage fused disconnect. Supervisory control and data
acquisition (SCADA) monitoring is optional. The environmentally
controlled enclosure is protected with 2 inches of foam insulation,
anticorrosion paint and a well-designed ventilation system, making
the solution well suited for sites with high ambient temperatures.
Current lead times range from 12 to 14 weeks.
g Xantrex Technology / 604.422.8595 / xantrex.com

ZEP SOLAR, ZEP SYSTEM Product integration was the buzzword on the show floor, and perhaps no manufacturer exemplifies
the trend better than Zep Solar. The patented Zep System requires
no mounting rails. Instead, the system integrates with modules
manufactured with tapered channels (Zep Grooves) that accept its
core components: the Interlock and the Leveling Foot. Each component contains the Zep, a device that locks into the groove, secures the
module to the system components and simultaneously auto-grounds
the module frames. This degree of system integration minimizes
parts count and equipment shipping costs, and speeds installation
to reduce time on the roof and installed system cost per kW. Zep Solar
is launching the Zep System in partnership with groSolar. Module
partners will be identified prior to the product’s Q2 2010 release.
g Zep Solar / 415.479.6900 / zepsolar.com
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Interview

An Experienced Perspective

Jane Weissman, IREC
J

ane Weissman has been the
executive director of the Interstate
Renewable Energy Council (IREC) since
1994. From 1985 until 1991, she was the
executive director of the Massachusetts
Photovoltaic Center. She was elected an
American Solar Energy Society Fellow
in 2004. Jane has published papers and
spoken widely on topics in the field of
renewable energy, photovoltaics, certification, quality assessment and public
policy. She has been invited by the US
Congress to provide expert testimony
before the Subcommittee on Energy
and Environment to discuss workforce
development and training issues. Jane
is based in Boston, Massachusetts.
—SolarPro Managing Editor Kathryn
Houser talked with Jane in early November.
KH: What is IREC and what is its role in
the industry?

JW: IREC is the Interstate Renewable
Energy Council. It has been around
since 1982. We have a long track record
and have been thrilled to see how
things have changed within the renewable energy market from the early ’80s
through 2010.
We tend to take on some of the tough
problems. We try to tackle the barriers
in order to accelerate the growth of the
renewable energy industry. IREC focuses
on basically two areas.
One focus is uniform standards
and policies, and we do a lot of work in
the regulatory arena. We work with
state regulators in terms of interconnection, rule making and net metering.
Our second big focus is on quality assessment, where we have a long
history. When IREC started in the early
’80s, we were at the table establishing
the Solar Rating and Certification Corporation. That’s the group that handles
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the independent
certification of
solar thermal
collectors and
systems. Around
2000 we were at the
starting gate when
the discussions
began regarding the
North American
Board of Certified
Energy Practitioners [NABCEP],
and we continue to
be very active with
NABCEP and the
practitioner assessment that
it offers.
More recently
Jane Weissman, executive director of the Interstate Renewwe facilitated the
able Energy Council, works hard for quality renewable
start up of the
energy workforce training.
Small Wind Certification Council,
the organization that will be certifying KH: How are competency standards for a
well-trained professional established?
small wind turbines. Finally, we are
currently the North American licensee JW: Actually we’re lucky because we
for the Institute of Sustainable Power
use the standards established by NAB[ISP] international credentialing proCEP. NABCEP has industry-approved
gram. So we really have a long lineage
task analyses that list the actual tasks
of working with third-party verificaand subtasks involved in performing
tion and quality assessment.
a particular job. That means all the
We basically feel that the question
required skill sets are defined for a
on the table is: How do we avoid the
course that we may be evaluating.
pitfalls the solar industry experienced in
the late ’70s and early ’80s, with lucrative
KH: And who defined those skill sets?
tax credits alongside a less-than-stellar
JW: NABCEP followed a formal process
solar community? One of our goals is to
to develop a task analysis. A group
determine how we make sure the green
of subject matter experts was called
economy doesn’t get a black eye this time together, with a good balance on the
around. And that’s why we were very
committee so that no one group or
vocal about the importance of setting
company predominated. It was done in
some standards for the industry. We have a transparent way.
to be a lot more responsible—if we blow
NABCEP has an industry-approved
it this time, it’s our fault.
task analysis for c o n t i n u e d o n pa g e 8 8
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the photovoltaic installer, for the solar
thermal installer and for the small wind
installer. Where NABCEP and IREC link
is around that task analysis. We use it to
evaluate the curriculum, and NABCEP
uses it to design its assessment, which
for NABCEP is an exam. The task analysis becomes the blueprint on both sides
of the equation.
KH: What is the Institute for Sustainable
Power?

