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“ At just a fraction of total system cost, Quick Mount PV is the
best investment you can make to secure the long life of a
solar installation.

”

Tony Diaz, Century Roof & Solar

Protect Your Rooftop Solar Investment

“R

with the Industry Standard in Solar Roof Mounts

oof mounting may not be the most
glamorous part of a solar system,” says roofing

contractor, master electrician and NABCEP-certified PV installer Tony Diaz, “but it could well be
the most important. It takes just one leak to ruin
an installation.”
A roof leak at any point in the 25-50 year life of a PV
system means the array will have to be remounted
at significant expense. And the cost of a failed roof
attachment can be even more substantial if the
water intrusion causes structural damage or mold.
Tony Diaz relies on Quick Mount PV to make sure
that single leak never happens.
“Sure, you can find cheaper mounts out there, but
you’ll save thousands down the road by investing
a couple hundred dollars more up front,” says Tony.
“So my advice is simple: Use Quick Mount PV and
sleep well on rainy nights.”

Call our mounting specialists to learn more about
our industry-leading products, including:
¡ Classic Composition Mount
The industry’s best selling composition roof mount
¡ QBase Composition Mount
Super-strong mount ideal for new roof construction
¡ Quick Hook USA™ – NEW!
The industry’s first flashed tile hook
¡ QBase Universal Tile Mount
The strongest tile mount, works on both curved
and flat tile roofs
¡ Classic Shake Mount
The only mount engineered specifically for
shake roofs
¡ QBase Low Slope Mount
The strongest off-the-shelf low slope mount

Our Customers Say It Best
Quick Mount PV is the recognized industry standard.
More solar designers and installers choose Quick
Mount PV than any other brand. To see why, in their
own words, visit:

www.quickmountpv.com/testimonials

925-478-8269
products@quickmountpv.com
MADE IN THE USA

www.quickmountpv.com
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Blue Oak Energy designed and managed construction of the 4.1 MW PV
system at First Solar’s facility in Mesa, AZ. The roof-mounted installation,
which uses nearly 55,000 of First Solar’s advanced thin-film modules,
is the largest rooftop PV system in the state and one of the first
1,000 V rooftop systems in the US.
Photo Courtesy Blue Oak Energy
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The Aurora® MICRO inverter is an introduction
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We’ve put our decades of experience into engineering an
incredibly simple-to-install, flexible microinverter that
delivers the highest energy harvest on the market. Fast,
easy installations that generate the most electricity?
This could be big.
Get the specs at: www.power-one.com/MICRO
solarprofessional.com | S O L ARPRO

5

Contributors

®

Experience + Expertise
Publisher/Editor

Joe Schwartz

Managing Editor

Kathryn Houser

Senior Technical Editor/PV Systems

Greg Ball is a principal engineer with
DNV-KEMA Renewables in San Francisco. He has more than 22 years of
experience in the solar industry working
for system integrators and engineering
firms. Ball is responsible for the electrical design of more than 200 MW of PV
installations in the US, Europe and Asia.

Technical Editor/PV Systems
Engineering Editor/PV Systems
Technical Editor/Solar Heating Systems
Creative Services

David Brearley is the senior technical
editor for PV at SolarPro magazine. His
solar education began at the San Juan
College Renewable Energy Program
in Farmington, NM. Brearley became
NABCEP certified in 2004. After working
for a national distributor, he transitioned
to commercial and residential PV
system integration in Austin, TX.

Adam Burstein is CEO and founder of
Next Phase Solar, a nationwide provider
of O&M services for PV systems.
Previously, he spent 8 years leading
O&M departments at SunPower and
PowerLight. Burstein is writing an
O&M guidebook to help standardize
procedures for the PV industry.

Scott Canada is a preconstruction
director with McCarthy Building Companies, and has been leading the
Southwest Division’s solar construction
since 2009. Canada earned an MS in
construction management from Arizona
State University and a BS in chemical
engineering from Texas Tech University.

Marvin Hamon is a professional electrical engineer and principal with Hamon
Engineering, which provides engineering and consulting services to a variety
of companies in the PV industry. He
holds an MSEE degree from Cal Poly,
San Luis Obispo.

David Brearley
Ryan Mayfield, Tommy Jacoby
Blake Gleason, PE
Chuck Marken
Midnight Oil Design

Copy Editor

Kim Saccio-Kent

Proofreader

Gail Nelson-Bonebrake

Advertising Director

Kim Bowker

Advertising Manager

Connie Said

Operations Director

Scott Russell

Data Manager
Customer Service & Fulfillment

Doug Puffer
Jacie Gray, Shannon Ryan

Proud supporter of:

g C O N TAC T U S
Subscriptions

Advertising

To apply for a free subscription:
solarprofessional.com/subscribe

For advertising opportunities, visit:

Send subscription questions to:
subscribe@solarprofessional.com
To change subscription information:
solarprofessional.com/myaccount

Letters to the Editor
Email your comments and suggestions to:
editor@solarprofessional.com

solarprofessional.com/advertise
Western States Sales Office
Connie Said, Advertising Manager
connie.said@solarprofessional.com
Direct: 541.326.5773
Eastern States Sales Office
Kim Bowker, Advertising Director
kim.bowker@solarprofessional.com
Direct: 541.858.1791

Industry PR

Marketing

Send news and equipment releases to:
thewire@solarprofessional.com

Promotional opportunities and offers:
marketing@solarprofessional.com

Copyright © 2013 Home Power, Inc. Contents may not be reprinted or otherwise reproduced
without written permission. SolarPro is a registered trademark of Home Power, Inc.
While SolarPro magazine strives to publish only safe and accurate content, we assume no
responsibility or liability for the use of this information.
Interior paper is made from 85%–100% recycled material, including 20%–30%
postconsumer waste.
National Electrical Code®, NFPA 70® and NEC® are registered trademarks of the National Fire
Protection Association, Quincy, Massachusetts.

SolarPro magazine | PO Box 68 | Ashland, OR 97520 | US
6

S o l a r Pr o | April/May 2013

THE SUNSEEKER® TRACKER

SPG Solar’s single-axis tracker is the proven choice for utility-scale and commercial
solar projects, providing the smartest solutions and maximum value.

Reliability

Performance

Speed

With seven years of field history
and data, the SunSeeker tracker
ensures the best value and
reliability of any single-axis tracker
in the market.

Engineered for performance and
actuating the most kWh per motor
in the industry, the SunSeeker
delivers more bottom-line benefits
than any other tracker.

Fast approaching 100 MWs
installed, SPG Solar has designed
the SunSeeker tracker to be
installed faster and perform under
any condition all year round.

Call SPG Solar at (800) 815-5562 or visit spgsolar.com
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Industry Currents

Silicon Energy Introduces
Next-Generation Module Line
Silicon Energy’s new Cascade Series of PV modules and integrated racking is now available. The double-glass, open-frame module
and racking system is well suited for overhead structures such as canopies and
carports where aesthetics are a primary concern. The modules are certified to 125
pounds per square foot and allow 10% light transmission through the use of two
layers of glass for the cell encapsulation. The associated racking system conceals array wiring. It supports the modules in a slightly overlapping position
with frameless top and bottom edges, which facilitates shedding debris that
may collect on the array. The revised module line features an antireflective
coating on the front glass, is lighter weight (3.89 pounds-per-square-foot for module
and racking) than the previous Cascade Series and includes 12 AWG leads with Amphenol connectors. The US-made Cascade Series modules are available with rated outputs of 190 W to 205 W STC and
come standard with a 30-year power and 5-year limited product warranty.

[Marysville, WA, and Mount Iron, MN]

Silicon Energy / 360.618.6500 / silicon-energy.com

MAGE SOLAR Adds
High-Wattage Modules
The
POWERTEC PLUS line
of modules from MAGE
Solar now includes
300 W mono c-Si and
285 W and 290 W poly
c-Si models. The 72-cell
products have a power
tolerance of +5/-0 W.
They are backed by a
10-year product warranty,
a 12-year 90% power output warranty and a 30-year
80% power output warranty. MAGE SOLAR also
offers a US-manufactured
60-cell 245 W module that meets ARRA requirements and a listed 240 W ac module equipped
with a SolarBridge Pantheon II microinverter.
[Dublin, GA]

MAGE Solar / 877.311.6243 / magesolar.com

Solar-Log Expands Data
Provider and Reporting
Portfolio
[Bethel, CT] Solar-Log North America has expanded its monitoring

and metering solutions with additions to its Performance Data Provider
and Reporting
portfolio. It now
offers customized,
revenue-grade
systems that meet
the requirements
of various incentive
reporting groups
throughout the US.
Solar-Log North
America is currently
approved to report
in to the Production
Tracking System in
Massachusetts, the
Performance Based
Incentives system in California and Generation Attribute Tracking Systems
for Delaware; Illinois; Ohio; Pennsylvania; Maryland; New Jersey; Virginia;
Washington, DC; and West Virginia. The company offers multiple monitoring system hardware options, as well as optional accessories such as
string monitoring combiners, weather sensors and wireless communications equipment.
Solar-Log North America / 203.702.7189 / solar-log.net
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Most solar power
systems only get it half right.
Any grid-connected solar power system can save you money when the grid is
operational, but true energy independence means that even when the utility
goes down you stay powered up. So why spend your money on a system that only
delivers half a solution?

GRIDHybrid

™

Radian Series
Inverter/Charger

OutBack’s Radian Grid/Hybrid™ solution allows
you to save money while the grid is up, but also provides

critical backup power during outages or interruptions.
Engineered from the ground-up to make the design,
installation and implementation of energy storage simple,
the Radian Series allows you the best of both worlds.
From the Andes to the Alps, from the Baja to your own
backyard, OutBack makes power possible, problems

solvable and businesses profitable.

360.435.6030
w w w. o u t b a c k p o we r. c o m

Masters of the Off-Grid.™ First Choice for the New Grid.
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SMA America Releases Online
PV System Configuration Tool
[Rocklin, CA] SMA America has released an updated, webbased version of its Sunny Design PV system configuration tool.
Previously, the software was available as a download for use on
PCs running Microsoft Windows. The new web-based tool is
compatible with both Windows and Mac OS systems and has
been optimized for use on mobile devices and tablets. Users may
input array information and receive recommendations for moduleto-inverter matching or override the recommendations to implement manual design specifications. Additional features include the
ability to design complex arrays with multiple module configurations and SMA inverter models. Registered users can save project

designs for future reference, add modules and site locations
that are not included in the database, and generate energy yield
estimates and a customizable project report. The design tool is
available at sunnydesignweb.com (click “New project”).
SMA America / 888.476.2872 / sma-america.com

Trojan Battery’s Industrial
Line Surpasses 15-Year
Cycle-Life Testing
Since October 2010, Trojan Battery Company
has been testing its deep-cycle, flooded industrial batteries to the IEC
61427 testing protocol. IEC designed the accelerated-cycle endurance
testing parameters to replicate conditions that batteries deployed in PV
applications are subjected to. The testing parameters include heavily
discharging the batteries and exposing them to a number of shallow
cycles at different states of charge. The results compiled demonstrate
that Trojan Battery’s industrial line has surpassed the equivalent of a
15-year cycle-life test, outperforming the products’ ten-year, 1,500-cycle
design life.

[Santa Fe Springs, CA]

HellermannTyton
Adds Module
Cable Clip
[Milwaukee, WI] HellermannTyton, a
manufacturer of cable management and
identification solutions, has added the new
Metal Edge Clip (MSC2) to its Solar E-Clips
product line. The stainless steel MSC2
clip secures one or two conductors and
is compatible with module frame material thicknesses of 0.04–0.12 inches and

Trojan Battery / 800.423.6569 / trojanbatteryre.com

conductor sizes of 0.20–0.30 inches. The
clip has smooth, rounded edges that will
not abrade or damage PV source-circuit
conductors. The MSC2 is inserted by
hand and requires a flathead screwdriver
for removal. HellermannTyton also offers
a large selection of PV-specific labels for
NEC-compliant system identification.
HellermannTyton / 800.537.1512 /
hellermanntyton.us/solar

10

S o l a r Pr o | April/May 2013
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TO INSTALL
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CUSTOMERS
LOVE THEM”

We’re proud to be a
2012 Inc. 500 company.
We are growing.
We hope you’ll join
us and grow your
business too.

Rich Nicol – owner of Solartech, an AllSun Tracker installation partner

Rich represents a growing team of solar entrepreneurs who have discovered the AllSun Tracker complete system advantage
for installations large and small. “We now spend less time on system design and more time on sales and installation,
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SunLink Announces
Low-Cost PV Combiner Line
The new LTE Solar Combiner Box models
provide integrators with a lower cost and more compact solution for
source-circuit aggregation, overcurrent protection and disconnection
within SunLink’s existing HomeRun Solar Combiner Box product line.
The new LTE models accommodate four to 24 input strings and are
available in NEMA 3R, 4 or 4X steel or fiberglass enclosures. The
ETL-listed combiners
come standard with
nonconductive backplates. Fuseholders are
side mounted to aid
the installation process
by making the wire
terminals more accessible while isolating
the combining bus bar from the installer.
Options include 600 Vdc or 1,000 Vdc listings, disconnect
switches, surge protection and prewired connectors.

[San Rafael, CA]

Littelfuse Introduces
New Fuses for
PV Applications
[Chicago, IL] Littelfuse has recently released two new
fuse lines developed specifically for PV applications. The
SPFJ fuse line is designed for 1,000 Vdc applications and
is available with ampacity ratings ranging from 70 A to
450 A. The Class J fuses are compatible with fuseholders and busbar mountings. The SPFI fuse line is intended
for string-level array overcurrent protection.
The standard SPFI fuse has a 3.5 A rating at
voltages up to 1,000 Vdc. Additional amperage
ratings are available. The SPFI fuse is designed
to be installed inline with overmolded wire harnesses, or by using approved heat shrink that
eliminates the fuseholder requirement. Both
the SPFJ and SPFI fuse lines are certified to
the new UL 2579 standard for fuses used in
PV installations.
Littelfuse / 800.832.3873 / littelfuse.com

SunLink / 415.925.9650 / sunlink.com

NREL Updates US Solar Radiation Database
The National Renewable
Energy Laboratory (NREL) has collaborated with Clean Power Research and the
National Climatic Data Center (NCDC) to
update the National Solar Radiation Database (NSRDB). The solar radiation data
used by many PV installers and designers
has been posted to the NREL and NCDC
websites and is available free of charge
in multiple formats. The NSRDB update
includes data collected for 1,454 locations
in the US and its territories from 1991 to
2010. The database underlies industry
tools and data such as NREL’s typical
meteorological year sets, and the PVWatts,
Solar Power Projector and System Advisor
Model (SAM) modeling tools.

[Golden, CO]

National Renewable Energy Laboratory /
303.384.7785 / nrel.gov/rredc
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INDUSTRY LEADING 98% EFFICIENCY
UTILITY-SCALE INVERTERS
Solectria Renewables, LLC is the leading U.S. based grid-tied
photovoltaic inverter manufacturer for residential, commercial and
utility-scale solar installations. Our versatile line of high efficiency
products provides power solutions ranging from 1kW residential
systems to multi-megawatt solar farms. Solectria Renewables’
products are backed by more than 20 years of experience in the
power electronic and inverter industries and are supported by
world class warranties. All of our commercial and utility-scale PV
inverters are manufactured in the USA, ARRA compliant, Ontario FIT
Content Compliant, and listed to UL 1741/IEEE 1547.

SmARTgRId 500xT
FEATURES
• 98% CEC efficiency
• External medium voltage transformer
• Built-in redundancy
• Subcombiner options
• 600 VDC

OPTIONS
• Uptime guarantee
• Stainless steel enclosure
• Web-based monitoring
• Built-in cellular connectivity
• AC breaker with shunt trip
• Revenue grade metering
• Air filters

OPTIONS FOR UTILITIES
• Real power curtailment
• Reactive power control
• Voltage and frequency ride-through
• DMS tie-in

www.solectria.com | inverters@solectria.com | 978.683.9700
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Quality Assurance

Impacts of Soiling on Utility-Scale
PV System Performance

T

he value of energy produced from
utility-scale PV systems deployed
throughout the Desert Southwest
depends on the systems’ ability to
match the seasonal and time-of-day
utility loads. During times of increased
demand, some utilities charge more
per kilowatt-hour—effectively increasing the value of each kilowatt-hour
produced by a PV facility—whether it is
realized as an avoided cost or sold. As
a result, project developers, engineers,
owners and utility operators focus on
designing and maintaining systems
that maximize production during these
high-value periods.
Coincidently, the Desert Southwest
experiences a long dry season that
corresponds with these periods of high
demand and increased energy values. In the absence of significant rain
events or regular cleaning, production
losses due to soiling, also known as
soiling losses, increase. In 2006 at the
IEEE 4th World Conference on Photovoltaic Energy Conversion, PowerLight
released an article titled “The Effect
of Soiling on Large Grid-Connected
Photovoltaic Systems in California and
the Southwest Region of the United
States.” The authors confirmed “a
gradual but marked decrease in system performance through the dry season for systems in arid climates” and
concluded that “performance losses
due to system soiling are not constant
through time, rather they depend on
the amount and frequency of rain that
falls on the array.”
Despite PowerLight’s conclusions,
several of the commonly used PV
production modeling tools, and thus
system owners, assess the impacts
of soiling on an annual basis. Consequently, system owners have typically
addressed array soiling in one of two
14
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ways—either wash the array on a
regular basis to limit the losses due to
soiling, or forgo array cleaning and rely
on rain events to keep soiling losses to
a minimum. When based on annual
soiling losses—as opposed to seasonal
or monthly—these decisions fail to
address short-term soiling impacts that
may justify the cost of cleaning an array
to maximize production during the
high-value kilowatt-hour periods.
In this article, I review key soiling
characteristics with historical weather
data to simulate site-specific soiling
losses on a monthly and annual basis
for two sites in the Desert Southwest.
The results confirm variation in soiling losses throughout the year for
both locations, with average monthly
losses in June and July—the high-value
period—well above the annual average.
In addition, prescribed cleanings are
introduced to the model to understand
their impact on annual soiling losses.
Measuring Soiling Losses
Soiling can be measured as either the
rate at which contaminants accumulate on the module surface or the
resulting decrease in production.
Ultimately, we need to determine the
decrease in system performance due to
soiling loss. Assuming all other factors
remain constant, comparing actual
production values between a control
subject and a soiled array is one way to
determine soiling losses for a given site.
To simulate soiling losses over
time, we must determine the rate at
which soiling accumulates. Although
soiling rates can be calculated in a
variety of ways, a soiling rate that
represents the daily percent decrease
in production is most valuable for the
purposes of PV production modeling.
Once a soiling rate for a site has been

established, it can be used with rainfall
data to estimate past, present and
future soiling losses.
As demonstrated in the PowerLight study, the “measured soiling rate”
represents the slope of a linear fit curve
applied to performance data between
rain events. In other words, PowerLight’s
study assumes that the percent change in
performance over time—in the absence
of rain or cleaning—equals the percent
change in soiling losses over time.
In January 2013, First Solar published a paper in the IEEE Journal of
Photovoltaics titled “Direct Monitoring
of Energy Lost Due to Soiling on First
Solar Modules in California” that details
an alternative soiling measurement
technique to determine site-specific
soiling rates. The technique is based on
a methodology proposed in “Solar Cell
Arrays: Degradation Due to Dirt,” which
was published in the Proceedings of the
American Section of the International
Solar Energy Society in 1989, and is
intended to be “practical and automated … foregoing complex equipment
such as IV curve tracers.” Rather than
equating soiling rates to the increase
in production losses per unit of time,
the method First Solar uses compares
production levels among a control
module, a module that is not cleaned
on a regular basis and the expected performance based on typical irradiance
and temperature readings.
PowerLight’s and First Solar’s
techniques can be used to establish
site-specific soiling rates. This is quite
valuable since soiling rates can vary
within a region and may depend on
the incidence of nearby human activities, such as traffic, construction, or
airports. Since soiling rates do not take
module cleaning into account, they
must be modeled c o n t i n u e d o n p a g e 1 6

Even grids have an off day

Backup power when it’s needed most
When the power goes out, who will you trust to keep the lights on? A grid-connected
solar array is a great way to save money on utility bills, but only a system with battery
backup can deliver true security and independence. Take the sound investment of
grid-tied PV to the next level with the SMA Sunny Island.
Because preparation is only as good as the equipment that stands behind it.

www.SMA-America.com

QA
with local rainfall data to determine the
actual soiling losses over a defined time
period. To effectively predict soiling
losses based on local weather and soiling rates, we must assume how much
rain is required to completely—or at
least significantly—clean an array.

Rain events. A paper based on a
study conducted by ASU titled “The
Effects of Soiling on PV Module and
Radiometer Performance” concluded
that 0.2 inch of rain is nearly equivalent
to physically cleaning the modules and
typically restores production levels to
99.5% of a cleaned module. In other
words, after 0.2 inch of rain, soiling
losses are reduced to 0.5%. First Solar
was not able to validate this assumption in its recent study, and PowerLight
found that “significantly more rainfall”
is required on some systems “to completely clean the modules.” Factors like
humidity and small, dusty rain events
tend to negatively impact this metric—
meaning more rain may be needed
where such conditions exist.