JW: This is the group that Mark
Fitzgerald started back in 1996. Mark
was very concerned over what he saw
as lack of quality training going on. He
worked with the international community to establish a standard that
basically measures content as well as
management and quality of training
programs. Its standard is called the
Institute for Sustainable Power Quality [ISPQ] Standard. We use the ISPQ
Standard as a guide as we audit training programs.
KH: What does having the ISPQ rating
actually convey about the course to a
potential student?

JW: I guess that’s the punch line, isn’t
it? We have different designations. When
we accredit training programs, we want
to make sure that the program teaches
to all critical tasks in the NABCEP task
analysis. Students can know that they are
being taught all of the different parts of
that task analysis.
Continuing education providers
are a little different. They may just do a
fundamental course, or they may take
one part of the task analysis and just
teach to that. Whatever task they’re
teaching to, we want to make sure it’s
covered correctly.
Then we have the trainer designations. A master trainer is someone who
has an enormous amount of not only
teaching experience, but also practical
experience. The instructor designation
is basically the same but requires less
teaching time and practical experience.
88
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It can take 5 to 7 months to go
through the audit process on an average.
All designations require a desk audit.
Some also require an on-site audit. The
auditors are meticulous, making sure that
requirements are met.
We’re not trying to be punitive here.
We just want to make sure that there’s
good training, so we’re very careful.
We try to schedule an on-site audit
when there’s training going on, and our
auditor will typically sit in the class for
a while. We struggle with the right balance of desk time and real-time evaluation. The auditor’s time is valuable, and
we don’t want to make this so costly
that the fees are too high.

this accreditation process?

KH: What about the hands-on element in
training?

JW: We’re getting them, and in 2007
we put out some guidelines for online
courses. With the Web-based programs
we want to make sure that there’s a
strong learning management system in
place, plus sequential learning, monitoring between instructor and student
and accessibility to ask questions, and
that some system of assessment and
feedback is built in.
Obviously the big drawback with
online courses is the lack of a hands-on
component. We’re seeing some models
that offer online instruction, and then
they bring students in for a week.

JW: Sometimes a continuing ed course
does not have a hands-on component;
but if we are evaluating a training
program, we have a list of basic equipment that should be part of the training. We make sure that these kinds of
equipment are really being used. We’re
curious what the ratio is between equipment and students, how many students
are working off of one mockup, let’s say,
with one set of equipment.
Also, one of the requirements in the
ISPQ Standard is that there are safety
practices and precautions as part of the
training. For example, in the environment where they’re training, there’s
eyewash and different precautions in
case a student is hurt during the training. Not only do we want to make sure
that the student is taught the right safety
procedures up on the roof, but also in
the classroom. So the accreditation
process actually covers the facilities and
the equipment used as well as the curriculum and the instructors.
KH: I was talking to Jeff Spies, the director of training at AEE Solar. In his opinion,
the most important criteria for instructors
is having actual hands-on installation
experience themselves. Is that any part of

JW: Absolutely, both for instructors
and master trainers; they must have
practical experience. We want to see
how many installations they’ve put
in. If they’re NABCEP certified, they
get extra points. Are they part of any
technical committees or on any code
committees? What kind of involvement
do they have with the different parts of
the industry? You want your instructor
to have not only experience in front of
the classroom, but also experience with
real customer site installations.
KH: There’s also a proliferation of Webbased programs now. Do you have any
way to evaluate them?

KH: Approximately how many applications for ISPQ credentials are you auditing annually?

JW: In 2009 over double the number
of applications came in compared to
the past three years. To date we have
offered credentials to 47 different
candidates. And we have 10 application
packages under audit. Some of those
application packages may have two to
five candidates within them.
KH: Are trainings being designed with
specific audiences in mind?

JW: We are tripping over a couple of
issues as we go forward. What are the
prerequisites for students to go to a

course? If you have a two-day course
that’s open to anybody, and you have
students with no electrical experience,
they’re not going to come out as installers. If you have a class of electricians,
perhaps a good 40-hour course would
be sufficient.
Community colleges are now
offering courses on photovoltaics, and
we’re beginning to see some—not as
many—on solar thermal. We’re hoping to see more. For example, Hudson
Valley Community College incorporates
photovoltaic courses within its electrical
department. So you’re building on the
trade courses, which I think is really the
way to go.
Are there opportunities to train
people for enhanced skills, so that they
can add services to offer installation to
their small plumbing or small electrical
company? They’re still working full-time,

but they’re expanding their services.
That’s one way of looking forward, if in
fact the market doesn’t have enough fulltime jobs.
Now that the market is changing so
much, we are seeing differentiation in
job titles and job skill sets. Courses need
to reflect this change, say with classes
for salespeople. Actually NABCEP is
developing a credential for the salesperson, which, once we have its task analysis, we can use to assess the curriculum
for salespeople.
KH: Are professionals’ continuing education needs being met?

JW: One significant requirement for
NABCEP-certified installers to maintain their credentials is 18 hours of
professional development over the
three years of their award. Six of those
hours need to include courses on the

National Electrical Code. That’s difficult to
find, yet you want your current workforce
to have updates on the new codes. We
would love to see more of those kinds of
courses. They are well suited for Webinars
or online courses.
KH: Are there any particular training
organizations that you consider to have
exceptionally good credentialed trainers
on staff?

JW: Oh, absolutely. A lot of the staff at
Solar Energy International are either
master trainers or certified instructors. Many places have a number of
their instructors certified, such as the
Midwest Renewable Energy Association
and the Hudson Valley Community College. We’re beginning to see not only more
program accreditation, but also more
organizations that want to have a whole
suite of instructors certified as well.

Build your business by joining forces with SMA.

Members can receive...

With unprecedented growth projected in the renewable energy
industry, competition is getting ﬁerce. Are you ready?

» Customized Marketing Materials
» Free Annual Training
» Online Solar Professional Listing
» SMA Sales Leads
» Priority Technical Service

Join the Sunny PRO Club and give your business the edge it
needs by teaming with the marketing power of SMA.
Your expertise, our resources: the perfect partnership. Join today.

Visit www.SunnyPROClub.com to apply.

For more information
call 888.476.2872

solarprofessional.com | S o l a r P r o

SPCBUILDBUSIN-AUS090515

Sunny PRO Club | A Professional Partnership

89

Training
Arizona
Solar Design & Installation
eRenewable Resource Group
Feb 8 – Feb 12
Mar 15 – Mar 19
Apr 12 – Apr 16
Phoenix, AZ
$995
erenewableresource.com
Solar Electric Fundamentals
& Grid-Direct Design
Solar Energy International
Feb 15 – Feb 20
Feb 22 – Feb 27
Apr 26 – May 1
Tucson, AZ
$1195
ISPQ/N-EL
solarenergy.org
Solar Sales, Marketing &
Economics
Solar Energy International
Feb 16
Mesa, AZ
$275
ISPQ/N-EL
solarenergy.org
California
PV Installer
Green Career Institute
Feb 1 – Feb 2
San Jose, CA
$599
greencareerinstitute.com
PV Design & Installation
American Institute of
Renewable Energy
Feb 2 – Feb 5
San Bernardino, CA
$1,499
N
aire-online.com
PV Designer
Green Career Institute
Feb 3 – Feb 4
Feb 17 – 18
Feb 22 – 23
Mar 3 – Mar 13
Mar 17 – 18
Mar 22 – 23
Mar 31 – Apr 1
Ontario, CA
$599
greencareerinstitute.com
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PV Designer
Green Career Institute
Feb 3 – Feb 4
San Jose, CA
$599
greencareerinstitute.com
PV Sales & Estimator
Green Career Institute
Feb 5
San Jose, CA
$299
greencareerinstitute.com
PV Sales & Estimator
Green Career Institute
Feb 5
Feb 19
Mar 5
Mar 19
Apr 2
Ontario, CA
$299
greencareerinstitute.com
			