0.1% to 0.3% decrease in efficiency per
day due to soiling. McCarthy’s analysis
of several larger systems in the Phoenix metropolitan area revealed soiling
rates between 0.04% and 0.07% per
day. Lastly, First Solar observed “fairly
constant” soiling rates in low desert
regions of southeastern California
without agricultural activities, averaging 1% per month or 0.03% per day. The
study also shows that sites with more
agricultural activity have significantly
higher soiling rates.

Characteristics of Soiling
The PowerLight and First Solar studies, along with a study by Arizona State
University (ASU), identify some key
characteristics of soiling on PV arrays.
In addition, McCarthy Building Companies has observed these trends and
characteristics for several of the sites
it monitors in the Desert Southwest.
These trends are useful for estimating
how soiling impacts PV production.
Several of these characteristics serve
Soiling rates in the Desert Southwest. The PowerLight study found that
as key assumptions in models used to
predict soiling loss, also known as soilsystems in California and the Desert
ing
estimating models.
020113-AS_ThreeQualManuf_MagAd_Layout
1 Southwest
2/1/13 2:47experienced
PM Page 1 an average of

Soiling rates increase with human
activity. Although soiling rates remain

somewhat constant per site in the
Desert Southwest, rates vary from one
site to the next. In the Central Valley,
PowerLight observed daily soiling rates
between 0.1% and 0.2%, with the higher
rate occurring in areas with more
human activity, such as urban environments, highways and airports.
Partner with us to
grow your solar business.
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increase as the angle of incidence
between the sun’s rays and the module
surface increases. For example, a 25°
incidence angle has twice the losses of
a normal angle, and a 60° angle has four
times the losses. Soiling losses tend to
be highest in the morning and evening,
when the angle of incidence is greatest.
Tilt angle. The ASU study shows
that soiling rates are not significantly
impacted by the module tilt angle nor
by modules mounted on tracking arrays.
That said, the tilt angle does impact the
ability of rainfall to clean the module
surface. To maximize the cleaning effect
when it rains, tracking systems should
be stowed at a minimum of 5°, and preferably more, to allow the water to sheet
off the surface of the modules. Fixed
systems with a tilt angle of less than 5%
experience relatively higher soiling rates
than those with a greater tilt angle.

15
Average
Monthly Soiling Losses from 1992 to 2012, Gila Bend, AZ
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Graph 1 Since 1992, the average annual soiling loss in Gila Bend, AZ, has
been 5.2%.

Estimating Soiling Losses
Combining what we know of the
characteristics of soiling on PV arrays
with local weather data enables us to
estimate soiling losses on a monthly or

even daily basis. System operators can
use soiling estimating models to better
understand the impacts on production
over a specific time period, calculate
the predicted loss in revenues due to
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Annual Soiling Losses, Gila Bend, AZ
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Graph 2 For the majority of years between 1992 and 2012, soiling losses ranged
between 3% and 6%. However, in 2002, a drought resulted in a nearly 15% loss.
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months, peaking in June and reaching
the annual low in September—presumably once the dry season ends.
The average annual soiling loss for
the time frame evaluated is 5.2%, but
losses during the summer months are
much higher. In this example, assuming a 5.2% decrease in production due

Average Monthly Soiling Losses from 1992 to 2012, Gila Bend, AZ,
and Bullhead City, AZ
15

Average soiling losses (%)

underperformance and decide when
the cost of cleaning the array is worthwhile. McCarthy utilizes a Microsoft
Excel–based estimating model that
assumes an incremental increase in
soiling losses for each day between
rain events. The soiling estimator
relies on user-assigned daily soiling
rates, typically set between 0.05% and
0.1%, and resets soiling losses to 0.0%
after a quarter-inch of rainfall.
Site-specific analysis. A high concentration of utility-scale PV systems
are installed near Gila Bend, Arizona, including First Solar’s 290 MW
Aqua Caliente Solar Project, which is
expected to come on line in 2014. A
review of 20 years of weather data can
be modeled with an assumed soiling rate of 0.1% per day to plot soiling
losses on a monthly basis and show the
variation in soiling losses per season.
Understanding this variation provides
system owners and operators the ability
to identify short-term losses due to soiling. These losses can then be assessed
against the corresponding electric rates
to determine the impacts on ROI and
whether cleaning the array is justified.
Graph 1 (p. 17) plots monthly soiling
losses over a 20-year period. The highest soiling losses occur in the summer

to soiling during June and July could
result in underproduction relative to
monthly goals. Given that most utilities
pay more for kilowatt-hours produced
during periods of high demand,
the
100/57/0/40
financial losses to soiling during
PMSthese
295c
months would be greater.
The large data set for this area also
allows us to compare annual soiling loss values over the same 20-year
period. Using the same assumptions
as the previous model, the estimated
annual soiling losses range from 2.5%
to nearly 15%.
As illustrated in Graph 2, the annual
soiling losses vary quite a bit from one
year to the next. The majority of the
years have soiling losses between 3% and
6%; yet in 2002, when it rained only twice
within a 9-month dry stretch, estimated
soiling losses were greater than 14%.
Variation by location. Designers frequently assume that soiling characteristics and the associated impacts on
PV systems are consistent throughout
the Desert Southwest. We can effectively compare two distinct areas
using McCarthy’s c o n t i n u e d o n p a g e 2 0
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Graph 3 Soiling losses in Bullhead City are almost twice those in Gila Bend. Gila
Bend gets 1.5 more rain events per year, and rainfall is more evenly distributed
throughout the year. The two cities are approximately 250 miles apart.
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The Value of a Good Wash
Soiling losses not only vary from one
location to the next within the Desert
Southwest, but also vary from one
month to the next. Cleaning utility-scale
arrays can be costly and may not be
worth it. Soiling estimation models are
an effective way to simulate a prescribed
cleaning and determine if the reduction
in soiling losses justifies the expense.
For example, for the Gila Bend area,
we can simulate prescribing a single
wash in early July so that the soiling
loss returns to 0.0%. As we can see from
Graph 4, with a single wash per year,
the estimated annual soiling losses
decrease. There is a significant reduction in loss in 2002, from nearly 15% to
approximately 7.5%. Although a single
wash reduces soiling losses in 2002 and
reduces the average annual losses due
to soiling by 1% over the 20-year period,
certain years experience minimal, if
any, improvements. Depending on the
cost of cleaning relative to the increase
in revenue, the model suggests that it
might have been worth cleaning the
array only in 2002.
If it rains immediately before or
after a cleaning, that can nullify or
minimize the benefits of a cleaning.
20
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Annual Soiling Losses, Gila Bend, AZ: A Single Wash in
Early July vs. No Wash
15

Annual soiling losses (%)

soiling estimator and identify local or
site-specific trends. In Graph 3 (p. 18),
McCarthy compares the average
monthly soiling losses between Gila
Bend, Arizona, and Bullhead City, Arizona. Bullhead City is located along the
border between Arizona and Nevada,
just south of Boulder City, Nevada, and,
similar to Gila Bend, is experiencing a
significant amount of PV development.
Compared to Bullhead City, Gila
Bend averages 1.5 additional rain
events per year. The rain events are also
more consistent and evenly distributed throughout the year. As a result,
Bullhead City has an average annual
soiling loss of 9.4%—4% greater than
Gila Bend—with losses exceeding 10%
in August, when kilowatt-hour values
are at a premium.
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Graph 4 This chart shows the effect of a single wash on soiling in Gila Bend, AZ.
Washing the modules in the first week of July in 2002—a year with only two rain
events—reduces the soiling losses by approximately 50%.

When this occurs, as it did in 2000,
cleaning the array does not improve
soiling losses for the year. Although
system operators could opt to forego
cleaning an array after a rain, unfortunately, until we have foolproof weather
forecasting, it is impossible to guarantee it will not rain shortly after cleaning an array—which makes choosing
if and when to wash even more challenging. That said, Graph 4 shows
that a single wash in July 2002 would
have had a significant impact on
production and therefore warrants a
cost-benefit analysis.
When applying the same simulation
to the Bullhead City region, the annual
soiling losses are decreased by 3% and
an additional 1.3% if a second wash is
prescribed. Thus, cleaning an array in
the Bullhead City region twice per year
is estimated to reduce the annual losses
due to soiling by almost 5% and may be
worth the investment. Understanding
the increase in production due to cleaning allows system owners to calculate
the associated increase in production
revenue, and compare that with the
cost of cleaning the array.

Using the Soiling Estimation
Model for Operations
Soiling estimation models are also
valuable tools during the design
and operational phases of a project.
Modeling soiling losses based on local
weather data and assumed soiling
rates provides valuable information
for production modeling, especially
when systems are intended to meet
seasonal or monthly energy demands.
Likewise, the model is quite valuable
once the system is in operation. You
can simulate a prescribed wash to
estimate how much it will increase
production. With this information, you
can conduct a cost-benefit analysis
to determine if washing the array is
worthwhile. Finally, you can design
a soiling estimating model to notify
system operators during periods of
abnormally high soiling loss due to
extended dry periods. Such notifications could prove valuable, such as at
Gila Bend in 2002 when soiling losses
neared 15%.
—Scott Canada / McCarthy Building
Companies / Tempe, AZ / mccarthy.com
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1,000 Vdc
Utilization
in Nonresidential
PV Applications
By Greg Ball, David Brearley and Marvin Hamon

Once relegated to niche applications in North America, 1,000 Vdc
PV systems are ready to step out from behind the fence.

W

hile 1,000 Vdc PV systems are common in
Europe and the rest of the world, they have traditionally been relegated to large free-field solar
power plant applications in North America.
Back in 2007 and 2008, this was truly a niche
market. Fast-forward to 2013, and the utility sector not only is
the largest market segment for PV in the US, but also exceeds
the cumulative capacity of the residential and nonresidential
market segments—a trend that analysts like GTM Research
expect to continue in the near term.
It should come as no surprise, then, that the needs of the
utility-market segment are increasingly driving PV product
development in North America. For example, prior to 2010,
very few PV system components were tested and listed
to UL standards at 1,000 Vdc. Today, however, designers
and installers have access to 1,000 Vdc–listed PV modules,
utility-interactive inverters, fuses, disconnects, combiner
boxes, PV wire and so on—in short, everything needed to
design and deploy a 1,000 Vdc PV system in applications covered by the National Electrical Code.

decade, 600 Vdc PV utilization voltages have been the norm in
North America. Both code considerations and market conditions maintained the status quo.
Code considerations. The two main electrical codes that
apply to PV systems in North America are the NEC and the
National Electrical Safety Code (NESC). In broad terms, the NEC
applies to public and private premises wiring, both indoor and
outdoor, and the NESC applies to power generation, transmission and distribution wiring that is under the exclusive control
of an electric utility.
Within the context of the NEC, Section 690.7(B) specifically limits PV utilization voltages in one- and two-family
dwellings to 600 Vdc or less. However, it also contains provisions for higher utilization voltages, stating, “Other installations with a maximum system voltage over 600 volts shall
comply with Article 690, Part IX.” Titled “Systems over 600
Volts,” Part IX of Article 690 was added in 1999 in anticipation of higher-voltage PV systems. As described in Section
690.80, Part IX generally refers back to Article 490 (“Equipment, over 600 Volts, Nominal”) and “other requirements
applicable to installations over 600 volts.”
While Article 690 does not specifically preclude utilization of voltages above 600 Vdc in
nonresidential applications, for most of the
past decade it was either impossible or impractical to design and deploy 1,000 Vdc PV systems in applications covered by the NEC. These
applications require the use of listed equipment. Until recently, designers and installers simply did not
have access to PV system components listed to applicable
UL standards, such as UL 1703 or 1741, at 1,000 Vdc. This
had less to do with equipment standards than with a lack of
market demand.
Brian Grenko, the director of operations for Yingli Green
Energy, points out: “There is a common misunderstanding
in the PV industry that the UL 1703 standard limits PV module suppliers to a 600 Vdc maximum system voltage rating.
While a maximum limit of 1,000 Vdc is clearly stated in the
scope of the UL 1703 standard, it also specifies conformance
with the National Electric Code as a general requirement. Of
course, Article 690 of the NEC specifies a limit of 600 Vdc
for residential dwellings. Given the abundance of electrical
components rated for 600 Vdc, and the fact that the North
American PV market was originally comprised primarily of
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Voltages
Here we explore the reasons why 1,000 Vdc utilization
voltages have not been more widely adopted in North America to date and why many in the industry expect that the
design and deployment of 1,000 Vdc PV systems will become
routine in the future, no longer unique to utility applications
but a standard practice in nonresidential settings. In addition to presenting a brief history of PV utilization voltages in
North America, we include a survey of Code considerations
for designing and deploying 1,000 Vdc PV systems. We also
consider the advantages to and limitations of 1,000 Vdc
designs in nonresidential applications.

PV Utilization Voltages in North America

The maximum utilization voltage for a PV system is limited by
several interrelated factors, including electrical codes, equipment standards, equipment availability and cost. Over the last
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2,000
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Capacity (MWdc)

utility sector. While this sector has basically doubled every year since 2007, it went
1,800
Utility
from 15% of the total grid-interconnected
Nonresidential
PV market in 2009 to 32% in 2010 to roughly
1,600
Residential
50% in 2012. In the “US Solar Market Insight:
Third Quarter 2012” report (see Resources),
1,400
SEIA and GTM Research project that the
total installed PV capacity for 2012 will
1,200
reach 3.2 GW. All signs point to half of this
capacity (±1.6 GW) coming from the utility
1,000
sector, more than doubling the utility sector’s 2011 total (758 MW).
800
Equipment availability. Prior to July 2010—
when
Nextronex released its Ray-Max 150
600
solar inverter—no manufacturer offered an
interactive inverter that was listed to UL
400
1741 at 1,000 Vdc. It took another 18 months
to get listed 1,000 V modules to market.
200
Because module manufacturers did not have
access to 1,000 Vdc–rated subcomponents,
0
such as connectors and junction boxes, PV
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
modules listed to UL 1703 at 1,000 Vdc were
Figure 1 The utility sector has effectively doubled in capacity every year since
not available in the North American market
2007. While end-of-year totals for 2012 are unlikely to be announced before
until 2012. (See the companion article “MarMarch 2013, the utility sector alone is expected to account for 1.6 GW of
ket Survey of Listed 1,000 Vdc PV System
installed PV capacity.
Components,” pp. 42–56.)
So what equipment have developers and
residential and off-grid applications, it made sense for PV man- EPCs been using for 1,000 Vdc utility applications? Since PV
equipment intended for the European market is routinely
ufacturers to design their products to 600 Vdc.”
Evolving market conditions. For much of the 2000s, the listed at 1,000 Vdc, EPCs and developers in North America
nonresidential sector drove the US solar market, as shown have been using PV equipment listed to international stanin Figure 1. However, in today’s terms this was a market dards in utility applications. Generally speaking, this entails
comprised primarily of small- to medium-sized commercial using equipment certified to International Electrotechnical
projects. Since the residential market was a 600 Vdc market, Commission (IEC) standards. For example, IEC 61215 and IEC
these small commercial applications were built using 600 V– 61646 are the respective international performance standards
rated equipment. It was not economical for manufacturers for crystalline silicon PV modules and thin-film modules,
to offer higher-voltage equipment intended for nonresiden- and IEC 61730 is the international safety standard for modules. IEC 62109-1 and 62109-2 are the new international safety
tial applications.
According to Jason Schripsema, CEO of SolarBOS, a com- standards for inverters that are closest in scope to UL 1741.
pany that has been providing combiner boxes and other BOS NRTLs are only now beginning to use them. Historically,
components to the solar industry since 2004, customers did inverters have been certified to a number of different IEC
not start asking for listed 1,000 Vdc combiners until 2009. standards covering safety, immunity and EMC emissions. IEC
Schripsema elaborates: “Once we had customers asking us for 62093 sometimes is used in part or whole to qualify BOS coma listed 1,000 Vdc design, we explored the option with ETL. ponents, but it is not typically required.
They were able to open a project, do the testing and add it to
Cari Williamette is a senior construction coordinator
our listing in late 2009 or early 2010. I don’t recall there being with Solar Group at Westwood Professional Services. In her
any issues. The process was similar to getting our products article “Electrical Codes and Standards Applicable to PV
listed to 600 Vdc, except that we had to show 1,000 Vdc ratings Installations” (SolarPro magazine, February/March 2013), she
for all of our subcomponents.”
explains that one of the major differences between applicaSo where did this demand come from? A quick look back tions the NESC covers as opposed to those the NEC covers is
at Figure 1 reveals that the uptick in interest in listed 1,000 the requirement to use listed equipment. Within the context
Vdc BOS components was a direct result of growth in the of the NEC, it is essentially mandatory c o n t i n u e d o n p a g e 2 6
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1,000 Vdc Utilization Voltages

generators or independent power producers. These are applications that technically require special permission from an AHJ
to use non–UL-listed equipment.
Variances like this are never guaranteed, not even for
very large PV power plants like First Solar’s 230 MW Antelope
Valley Solar Ranch One. (See “First Solar ‘Furloughs’ Half Its
AVSR1 Workforce” in Resources.) This pressure from AHJs
has spurred equipment manufacturers to get 1,000 Vdc equipment listed to UL standards for use in the fastest-growing sector of the North American PV market.
Rick Holz is a project engineer for Bechtel Power Renewables
and was previously the director of engineering operations at
SunEdison. He points out, “Many utilities are already requiring
UL-listed equipment in 1,000 Vdc applications.” This not only creates an opportunity
for manufacturers, but also becomes a selfperpetuating cycle. Holz explains, “As PV
module and inverter manufacturers start
nstalled PV system costs are considerably lower in Germany than in the US.
In June 2012, Greentech Media reported that the estimated average installed
UL-listing to 1,000 Vdc, then more utilities
PV system price in Germany for Q2 2012 was $2.24 per watt, whereas the
start making that a requirement.”
estimated average installed PV system price in the US for the same period was
Cost reductions. Back in the summer
$4.44 per watt. (See Resources.)
of 2009, SolarPro magazine published an
What accounts for this price discrepancy? While many analysts point to
article exploring issues surrounding 1,000
higher permitting and financing costs in the US as the primary culprit, rooftop PV
Vdc PV utilization voltages from the persystems in Germany operate at 1,000 Vdc rather than 600 Vdc, and some freespective of multiple industry stakeholders.
field PV power plant applications operate at 1,500 Vdc. These higher utilization
(See “High Voltage Photovoltaics,” SolarPro
voltages provide both up-front and long-term financial benefits.
magazine, August/September 2009.) In this
article, Joe Song, then the director of engiThe up-front benefits include:
neering for SunEdison, wrote, “For roof• More modules and power per source circuit
top residential and commercial projects,
• Fewer source circuits for the same array capacity
there is no reason to push the voltage limits
• Fewer BOS components, including overcurrent protection devices,
[beyond 600 Vdc]—the scale of these syscombiners, disconnects and so on
tems is rarely large enough to take advan• Reduced labor costs
tage of the lower BOS costs made possible
• Less copper in the dc collection system
by high-voltage designs.”
• Less expensive inverters (less copper, lower current ratings for subWhat was true in 2009 is not necessarcomponents)
ily true now. In 2009, basic PV system com• Lower overall cost per watt
ponents were not listed to UL standards
at 1,000 Vdc, meaning that it was cost proThe long-term benefits are:
hibitive, if not impossible, to design non• Reduced wire losses according to I2 R (doubling voltage reduces
residential systems that operated above
conduction losses to one-quarter for the same power level)
600 Vdc in applications covered by the
• Increased power conversion efficiency at the inverter
NEC. Today designers and installers have
• Improved financial metrics (higher ROI, lower levelized cost of energy)
access to 1,000 Vdc UL-listed PV modules,
PV Wire, combiner boxes, fuses, inverters,
Jim Morgenson is the director of business development for power plant
disconnects and so forth. As a result, firms
solutions at SMA America. In a white paper entitled “The Commercial Promise
like Blue Oak Energy are now able to engiof 1,000 Vdc PV Design” (see Resources), Morgenson writes: “With approxineer and construct 1,000 Vdc rooftop PV
mately 40% BOS wiring savings and up to 2% efficiency improvement, the
systems with AHJ approval—and it is cost
economic value [of going from 600 Vdc to 1,000 Vdc] can top $100,000 per
effective to do so.
MWdc ($0.10/W). This is exactly why 1,000 Vdc systems have been the preTobin Booth, the founder and CEO of
ferred standard in Europe for several years.” {
Blue Oak Energy, explains: “We engineered

to use equipment listed to UL standards, unless the AHJ
says otherwise. While the NESC implicitly requires the use
of engineered products designed and constructed to recognized product safety standards, UL is not the only recognized
source of those standards.
Within the solar industry, utility-scale PV systems are
commonly—and often incorrectly—referred to as behind-thefence applications. This terminology perpetuates a persistent
myth—namely, the notion that utility scale is always synonymous with utility owned and operated. While the NEC does
not cover installations “under exclusive control of an electric
utility,” as clarified in Section 90.2(B)(5), Williamette points
out that many PV power plants are classified as nonutility