Solar Boot Camp
Green Career Institute
Feb 15 – Feb 19
Mar 1 – Mar 5
Mar 15 – 19
Mar 29 – Apr 2
Ontario, CA
$1,195
greencareerinstitute.com

Continuing Education for the Pro

Solar Electric Fundamentals
& Grid-Direct Design
Solar Energy International
Mar 15 – Mar 19
Apr 5 – Apr 9
Sacramento, CA
$995
ISPQ/N-EL
solarenergy.org

Troubleshootnig PV Systems
IEC Chesapeake
Feb 10
Odenton, MD
$75
N-EL
iecchesapeake.com

BIPV
DC Power Systems
Mar 18
Berkeley, CA
$200
dcpower-systems.com

NABCEP PV Installer
Test Preparation
IEC Chesapeake
Feb 12 – Feb 13
Odenton, MD
$1,100
iecchesapeake.com

Solar Sales, Marketing &
Economics
Solar Energy International
Mar 22
Sacramento, CA
$275
ISPQ/N-EL
solarenergy.org
Advanced Case Studies
DC Power Systems
Mar 25
Los Angeles, CA
$175
dcpower-systems.com

NABCEP & ETA PV Entry
Level Certificate
Mira Costa College
Mar 8 – Mar 12
Mar 22 – Mar 26
Apr 5 – Apr 9
Apr 19 – Apr 23
Oceanside, CA
$1,195
N-EL/N-TP:PV
mccae.org

Florida
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PV Systems Key Operating
Components
IEC Chesapeake
Feb 2
Odenton, MD
$75
N-EL
iecchesapeake.com

PV Design & Installation
Intensive
Solar Living Institute
Mar 15 – Mar 19
Ukiah, CA
$950
ISPQ/N-EL
solarliving.org

Racking University
DC Power Systems
Feb 25 – Feb 26
Los Angeles, CA
$75
dcpower-systems.com

Solar Hot Water
Solar Energy International
Mar 15 – Mar 19
Fontana, CA
$950
ISPQ
solarenergy.org

Maryland

PV Systems Design &
Installation
Code Electrical Classes
Feb 22 – Feb 26
Winter Park, FL
$895
code-electrical.com

New Jersey
Advanced Case Studies
DC Power Systems
Feb 19
Lyndhurst, NJ
$175 		
dcpower-systems.com
Pennsylvania
PV Systems Key Operating
Components
IEC Chesapeake
Feb 3
Bristol, PA
$75
N-EL
iecchesapeake.com

PV Design & Installation
Electric Education Center
Feb 8 – Feb 12
Mar 8 – Mar 12
Apr 12 – Apr 16
Philadelphia, PA
$2,350
electriceducationcenter.com
Entry Level PV Installation
& Design
Inifinite Solar
Feb 15 – Feb 19
Mar 15 – Mar 19
Apr 19 – Apr 23
Philadelphia, PA
$2,850
ISPQ/N-EL/N
solarschoolpa.com
PV Sales Seminar
Electric Education Center
Feb 24 – Feb 25
Mar 24 – Mar 25
Apr 28 – Apr 29
Philadelphia, PA
$795
electriceducationcenter.com
PV Calculations
Electric Education Center
Mar 2
Apr 6
Philadelphia, PA
$215
electriceducationcenter.com
Texas
Advanced PV
ImagineSolar
Feb 18 – Feb 19
Austin, TX
$595
N
imaginesolar.com