Benefits of 1,000 Vdc Utilization Voltages
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“If you go through the UL 1741
standard and look at where the
requirements differ between 600 V
and 1,000 V certification, you will find
surprisingly few differences. Most of
the requirements are unchanged.”
—Peter Gerhardinger, Nextronex Energy Systems

and built our first 1,000 Vdc rooftop PV system in 2012. The
benefit of increasing dc system voltage is reduced wire and
BOS costs. By increasing the number of modules per source
circuit, fewer source circuits are needed. Because the voltage is higher, more power can be transmitted on a given wire
size. The result is a more efficient and cost-effective system.
The only difficulty today is that the AHJ needs to be brought
into the design process early to avoid possible rejection of the
design. In the future, we expect that 1,000 Vdc PV systems will
become commonplace.”
Moving to the mainstream? The draft proposal for NEC 2014
helps to clarify how and why 1,000 Vdc PV systems are expected
to become commonplace in the future. (See Resources.)
Perhaps the most striking proposal is the work of a highvoltage task group appointed by the NEC Technical Correlating Committee. Due to demand for increasing voltage
levels from the PV and wind generation industries, the highvoltage task group made this recommendation regarding
Section 490.2: “Replace 600 V with 1,000 V.” With 11 votes
in favor and one against, this proposal made it out of committee. In the draft of NEC 2014 that was circulated for public comment, Section 490.2, “Definition,” reads as follows:
“High Voltage. For the purposes of this article, more than
1,000 volts, nominal.” If this change is incorporated into
the adopted version of NEC 2014, it will have a ripple effect
throughout the entire Code. Imagine every reference in the
NEC to “systems over 600 volts” replaced with the language
“systems over 1,000 volts.”
Bill Brooks, principal at Brooks Engineering, is a prominent Code authority and a solar industry representative
on Code-Making Panel (CMP) 4, which is responsible for
NEC Articles 690 and 705. Brooks cautions, “The overall
1,000 V change in the rest of the NEC may not be successful.”
Even if it is not, he remains optimistic that NEC 2014 will
eliminate real and perceived barriers to 1,000 Vdc PV nonresidential systems.
Brooks points out that CMP 4 accepted several proposals that address these issues specifically within the context of
Article 690. The relevant NEC 2014 proposals include changing
the title of Article 690, Part IX, to “Systems over 1,000 Volts,”
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Missing link Module manufacturers could not certify PV modules to
UL 1703 at 1,000 V until they had access to 1,000 V–rated subcomponents, like this
UL-recognized MC4PLUS PV connector, which Multi-Contact released in February 2012.

replacing references to 600 volts in Section 690.80 with 1,000
volts and substituting 1,000 volts for 600 volts in the last sentence of 690.7(C). The latter change results in the following (italics added for emphasis):
Section 690.7, “Maximum Voltage”
(C) Photovoltaic Source and Output Circuits. In one- and twofamily dwellings, live parts in photovoltaic source circuits
and photovoltaic output circuits that do not include lamp
holders, fixtures, or receptacles shall be permitted to have
a maximum photovoltaic system voltage up to 600 volts.
Other installations with a maximum photovoltaic system voltage over 1,000 volts shall comply with Article 690, Part IX.

Collectively, these proposed changes in Article 690 would
result in 1,000 Vdc systems in nonresidential applications being
treated in much the same way that 600 Vdc systems are now.
Grenko at Yingli believes that the market for 1,000 V UL-listed
PV modules will ultimately be governed by the evolution of the
NEC, specifically the relationship between Article 490 and Section 690.80. He explains, “History has clearly shown that PV systems can be installed and operate safely at a maximum system
voltage of 1,000 V, and since the practice significantly reduces
cost, installers will continue to advocate for its adoption.”

Code Implications of 1,000 Vdc PV Systems

Unfortunately, NEC 2014 is still a work in progress—the final
draft will be presented to the NFPA general assembly in June
2013—and it will be many months, if not several years, before
AHJs adopt the 2014 edition. In the meanwhile, it is still possible to design and deploy 1,000 Vdc PV systems in applications
covered by NEC 2008 or NEC 2011. It is just less straightforward
than it is expected to be in the future.
John Wiles is the program manager at the Southwest
Technology Development Institute and a leading Code
authority on PV systems. Wiles explains: “There are no real
showstoppers in the NEC for 1,000 V systems. While the
Code requirements for systems over 600 volts are unfamiliar,
because few AHJs and electricians work on systems over 480
Vac, they are clearly spelled out in nearly every article of the
NEC. Designers, installers and AHJs just need to have read
these requirements.”
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For designers and installers, there is more to a Codecompliant 1,000 Vdc PV system than just replacing 600 V–
certified equipment with 1,000 V–certified equipment. In the
2008 and 2011 NEC, Section 690.80 states, “Solar photovoltaic systems with a maximum system voltage over 600 volts
dc shall comply with Article 490 and other requirements
applicable to installations rated over 600 volts.” This is a frustratingly short and vague statement that leaves much open
to interpretation as one peruses the multiple Code sections
addressing systems and equipment “over 600 volts.”
Following are some of the specific Code sections that
designers and installers need to address in a 1,000 Vdc PV system, or that may be subject to very different interpretations
when working with AHJs. In addition to the sections referred
to here, you should be familiar with the definitions found in
Article 100, Part II, which apply to installations and equipment operating over 600 V. Note that these references are to
NEC 2011.
ARTICLE 110, “Requirements for Electrical Installations”
This article includes special requirements for enclosures, accessibility and working spaces.
Section 110.31, “Enclosure for Electrical Installations.” In
indoor installations, electrical equipment in systems above
600 V—inverters, combiners, switches and so on—must be
metal enclosed and marked with appropriate caution signs
if they are accessible to unqualified persons. Alternately,
the equipment can be rendered accessible only to qualified
persons by installing a lock or locating the equipment in
an access-controlled vault, room, closet or other walled or
fenced-in area. The upshot here is that inverters, combiners
or switches with nonmetallic enclosures may be subject to
different requirements than those with metallic enclosures.
While it stands to reason that components properly evaluated and certified to UL 1741, whether in a metallic enclosure or not, should have the same installation requirements,
an AHJ may interpret this differently.
In outdoor installations, electrical equipment behind
a locked fence, wall or screen is considered inaccessible to
unqualified persons. Per Table 110.31, a fence must have
10-foot clearance to live parts. Equipment that is accessible to unqualified personnel, whether c o n t i n u e d o n p a g e 3 0

Nature provides us with the gift of energy through the sun, but unfortunately, nature’s wrath may not be all that friendly to your
PV system under stressful conditions. Snow, wind, extreme heat or cold, and seismic activities can wreak havoc on underengineered,
underdesigned and insufficiently tested racking structures. Only UNIRAC solar structures have been engineered and third-party
tested to withstand the harshest of elements and events for a long and enduring service life. Complies with IBC, IRC, ASCE-7-05, ADM,
AISI, AISC, NEC and UL. For the highest level of engineering and construction with the lowest cost
of ownership in the business, Unirac is the 24/365 solution for performance in and out of the sun.
A HILTI GROUP COMPANY
Visit unirac.com for more information.
R

Ready for nature’s wrath

www.unirac.com
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ARTICLE 215, “Feeders”
PV source and output circuits
should not be confused with feeders in a way that supersedes Article 690. Requirements addressing
feeders with capacities of more
than 600 V should have no impact
on 1,000 Vdc PV installations.

nonmetallic or metal enclosed,
must be designed “such that
exposed nuts or bolts cannot be
readily removed.” If the enclosure
has a door or hinged cover and is
mounted less than 8 feet above
the ground level, it must be kept
locked. Note that this section also
references Article 225, which in
turn references Section 300.37
(both of which are discussed later
in this article).

C ou r te sy P a tr ic k Byrd

ARTICLE 225, “Outside Branch
Circuits and Feeders”
Article 225 addresses requirements for outside branch circuits
Section 110.33, “Entrance to
Enclosures and Access to Working
and feeders run on or between
Space.” Rooms containing equipbuildings, structures or poles on
the premises, as well as equipment over 600 V are subject to
ment located on or attached to
greater entrance space requirethe outside. For wiring on buildments. Permanent ladders or stairings, there are multiple referways may be required for access to
Kept
locked
Enclosures
containing
circuits
over
ences to Section 110.36, “Circuit
working space.
600
V
and
accessible
to
the
general
public
shall
be
Conductors,” and Section 300.37,
Section 110.34, “Work Space
and Guarding.” Additional clear- kept locked in accordance with Section 110.31(D).
“Aboveground Wiring Methods.”
These sections may be conservaance is required around equiptively
interpreted
to
limit
the
types of conductors used for PV
ment over 600 V. The conditional minimum clearances in
source
circuits
in
exposed
locations
and to exclude methods
Table 110.26(A)(1) of 3 feet, or 3.5 feet or 4 feet (depending
specifically
allowed
in
Section
690.31(B),
such as the use of
on proximity to opposite facing live or grounded parts), are
listed
PV
Wire.
Most
AHJs
will
likely
apply
690.31(B) as they
extended in Table 110.34(A) to 3 feet, or 4 feet or 5 feet. Sepado
for
600
V
systems,
as
long
as
the
PV
Wire
is listed and
ration is required from systems operating under 600 V, such
labeled
for
1,000
V.
as data acquisition systems or auxiliary power circuits. Do
not forget to install a sign warning of high voltages at locked
ARTICLE 240, “Overcurrent Protection”
rooms or enclosures.
For PV systems above 600 V, Section 240.101 allows overcurrent protection device (OCPD) ratings of as much
ARTICLE 210, “Branch Circuits”
Article 210 is referenced in Article 690 only for dc utilization as three times the ampacity of the conductors, which
circuits and requirements for voltage limitations between is far less conservative than the OCPD requirements in
conductors and to ground. Do not otherwise confuse PV Article 690 for PV source and output circuits. Designcircuits with branch circuits or requirements applicable to ers, installers and AHJs should not deviate from Article
branch circuits. Section 210.6(E) reiterates the requirement 690 requirements.
that utilization equipment above 600 V be accessible only to
ARTICLE 300, “Wiring Methods”
authorized personnel.
There are several relevant sections in this article related to wiring methods in 1,000 Vdc PV systems.
Section 300.3, “Conductors.” Designers and installers need
PV components
to be aware of Section 300.3(C)(2), which clarifies when conprovide the same assurance of safety as tra- ductors of circuits rated more than 600 V can occupy the
same equipment wiring enclosure, cable, or raceway as cirditional 600 V–rated components, but owncuits rated 600 V or less. While listed combiners, inverters and
ers of 1,000 V PV systems benefit
other control assemblies are allowed to have mixed wiring
under 300.3(C)(2)(d), installers need to be aware that limitafrom significantly reduced BOS costs and
tions apply to mixing voltages in field assemblies.
increased energy production.”
Section 300.34, “Conductor Bending Radius.” Unshielded conductors
in PV systems above 600 V require c o n t i n u e d o n p a g e 3 2
—Ken Christensen, SMA America

“Listed 1,000 V
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a bending radius of at least eight times the overall conductor diameter, as compared to the standard minimum bending
radius of five times the conductor diameter for 600 V systems.
This affects PV source and output circuits entering and exiting combiner boxes, for example. Be careful not to get caught
turning too tight a corner.
Section 300.37, “Aboveground Wiring Methods.” This section
requires that aboveground conductors in PV systems above
600 V be installed in conduit or raceways or as exposed
runs of a suitable metal-clad cable. In locations accessible
to qualified persons only, exposed runs of Type MV cable
are allowed. Be aware that an AHJ could take a conservative
position and interpret these requirements to mean that PV

Wire listed to 1,000 V cannot be run in exposed locations as
allowed in 690.31(B).
Section 300.50, “Underground Installations.” This section
allows shielded or metal-sheathed cable assemblies in
direct-burial applications for more than 600 V, but states that
unshielded cables must be installed in conduit. However,
Section 310.10(F) allows the use of identified unshielded
direct-burial cable up to 2,000 V. Does this mean that directburial cables rated for 1,000–2,000 volts cannot be direct
buried? While the more permissive statement in 310.10(F)
is the more widely accepted interpretation, these seemingly
conflicting statements may result in confusion and uncertainty for designers and AHJs. c o n t i n u e d o n p a g e 3 4

Designing and Installing a 1,000 Vdc Rooftop PV System
Matthew Seitzler, PE, project engineer, Blue Oak Energy

F
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Higher dc array voltages bring several
or the last 3 years, Blue Oak
benefits, including considerable reducEnergy has engineered 1,000
tions in BOS components, dc collection
Vdc PV systems for domestic utilsystem wiring and the time needed to
ity and large commercial projects.
install the system. Faster installation
The challenge for us has been
times can be critical in an environment
pushing the established bounds
like Mesa, Arizona, where ambient temset by the NEC as it relates to PV
peratures can reach 115°F and recorded
systems and educating various
rooftop working temperatures are more
local permitting authorities. Our
than 15°F above ambient, even atop a
policy is to always take a proactive
white roof. The faster we can get workapproach with anything that might
Systems above 600 V First Solar announers off the roof in a setting like this, the
get overlooked during the plan
ced that UL certified its Series 3 thin-film
check and that has the potential
modules for 1,000 V systems in October 2012. better it is for worker health and safety.
The design, construction and commisto create problems during final
Announcements like this clear the way for
sioning of the First Solar 4 MW rooftop
inspection of the installed system.
more 1,000 V PV systems in nonresidential
system took approximately 10 months.
This is exactly the approach
applications covered by the NEC.
We estimate that the total savings in time
we took on the largest rooftop
and materials associated with going from
solar installation in Arizona, a
600 Vdc to 1,000 Vdc were on the order of 30%, which substan4 MW system installed at First Solar’s facility in Mesa, Aritially improved the owner’s return on investment.
zona. Our development team for this project reached out
To accelerate the acceptance of and move to 1,000 Vdc PV
to the local AHJ and explained that we wanted to design
systems in domestic commercial applications, we have found it
and deploy a 1,000 Vdc system on behalf of our customer.
helpful to educate permitting authorities and inspectors about
We detailed and directly compared First Solar’s 1,000 Vdc
applicable European IEC standards and compare them with
European product certification to the equivalent UL and IEEE
the domestic UL and IEEE standards. In Europe, 1,000 V PV
standards. This was part of a code-modification request subsystems are commonplace, and the equipment certification
mitted to the AHJ’s Building and Safety Division, which was
ultimately approved. We installed additional system protection standards there are often more stringent than those in the US.
As exposure to and experience with 1,000 Vdc PV systems
devices to meet the local utility requirements for mediumincreases in the US, we are confident that these systems will
voltage distributed generation systems. The system uses
become the norm in commercial applications here as well,
nearly 55,000 of First Solar’s advanced thin-film modules,
especially as more equipment is certified to UL standards at
which are now listed to UL 1703 at 1,000 V, and two types
1,000 Vdc. {
of 1,000 Vdc inverters.

32

S o l a r Pr o | April/May 2013

ALL SOLAR ENERGY
IS NOT CREATED EQUAL
At SolarWorld we believe our energy is different because we’re
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“The financial benefits of 1,000 V
ARTICLE 314, “Outlet, Device, Pull, and Junction Boxes; Conduit
Bodies; Fittings; and Handhole Enclosures”
Part IV of this article contains several specific requirements
regarding straight and angled pulls, conductor entrances
and exits, box construction and marking that differ from
600 V systems. Qualified installers of medium-voltage electrical systems are familiar with these requirements, but
installers who are more familiar with 600 V PV systems will
need to brush up on these installation requirements.

PV systems are clear upon close analysis.
The only question has been: When will
listed 1,000 V–rated PV system components
be available?”
—Bryan Thomas, Power-One

Co u r t es y E at o n Co r p o ra t i on

However, some AHJs may take a special interest in 490.21(B)
(6) and may seek to apply this section to large fuses in subarARTICLE 362, “Electrical Nonmetallic Tubing: Type ENT”
ray combiners or inverter-input combiners. While this section
Section 362.12 indicates that ENT, which is sometimes used to states that fuseholders “shall be designed or installed so that
protect moving conductors on tracker systems, is not permit- they are de-energized while a fuse is being replaced,” it also
ted for circuits operating above 600 V.
provides an exception for equipment “designed to permit fuse
replacement by qualified persons.” This exception may address
ARTICLE 392, “Cable Trays”
any concerns the AHJ may have about de-energizing fuses.
Pay attention to the marking and voltage-mixing requireSection 490.21(B)(7) addresses high-voltage fuses intenments found in this article. Section 392.18(H) states that cable ded for use in metal-enclosed switchgear. For example, it
trays with circuits above 600 V need to be marked every 10 feet requires a gang-operated disconnecting switch and mechaniwith high-voltage warning signs. Section 392.20(B) states that cal or electrical interlocks to prevent access to any fuse unless
when cables rated above 600 V are installed in the same cable all switches are opened. Existing UL 1741–certified sourcetray as cables rated 600 V or less, either Type MC cable shall circuit and subarray combiners are not designed to meet Secbe used for the higher-voltage cables or a solid fixed barrier tion 490.21, and there is no reason to believe that they should
shall be used to separate cables with different voltage ratings. be. PV combiner boxes are not metal-enclosed switchgear.
While the definition of metal-enclosed switchgear found in
ARTICLE 490, “Equipment, Over 600 Volts, Nominal”
Article 100 is not very helpful for making this distinction,
Requirements in this article are a
ANSI C37 series documents make it clear
potential source of confusion as they 1,000 Vdc PV fuses These Cooper
that the standards for metal-enclosed
generally apply to equipment used Bussmann gPV-class fuses are
switchgear are different than those
in
medium-voltage
applications, certified to UL standards at 1,000 or
related to 1,000 Vdc PV source- and
which Section 328.2 defines as “2,001 1,500 Vdc.
output-circuit combiners. Nevertheless,
volts or higher.” While 1,000 V sysdesigners should keep this section on
tems reside in the gap between 600 V
their radar. This distinction has been an
systems and systems operating over
issue with some AHJs, and has led some
2,001 V, they obviously have more in
designers and installers to use nonmetalcommon with the former. For examlic components just to avoid any potenple, Type MV cable is constructed and
tial for misinterpretation.
Section 490.22, “Isolating Means.” This
terminated very differently than 600 V
section has general requirements for the
conductors (see “Basics of Mediumcomplete isolation of equipment from
Voltage Wiring,” SolarPro magazine,
ungrounded components. It allows the
December/January 2013), whereas
use of non–load-break–rated disconnectconductors rated for 1,000 V are
ing means and fuseholders. The convenconstructed and terminated just like
tional wisdom is that these requirements
600 V conductors.
Section 490.21, “Circuit-Interrupting
do not differ from those found in Article
Devices.” The requirements in Section
690. However, it is a good idea to be famil490.21(B)(1)–(6) that address fuses and
iar with this section should it come up in
fuseholders are partially applicable to
discussions with an AHJ.
source-circuit and subarray combiner
Section 490, Part III, “Equipment—MetalEnclosed Power Switchgear and Indusboxes. The use of combiners listed to
trial Control Assemblies.” Sections 490.30
UL 1741 at 1,000 Vdc should address
any concerns that an AHJ may have.
through 490.47 cover c o n t i n u e d o n p a g e 3 6
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Table 1: Impact of Increasing PV Utilization Voltage
from 600 Vdc to 1,000 Vdc

distances in the dc collection system, but also component reductions at the source-circuit and subarray
combiner-box levels are realized many times over
across the total system. Often the designer optimizes
Module
600 Vdc
1,000 Vdc
Percent
source circuits for voltage and identifies a racking
specifications
string*
string
change
configuration that accommodates the desired string
Number of modules
1
14
23
+64%
length. After the designer identifies an optimal subarray layout, he or she replicates this basic building
37.0 V
518 V
851 V
+64%
VOC
block as many times as necessary or possible accord8.4 A
8.4 A
8.4 A
0%
ISC
ing to the desired array capacity and the constraints
29.5 V
413 V
679 V
+64%
VMP
of the site.
While the benefits of higher utilization voltages in
7.8 A
7.8 A
7.8 A
0%
IMP
utility applications outweigh any disadvantages asso230 W
3,220 W
5,290 W
+64%
PSTC
ciated with the costs of buying 1,000 V–rated compo10.5 A
10.5 A
10.5 A
0%
IMAX per 690.8
nents, this is not necessarily true in all nonresidential
applications. At least in the short term, getting AHJ
42.2 V
591 V
971 V
+64%
VMAX @ -13°F
approval to design and deploy 1,000 Vdc PV systems
Strings per 500 kW
—
156
95
-39%
in commercial applications is more involved than
—
1,638 A
998 A
-39%
IMAX per 500 kW
permitting and inspecting 600 Vdc PV systems. Even
if all else were equal, some nonresidential applica*Refer to “Array Voltage Considerations” by Bill Brooks, PE (SolarPro magazine, October/
November 2010) for details regarding 600 Vdc calculations.
tions would be better suited than others to 1,000 Vdc
designs based on factors like system capacity, sourceTable 1 Increasing the utilization voltage from 600 Vdc to 1,000 Vdc for
circuit length and conductor size.
a representative 500 kW PV array reduces the number of source circuits
AHJ approval. While language in NEC Section
by approximately 40%. This increase similarly reduces the number of
690.7 allows for the installation of PV systems that
overcurrent protection devices in the dc collection system and the total
operate above 600 V in nonresidential applications,
length of the source-circuit and PV-output conductors. Note that while
the final yea or nay in regard to approved equipment,
component reductions are inversely proportional to the increase in voltmaterials, installations and procedures resides with
age, reductions in wire losses throughout the system are not linear but
the AHJ. Every jurisdiction is different, and most are
are proportional to the square of the current (PLOSS = I2 x R).
at the start of the learning curve in regard to permitswitchgear and control assemblies and should not be a source
ting and inspecting 1,000 V PV systems.
of conflict concerning source-circuit or subarray combiner
If you want to design and install a PV system that operboxes or other equipment listed to UL 1741. Section 490.35(A) ates over 600 V, then you should be prepared to have a
reiterates that doors that would allow unqualified persons detailed discussion in advance with building department
access to high-voltage energized parts must be locked.
representatives, the fire marshal and other authorities. Make
Section 490.46, “Circuit Breaker Locking.” Note that this certain that appropriate parties understand and sign off on
section requires the use of circuit breakers capable of being your proposal. If you need waivers for any special equipment
locked in the open position. If circuit breakers are used in PV or installation methods, make sure you get these before
source or output circuits in equipment that is not part of a UL ordering and installing the equipment. (See “Designing and
1741–certified assembly, then 490.46 applies.
Installing a 1,000 Vdc Rooftop PV System,” p. 32.)
While some jurisdictions may already have clearly defined
policies in place for 1,000 V systems, most are undoubtedly
reviewing and approving these projects on a case-by-case
basis. Assume nothing. It is entirely possible that an AHJ
As shown in Table 1, the advantages of 1,000 Vdc designs are might approve a 1,000 V PV system in a ground-mounted
self-evident in utility applications. For example, if a multi- application, but not approve essentially the same system on
megawatt PV power plant is designed in 1 MW building blocks, a commercial rooftop. Some jurisdictions may not approve
then typically each inverter or inverter container or skid is cen- any 1,000 V PV systems at this time. Many probably do not
trally located within a four- to six-acre subarray, depending on know what their policy is.
Avoiding this uncertainty is a compelling argument in
the module power density, the site latitude and the nature of
favor
of 600 V PV systems in the short term. However, the
the racking solution ( fixed tilt or single-axis tracking). Not only
do higher utilization voltages better accommodate the long process of designing and installing 1,000 V c o n t i n u e d o n p a g e 3 8

Advantages of and Limitations
to 1,000 Vdc Designs
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systems will get easier over time. According to
Bryan Thomas, a product manager at PowerOne, “The move to 1,000 V PV systems represents a rare opportunity for the industry to lower
costs without compromising quality. We expect
that the majority of nonresidential applications
will transition from 600 V to 1,000 V by 2016.”
Ken Christensen, a product manager of power
plant solutions at SMA America, agrees: “The economic benefits of 1,000 V PV systems will drive
market adoption. SMA believes 1,000 V systems
will quickly displace 600 V systems. The rate of
adoption will be limited only by the availability of
1,000 V modules listed to UL standards and acceptance by the
local AHJ.”
System capacity. There are two ways in which system capacity can serve as an indicator of whether a nonresidential application is suitable for a 1,000 V design. The first consideration
relates to economies of scale. As system capacity increases, so
does the financial incentive to increase system voltage to 1,000
Vdc. With a small commercial system, there is little incentive
to complicate permitting, inspection or product procurement.
However, with a large commercial system, like the 4 MW rooftop

The
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Capacity constraints The Aurora Trio is
a 3-phase string inverter from Power-One
that is available as a 20 kW or 26.7 kW
model. As of February 2013, the Trio is
the only listed 1,000 V inverter available in
North America with a nameplate capacity of
less than 150 kW.

project discussed on p. 32, any modest cost
increases associated with permitting or purchasing higher-voltage–rated components
are more than offset by the significant time
and material savings during installation.
The second consideration with regard to system capacity
relates to product availability. In today’s market, relatively few
components are certified to UL standards at 1,000 Vdc, and
most of the components listed for 1,000 V applications are
intended for utility-scale or large commercial applications. In
the short term, if you are working on a small- or medium-sized
commercial project, then your 1,000 V equipment options are
likely to be severely limited. The situation is clearly improving.
It is reasonable to expect that equipment availability will be
less of an issue over time.

KNow-How You Need
to Get the
Job DoNe
Providing professional electrical engineering
PV design and consulting since 2004.
PV System Consulting & Design
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Energy Production Estimates
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Source-circuit length. While increasing the number of
modules per source circuit is generally advantageous in
utility-scale and large commercial applications, longer source
circuits can be a liability on projects with space constraints.
For example, on small- or medium-sized commercial rooftops
or on carport structures, shorter source circuits may provide
the system designer with greater design flexibility. Shorter
strings may make it easier to work around obstacles to fully
populate a roof surface or to hit a target system size. Sourcecircuit length is more critical at sites with module placement
restrictions than it is on large homogenous sites.
Conductor size. The conductors used for PV source or
output circuits must meet the ampacity requirements that
the NEC dictates. While these requirements determine the
minimum Code-compliant conductor size, voltage drop considerations may lead the system designer to specify a larger
conductor. For example, it is not uncommon for a request for
proposal to specify a maximum allowable percentage of voltage drop for the dc collection system.
If designers size PV source- or output-circuit conductors
strictly based on Code-minimum ampacity requirements, then
the up-front benefits of going from 600 Vdc to 1,000 Vdc are
simply a function of the reduced number of circuits. However,

if the designer needs to upsize the circuit conductors to keep
the percentage of voltage drop below an allowable limit, then
there is an additional incentive to increase the system voltage. Reductions in wire losses throughout the system are not
linear in relation to voltage, but are proportional to the square
of the current (PLOSS = I2 x R). Therefore, systems with longer
circuit lengths stand to benefit the most from increasing PV
utilization voltages.

Safety Considerations

While we have focused on the benefits and Code implications
of higher PV utilization voltages, be keenly aware that working with higher voltage levels inherently involves higher risks
in relation to the safety of persons and property.
Worker safety. The High Voltage Task Force appointed by
the NFPA 70 Technical Correlating Committee determined
that increasing utilization voltages from 600 V to 1,000 V
“was of minimal or no impact to the system installation.”
While the majority of Code-making panelists accepted this
conclusion, dissenting opinions raised concerns about
worker safety.
Todd Stafford is the senior director of instrumentation
and alternative energy at the National Joint Apprenticeship
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and Training Committee and repremargin for error at 1,000 V. In the article
sents the International Brotherhood
“High Voltage Photovoltaics” (SolarPro
of Electrical Workers on CMP 4. Stafmagazine, August/September 2009), Bill
ford was one of two panelists to vote
Brooks cautions: “Sloppy wire manageagainst raising the nonresidential
ment may result in an inoperative string
voltage threshold to 1,000 V in Secat 600 Vdc, while the same mistake could
tion 690.7(C) of NEC 2014. In his explabe catastrophic at 1,000 Vdc. This is not
nation of the negative vote, which
to say that bad wire management is in
appears in the National Electrical Code
any way acceptable at 600 Vdc, but rather
Committee Report on Proposals: 2013
that it is intolerable at 1,000 Vdc.”
Annual Revision Cycle (see Resources), 1,000 V source circuits Listed PV
John Wiles concurs: “Workmanship
Stafford clarifies that though he “is in Wire—the conductor on the right with
issues are my main area of concern. We
favor of increasing the voltage level to the thicker insulation—can be rated at
have enough issues at 600 V, and moving
1,000 volts,” he is concerned about the 600 V, 1,000 V or even 2,000 V. While
to 1,000 V will stress these systems even
“effects such a change will have upon USE-2 (on left) is commonly used in
more. The workmanship at 1,000 Vdc
the electrical worker.” Stafford points 600 V applications, it is not rated for
needs to be exceptional.”
out that “meters and other testing use in systems over 600 V.
According to Brooks, the indusequipment need to be properly evalutry needs to beef up its training, comated and tested for 1,000 V” and that personal protective missioning, quality assurance and inspection programs to
equipment (PPE) also needs to be evaluated in relation to ensure that systems with higher utilization voltages operate
increased levels of arc hazards. He argues that more time safely for many decades. He explains: “Installation practices
is required to implement the “extensive training and equip- need to be heavily trained and heavily monitored. Everyone
ment research” that needs to take place before electricians gives lip service to the need for high-quality installations,
are exposed to a new voltage threshold.
but lip service will not prevent fires—only good practices
While much common electrical test equipment is indeed and procedures will.”
rated for a maximum of 600 V, 1,000 V wiring methods are
not substantially different from 600 V methods. Pete Churg C O N TAC T
sin, assistant training director at the San Francisco Electrical
Greg Ball / DNV-KEMA Renewables (formerly BEW Engineering) /
Apprenticeship Training Program, does not believe that addiSan Ramon, CA / greg.ball@dnvkema.com / dnv.com
tional training is required to install 1,000 V PV systems. Chursin
explains: “I don’t see why you would need any special training
David Brearley / SolarPro magazine / Ashland, OR /
to install a 1,000 V PV system. Looking at it from what I know,
david.brearley@solarprofessional.com / solarprofessional.com
it’s just 1,000 V. It is higher than 600 V and that’s about it.”
Marvin Hamon, PE / Hamon Engineering / Alameda, CA /
Obviously, any equipment used in 1,000 V applications
info@hamonengineering.com / hamonengineering.com
needs to be listed to the appropriate maximum system voltResources
age. Product standards and product listing address equipDraft of Proposed NFPA 70: 2014 Edition National Electrical Code,
ment differences such as conductor insulation or terminal
National Fire Protection Agency, nfpa.org, 2012
spacing. Further, many of the Code differences discussed earlier in this article related to systems above 600 V may be elimiMorgenson, Jim, “The Commercial Promise of 1,000 Vdc PV Design,”
nated or greatly simplified under the 2014 edition of the NEC.
Solar Industry magazine, solarindustrymag.com, December 5, 2012
If so, then properly rated PPE and electrical test equipment
National Electrical Code Committee Report on Proposals: 2013 Annual
will largely address concerns about worker safety.
Revision Cycle, National Fire Protection Agency, nfpa.org, 2012
Matthew Seitzler, a project engineer at Blue Oak Energy,
Trabish, Herman K., “First Solar ‘Furloughs’ Half Its AVSR1 Workforce,”
notes that differences in arc-flash potential are among his
Greentech Media, greentechmedia.com, May 29, 2012
main areas of concern related to worker safety on PV systems
“US Solar Market Insight: Third Quarter 2012,” GTM Research Solar
above 600 V. He points out, “The project-specific arc-flash
Analysts
and SEIA Policy and Research Division, Solar Energy Industries
labels needed to meet OSHA and NFPA requirements can vary
Association,
seia.org, 2012
significantly according to the inverter dc bus configuration,
especially with the combination of larger-capacity inverters
Wesoff, Eric, “German Solar Installations Coming In at $2.24 per
and 1,000 Vdc.”
Watt Installed, US at $4.44,” Greentech Media, greentechmedia.com,
Property safety. The concern most often raised by prominent
June 19, 2012
PV industry stakeholders relates to the fact that there is less
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Electrifying ideas.
We develop new ground-breaking products
from brilliant ideas. With knowledge,
proven technology, and engineering
creativity we make today, what will lead
the way tomorrow.

Ralph M., Photovoltaic Development Engineer

With our innovative technology REFUsol inverters
achieve a maximum eﬃciency of 98.2%.
REFUsol 012K, 016K, 020K and 024K three-phase string
inverters are light, compact and easy to install.
As a leading technology company we supply ﬁrst class
products of the highest quality. Our promise: creating
innovative products that are at the leading edge.
Making progress, made by REFUsol.

Phone: (866) 774-6643
info-usa@refusol.com
www.refusol.com

Market

o f L is t e d 1 , 0 0 0 V d c P
By David Brearley and Joe Schwartz

I

n the summer of 2012, when we started working with Marvin Hamon and Greg Ball on the article “1,000 Vdc Utilization Voltages in Nonresidential PV Applications” (see pp.
22–40), exactly one module manufacturer (MEMC) had
publicly announced the release of a listed 1,000 V–rated
PV module. Fast-forward 6 months, and over 200 different
models of listed 1,000 V PV modules are available from 17
different manufacturers. It does not take a crystal ball to see
where this is heading. More 1,000 V–rated products in every
equipment class are on the way.
This article is intended to provide a representative snapshot of 1,000 V product availability at press time (February
2013). Since the certification and availability of products
listed for 1,000 Vdc systems is changing rapidly, we do not
expect this list to be comprehensive. In addition to the module, inverter, combiner and BOS product lines covered here,
several manufacturers have initial or additional certification
efforts either planned or under way.
PV Modules
While several module manufacturers have announced certification to UL 1703 for systems with maximum voltages of 1,000
Vdc over the last year, more have either quietly achieved this
listing or have related testing and certification under way. We
reached out to 65 module manufacturers that are active in the
North American market for updates on 1,000 Vdc certification
efforts, and discovered that roughly 25% of these companies
either have listed 1,000 V PV modules or will soon. The following summaries include brief corporate backgrounds and
overviews of specific product lines that are listed to UL 1703
for 1,000 V applications.
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Integrators should be aware that during our research
we identified instances where module specification sheets
posted on a given company’s website were not up-to-date
regarding 1,000 Vdc listing, even if the certification was complete. If you are planning to develop “in-front-of-the-fence”
1,000 V systems that require components to be listed to relevant UL standards, and you currently have preferred module

Survey

V S y s t e m C o mp o n e n t s
Ramon, California. In July 2012, Canadian Solar received certification to UL 1703 for maximum system voltages of up to
1,000 Vdc on four of its module lines. The certified product
lines include UL 1000V CS6P-M (60-cell, mono, 245 W–260
W), UL 1000V CS6P-P (60-cell, poly, 240 W–255 W), UL 1000V
MaxPower CS6X-M (72-cell, mono, 295 W–310 W) and UL
1000V MaxPower CS6X-P (72-cell, poly, 290 W–300 W). CSA
Group performed testing and certification.
Canadian Solar / 925.866.2700 / canadiansolar.com

Centrosolar America is headquartered
in Scottsdale, Arizona, and its parent company, Centrosolar
Group AG, was founded in 2005 in Munich, Germany. The
publicly traded company introduced its modules to the US
market in 2008 and recently listed its 60-cell polycrystalline
E-Series module line to 1,000 Vdc. Intertek performed testing
and certification to UL 1703. The 235 W to 265 W 1,000 Vdc–
rated modules have a Q2 2013 projected release date.

C o u r t es y S u n s en s e S ol ar

Centrosolar America

suppliers that are not covered here, we recommend that you
ask for updates through your regular sales channels.
Canadian Solar Founded in 2001 in Ontario, Canada, Canadian Solar is a publicly traded corporation that was listed
on the NASDAQ Stock Market in 2006. The firm currently
operates in 11 countries, with US sales offices located in San

Centrosolar America / 877.348.2555 / centrosolaramerica.com
Conergy Americas Conergy Group, a German module manufacturer, project developer and equipment wholesaler,
was founded in 1998 and is listed on the Frankfurt Stock
Exchange. Its US subsidiary was established in 2005 and is
headquartered in Denver. CSA Group has tested and listed
the company’s PH Series modules to UL 1703 for maximum
system voltages of 1,000 Vdc. The 60-cell polycrystalline
PH Series modules are available with rated power outputs
of 230 W to 255 W. Conergy North America is scheduled to
release a new PE Series module line in Q1 2013. Initially the
product line will be listed for 600 Vdc applications, but the
company plans to have the line listed for 1,000 Vdc applications in early 2013.
Conergy Americas / 888.396.6611 / conergy.us

solarprofessional.com | S o l a r P r o
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DelSolar Founded in 2004 at the Hsinchu Science Park in Taiwan, DelSolar
is a joint venture of Delta Electronics
and the Taiwanese Industrial Technology Research Institute. In September
2012, UL listed four of DelSolar’s module lines for 1,000 Vdc applications:
D6C_B3A-WS (60-cell, poly, 230 W–
250 W), D6S_B3A-WSf (60-cell, mono,
250 W–260 W), D6C_B4A-WS (72-cell,
poly, 285 W–305 W) and D6S_B4A-WSf
(72-cell, mono, 300 W–310 W).

JA Solar USA offers an extensive suite of nine
module lines that Intertek or TÜV Rheinland
NA listed for 1,000 Vdc applications per the
UL 1703 standard, including JAM6 (60-cell,
mono, 250 W–270 W), JAM6-R (60-cell, mono,
255 W–275 W, full square cells), JAM6-BK
(60-cell, mono, 245 W–265 W, black frame and
backsheet), JAP6 (60-cell, poly, 235 W–260 W),
JAP6-BK (60-cell, poly, 235 W–255 W, black
frame and backsheet), JAM5-L (72-cell, mono,
195 W–215 W), JAM5-L-BK (72-cell, mono,
190 W–210 W, black frame and backsheet),
JAP6 (72-cell, poly, 280 W–310 W) and JAM6
(72-cell, mono, 290 W–325 W).

DelSolar / 888.880.8868 / www.delsolarpv.com
ET Solar Headquartered in Pleasanton, California, ET Solar is the US subsidiary of the privately held ET Solar
Group, based in Nanjing, China. The
company announced the launch of
its 60-cell and 72-cell 1,000 Vdc–listed
module lines at PV America East.
The recently listed modules received
certification to UL 1703 for 1,000 Vdc
applications in January 2013. Intertek
conducted the testing and certification. The relevant module lines include
ET-P-WW (60-cell, poly, 225 W–260 W).
ET-P-WB (72-cell, poly, 280 W–310 W),
ET-P-WWG Anti-glare (72-cell, poly,
270 W–295 W) and ET-P-BBG Antiglare (72-cell, poly, 270 W–290 W, black
frame and backsheet).

JA Solar USA / 408.586.0000 / jasolar.com

Headquartered in St. Peters, Missouri,
and founded in 1959, MEMC Corporation
manufactures semiconductors for electronic
devices as well as polysilicon, solar cells and
modules for PV applications. The company
launched its IPO in July 1995 and is traded on
the New York Stock Exchange. In 2009 MEMC
completed the acquisition of SunEdison,
a well-known solar project developer that
recently expanded into the residential installation market in the US. In April 2012, MEMC
First Solar In October 2012, First
announced CSA listing of its Silvantis P290
Solar received UL certification for
module series to UL 1703 for 1,000 Vdc applithe use of its Series 3 modules in
cations. MEMC now has two primary mod1,000 V applications. The CdTe
ule lines that are certified for systems with
PV laminates have a rated power
maximum voltages of 1,000 Vdc: the 72-cell
output of 82.5 W to 92.5 W.
polycrystalline Silvantis P series with a rated
ET Solar / 925.460.9898 / etsolar.com
output of 280 W to 305 W and the 72-cell
First Solar First Solar was founded in 1999 and is headquar- monocrystalline Silvantis M series with a rated output of
tered in Tempe, Arizona, with manufacturing facilities in 305 W to 330 W.
Malaysia and Perrysburg, Ohio. The company launched its
MEMC / 636.474.5000 / memc.com
IPO in November 2006 and is traded on the NASDAQ Stock
Market. For years, First Solar has been deploying its thin- Motech Americas Motech Americas is the US subsidiary of
film CdTe PV laminates in utility-owned 1,000 V, behind-the- Motech Industries, a public Taiwanese PV cell and module
fence projects. In October 2012, the manufacturer and project manufacturer founded in 1981 as a test and measurement
developer completed the UL listing of its Series 3 module equipment manufacturer. The US subsidiary is headquarline for use in systems with a maximum voltage of 1,000 Vdc. tered in Newark, Delaware, where it manufactures ARRAThe Series 3 product line currently includes five models with compliant monocrystalline and polycrystalline modules.
power outputs of 82.5 W to 92.5 W.
In October 2012, Motech Americas announced that its IM+
First Solar / 877.850.3757 / firstsolar.com
Series and XS+ Series modules had achieved certification
for use in 1,000 Vdc systems. Intertek performed the related
JA Solar USA Founded in 2005, JA Solar Holdings is headproduct testing and listing to UL 1703. The relevant models
quartered in Shanghai, China. The vertically integrated cell include IM60+ (60-cell, poly, 250 W–260 W), XS60+ (60-cell,
and module manufacturer was publicly listed on the NASDAQ mono, 255 W–265 W), IM72+ (72-cell, poly, 300 W–310 W)
Stock Market in February 2007. The company’s US subsid- and XS72+ (72-cell, mono, 310 W–320 W).
iary, JA Solar USA, is headquartered in San Jose, California.
Motech Americas / 302.451.7500 / motechsolar.com c o n t i n u e d o n p a g e 4 6
44

S o l a r Pr o | April/May 2013

C ou r te sy F ir st S ola r

MEMC

We just fast tracked
the future of solar.
More flexible financing options. Faster deal processing. Clean Power Finance
just gave you the keys to closing more solar deals. From flexible credit criteria
to eSignatures and a streamlined deal processing flow, now you can grow
your business even faster.