Training accreditation key
ISPQ
N-EL
N-TP:PV
N-TP:ST
N-CE
N

Institute of Sustainable Power Quality program or provider
NABCEP PV Entry Level Certificate of Knowledge approved provider
NABCEP Board recognized training provider for PV installer exam qualification
NABCEP Board recognized training provider for solar thermal installer exam qualification
NABCEP continuing education credit provider
Instructor holds NABCEP installer certification

Advanced Solar Electric
Training
ONTILITY
Mar 1 – Mar 5
Houston, TX
$1,395
ISPQ/N-TP:PV
ontility.com

Solar Hot Water
Solar Energy International
Apr 5 – Apr 9
Guemes Island, WA
$950
ISPQ
solarenergy.org

Grid-Direct PV and
Code Criteria
Solar Energy International
Mar 15 – Apr 25
ONLINE
$895
ISPQ/N-CE
solarenergy.org

ONLINE
Solar Thermal Technician
ONTILITY
Mar 15 – Mar 17
Houston, TX
$595
ISPQ/N-TP:ST
ontility.com
Washington
Solar Electric Fundamentals
& Grid-Direct Design
Solar Energy International
Mar 29 – Apr 2
Guemes Island, WA
$1195
ISPQ/N-EL
solarenergy.org

Solar Electric Fundamentals
& Grid-Direct Design
Solar Energy International
Feb 1 – Mar 7
Mar 15 – Apr 18
Apr 5 – May 9
ONLINE
$895
ISPQ/N-EL
solarenergy.org
PV Design & Installation
Solar Living Institute
Feb 15 – Mar 29
Mar 15 – Apr 26
ONLINE
$695
solarliving.org

PV System Design &
Installation
Sun Pirate
Apr 5 – Jul 26
ONLINE
$595
ISPQ/N-TP:ST/N-CE
sunpirate.com
Fundamentals of Solar
Hot Water Heating
Sun Pirate
Apr 5 – Jun 21
ONLINE
$495
ISPQ/N-TP:ST/N-CE
sunpirate.com

The Business of Solar
Allied Schools
Ongoing
ONLINE
$188 		
training4green.com
Introduction to PV Systems
Allied Schools
Ongoing		
ONLINE
$688
N-EL
training4green.com
Advanced Principles of PV
System Installation
Allied Schools
Ongoing
ONLINE
$688
N-TP:PV
training4green.com

University Certificate in Solar
Energy
Allied American University
Ongoing
ONLINE
$4,470
N-TP:PV
allied.edu
PV Installer
Step Up Education
Ongoing
ONLINE
$1,795
solarclassesonline.com

Post professional
trainings online at:
solarprofessional.com/training
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Projects

System Profiles

COMMERCIAL GRID-DIRECT PHOTOVOLTAIC SYSTEM:

C ou r te sy pre m ie r powe r.c om (4)

Truckee Sanitary District

Overview
DESIGNER: Ken Baker, engineering

director, Premier Power,
premierpower.com
LEAD INSTALLER: Reed Hammond,
construction manager, Premier Power
DATE COMMISSIONED:

September 2009
INSTALLATION TIME FRAME:

150 days
LOCATION: Truckee, CA, 39.3°N
SOLAR RESOURCE: 5.6 kWh/m2/day
RECORD LOW/AVERAGE HIGH
TEMPERATURE: -23°F/87°F
ARRAY CAPACITY: 125.4 kW
AVERAGE ANNUAL AC PRODUCTION:

197 MWh
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W

hen the Truckee Sanitary District
(TSD) decided to achieve energy
independence, it solicited bids from California’s top photovoltaic integrators for a
ground-mount solar array to completely
offset TSD’s annual electrical energy
usage. Premier Power was selected due
to its project and design expertise, and
its unique solution to installing a 125 kW
PV system at the site.
The harsh weather conditions
encountered in Truckee, California,
presented significant challenges for
this project. The first obstacle to overcome was the significant frost depth
and resulting propensity for ground
upheaval. This issue was further exacerbated by the presence of large boulders buried beneath the ground, which
required removal, relocation or demolition before the installation phase of the
project could begin. Premier Power’s
modified ballast design mitigated these
issues and allowed for excavation just
below the 24-inch frost line and an
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engineered ballast capable of withstanding the major wind speeds found at this
location. Another hurdle was finding a
module that would withstand the 5,400
pascal front-load rating required by TSD
for snow accumulation. Premier Power
took a technology-agnostic approach.
Not being locked into any particular
module manufacturer proved beneficial
because this allowed the company to
source SOLON modules that met the
high front-loading requirement. A blend
of 230 Wp and 235 Wp SOLON Blue
220/01 polycrystalline modules makes
up the arrays.
The design team also had to find an
inverter that works well given Truckee’s
extreme temperature swings. Premier
Power chose Enphase microinverters due
to their NEMA 6 environmental rating
and broad operating temperature range
of -40°F to 149°F. The independent nature
of microtechnology was a huge selling
point as well. For example, module-level
MPP tracking is more immune than a

Equipment Specifications
MODULES: 535 SOLON Blue poly-

crystalline 220/01 modules, 471 of
which are P220/6+/01 235 Wp (235
W STC, +3%/-3%, 8.05 Imp, 29.2
Vmp, 8.65 Isc, 36.9 Voc) and 64 of
which are P220/6+/01 230 Wp (230
W STC, +3%/-3%, 7.95 Imp, 29.0
Vmp, 8.55 Isc, 36.65 Voc)
INVERTERS: 3-phase, 208 Vac

service, 535 Enphase M190S,
190 W output, 54 Vdc maximum
input, 22–40 Vdc MPPT range

centralized inverter design to the performance effects of winter snow accumulation and melt, which varies across the
array. Also, micros provide the design
flexibility to accommodate both 230 W and
235 W modules in a single array.
Since snow levels can get extremely
high at the TSD site, the arrays’ leading edge is 6 feet above the ground. The
custom-mounting solution required
significant design and engineering expertise. Premier Power also built paved roads
between each subarray, which are 300 feet

long, to facilitate snow removal equipment and provide easy access for system
maintenance.
“The Truckee Sanitary District and Mother
Nature placed some very demanding requirements on us, but the Premier Power design
and operations team rose to each of these
challenges and created a high-output engineering marvel that we, TSD and Enphase
can all take pride in.”

—Mark Santos, senior renewable energy
specialist, Premier Power

ARRAY, SUBARRAYS 1–3: 140
modules with seven branch circuits
of 20 parallel connected micros,
each branch circuit center tapped to
minimize voltage drop, 15 A breaker
per circuit; each subarray includes
100 A panel and Enphase line communications filter unit; 400 A main
solar aggregation panel located at
subarray 1
ARRAY, SUBARRAY 4: 115 modules

with five branch circuits of 20 parallel
connected micros and one branch
circuit of 15 parallel connected
micros, each branch circuit center
tapped to minimize voltage drop
(the 15-module branch circuit is
also tapped between modules 10
and 11), 15 A breaker per circuit;
100 A subpanel and Enphase line
communications filter unit
ARRAY INSTALLATION: Custom
modified ballast ground-mount
system, 180° azimuth, 35° tilt
SYSTEM MONITORING: Four

Enphase Envoy Communications
Gateways (EMU); Enlighten modulelevel monitoring with real-time Web
reporting

Do you have a recent PV
or thermal project we should
consider for publication in
SolarPro?
Visit: solarprofessional.com/
projects
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More Energy
Active Management
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Projects
RESIDENTIAL GRID-DIRECT PHOTOVOLTAIC SYSTEM:

Summers Residence
Overview
DESIGNER: Leslie Ames, president,

Tahoe Solar Designs,
tahoesolardesigns.com
LEAD INSTALLER: Bret Alexander,
foreman, Tahoe Solar Designs
DATE COMMISSIONED:

March 18, 2009
INSTALLATION TIME FRAME: 7 days
LOCATION: Minden, NV, 39°N
C ou r te sy ta h oe sola rde sign s.c om (x2)