Find out today how you can close more deals faster.
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SUMEC Group, headquartered in Nanjing, China, is the parent company of Phono Solar USA
and six additional Phono Solar subsidiaries that operate
throughout Europe and Asia. The company conducts all
module manufacturing in Nanjing. The US subsidiary is
headquartered in The Woodlands, Texas. Intertek tested
and listed two of Phono Solar USA’s primary module lines
for 1,000 Vdc applications, including Diamond 235-265
(60-cell, poly, 235 W–265 W), Diamond 280-330 (72-cell,
poly, 280 W–330 W), Diamond 190-210 (72-cell, mono,
190 W–210 W), Onyx 235-265 (60-cell, poly, 235 W–265 W,
black frame and backsheet) and Onyx 235-270 (60-cell,
mono, 235 W–270 W, black frame and backsheet).

C o u r te sy Suni v a

Phono Solar USA

Phono Solar USA / 281.909.0644 / phonosolarusa.com

REC Americas’ parent company, REC Suniva The Optimus module lines from Suniva contain more than
Group, is headquartered in Sandvika, Norway, and is 80% domestic content and were listed to UL 1703 for 1,000 V
traded on the Oslo Stock Exchange. The company pro- systems in January 2013. Rated power output ranges from 255 W
duces polysilicon for the solar and electronics indus- to 315 W.
tries at two US materials plants located in Moses Lake,
Washington, and Butte, Montana. The company’s
with its US headquarters located in San Francisco. The comwafer, cell and module production is located in Tuas, Sin- pany was listed on the New York Stock Exchange in 2008.
gapore. REC Americas is headquartered in San Luis Obispo, In November 2012, UL completed testing and certification
California. In February 2013, the manufacturer completed of several Renesola module lines for 1,000 Vdc applications
the listing of its Peak Energy 72 Series modules to UL 1703 including JCS-24/Bbh (60-cell, mono, 250 W–260 W), JCMfor 1,000 Vdc applications. UL performed the testing and 24/Bbh (60-cell, poly, 250 W–260 W) and JCM-24/Abh (72certification process. The 72-cell polycrystalline product line cell, poly, 300 W–310 W). Listed models with black frames
includes five models with rated power outputs of 285 W to and backsheets are also available.
305 W.
Renesola / 415.852.7418 / www.renesola.com

REC Americas

REC Group / 877.332.4087 / recgroup.com

SolarWorld’s US subsidiary conducts ingot, wafer,
cell and module manufacturing at its corporate headquarters and production facility in Hillsboro, Oregon. All modules
produced at the Oregon location meet ARRA domestic content
requirements. SolarWorld USA’s parent company, SolarWorld
Group, is headquartered in Bonn, Germany. The Group
launched its IPO in 1999 and is traded on the Frankfurt Stock Exchange. SolarWorld offers several products within its Sunmodule PV line that have received
certification for use in 1,000 Vdc systems per the UL
1703 standard. Listed products include the 60-cell Sunmodule 255 W to 270 W monocrystalline models, as
well as the 60-cell 250 W to 260 W Sunmodule Mono
Black products. Intertek and/or TÜV Rheinland NA
completed testing and listing to the UL standard for
1,000 Vdc applications.

SolarWorld

Established in 2005, Renesola is a vertically integrated PV manufacturer that is active from polysilicon
production to module assembly. The company has manufacturing facilities spread across three locations in China,

Co u r t e s y Yi ng l i G re e n E ne r g y

Renesola

Yingli Green Energy Yingli developed the 285 W to 305 W YGEU 72 Cell Series modules specifically for utility-scale projects. The
series was certified in September 2012 for 1,000 V installations that
require UL-listed components.
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SolarWorld / 855.467.6527 / solarworld-usa.com
Suniva Headquartered in Norcross, Georgia, Suniva is
a privately held US manufacturer of monocrystalline
and polycrystalline PV cells and modules. The company’s Optimus product lines contain c o n t i n u e d o n p a g e 4 8

enduring solar installations
circle in on Kaco new energy
tranformerless inverters

We didn’t just perfect
transformerless solar inverters
We invented them
KACO new energy is a global leader in solar power electronics with over 60 years of
industrial experience. The first transformerless solar inverters were invented by KACO in
1999 with immediate benefits for solar electric system performance and economics.
Transformerless solar inverters offer less complexity for a longer design life, while
also providing the highest possible energy yields. Our M series offers transformerless
inverters enhanced design flexibility and energy production advantages through the
integration of the Tigo Energy® Maximizer™ Management Unit (MMU).
The newest addition to the blueplanet line of transformerless solar inverters is the
XP10U-H4 with a 97% CEC efficiency value, and a two channel MPP input. All your
upcoming commercial projects should harness the enduring power and innovation
from KACO new energy.

KACO new energy’s
10kW PV inverter, the
blueplanet XP1OU-H4.
Ideal for commercial
installations.

Contact your transformerless inverter specialists at +1 (415) 931-2046.

kaco-newenergy.com
Copyright 2012 KACO new energy Inc.
The Maximizer Management Unit is a registered trademark of Tigo Energy®
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more than 80% domestic content and are ARRA compliant.
In January 2013, Suniva announced the listing of the Optimus product models to UL 1703 for 1,000 Vdc applications.
These lines include OPT-60-4-100 (60-cell, mono, 255 W–
270 W), OPT-60-4-1B0 (60-cell, mono, 255 W–265 W, black
frame and backsheet) and OPT-72-4-100 (72-cell, mono,
300 W–315 W). Intertek performed the testing and certification for these recently listed product lines.
Suniva / 404.477.2700 / suniva.com

Suntech Power Holdings operates regional
headquarters in China, Switzerland and the US. The company
entered the North American market in 2004 and was listed on
the New York Stock Exchange in 2005. Suntech’s US headquarters is located in San Francisco, with domestic module assembly in Goodyear, Arizona. In August 2012, the manufacturer
announced the certification of its Ve-Series modules to UL 1703
for 1,000 Vdc applications. The 72-cell polycrystalline module
line includes models with rated power outputs of 290 W to
305 W. CSA conducted the testing and listing on the Ve-Series
modules to the UL standard.

Suntech Americas

Suntech / 866.966.6555 / am.suntech-power.com
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Trina Solar Founded in 1997, Trina Solar is a vertically integrated manufacturer of PV ingots, wafers, cells and modules
that is headquartered in Changzhou, China. Manufacturing
and R&D activities are conducted at the company’s Changzhou campus. Trina Solar was listed on the New York Stock
Exchange in 2006 and operates 12 offices worldwide, including its US headquarters in San Jose, California. The manufacturer completed TÜV Rheinland NA testing and certification
to UL 1703 for 1,000 Vdc applications in December 2012 for
its TSM-PD14 and TSM-PD05 module lines. The 72-cell, polycrystalline TSM-PD14 line is available with power outputs of
285 W to 305 W. The 60-cell, polycrystalline PD05 line will be
launched in the near future.
Trina Solar / 800.696.7114 / trinasolar.com
Yingli Green Energy Headquartered in Baoding, China, Yingli
operates more than 20 subsidiaries and offices worldwide,
including US offices in San Francisco and New York. The
company’s manufacturing activities include all aspects of
the PV value chain, from polysilicon production to module assembly. Yingli was founded in 1998, launched its IPO
in 2007, and is traded on the New York Stock Exchange. In
September 2012, the manufacturer announced the listing

Yingli Green Energy / 888.686.8820 / yinglisolar.com/us

Co ur te sy E a to n Co r po r a ti o n

of its polycrystaline YGE-U 72 Cell Series
to UL 1703 for 1,000 V applications. UL
completed the testing and certification.
The YGE-U 72 Cell Series modules were
developed specifically for utility-scale projects and are available with output ratings
of 285 W to 305 W.

inverters in 2013. It is reasonable to expect that many
other companies plan to
release listed 1,000 V inverters in 2013 and in years to
come, and that product offerings will become more diversified over time.

In v e rt er s
Advanced Energy (AE) HeadAt least ten inverter manufacturers cur- Eaton UL 1741 listing is pending on Eaton’s
quartered in Fort Collins, Colrently offer 1,000 V inverters that are cer- 1,000 V–rated Power Xpert Solar 1,500 kW
orado, AE Solar Energy has
tified to UL 1741. The majority of these and 1,650 kW inverters, which feature
certified its AE 500NX-1kV
companies announced the release of modular power trains and liquid-cooled
inverter to UL 1741. Formerly
their listed 1,000 V inverter lines in 2012. power electronics.
known as the Solaron 500 kW
Only American Electric Technologies
1kV, the AE 500NX-1kV is a
(AETI), GE Energy and Nextronex were earlier to market. 500 kW transformerless inverter that uses a 1,000 Vdc single
While most of the 1,000 V products currently available are array configuration. AE also offers integrated 1 MW to 2 MW
intended for utility applications, several companies offer power stations based on the NX inverter platform. (See photo
high-capacity inverters that can be interconnected at 480 on p. 42.) A prewired PowerStation NX includes up to four AE
Vac. Power-One is the only company at press time with listed 500NX-kW inverters, a medium-voltage transformer, a distribu1,000 V inverters rated less than 150 kW in capacity. REFU- tion switchboard, dc subarray combiners and dc disconnects.
sol plans to release 1,000 V versions of its 3-phase string No additional weatherproofing is required, and a single truck
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can deliver a power station of up
to 2 MW in capacity.

AEG Power Solutions Headquartered in the Netherlands, AEG
Power Solutions Group is the
sole subsidiary of the holding company 3W Power, which
is based in Luxembourg and
has US offices outside Dallas. In September 2012, AEG
announced the certification of
its 1,000 V Protect PV.500-UL
inverter to UL 1741. TÜV Rheinland NA performed testing and
certification. Using an appropriate transformer, the product can be adapted for use at
480 Vac or common medium-voltage levels. A 1 MW turnkey
container solution is also available that integrates a pair of
ProtectPV.500-UL inverters with disconnects, switchgear and
a medium-voltage transformer. While the standard inverter
enclosure is indoor rated, an outdoor enclosure system is
available as an option.
AEG Power Solutions / 469.229.9604 / aegps.com
AETI Headquartered in Houston, AETI is a publicly traded
company specializing in power delivery solutions. It was one
of the first companies to test a 1,000 V inverter to UL 1741.
In June 2011, the company announced that TÜV Rheinland
NA had validated the compliance of AETI’s Integrated Solar
Inversion Station (ISIS) to UL 1741. The ISIS solution is available at two capacity levels (1 MW and 1.5 MW) and with two
medium-voltage interconnection options (15 kV and 38 kV).
When the solar inversion and utility interconnection platforms are supplied together, the entire assembly—inverter,
step-up transformer and interconnection switchgear—is witness tested to comply with UL 1741 and ANSI C.37.

C ou r te sy S o l e c tr i a Re ne w a bl e s

Advanced Energy / 800.446.9167 /
solarenergy.advanced-energy.com

Solectria Renewables The
Lawrence, Massachusetts–
based inverter manufacturer
is one of several companies
with plans to introduce
1,000 V–rated inverters in
2013. The new SGI XT1000V inverter series will be
based on the company’s existing SMARTGRID inverter
line.

orientations. Both floating and grounded array configurations are supported. The RPS TL-UL enclosure is rated for
indoor installations.
Bonfiglioli USA / 859.334.3333 / bonfiglioliusa.com

Headquartered in Cleveland, Eaton is a global diversified power management company. Eaton’s 1,000 V solar
product portfolio includes two large power block inverters
for utility-scale applications. A modular design ensures fault
tolerance. The Power Xpert Solar 1,500 kW uses three independently isolated 500 kW power trains, whereas the Power
Xpert 1,650 kW uses a three-by–550 kW configuration. Critical components are designed for reliability. Power electronics
are located in a dust- and water-free environment and liquid
cooled. Each inverter can be close-coupled with a step-up
transformer in a configuration without skids that results in
smaller pad sizes. The enclosure is outdoor rated. A coldweather package, which extends the minimum temperature
limit from -20°C to -40°C, is available as an option. Listing to
UL 1741 is pending on both products.

Eaton

Eaton / 855.386.7657 / eaton.com

AETI / 713.644.8182 / aeti.com

With world headquarters in Bologna, Italy, and
North American headquarters in Hebron, Kentucky, Bonfiglioli specializes in power transmission and control in
industrial, mobile and renewable energy applications. In
November 2012, Bonfiglioli announced the certification
of its 1,000 V RPS TL-UL inverter series to UL 1741. The
RPS TL-UL system is modular and scalable from 367 kW
to 1.4 MW. Power modules can be configured in a masterslave configuration to maximize conversion efficiency and
extend component life or in a multi-MPPT configuration to
accommodate subarrays with different PV technologies or
Bonfiglioli
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GE Energy Headquartered in Fairfield, Connecticut, GE is a
diversified global conglomerate with four primary business
divisions. The company offers its solar solutions through
the GE Energy division. In September 2011, the company
announced that GE Energy’s 1 MW Brilliance Solar Inverter
had received UL 1741 certification, making it one of the
first high-capacity, listed 1,000 V inverters. The product is
intended for multimegawatt PV projects. The 1 MW Brilliance Solar Inverter has a standard voltage output of 480 Vac
and is optimized for direct grid connection via a mediumvoltage transformer. The enclosure is outdoor rated.
GE Energy / ge-energy.com

c o n t i n u e d o n pa g e 5 2
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systems from the simple to light commercial
installations. We’ve been at the forefront of water

connectors for ease of installation.
› Our solar tanks have extremely low standby losses,
large heat exchangers, and a clean-out port.
› Our rugged, extruded aluminum racks assemble
with only 2 socket sizes.
› Pump stations and controllers are designed to

heating technology for almost 90 years. As a leader

perfectly integrate with each other and provide

in the field we have no intention of standing still.

complete system monitoring.
MADE IN

GERMANY

We’ll make it work for you.

MADE IN
THE USA

Simply the Best
800.582.8423

www.stiebel-eltron-usa.com

1,000 Vdc Listed Equipment

Headquartered in Zamudio, Spain, Ingeteam specializes in electrical engineering and equipment manufacturing. The company’s US operations are located in Milwaukee.
Inverters in the Ingecon Sun PowerMaxter U family are rated
for outdoor installation and ETL certified to UL 1741 at 1,000 V.
Inverters in this product line range in capacity from 375 kW to
880 kW. The Ingecon Sun PowerMaxter TL U inverter modules
are transformerless for direct connection to a medium-voltage
transformer. The Ingecon Sun PowerMaxter T U models (375
kW or 500 kW) are sold with a transformer for connection at
480 Vac. Integrated turnkey power stations rated from 750 kW
to 1,760 kW are also available.
Ingeteam

Ingeteam / 408.524.2929 / ingeteam.com

Headquartered in Toledo, Ohio, Nextronex develops
and manufactures utility-scale inverter systems. In July 2010,
the company announced that its Ray-Max 150 Solar Inverter
had been certified to UL 1741 at 1,000 V, making it the first
listed 1,000 V inverter available in North America. The Nextronex Ray-Max system is a modular power conversion system in which multiple 150 kW transformerless inverters are
distributed alongside a high-current dc bus assembly. Since its
inception in 2009, Nextronex has sold more than 20 MW of its
Ray-Max solution, 98% of which is wired for 1,000 V operation.

Nextronex

Nextronex Energy Systems / 419.838.7889 / nextronex.com

Headquartered in Camarillo, California, PowerOne is a global power conversion company with a focus on
renewable energy applications. The company offers both string
and central inverter products that are certified to UL 1741 at
1,000 V. The Aurora Trio is an outdoor-rated transformerless
3-phase string inverter with dual MPPT inputs that is available in two capacity levels, 20 kW and 27.6 kW. The Aurora Trio
product line is currently the only 1,000 V–rated string inverter
available in North America. The liquid-cooled outdoor-rated
Aurora Ultra central inverter line is designed using multiple
390 kW power stages and is available in three different capacity
levels: 780 kW, 1,170 kW and 1,560 kW.

Power-One

Power-One / 805.987.8741 / power-one.com

Headquartered in Metzingen, Germany, REFUsol
specializes in designing and manufacturing PV inverters. It
has North American operations in Fremont, California. The
company plans to release a line of 1,000 V 3-phase string
inverters certified to UL 1741 in late Q2 2013. Like REFUsol’s
current K-UL product line, the 1,000 V models will be available with output power ratings of 12 kW, 16 kW, 20 kW and
23 kW and are designed for a 3-phase 480 Vac interconnection. A 1,000 V–rated 10 kW inverter is also in the works
that will interconnect at 208 Vac. The company also plans to
release a line of higher-capacity central inverters certified at
1,000 V later this year.

REFUsol

REFUsol / 480.775.7744 / refusol.com

Co u r t es y S M A A m er i c a

Solectria Renewables Headquartered in Lawrence, Massachusetts, Solectria specializes in manufacturing utility-interactive
inverters. The company plans to release a new 1,000 V product
line, the SGI XT-1000V Series, with power ratings of 500 kW,
630 kW and 750 kW. Based on Solectria’s existing SMARTGRID
inverter series, the new models will be manufactured in the US,
certified to UL 1741 and designed for direct coupling with external transformers for commercial or utility-scale applications.
The company will also offer turnkey Solar Stations rated for
1 MW, 1.25 MW or 1.5 MW, which will integrate a pair of
1,000 V inverters with a medium-voltage transformer and
switchgear on a skid, with or without an additional enclosure.

SMA America UL listed at 1,000 V, the CP-US inverters from
SMA are available at five capacity levels—500 kW, 630 kW,
720 kW, 750 kW and 800 kW—and can be interconnected to
a 3-phase commercial service or a MV collection system.
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Solectria Renewables / 978.683.9700 / solren.com

Headquartered in Niestetal, Germany, SMA is
the leading manufacturer of solar inverters worldwide. The
company has North American headquarters in Rocklin, California, and in Toronto. In August 2012, SMA announced that
the newest inverters in its Sunny Central product line were
certified to UL 1741 at 1,000 V. The five models in the UL-listed
Sunny Central CP-US product line are nominally rated at
500 kW, 630 kW, 720 kW, 750 kW and 800 kW. If the ambient
temperature is under 25°C, these inverters can continuously
operate 10% above their nameplate power c o n t i n u e d o n p a g e 5 4

SMA America

Krannick ? Krannitch ?- It doesn’t matter how
you say it, our goal remains the same ....
. . . to give installers and contractors honest advice and quality PV products at a fair price - simple !
No matter how big or small, how experienced or new to the field you are, Krannich Solar USA will be there
for you every step of the way, with friendly help and PV solutions for your business.
So call us today and find out for yourself ! East Coast : 856-802-0991 West Coast : 442-888-4872
Email : info@usa.krannich-solar.com Web: www.usa.krannich-solar.com
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Shoals Shoals Technologies Group
offers a variety of 1,000 V–rated
combiner boxes ETL listed to the UL
1741 standards. Optional features
include load-break–rated disconnecting means and wireless stringlevel monitoring.

rating. Sunny Central CP-US inverters can be coupled to any
utility grid or 3-phase commercial service via an appropriate
external transformer.
SMA America / 916.625.0870 / sma-america.com

V–rated circuit-breaker recombiners and load-break–rated
safety switch cabinets are also available. AMtec Solar’s latest
1,000 V product offering is a bipolar recombiner with optional
subarray monitoring.
AMtec Solar / 510.887.2289 / amtecsolar.com

Headquartered in Fort Collins, Colorado, Woodward is a technology provider to the aerospace and energy
industries. In 2011, Woodward acquired IDS of Switzerland, a
manufacturer of utility-scale inverters for PV and wind power
plants. The company currently offers two UL-certified 1,000 V
inverters rated at 250 kW and 500 kW, the SOLO 250 and SOLO
500, and expects to release additional models in 2013. Woodward’s central inverters are liquid cooled and utilize a modular
powertrain that provides for multiple-MPPT inputs. Outdoorrated inverters are available as an option. The company also
offers listed 1,000 V source-circuit combiners.

Woodward

Woodward / 970.498.3455 / woodward.com

Co mbi ne r Boxes
Combiner boxes were some of the first PV products to be
certified at 1,000 Vdc to UL standards. In addition to the combiner box manufacturers profiled here, several of the inverter
companies mentioned earlier—such as Eaton, Solectria and
Woodward—offer listed 1,000 V combiners.
AMtec Solar Recently relocated from Hayward, California,
to Pleasanton, California, AMtec Solar is a division of AMtec
Industries, which engineers and manufactures custom control panels for a variety of industries. ETL is the Nationally
Recognized Testing Laboratory used to certify the company’s
1,000 V–rated solar solutions to UL 1741. They include sourcecircuit combiners and subarray combiners with or without
current monitoring and disconnecting features. Listed 1,000

Bentek Solar Based in San Jose, California, Bentek Solar is a
designer, integrator and manufacturer of power distribution
solutions for the PV industry. The company offers a wide variety of 1,000 V–rated source-circuit and subarray combiner
box solutions for commercial and utility-scale projects. In
addition to basic combiners, Bentek offers prewired combiners, disconnecting combiners, smart combiners, bipolar combiners, ungrounded combiners, circuit-breaker combiners
and even theft-detection combiners. Bentek combiners are
available in NEMA 4 steel or NEMA 4X fiberglass enclosures
with lockable exterior doors and terminals rated for both aluminum and copper conductors.
Bentek Solar / 866.505.0303 / benteksolar.com
Shoals Technologies Group
Headquartered in Portland,
Tennessee, Shoals is a provider of BOS solutions for the
PV industry. The company offers a variety of predesigned
1,000 V–rated UL 1741 certified source-circuit combiner boxes
for commercial and utility applications. Standard features
include lockable, nonconductive NEMA 4X enclosures ( fiberglass or metal) with finger-safe fuseholders. Optional features
include dc disconnects, surge suppressors and wireless monitoring. The company’s SNAPShot Wireless Monitoring system
is powered from the dc busbar and operates using a secure
self-detecting and self-healing mesh network with a range in
excess of 3 miles.
Shoals Technologies Group / 615.451.1400 / shoals.com
c o n t i n u e d o n pa g e 5 6
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INTRODUCING

An exclusive program for Trina Solar residential installers nationwide. Partner Plus will help you grow your
business with the award winning Trina Solar panels and innovative Trinamount systems.

Partner Plus Benefits
• Trina Solar Training Academy • Trina Solar
Awards Program • More Benefits as You Grow!
Sign up now!

TrinaSolar.com/SolarPro
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SolarBOS Located in Livermore, California, SolarBOS specializes in providing configurable combiner boxes for the PV industry. SolarBOS uses ETL to certify its combiners to UL 1741. In
addition to basic 1,000 V–rated source-circuit combiners, the
company offers smart-string combiners, disconnect combiners,
smart-disconnect combiners and multicombiners (two electrically isolated combiners within a single enclosure). SolarBOS
also offers 1,000 V–rated subarray combiners with fuses only or
with fuses and a non–load-break–rated disconnect, as well as a
line of fuse boxes (with or without disconnecting means) that
provide overcurrent protection without combining circuits.
SolarBOS / 925.456.7744 / solarbos.com
SunLink Headquartered in San Rafael, California, SunLink
manufactures roof- and ground-mount racking systems, PV
combiner boxes and wire management solutions. The company
offers two product lines within its HomeRun combiner box family, both of which support 1,000 Vdc designs. The original HomeRun solar combiner box is available in 2,500 standard product
configurations. Options include 4–48 poles, integrated disconnect switch, NEMA 3R, 4 or 4X metal or fiberglass enclosures,
and string-level monitoring. SunLink’s most recent combiner
box offering is the HomeRun LTE, which adds a lower price
point, more compact enclosures and a streamlined set of features to the HomeRun line. SunLink works with ETL to certify
its combiner boxes to UL 1741.
SunLink / 415.925.9650 / sunlink.com
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B OS Co mp onen t s
There is, of course, more to a
dc collection system than PV
modules, inverters and combiners. If you need 2,000 V–
rated conductors for conduit or trench runs between
source-circuit and subarray
combiners, then traditional
electrical suppliers can likely
source what you need. If your needs are more esoteric or custom, then your purchasing agent is likely better off contacting
companies that specialize in providing BOS components for
PV power applications. For example, Bentek Solar, Eaton and
Shoals can provide many of the unique 1,000 V–rated components used in high-capacity PV applications between the PV
modules and inverters, including PV Wire jumpers and whips,
interconnect systems, custom wire harnesses with or without
in-line fuseholders, dc disconnects and so forth.
g C O N TAC T
David Brearley / SolarPro magazine / Ashland, OR /
david.brearley@solarprofessional.com / solarprofessional.com
Joe Schwartz / SolarPro magazine / Ashland, OR /
joe.schwartz@solarprofessional.com / solarprofessional.com
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BOS components Companies that specialize in providing 1,000 V–rated BOS components
to large-scale PV installations can often provide custom solutions, such as factory-assembled
wire harnesses with inline fuseholders, designed to optimize installation efficiency and limit the
opportunity for field wiring errors.

SIMPLIFY YOUR SOLAR INSTALLATION
Whether you’re installing solar equipment for the first time or adding to an existing system, Exeltech Solar AC Module
Inverters are the perfect solution. Exeltech Solar AC Module Inverters integrated with the PV panel during manufacturing
are a fully self-contained UL-1741 certified PV combination that produces grid-ready, sine-wave solar electricity.

Main Features
• No DC Wiring
• No DC fusing, over current protection required
• No DC ground-fault detection, protection devices
• No DC combiner boxes
• No UL or inspection related DC cabling issues
• No PV series blocking or bypass diodes needed
• No series-connection problems where just one defective
component can affect an entire system
• Incremental growth capability, start or add to the system
for a fraction of the cost of a “string” inverter system
• Simplified system assembly, AC wiring connects
directly to AC sub-panel with appropriate breaker
• Anti-islanding protection built into every AC module
per UL1741 and IEE1547 safety standards

Exeltech’s other products:
XLGT String Inverter
HelioSentry Monitoring System
To learn more, visit www.exeltechsolar.com

Scan QR Code
or go to exeltechsolar.com/acmodule

3001 Northern Cross Blvd. #361 Fort Worth, TX 76137 817-838-4222

exeltechsolar.com
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Data Acquisition System
Installation and Commissioning
By Adam Burstein, with Josh Haney
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When properly installed and
configured, a data acquisition
system gives PV system owners
access to reliable and accurate
performance data in a timely
and organized fashion.

This data plays an
important role in
ensuring safe and
optimal long-term
operation.

It takes a significant amount of time and effort for installers to successfully integrate the associated components of a
DAS and properly configure, commission and verify the system. We contacted several experts on DAS installation and
commissioning to better understand current issues with
implementation. In this article, we summarize their feedback
and our own experience with installation and commissioning
best practices.
The Importance of Data Monitoring
System performance data serve two main roles in the operation
of PV arrays: recording and reporting.
First, the data recorded provide insight into how the system is performing. At the highest level, commissioning agents
compare measured performance with expected values based
on temperature and irradiance readings. This comparison
identifies when and where underproduction occurs within
the system and how much it is underperforming. For instance,
if the measured production equals two-thirds of the expected
levels, and three PV source circuits are feeding one inverter,
it is likely the production issue stems from one of those circuits—perhaps a blown fuse in the combiner box. Recorded
performance data may also identify underperformance due
to soiling or shading. If losses are the same from one day to
the next, soiling may be the culprit. Alternatively, shading is
the likely source of losses that occur during certain times of
the day or year. Ultimately, DAS data serve to uncover performance issues so the system owner can
address them quickly.
Second, data monitoring systems
play an important role in production metering and reporting. PPA
contracts, feed-in-tariff incentive
programs, and utility-owned and
municipal projects utilize—and often require—a DAS to
meter and report PV production for billing and crediting
purposes, and sometimes for REC monitoring. For example,
the California Solar Initiative, which requires performance
monitoring and reporting, allows approved companies to
serve as performance data providers or to provide performance monitoring and reporting services. These services
rely on approved DAS solutions to accurately measure and
report production on behalf of the clients.

Pitfalls and Best Practices

W

ith the increase in performance-based incentives, and system owners and financers paying closer attention to ROI, the demand for
accurate and reliable performance data has
increased. This has given rise to complex data
collection systems with multiple monitoring points, energy
meters and weather sensors. Despite this advancement,
installation of the data acquisition system (DAS) is often relegated to the final stage of the project. Often installers must
familiarize themselves with new DAS products and systems
in the absence of design documentation, training and other
preparation, causing unnecessary delays in the field.

DAS Planning and Design Best Practices
In “Commercial PV System Data Monitoring, Part One” (SolarPro magazine, October/November 2011), Kyra Moore and
Rebekah Hren explore the value proposition of PV system
monitoring, and identify and review the key components and
concepts of a DAS. Given that PV monitoring systems consist
of multiple subsystems—including communication networks,
power supplies and weather stations—understanding the
solarprofessional.com | S o l a r P r o
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Design documentation. Given the
importance of performance monitoring,
you could expect detailed DAS installation plans to specify the exact location, mounting detail and power supply,
and wiring and conduit requirements
for each component. Gary Buchanan,
the director of O&M for Borrego Solar
Systems, notes: “The biggest pitfall in
DAS installation and commissioning is
lack of adequate installation plans. If
the design engineers are not including
the DAS installation requirements in
the construction plans—such as wire
specifications, current transducer (CT)
location and termination points, power
sources and data network configuration and connections—then all of those
items are up to field interpretation.”
Identifying underperformance This screen shot from a Draker performance
Without detailed DAS installation
monitoring web display indicates that the system is operational but underperformplans,
inspectors and third-party coming, with only three of the four inverters on line.
missioning agents cannot review the
installation for design compliance. Often
agents
do
not
inspect
monitoring systems because the plans
hardware requirements and interconnection protocols for each
do
not
include
them.
subsystem is essential to DAS planning and design. During our
The DAS design should include scaled plan views that highinterviews, several DAS suppliers and end users attributed
light
the location of the datalogger, weather sensors, power
some of the frequent problems they encountered during the
supplies,
inverters, meters and Internet connection (via either
DAS installation and commissioning process to poor planning
a
network
or a cellular modem) and that detail all communicaor lack of design. The following best practices can eliminate
problems in the field.
tion and power-circuit routing. The installer can use a scaled
Site visit. Conducting a site visit prior to specifying and version of this drawing to verify that communication-circuit
designing a data monitoring solution reduces the amount distances do not exceed the cabling specifications. In addition,
of guesswork required during the DAS installation. With an electrical one-line diagram that specifies all cabling, conduit
an understanding of the client’s monitoring goals and and power requirements for each DAS component eliminates
requirements, the designer can identify the challenges guesswork in the field. Elevation views of the monitoring equipspecific to the site. As Gabe Abbot, the director of busi- ment provide another perspective to help ensure that componess development at Locus Energy, says, “Performing a site nents are laid out in a spatially efficient manner.
survey prior to the design helps to determine network conUltimately, if the overall PV system design includes the
nection availability and security requirements, to identify DAS, installation will likely go more smoothly, and during the
the proper location for DAS equipment and to plan wiring commissioning process agents can easily identify and correct
and conduit runs.”
design compliance issues that may lead to safety or operaIf the DAS will utilize an existing network, it is impor- tional problems.
tant to meet with the on-site IT administrator to understand
Required skills. One aspect of DAS design, installation and
network requirements and limitations. Make sure to obtain commissioning that makes it difficult is the broad spectrum
contact information for use if questions come up. This is the of skills it calls for. It involves knowledge of low-voltage combest time to determine how and where the DAS will connect munication, IT networking, equipment mounting and electo the local network. With this information you can identify trical wiring. Add to that list a basic understanding of the
the exact locations for the devices, determine the route and availability of multiple monitoring hardware and software
distance between devices and locate necessary power sup- products, weather sensors, energy meters, communication
plies and their potential tie-in points. This information will networks, and power-quality analysis and SCADA controls,
ensure that the designer specifies the appropriate compo- and it is difficult to find professionals who possess all of the
nents and installation details.
skills required. c o n t i n u e d o n p a g e 6 2
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DuraTrack™HZ
When it comes to PV arrays, it’s time for fixed-rack systems to wake up and smell the coffee.
The DuraTrack HZ single axis tracking system adds hours of sunlight thanks to a horizontal axis that follows the sun,
and backtracking that eliminates shading to deliver maximum production in the early morning and late afternoon.
But don’t let the elegant design of the DuraTrack HZ system lull you into thinking it doesn’t have the brawn to
deliver year after year. It’s all about less down-time and more sunshine, and that means a fast ROI for you and your
customers. Get the tracker that outperforms fixed-rack systems like they’re, well, standing still.

sales@arraytechinc.com

855.TRACKPV (872.2578)

+1.505.881.7567

arraytechinc.com
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Datalogger

To 15 A, 3-pole circuit
breaker for voltage sensing

Main service conductors
with CTs to measure the
net energy for the premise

To smart-combiner
box for PV sourcecircuit monitoring

To 15 A, 1-pole circuit breaker
for 120 Vac power supply

Inverter output-circuit conductors
with CTs to measure the
net energy for the premise

Locus Energy’s Abbot points out: “Key skills include
electrical training for high- and low-voltage circuits, both
ac and dc; an understanding of low-voltage communication
systems like Modbus; and the ability to install measurement
and meteorological equipment, such as CTs, reference cells,

Co u r t es y Ne x t P h as e S o la r

DAS complexity Installing, configuring and commissioning
DAS equipment, like this system from meteocontrol, requires
a broad skill set that includes competency in high- and lowvoltage circuits, low-voltage communications systems and
basic network configuration and security.

RS-485 directcommunication
cable

To inverter for
inverter-direct
monitoring

pyranometers and temperature probes. In addition, for projects where the DAS is connected to the home or business network, knowledge of basic network configuration and security
can be highly valuable.”
Ideally, the technician should also understand PV system
design and operation, and be familiar with inverters, smart
combiners, energy meters, trackers or any other devices that
may connect directly to—or be associated with—the datalogger and weather sensors.
Some DAS manufacturers offer installation training.
Benjamin Compton, the president of SolPatrol, believes that
technical training should cover “a complete understanding of
the monitoring hardware, including firmware and communications configurations, proper installation and validation of
environmental sensors and meters, and how to set up and
verify the alarms and reporting features.”
Installation tools and equipment. In addition to skilled technicians, a successful DAS installation requires the proper
tools and equipment. Installers need the properly rated personal protective equipment (PPE). They also need voltage
and current meters to verify that all equipment, panels and
circuits are de-energized. In addition to PPE and meters, we
recommend bringing the following items to the installation:
f
f
f
f
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Diagram 1 This one-line
schematic shows the
components, associated
interconnections and power
requirements for a typical
PV system DAS. Additional
details such as the type
and size of conductors and
conduit needed for each
circuit, CT locations and
installation notes are necessary to finalize the construction drawing. Identifying
and detailing each component of the physical layer in
the plan set ensures proper
selection and installation of
the components.

DAS site plan and single-line drawings
DAS installation and commissioning checklist
Installation manuals
Laptop

f
f

f
f
f
f
f
f
f
f
f
f
f
f

DAS software
Data communication cables
• RS485 to USB
• RS232 to USB
• Crossover cable
• Patch cable
Backup cell modem or wireless card
Backup power supplies (120 Vac, 12 or 24 Vdc)
Lockout-tagout equipment
Precision screwdrivers
Wire strippers
CAT5 kit
Fiber kit
Mirror
Drill
Ladder
Camera (always document your work)
Shielded twisted-pair cable

Co u r t es y Ne x t P h a s e S ol a r

DAS tools and equipment Ensuring that installation
technicians have the necessary equipment to complete
the DAS installation saves time and money. Successfully
installing and commissioning a PV data monitoring system
requires an array of tools.

DAS Installation Best Practices
The manufacturers, integrators, and inspection and commissioning agents we interviewed identified key issues that occur
during the DAS installation. Here we review these challenges
and provide suggestions on how best to avoid them.
Conduits. Conduits provide protection and routing
for power supply and communication cables between
DAS components. Often, the PV system design specifies electrical conduit installations but fails to include the required
DAS conduits.
Ideally, you should install DAS conduits simultaneously
with electrical work to ensure that they are in walls, trenches,
slabs and roofs before completion of those areas. From the
datalogger alone, there may be as many as five (possibly
more) conduits connected to devices such as meteorological sensors; electrical panels; production meters; inverters;
and a cellular modem, switch or router. Even though the
communication cables are typically small-gauge wire, such
as 18 AWG or 24 AWG, the associated connectors may be
large, and thus the design should specify a conduit size and
conduit bodies accordingly.
Communication cables. Properly select and install data
communication cables to withstand the environmental conditions they may experience and to protect them against
electrical interference from nearby power circuits. Some of
these cables are susceptible to degradation or damage from
UV radiation, wind, extreme temperatures and rain. Carefully review the DAS installation manual to determine if the
specific application requires particular types of cables. Some
DAS manufacturers and PV professionals recommend certain
brands, such as Belden, which manufactures robust shielded
connectivity and networking cables rated for installation in a
variety of environments.
When installing shielded cables, Craig Merrilees, a monitoring systems engineer at SPG Solar, does not recommend
“using the shield of the cable for the signal reference; instead,
use a dedicated conductor in the cable. If you use the shield
for the signal reference, then any noise that the shield detects
may interfere with the signal reference circuitry. The shield
should be bonded to ground at only one end of the cable to
drain away any noise. This will also prevent ground loops that
may occur if the shield is grounded at both ends and a potential exists between the two locations.”
In addition, installing these cables in close proximity to
power circuits may cause electromagnetic interference (EMI)
that corrupts the data signals. NEC Section 800.133(A)(2)
states that “communications wires and cables shall be separated at least 50 mm (2 inches) from conductors of any electric
light, power, Class 1, non–power-limited fire alarm, or mediumpower network-powered broadband communications circuits.”
The NEC provides two exceptions: if either set of conductors
are in a raceway, or if the sets are “permanently separated … by
solarprofessional.com | S o l a r P r o
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Poor planning or installer ingenuity? Installing a cord grip
connector in the side of a steel conduit body is not an easy
task, and the likelihood that the yellow communication cables
shown here will survive the life of the PV system in this
exposed environment is low at best.