SOLAR RESOURCE: 5.46 kWh/m2/day
RECORD LOW/AVERAGE HIGH
TEMPERATURE: -24°F/91°F
ARRAY CAPACITY: 3.5 kW
AVERAGE ANNUAL AC PRODUCTION:

4,930 kWh

Equipment Specifications
MODULES: 20 Mitsubishi PV-

MF175UD4, 175 W STC, +10%/-5%,
7.32 Imp, 23.9 Vmp, 7.93 Isc, 30.2 Voc
INVERTER: SMA SB 3000US, 3 kW,

500 Vdc maximum input, 200–400 Vdc
MPPT range
ARRAY: Ten modules per source circuit
(1,750 W, 7.32 Imp, 239 Vmp, 7.93 Isc,
302 Voc) with two circuits total (3,500
W, 14.64 Imp, 239 Vmp, 15.86 Isc,
302 Voc)
ARRAY INSTALLATION: Custom
wooden awning, Unirac SunFrame rail
system, 195° azimuth, 10° tilt
ARRAY COMBINER: Inverter integrated

with dc disconnect, no fusing required
SYSTEM MONITORING: Inverter

display
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D

uring our initial site visit to Charlene Summers’ residence, we
discovered that the roof offered us a
choice between installing either an eastor west-facing array. At the same time,
the backyard seemed very sunny and the
existing patio slab was still hot from the
afternoon sun. Then the idea hit us—a
PV patio cover. The patio cover would
provide much-needed shade to enjoy the
long summer afternoons, while simultaneously producing energy to offset the
customer’s electric bill.
The challenges were building on
top of the existing slab and
meeting the client’s aesthetic
concerns, particularly regarding the presentation of the
bottom side of the modules.
The first challenge was met
by cutting out three 2-by-2foot squares in the slab and
digging the footings for three
steel posts. Installing lattice
between the rafters solved the
aesthetic challenge by providing a visual screen underneath the array.
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The rest of the structure was a standard wood frame, painted white. For a
sleek look, the modules were mounted
using the Unirac SunFrame shared rail
system. Most of the labor went into
installing the lattice on the underside
of the structure after the PV system was
installed.
“If I had that one to do over, I would install
the lattice across the top of the rafters
before installing the modules. That would
have saved a ton of time.”

—Bret Alexander, Tahoe Solar
Designs

THE SOLAR DEPOT

ADVANTAGE.

ONLY SOLAR DEPOT INSTALLERS DELIVER THE COMPLETE,
QUALITY, SOLAR SYSTEM ON TIME. EVERY TIME.
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SOLAR DEPOT
ADVANTAGE?
 Pre-Engineered Packaged Systems
Superior Technical Support
Rebate Filing Assistance
Jobsite Delivery
 Lead Referral Program
 Product Shipment Nationwide
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VISIT WWW.SOLARDEPOT.COM
Explore Solar Depot online! Access our full product
catalog and over 100 packaged system designs from
our website. Register for a Solar Depot workshop in
your area today by clicking on “Workshops.” View
the Contractor section to learn about our full range
of services and how to become an Solar Depot dealer.
Join the Solar Depot team, and gain an advantage
over your competition!
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SERVING NATIONWIDE:
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1-800-822-4041

Sacramento, CA
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1-800-680-7922
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Washington, D.C.
1-202-872-5221

Denver, CO
1-303-321-4186

Your One-Stop Shop for All of Your Solar Needs
Wholesale Distributor / System Integrator Since 1979

SOLAR DEPOT

Welcome to the land of opportunity
With more US-based PV production than anyone, SolarWorld is powering the
American dream for independent solar contractors throughout the nation.
Choosing the SolarWorld Sunmodule® not only ensures superior reliability and
performance, it also secures manufacturing jobs for Americans because
Sunmodules are made in the USA from raw materials to finished product.
Call us at 1-866-226-5958 for a SolarWorld distributor in your area.
service@solarworld-usa.com
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