a continuous and firmly fixed nonconductor.” Although using
conduits or raceways shields against EMI, remember that the
NEC represents a minimum standard intended to ensure safety,
not performance and reliability. Thus, you should install communication cables as far away as possible from power circuits
to minimize EMI.
Current transducers. CTs measure current for metering purposes. CTs are available in solid- and split-core models, and surround each conductor to measure the current flow. Split-core
CTs open, so you can install them on existing conductors without having to remove terminations. Solid-core CTs do not open,
so it is best to install them prior to landing the conductors.
When installing CTs, technicians must understand
the power flow on the circuit, so they can orient the CT
correctly around the wire. CTs should be marked with a
dot or label indicating which side should face the power
source. Improperly installed CTs do not provide accurate
current measurements.
It is important to install CTs in locations that do not
require shutting down power to the facility when you need to
access them. Installing the CTs in the PV system disconnect,
inverter or a dedicated enclosure—and keeping them out of
the switchgear—allows technicians, inspectors and commissioning agents to confirm the wiring and verify the serial
numbers without cutting power to the entire premises.
64
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Voltage sensors. CTs require voltage sensors to record
the voltage for the phase they are measuring. You should
properly fuse voltage-sensor circuits per the manufacturer’s
instructions. Even though they tend to be small conductors
(14 AWG or less), you should not land them on the same terminal with another conductor unless the terminal is rated
for double lugging.
Landing voltage sensors on a circuit breaker is a great
practice, but keep in mind that the circuit breaker may not
adequately protect the conductors. Additional fusing may
be necessary. For example, when monitoring PV production
on a 480 V inverter-output circuit, in addition to installing
a CT around each phase conductor, you must install a
corresponding voltage sensor to each phase. Connecting the
three required voltage sensors to a three-pole 15 A circuit
breaker provides an efficient solution. However, make sure
you have connected the voltage sensors to the phase that
their corresponding CTs are measuring. Provide appropriate fusing per the meter manufacturer’s recommendations,
which is likely significantly less than the 15 A of protection
provided by the circuit breaker.
Pyranometers. Improper installation of a pyranometer can
lead to bogus performance verification readings. If a pyranometer does not accurately measure irradiance, the expected performance values will be off. There are often two pyranometers
per array—one installed at the plane of array (POA), and the
other installed horizontally. A common installation error is
installing the POA sensor at an angle, and perhaps in an orientation, that does not match the array. Prior to locating the
pyranometer, verify the maximum distance for the communication cables between the sensor and the datalogger. Depending on the sensor and type of communication, this can range
from 100 to 4,000 feet. Although it may seem obvious, locate
the pyranometers away from any potential shade obstacles and
remember to remove the caps prior to commissioning.
Power supply. The datalogger, cellular modem, smartcombiner boxes, and production and net energy meters each
require power. The power requirements tend to vary from
120 Vac to 12 Vdc or 24 Vdc. Although some dataloggers
have batteries, these are intended for backup power only.
Failure to make the necessary arrangements to bring power
to a device is a common issue in DAS installations. Arrangements include not only conduits, but may also include
specifying and installing a transformer to provide 120 Vac.
Although the DAS does not require dedicated circuits, they
may be worth considering to reduce the likelihood of other
on-site activities accidently tripping the breaker and cutting
power to the DAS components.
Depending on the project, power supplies may not
be readily available. For example, utility-scale ground
mounts often require an inverter pad where the datalogger,
energy meters and cell modem may be c o n t i n u e d o n p a g e 6 6
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located. In addition, the nearby array may include smartcombiner boxes that require the conversion of 120 Vac to
12 Vdc or 24 Vdc. Ultimately, having a 120 Vac power source
at the inverter pad is critical for powering the DAS components as well as any convenience receptacles and lighting.
If the utility voltage is 480 Vac, you must use a transformer,
preferably connected on the line side of the PV point of connection, to provide 120 Vac. The power-supply circuit may
originate on the pad or perhaps come underground from
the utility service. Proper coordination is critical to ensuring
that you install the necessary conduits and equipment.
Cellular modems. Most data monitoring systems communicate via either cellular modem or the customer’s network
connection. There is a monthly fee for a cell modem, but it
may be worth the cost. If cellular reception is good in the
area, it tends to be a more reliable solution. Using a port on
the customer’s network leaves the Internet connection at the
mercy of the customer’s IT department. Inevitably, changes
made to the network will disconnect the DAS at some point,
potentially resulting in a loss of data. Bring the cell modem
to the site during the early stages of the project to test signal quality and reliability. If the signal is weak or intermittent,
time remains to either install a high-gain antenna or possibly
switch to another cellular carrier.
DAS Commissioning Best Practices
The DAS commissioning process consists of inspecting, testing and verifying the installation to ensure that owners receive
what they paid for. This complex process verifies that the installation is complete, safe, aesthetically acceptable, robust and
permanent, and complies with the design. During this process,
recording as-built conditions is also important.
A strong understanding of the factors that impact PV
performance is especially valuable during the commissioning and verification stages, when the commissioning agent
must interpret measured values on the spot to assess whether
technicians have correctly installed the monitoring components and confirm that they are functioning properly. Leigh
Zanone, a technical sales manager from meteocontrol, says
that “understanding how weather input variables affect performance and power-quality analysis reduces the likelihood
of missing a performance issue during commissioning.”
In addition to the tools recommended for installation,
a few calibrated test devices and the ability to access the
Internet ensure that the commissioning agent can verify
the system is operational. Throughout the commissioning
process, the agent should take photos of all serial numbers, terminations, CTs, voltage sensors, dip switches and
Modbus settings.
Planning for the DAS commissioning. The most commonly
mentioned issue regarding DAS commissioning is not allocating enough time for it. Says Zanone, “The complexity of
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DAS and SCADA systems often requires additional debugging during commissioning. Typically, project managers and
engineers do not account for these factors when developing
their project scope and timelines. Thus they do not forecast
enough time for completion of the DAS commissioning.”
Jordan Michael Shechter, the vice president of O&M for
Enfinity America, agrees: “It always becomes an issue at the
end of the project to get the DAS working accurately and
reliably. Commissioning the DAS can sometimes take longer
than expected, and nobody wants to operate a system where
energy production is not metered—especially on systems
with performance-based incentives.”
Planning and preparation represent the most important
factors to efficiently commission the DAS. Zanone recommends scheduling at least 3 days to commission the DAS on
a project between 250 kW and 1 MW, a week for larger systems, and 2–4 weeks for significantly complex monitoring or
SCADA implementation.
The commissioning agent must have the appropriate
design documentation, training and tools. Blake Gleason,
the director of engineering at Sun Light & Power, recommends “being familiar with DAS product particulars and
having a laptop and cell phone, along with contact information for the DAS installation technician and for the site
IT administrator.” Contacting the DAS manufacturer in
advance of the commissioning to schedule a time to address
any issues helps reduce time spent on-site troubleshooting
or configuring the system.
Gleason also strongly recommends “using standardized checklists to help ensure that all of the proper steps are
taken in the right order.” Bryan Randall, the vice president of
operations at Draker, points out that his company “has taken
steps to document its commissioning process [as] a simplified checklist that allows PV technicians to take on the task of
commissioning a site on their own.”
Verifying the DAS. To confirm proper functionality, the
agent must verify the values that the DAS measures against
values from already calibrated devices. In particular, comparing the irradiance, temperature and power measurements that the DAS records with values that calibrated
instruments measure may identify issues. An operational
DAS that fails to report information due to compromised
or inaccurate Internet connections or configurations creates frustration for everyone involved. Prior to leaving the
site, the commissioning agent must verify the DAS’s ability
to report information.
Tools and information needed. To successfully verify the DAS
sensors, the technician needs a calibrated pyranometer and
access to the irradiance values that the datalogger reports
in real time. In addition, the technician needs access to the
DAS’s recorded power-level values and to the energy meters,
to compare them with the production c o n t i n u e d o n p a g e 6 8
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Commissioning and
verification Determining
whether technicians
have correctly installed
monitoring components
and whether they are
functioning properly
requires a well-developed
and -documented commissioning and verification
procedure. Here, the
agent uses a calibrated
pyranometer and infrared
thermometer during the
commissioning process.

levels that the inverter displays. Finally, a computer with
Internet access on a network other than the one the DAS is
using for reporting allows the verification team to ensure that
the DAS is accurately reporting data, sending alarms and generating notifications.
Irradiance and temperature sensor verification. With the
DAS operational, compare the irradiance values the DAS
pyranometers measure with actual levels, as determined by a
separate calibrated pyranometer. If the DAS includes horizontal and POA pyranometers, verify both devices. Perform this
test as close as possible to the DAS pyranometers to minimize
local variations in irradiance, and make sure the position of
the calibrated pyranometer matches the pitch and azimuth of
the sensor you are verifying. Perform this test when irradiance
levels exceed 800 W per square meter and when there is no
shading on the DAS pyranometers.
To verify the DAS cell temperature reading, use a calibrated infrared thermometer to take a measurement at the
backside of a module near the temperature thermistor. Take
multiple measurements and compare the values. It may be
worth measuring cell temperatures on other modules in the
array to determine if the thermistor’s location is representative of the average cell temperatures.
Power measurements. To confirm the DAS power measurements on commercial-scale systems under approximately one
megawatt, compare the power-meter values with the power
readings on the inverter. On multimegawatt systems, use a
calibrated power analyzer to verify the DAS power meters. If
the power readings do not agree, ensure that the meter and
associated CTs are properly installed.
Internet connectivity. Once you have verified the DAS sensors and meters, access the DAS interface via the Internet to
ensure that it is accurately reporting. If you verify connectivity, this is a good time to check the DAS alerts and alarms.
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Zanone comments: “Once data is output from the DAS hardware, it is key that all the outbound uses of that data are properly configured. This includes graphics, data feeds, reports
and alarms. Oftentimes only the performance metrics are
considered at this phase, and the O&M teams ignore alarms
and reporting functions. The best time to ensure that alarms
and reports are being delivered to those interested in performance yields is during the expected downtimes that can be
simulated during the verification stage.” With the DAS operational and reporting, a controlled shutdown of the PV system
and its zones confirms that the programmed alarms and notifications function properly.
Conclusion
The best method for expanding the footprint of commercial
PV arrays is to continually and consistently prove that the
systems reliably perform to design expectations. As consumer
and investor confidence grows, the PV industry will sell and
install more systems. The best ways to ensure long-term reliability and performance are to implement best practices for
design, installation, and operation and maintenance activities. To prove the performance reliability of solar arrays,
you must track that performance with accurate data. And
to deliver precise performance data, you have to install the
appropriate equipment and wiring, and verify the functionality of that equipment at start-up.
g C O N TAC T
Adam Burstein / Next Phase Solar / Berkeley, CA /
aburstein@nextphasesolar.com / nextphasesolar.com
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An Experienced Perspective

Ezra Auerbach, NABCEP
Directing Voluntary Industry Credentialing Programs
zra Auerbach has lived off-grid
for more than 30 years, and he
co-founded his first renewable energy
business in 1986. Since then he has
been involved in the industry in several
capacities, including sales, marketing,
product management, engineering and
consulting. In 2000, Auerbach and other
industry veterans co-founded the North
American Board of Certified Energy
Practitioners (NABCEP) with the goal of
building customer confidence through
the development of voluntary industry
certifications and credentials. In October 2003, nearly 100 candidates from
37 states sat for NABCEP’s first certification exam, resulting in 62 inaugural
NABCEP Certified Solar PV Installers.
In the decade since, NABCEP has added
three certifications—PV Technical
Sales, Solar Heating Installer and Small
Wind Installer—as well as a NABCEP
Company Accreditation program. The
more than 2,500 existing NABCEPcertified professionals represent all 50
US states, five Canadian provinces and
Puerto Rico.
SP: Based on how the industry has grown
over the last decade, founding NABCEP
seems logical and timely in hindsight. What
was the state of the industry when the idea
for NABCEP first came about?

EA: At the turn of the century, the PV
industry was much smaller than it is
now, and a considerable amount of
projects were battery based—either offgrid or grid-tied with battery backup.
Y2K fears and preparations resulted in
record sales for the industry, and the
on-grid market was beginning to heat
up as incentives for grid-tied PV applications were introduced.
SP: Whose idea was it? And how did you
manage to turn that idea into a reality?
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Ezra Auerbach, NABCEP After co-founding NABCEP in 2000 and serving as the
chair for several years, Auerbach accepted the executive director position in 2009.
He recently announced his retirement. Auerbach will remain active in the PV industry but plans to spend more time with his wife at their off-grid homestead on the
Lasqueti Island, B.C.

EA: Developing a certification program for installers was not the idea of
a single person, but rather a collective
decision in response to a growing problem, which, simply put, was a marked
increase in poor-quality installations.
Mark Fitzgerald, who headed the Institute for Sustainable Power Quality, was
a driving force in the development of
NABCEP. He was instrumental in bringing together the wide-ranging group
of stakeholders that formed the initial
ad hoc board that created NABCEP.

That ad hoc board included representatives from manufacturers, installers,
policy makers, national labs, educators,
labor, the Solar Energy Industries Association and the Interstate Renewable
Energy Council. Building consensus was
challenging. However, each individual’s
commitment to productive cooperation
enabled us to establish the framework
and mission for NABCEP. In addition,
the effort received financial support
from the US Department of Energy and
from the various c o n t i n u e d o n pa g e 7 2
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organizations that paid the expenses for
their representatives to be at the table.
SP: Why did you and the other
co-founders feel that there was a need
for NABCEP?

EA: History. Most of the NABCEP
founders recalled the fallout of the
Carter-era solar heating incentive programs. The solar heating industry paid
dearly for the high number of poorly
designed and installed systems from
that era. It earned an undeserved reputation for unreliability. In 2000, the PV
industry was on the cusp of the same
sort of opportunity. Incentive money
was beginning to flow, and it was very
clear to the founders of NABCEP that
our nascent industry could collapse
under the weight of poorly performing
or inadequately designed systems. We
felt that it would be better for the PV
industry to develop its own voluntary
certification program than to wait for
the government to do it for us.
SP: What were the biggest challenges
with establishing a certifying organization?

EA: Attaining industry buy-in to a new
concept was the biggest challenge.
Manufacturers were concerned that
personal certification programs might
constrain their ability to attract new
customers or raise costs. Installers
were resistant to a program that they
thought might introduce an additional
layer of regulation. Fortunately, the
individuals who volunteered to help
establish NABCEP possess extensive
experience and personal reputations
within the industry, which was pivotal
to the organization becoming recognized and accepted.
SP: Has NABCEP’s mission changed
over time?

EA: Our mission has remained consistent since the founding of NABCEP.
We focus on offering renewable energy
professionals certification programs
that are intended to promote consumer
confidence and worker safety while
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offering value to the certificants. We
feel no need to change this mission
and have lots of work ahead of us as we
continue to execute our goals.
SP: NABCEP recently implemented
changes to its flagship PV Installer certification. Certificants will now be known as
NABCEP Certified PV Installation Professionals. What inspired the board to make
this change?

EA: The board chose to implement the
change from PV Installer to PV Installation Professional to reflect the evolution
of the job roles within the PV installation
industry. When the organization was
founded, it was a very different industry,
with mostly mom-and-pop companies
doing sales and installation of relatively
small systems. Often a single individual
in those companies fulfilled multiple
roles, including sales, design, installation, commissioning, troubleshooting
and follow-up service. Today’s industry is very different—companies have
grown, as has the scope of many of the
installations. With that change has come
growing specialization. We recognize
that in many installations, more than
one person holds a decision-making
role that is material to the quality and
serviceability of the installation. We also
recognize that each of these decision
makers needs to call upon the full range
of knowledge that the PV Installation
Professional job task analysis (JTA)
covers to do the work successfully.
SP: Why did NABCEP decide to broaden
the certification rather than create new,
separate certification categories?

EA: We did consider adding a new
certification program for designers,
commissioning persons and others
with similar non-wrench-in-hand roles.
However, fiscal realities helped drive
the decision to expand the range of the
existing certification. We simply do not
feel that the industry is large enough
to support two essentially similar
programs, nor do we have the financial
resources to pay for the development

of new programs without significant
contribution and support from government and industry.
SP: When you did your recent online
survey, did currently certified PV installers voice any concern that these
changes would dilute the value of the
existing certification?

EA: Yes, they expressed considerable
concern that we might be opening
the door to a weaker or less valuable
certification. We do not feel that this
is going to be the case. During our
survey process, we learned that a high
percentage of the people who hold PV
Installer certification perform jobs that
are covered under the newly expanded
eligibility criteria. In fact, more than
half of our certificants who responded
to the survey indicated that they work
with tools in hand once or twice a
month, or less frequently. I think that
those who are concerned about the certification becoming diluted should take
comfort that the core elements of the
JTA and the actual exam will remain
unchanged. It will still be as difficult
and wide-ranging a test as ever.
SP: What other changes or future
certifications is NABCEP considering at
this time?

EA: NABCEP is looking at the potential of developing a series of microcredentials that will allow an existing
certificant to demonstrate further
specialization. Examples of microcredentials or endorsements might
include operation and maintenance,
energy storage (batteries), data acquisition or similar specialty-knowledge
subject areas.
SP: How do you go about creating a job
task analysis for a new certification?

EA: The very first step is to identify who
and what: Who will pursue certification,
and what job will they do? Answering
these essential questions leads to the
creation of a JTA. While there are several
ways that JTAs are c o n t i n u e d o n pa g e 7 4
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created, one of the most common is to
convene a panel of experienced professionals who are extremely familiar with
the job that is being analyzed. Thus, we
assemble a panel of industry experts to
carefully identify the skills and knowledge required to complete a job in a satisfactory and professional manner. We

verify the blueprint or test specifications. After the exam is administered,
the psychometricians review the
performance of each question to ensure
that there were no problems with any
of the items. For example, statistical
analysis may indicate that a question
may have multiple correct answers
or no correct answer or
that the question was not
clearly stated. If this turns
out to be the case, then
the question is not scored.

The most onerous misconception about
NABCEP is that the organization
is raking in huge amounts of money
from fees and programs. This is most
assuredly not the case.
then survey a wider audience of individuals who are familiar with the JTA topic
area to validate the panel’s findings. Part
of this survey process involves trying
to determine criticality and frequency.
How critical is each of the tasks to the
success of the work performed, and how
frequently is the task performed? The
resulting ratings help drive the development of an exam blueprint.
SP: Once you have the exam blueprint,
how is the certification exam developed?

EA: First, a group of eight to 10 subject
matter experts is selected to form an
exam committee. This committee is
responsible for writing the exam questions. The exam blueprint serves as
the foundation for the committee as it
identifies the percentage of the exam
to be devoted to each topic area, also
known as a domain. A psychometrician
works closely with the committee to
develop a statistically valid and psychometrically defensible examination.
For a 60-question exam, the committee develops at least 150 questions. The
psychometricians select from these
questions to assemble the exam and
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SP: What else goes into
developing and maintaining the NABCEP certification program?

EA: Developing a certification program that
meets the ANSI/ISO
17024 standard is timeconsuming and costly.
It takes between 18 and 24 months to
complete the aforementioned steps
at a cost of approximately $200,000.
Maintaining a program also requires
a significant time commitment from
the volunteer subject matter experts
as they work on an ongoing basis to
develop new exams and exam questions. There are significant costs associated with maintaining a certification
program, averaging approximately
$50,000 per year.

SP: What is the most onerous public
misperception about NABCEP and
its programs?

EA: I think the most onerous misconception about NABCEP is that
the organization is raking in huge
amounts of money from fees and programs. This is most assuredly not the
case. The organization operates on a
very tight budget and depends on the
efforts of volunteer board and committee members from more than 100
companies in the renewable energy
industry. We have a small and dedicated staff and receive very little funding from government sources. In fact,

more than 80% of NABCEP revenues
are self-generated through application
and exam fees, continuing education
conferences and, of course, generous
contributions from a small number of
industry-leading companies.
At present, NABCEP, like many other
nonprofit organizations, is struggling
to increase revenues to meet growing
expenses. We are in the midst of a major
fundraising campaign aimed at bringing in sufficient new funds to cover
a compounding operational deficit.
We do not want to increase exam and
application fees beyond our recent
modest increase. To maintain the current fee structure, we need to garner
more support from the industry. We are
urging all stakeholders—individual and
corporate—who think that NABCEP is
furthering the quality of installations
and customer confidence to step forward and make a donation to NABCEP.
They will join industry leaders like Arizona Public Service, Intersolar, MAGE
Solar, Mitsubishi Electric, New York
State Energy Research and Development
Authority, OnGrid Solar, Renewable
Energy Associates, Renewable Energy
World.com, Renova Solar, Rolls Battery
Engineering, Schneider Electric, SMA,
Solar Energy International, SolarNexus,
SolarPro magazine, SolarWorld, Trojan
Battery Company and Zone 5 in helping
us accomplish our mission.
SP: Some test takers are not happy that
they have to wait 30 days or more to
get the results back from a 60- or
70-question Scantron form. Why not
put a test scanner in each room and give
people their scores on-site?

EA: We think it would be great to
offer instant results to exam takers.
However, this is not possible for
NABCEP. There are a number of technical reasons, but the biggest and most
straightforward reason is that we are a
relatively small testing organization that
offers exams to relatively small pools
of candidates. The behind-the-scenes
statistical and psychometric evaluation

that must occur before a score is issued
is considerable. If we did not review
exam results and candidate performance, then the scoring process and
exam results would not be as meaningful or defensible. With the effort and
cooperation of our testing vendors and
our staff, we are able to turn around test
scores in approximately 6 weeks.

to participate in its incentive program,
the number of certificants in that part
of Texas increased significantly. We
have seen similar results in Colorado,
Utah, New York and North Carolina. I
would like to see more certificants from
high-penetration areas where NABCEP
remains optional. California and New
Jersey, for example, could benefit from
more certificants for consumers to
choose from.

SP: Do some geographical areas have
significantly more certified professionals
than you would expect based on the size
of the market, or vice versa? Are there
regions where NABCEP would like to
see participation increase based on the
amount of solar being deployed?

SP: Is NABCEP engaged in any other
activities or programs besides certification
and accreditation?

EA: The most significant trend we see
is that the number of certificants in any
given geographical area is directly proportional to the level of expectation for
certification in that area. For example,
when Austin Energy began to require
NABCEP certification as a condition

EA: Our activities have expanded and
will continue to do so. Since we started
offering our first certification programs
in solar PV and solar heating, we found
a need for entry-level programs and
have since developed entry-level exams
for PV and solar heating. The Small
Wind Entry Level Certification is under
development and scheduled for launch

this year. In addition, many of our
certificants were having a hard time
getting their continuing education
credits in a meaningful and affordable
way. This led us to begin to facilitate
continuing education conferences.
These conferences bring together
manufacturers and other technical
trainers to provide training sessions on
a broad range of topics. The next
conference will be held in Sacramento
in March 2013. It will give certificants
the opportunity to obtain all eighteen
of their required CE hours at a single
event. We are really excited about these
conferences. The feedback we received
from the first conference, which we
held in the spring of 2012, was extremely positive. All participants—students
and trainers—agreed that these
conferences are particularly good
training opportunities due to the high
concentration of experience and
knowledge at one event.
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#6361000, #6347493, #6019323, #6347493, #6460812, #5953870,
#5839702, #6926236, #7168212, #7959019. Other Patents Pending.

800.308.6788 ♦ www.snaketray.com ♦ Made in the USA
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Training

Continuing Education for the Pro

For additional training opportunities and course details, visit solarprofessional.com/training.
Arizona
PV Installation Lab
eRenewable Resource Institute
Apr 12 – Apr 14
Phoenix
erenewableresource.com
PV Installation & Design
eRenewable Resource Institute
Apr 22 – Apr 26
May 6 – May 10
May 20 – May 24
Phoenix
erenewableresource.com

Advanced PV Topics & the 2011NEC
Sean White Solar
Apr 27
May 25
San Francisco
maximumpowerpointtraining.com
Colorado
NABCEP Certified PV Installer
Exam Prep
Thames Solar Electric
Apr 1 – Apr 2
May 13 – May 15
Denver
thamessolar.com

California
Residential PV Training
Shasta College
Apr 1 – Apr 19
Redding
shastacollege.edu
Solar Sales Training
Rich Hessler Solar Sales Training
Apr 3 – Apr 4
Culver City
pvsolarsalestraining.com
PV Design & Installation Intensive
Solar Living Institute
Apr 8 – Apr 12
May 13 – May 17
Culver City
solarliving.org
NABCEP Certified PV Installer
Exam Prep
Sean White Solar
Apr 13
Apr 19
San Francisco
maximumpowerpointtraining.com
PV Hands-On Design & Installation
Infinite Solar
Apr 22 – Apr 26
San Jose
infinite-solar.com
Off-Grid PV Systems for
Professionals
Solar Living Institute
Apr 25 – Apr 26
Hopland
solarliving.org

NABCEP Certified PV Installer
Exam Prep
ONTILITY
Apr 4 – Apr 5
Denver
ontility.com
Grid-Direct PV Design &
Installation
Solar Energy International
Apr 22 – Apr 26
Boulder
solarenergy.org

Sunny PRO Club, Regional Forum
SMA America
May 9
Edison
smaregionalforums.com

Illinois

New York

PV Site-Assessor Training
Midwest Renewable Energy Association
Apr 20
Chicago
midwestrenew.org

Solar Thermal
Farmingdale State College
Apr 8 – Apr 12
Farmingdale
farmingdale.edu

Indiana

Solar Heating Cont. Ed. Conference
NABCEP
Apr 12 – Apr 14
Malta
nabcep.org

Off-Grid Power Systems
Buckville Energy Consulting
Apr 3
Brownstown
buckville.com
Louisiana
NABCEP Certified PV Installer
Exam Prep
ONTILITY
Apr 11 – Apr 12
New Orleans
ontility.com
Maryland

Battery-Based PV Lab Week
Solar Energy International
Apr 29 – May 3
Paonia
solarenergy.org
Grid-Direct PV Lab Week
Solar Energy International
May 6 – May 10
Paonia
solarenergy.org
Solar Hot Water Design & Installation
Solar Energy International
May 20 – May 24
Paonia
solarenergy.org
Georgia
Solar Busines Fundamentals &
Technical Sales
MAGE SOLAR ACADEMY
Apr 26
Dublin
magesolaracademy.com

Hands-On PV Practicum
Solar Living Institute
Apr 27
Hopland
solarliving.org
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Electrical Grounding & Bonding
MAGE SOLAR ACADEMY
May 10
Dublin
magesolaracademy.com
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NABCEP Certified PV Installer
Exam Prep
ONTILITY
Apr 11 – Apr 12
Baltimore
ontility.com
Massachusetts
NABCEP Certified PV Installer
Exam Prep
HeatSpring Learning Instutute
Apr 8 – Apr 9
Boston
heatspring.com
Missouri
Sunny PRO Club, Regional Forum
SMA America
Apr 23
Kansas City
smaregionalforums.com
New Jersey
Hands-On PV Design & Installation
Infinite Solar
Apr 15 – Apr 19
Newark
infinite-solar.com

Commercial PV training
SUNY Environmental Science
Apr 25
Syracuse
esf.edu
Sunny PRO Club, Regional Forum
SMA America
May 7
Long Island City
smaregionalforums.com
Pennsylvania
PV Systems with Energy Storage
Penn State University
Apr 8 – Apr 26
philadelphia
psusolarcenter.org
Hands-On PV Design & Installation
Infinite Solar
Apr 22 – Apr 26
Philadelphia
infinite-solar.com
Hands-On Solar Thermal Design &
Installation
Infinite Solar
Apr 29 – May 3
Philadelphia
infinite-solar.com
Tennessee
Grid-Direct PV Design & Installation
Solar Energy International
Apr 8 – Apr 12
Knoxville
solarenergy.org

Texas
NABCEP Certified PV Installer
Exam Prep
ONTILITY
Apr 4 – Apr 5
Houston
ontility.com
Utah
Advanced PV Systems
Salt Lake Community College
Apr 9 – May 21
Sandy
slcccontinuinged.com
Wisconsin
Advanced PV Installation
Midwest Renewable Energy Association
Apr 6 – Apr 7
Apr 18 – Apr 21
Custer
midwestrenew.org

Solar Water Heating Systems
Commissioning & Testing
Midwest Renewable Energy Association
Apr 28
Custer
midwestrenew.org
PV Site-Assessor Training
Midwest Renewable Energy Association
May 11
Milwaukee
midwestrenew.org
Intermediate PV
Midwest Renewable Energy Association
May 13 – May 14
Milwaukee
midwestrenew.org
PV Design & Installation Lab
Midwest Renewable Energy Association
May 15 – May 18
Milwaukee
midwestrenew.org

Solar Domestic Hot Water
Midwest Renewable Energy Association
May 16
Custer
midwestrenew.org
Solar Hot Water Installation Lab
Midwest Renewable Energy Association
May 17 – May 19
Custer
midwestrenew.org

ONTILITY
ontility.com
Quick Mount PV
quickmountpv.com
Rich Hessler Solar Sales Training
pvsolarsalestraining.com
Solar Energy International
solarenergy.org
Solar Living Institute
solarliving.org

Online

Solar Training School
solartrainingschool.com

Allied American University
allied.edu

Step Up Education
stepupeducation.com

Allied Schools
training4green.com

Sun Pirate
sunpirate.com

Imagine Solar
imaginesolar.com

Zep Solar
training.zepsolar.com

HeatSpring Learning Institute
heatspring.com
Midwest Renewable Enegy
Association
midwestrenew.org

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

System Profiles

Sunlight Electric & Shamrock Renewable Energy Services

C ou r te sy H a wk e ye A e r ia l P h otogr a ph y

VF Outdoor Coalition Campus

Overview
DESIGN FIRM: Sunlight Electric,

sunlightelectric.com
INSTALLATION FIRM: Shamrock

Renewable Energy Services,
shamrockrenewable.com
DATE COMMISSIONED:

December 2012
INSTALLATION TIME FRAME:

160 days
LOCATION: Alameda, CA, 37.8°N
SOLAR RESOURCE: 5.3 kWh/m2/day
HIGH/LOW DESIGN TEMPERATURES:

per Solar ABCs solar reference map:
77°F/34°F
ARRAY CAPACITY: 855 kWdc STC
ANNUAL AC PRODUCTION:

1,123 MWh

78

S o l a r pr o | April/May 2013

n May 2011, VF Outdoor, a subIground
sidiary of VF Corporation, broke
on its four-building, 11-acre,

160,000-square-foot campus in Alameda, California, to consolidate locations for three VF brands: The North
Face, lucy and JanSport.
Consistent with these brands’ commitment to the environment and innovative design, the campus incorporates
many sustainability features, including
indirect evaporative cooling HVAC that
requires no compressors or refrigerants,
energy-efficient T-5 lighting with motion
sensors, FSC-certified wood, low-flow
water fixtures, denim insulation, EV
charging stations, vertical wind turbines
and solar shades over the building windows on the east, south and west sides.

Even after construction was under
way, VF’s internal sustainability team
continued exploring how to achieve its
goal of net zero energy. VF tasked Sunlight
Electric with achieving net zero status
with PV while addressing and overcoming several issues and challenges. Limited
roof space with 12-foot-high mechanical
screens on the four building roofs reduced
unshaded space for PV arrays. Unshaded
space was also limited in the parking lot,
and there was no space for ground-mount
arrays, nor did the client wish to lose any
parking spaces.
To overcome these site obstacles,
Sunlight Electric designed a distributed
PV system that includes four roofmounted arrays and 12 carport arrays.
A basic design emerged using Hyundai

Equipment Specifications
MODULES: 3,720 Hyundai HiS-

M230SG, 230 W STC, +3/-0%, 7.9 Imp,
29.4 Vmp, 8.4. Isc, 36.9 Voc
INVERTERS: 3-phase, 277/480 Vac

ARRAY SCHEDULE, ROOF
MOUNTED: Building A (20.2 kW), B
C ou r te sy V F C or por a tion (2)

Heavy Industries’
HiS-M230SG
modules on all
roofs and carport
locations. Hyundai
agreed to eliminate any marine
warranty exclusions without the
added measures
some other manufacturers require.
With sites and
modules selected,
Sunlight Electric
then looked at all the other project elements that it could incorporate to meet
VF’s needs. REFUsol’s unique inverter
capacity range (12, 16, 20 and 23.2 kW),
480 Vac/3-phase output, compact size
and light weight enabled a cost-effective
solution that complemented the system’s distributed design approach.
This VF project was the first US
application for Schletter’s Park@Sol carports, which offer the durability of anodized aluminum and a major aesthetic
advantage over traditional galvanized
steel, cantilevered-box post-and-beam
structures. Genmounts’ custom-bent aluminum ballast pans enabled fine-tuning
of the roof array tilt angles to the exact
design requirements. All of these elements helped achieve the goal of respecting the design aesthetic of VF Outdoor’s
modern campus.

service; 39 inverters total; 19 REFUsol
024K-UL, 23.2 kW; six REFUsol 020KUL, 20 kW; six REFUsol 016K-UL, 16
kW; eight REFUsol 012K-UL, 12 kW;
500 Vdc maximum input, 125–450 Vdc
MPPT range, 480 Vac/3-phase wye
output

“We were not satisfied with only a small
percentage of our energy coming from
renewable resources and believe our
workplace should reflect our commitment to environmental responsibility. As
a business, we define sustainability as
achieving environmental, social and fiscal
responsibility. This photovoltaic project
with Sunlight Electric is a great example of
meeting these requirements.”

—Adam Mott, senior manager of
sustainability, The North Face

(69 kW), C (69 kW), D (98 kW);
256 kW array capacity total
ARRAY SCHEDULE, CARPORTS:

Carport 1 (37.3 kW), 2 (35.9 kW), 3
(23.5 kW), 4 (147.2 kW), 5 (30.4 kW),
6 (31.7 kW), 7 (24.8 kW), 8 (15.2 kW),
9 (119.6 kW), 10 (23.5 kW), 11 (82.8
kW), 12 (27.6 kW); 599 kW array
capacity total
ARRAY INSTALLATION, ROOF
MOUNTED: TPO roofing, Genmounts

ballasted racking system, 218° azimuth,
5° tilt
ARRAY INSTALLATION, CARPORTS:

Schletter Park@Sol racking canopies,
128°–218° azimuths, 5° tilt
SYSTEM MONITORING: DECK

Monitoring with custom user interface
integrating existing solar window shade
project and wind turbine installations

“This project is the quintessential illustration
of Sunlight Electric’s needs-driven design
ethos. As The North Face might say—never
stop exploring—for the right technical and
engineering solutions.”

—Rob Erlichman, CEO and founder,
Sunlight Electric
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Projects
Robert A. Bothman, Inc.

C ou r te sy Robe r t A . Both m a n , I n c . (4)

Fort Hunter Liggett Army Base

Overview
PROJECT DEVELOPER: Robert A.

Bothman, Inc., bothman.com
ELECTRICAL DESIGN FIRM:

McCalmont Engineering,
mccalmont.net
INSTALLATION FIRM: InterMountain
Electric Company, im-electric.com
DATE COMMISSIONED: April 24, 2012
INSTALLATION TIME FRAME:

251 days
LOCATION: Jolon, CA, 36.0°N
SOLAR RESOURCE: 5.8 kWh/m2/day
HIGH/LOW DESIGN TEMPERATURES:

per Solar ABCs solar reference map:
100°F/21°F
ARRAY CAPACITY: 1.16 MWdc STC
ANNUAL AC PRODUCTION:

1,802 MWh
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A

federal mandate to Army base
facilities nationwide to utilize
on-site renewable energy generation
set the stage for the Fort Hunter Liggett
project in 2010. Phase One is composed
of two 581 kW canopy array structures
commissioned in April 2012. Robert A.
Bothman, Inc., served as the project’s
developer and general contractor, working directly with McCalmont Engineering, the Army Corps of Engineers, Pacific
Gas and Electric Company (PG&E),
Nuño Iron and InterMountain Electric
during the project’s implementation.
The base’s installation was one of the
first US Department of Defense projects
funded through the Energy Conservation Investment Program. All components were required to meet the Buy
American provision of the ARRA.
The PV system is designed to meet
the Army’s stringent requirements for
electrical installations and went through
numerous reviews and quality control

checks. In many cases, the safety protocols, installation methods and materials
exceeded those utilized in comparable
civilian installations. For example, daily
safety equipment checks were required
prior to work commencement and rigid
metallic conduit was required for all
exposed conduits.
Phase One is located in the base’s
logistic center, with two arrays that are
1,175 feet long by 45 feet wide. The array
surface is elevated approximately 20 feet
above grade. To accommodate the large
vehicles to be parked under the array, the
installed piers are spaced 28 feet apart
to allow an adequate turning radius.
Due to previous ground contamination
issues at the site, the foundation design
limited penetration depth to minimize
soil disturbance.
Nuño Iron custom built the steel
substructure supporting the Unirac ISYS
mounting system to specifically match
the racking. The structure’s welded tabs

Equipment Specifications
MODULES: 4,844 Sharp NU-Q24OF2,

240 W STC, +10/-5%, 7.98 Imp, 30.1
Vmp, 8.65 Isc, 37.4 Voc
INVERTERS: 3-phase, 277/480 Vac

service; two Advanced Energy Solaron
500 kW PV, 500 kW, ±600 Vdc
maximum input, ±330–±600 Vdc
operating range
ARRAY: 14 modules per source circuit
(3,360 W, 7.98 Imp, 421.4 Vmp,
8.65 Isc, 523.6 Voc), inverter 1: 172
source circuits (577.9 kW, 1,372.6 Imp,
421.4 Vmp, 1,487.8 Isc, 523.6 Voc),
inverter 2: 174 source circuits
(584.6 kW, 1,388.5 Imp, 421.4 Vmp,
1,505.1 Isc, 523.6 Voc); 1.16 MW
array capacity total
ARRAY INSTALLATION: Two custom
canopy structures, Unirac ISYS Roof
Mount racking, 235° azimuth, 5° tilt
ARRAY STRING COMBINERS: 32

SolarBOS Disconnect Combiners,
15 A fuses
SYSTEM MONITORING: Deck

Monitoring production and environmental monitoring

connect directly to the ISYS racking and
require a tolerance of 7/16 inch over the
approximately quarter-mile–long array
structures. The project’s installation firm,
InterMountain Electric, had up to 13 electricians on site at the peak of the installation, with multiple scissor lifts working in
tandem to access the elevated array.
Two Advanced Energy Solaron
500 kW inverters, located on a single
pad underneath one of the arrays, are
connected directly to a dedicated 480
Vac–to–12.47 kVac transformer. This
configuration allows for direct interconnection to the base’s medium-voltage
distribution system via 1,500 feet of
new underground conductors. An
additional megawatt of system capacity will be deployed during Phase Two
of the project. All electrical design and
installation was planned in anticipation
of the expansion.
The DECK Monitoring system tracks
production and environmental data,

and is configured to transmit alarms to site personnel if sections of the array
are underperforming. The
monitoring system connects
to the Internet via a 3G wireless signal and broadband
routers, and includes intrusion logging and reporting
as well as denial service to
mitigate any hacker attacks.
“Since this project was one
of the first funded ECIP projects through the Army Corps
of Engineers in Sacramento,
there was tremendous political oversight.
Local contractor and vendor participation
was a highly valued aspect as well. Our
solicitation and contracting of numerous
local subcontractors and vendors was
essential in completion of the project on
time and on budget.

—Brian Bothman, vice president,
Robert A. Bothman, Inc.

Do you have a recent PV
or solar heating project
we should consider for
publication in SolarPro?
Email details and photos to:
projects@solarprofessional.com
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We Don’t Just Sell the Products in Our
Catalog- We Live With Them.
If you are currently a reseller or installer of renewable
energy equipment and are looking to expand into oﬀ-grid
or battery based grid-tie systems, let our 30-plus years of
expertise help you. Our technical sales staﬀ live in homes
powered by the wind, water and sun, using the products
we carry. Special wholesaler pricing is available to those
that resell or install renewable energy systems.
Qualiﬁcation is simple, call us today.

Need product data?
Wish you had a simple summary report
for your solar quote?

Backwoods
Solar

• Advanced Filtering

solarhub.com is an online
database of module &
inverter specifications, and
now offers SolarTech’s Solar
Energy Estimate Report to
present and compare key
data from competing solar
proposals. All for FREE!!

• Over 500 Manufacturers’
Products

SolarHub is a free service brought to you by:

America’s most trusted oﬀ-grid supplier
• Manufacturer-Verified Data

• Continually Updated

backwoodssolar.com  208-263-4290
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• New SEE Report
Generation Functionality
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homepower.com
The

CONTRACTORS DIRECTORY
From the publisher’s of SolarPro, Home Power magazine has been educating the residential renewable
energy market since 1987. Homeowners everywhere look to us when it comes time to choose a
contractor for their project. Will they find your business listed in our FREE online directory?

.
.
.

Highly Qualified, Highly Educated
Customer Prospects
Over 1,000 Installation
Businesses Are Already Listed
Adding Your Listing Is Fast,
Effective and FREE

Add your business today! Login or register at

homepower.com/contractors
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Projects
Sunlight Solar Energy

Kupillas Residence
Overview
DESIGNER: Marc Chambers, supervis-

ing electrician, Sunlight Solar Energy,
sunlightsolar.com
LEAD INSTALLER: Dustin Wilson, journeyman electrician, Sunlight Solar
C ou r te sy S u n ligh t S ola r E ne r g y ( 2 )

DATE COMMISSIONED: Sept. 2012
INSTALLATION TIME FRAME: 4 days
LOCATION: Mulino, OR, 45.2°N
SOLAR RESOURCE: 3.9 kWh/m2/day
HIGH/LOW DESIGN TEMPERATURES:

90°F/23°F
ARRAY CAPACITY: 7.2 kWdc STC
ANNUAL AC PRODUCTION: 7,039 kWh

Equipment Specifications
MODULES: 30 SolarWorld Sunmodule

SW 240 poly, 240 W STC, +5/-0 W,
7.96 Imp, 30.2 Vmp, 8.44 Isc, 37.2 Voc
INVERTER: Single-phase, 120/240 Vac

service; one OutBack Power Radian
GS8048, 8 kW, 48 Vdc nominal input,
120/240 Vac output
CHARGE CONTROLLERS: Two

Outback Power FLEXmax 80, 80 Adc
at 40°C, 150 Vdc maximum input,
configured for 48 Vdc nominal output
BATTERIES: Four Concord Sun
Xtender PVX-2580L, AGM, 12 Vdc
nominal, 258 Ah at 24-hour rate, 258
Ah bank capacity at 48 Vdc nominal
ARRAY: Three modules per source circuit (720 W, 7.96 Imp, 90.6 Vmp, 8.44
Isc, 111.6 Voc), five source circuits
per charge controller (3,600 W, 39.8
Imp, 90.6 Vmp, 42.2 Isc, 111.6 Voc);
10 source circuits total (7,200 W, 70.6
Imp, 90.6 Vmp, 84.4 Isc, 111.6 Voc)
ARRAY INSTALLATION: Ribbed metal
roofing, S-5! VersaBracket mounts,
Unirac SolarMount racking, 180°
azimuth, 18° tilt
ARRAY COMBINERS: Two MidNite

Solar MNPV12-150, 15 A CBs
SYSTEM MONITORING: Outback

MATE3 display and controller, Outback
HUB4 Communications Manager
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he Greg and Malia
T
Kupillas residence is
located at the end of a utility

transmission line in Oregon’s
rural Clackamas County.
The homeowners seasonally
experience power outages
that can last for several days.
When the Growing Solar
Clackamas County bulkbuy community project was
announced in 2012, they saw
the opportunity to invest
in a PV system that would
not only offset a percentage of their annual energy use, but also
provide the backup energy security they
were looking for.
Sunlight Solar Energy worked
closely with the homeowners to develop
a 7.2 kW system that provides 3 days
of autonomy for critical loads, which
include home business equipment,
lighting and limited water pumping. Sunlight Solar helped the owners
develop a plan for load shedding based
on battery state of charge in the event of
extended power outages during inclement weather.
The array is installed on a shop
building that was originally designed

with a PV array installation in mind.
However, the Oregon Solar Installation
Specialty Code that was enacted after
construction required rafter sistering.
To increase solar exposure on the array,
trees near the south- and southwestfacing portions of the shop were harvested prior to the installation.
“The Kupillas system was challenging
due to the inherent complexity of nonprescriptive design. Projecting the system’s power
and energy requirements during utility outages
involved a lot of input from the homeowners,
which was an essential component of developing
a backup system that met their expectations.”

—Dustin Wilson, Sunlight Solar Energy

Learn Solar, Buy Solar,
Accelerate Your Solar Business

Solar Training

Solar Products

Support Services

Now itʼs as easy as 1-2-3 to power up your solar business with ONTILITY.
With our solar training, products and services, accelerate your business today.

To learn more, please contact us toll-free at 1.877.858.7479 or visit us at www.ontility.com
Solar Training · Solar Products · Solar Design · Solar Consulting · Solar Logistics · Solar Marketing

