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•  One Size Foundation Throughout Array 
•  No Special Tooling Required for Install
•  Over 100 MW Deployed
•  Terrain Following Capabilities 

Introducing RBI Solar Sunfl ower™ Single-Axis Tracker

 Cincinnati, OH | 513-242-2051 | info@rbisolar.com | rbisolar.com

CHANGE
HORIZON

IS ON THE

2018 Solar Power World Leader in Mounting and Racking 
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T H E  F I R S T  W O R D

Solar square one

Starting a new job always entails an opening period of 
fumbling about until you finally become comfortable with 
the work. As a reporter, you get used to tackling a new 
subject every day, so I’m looking forward to focusing my 
efforts on writing stories about unique case studies and the 
business and mounting, racking and tracking side of solar. 

Being the new guy here at Solar Power World, I’m not a 
solar expert—yet—but I do know that the work this industry 
is doing is vital. Having grown up in a post-industrial region 
of Ohio, I’ve seen the economic and ecological impact of 
manufacturing facilities. Many once-viable, now decades-
empty businesses remain untouched by humanity, left to 
be overtaken by plant life. Solar is a bright shining light in a 
country of excess emission and consumption, and solar can 
literally and figuratively stand where those economy-driving 
factories once stood. 

We’re all witnessing the effects of a warming world 
today. An increase of 1° to the global temperature has 
bleached and killed oxygen-rich coral reefs; the weather 
is changing, affecting annual precipitation patterns; and 
wildfires are more prone to start and harder to control in dry, 
wooded regions. It’s heartening to see an industry capable 
of combatting that. There’s a chance we can reverse the 
harm we’ve done to our planet, and one solution is a 
concerted effort to switch to solar. 

It’s capable of freeing acres of land in a National 
Park from miles of powerline with a single solar+storage 
microgrid. Solar systems in certain states are diversifying 

the electric market by giving homeowners the option to tie 
into a solar-supported grid, and solar+storage pushes ever 
forward as battery backup and microgrid solar solutions 
become more viable. However, there’s still room for solar to 
become more ecologically sound, especially when recycling 
decommissioned arrays.

Luckily for you, there are stories about all these 
subjects, and more, in this issue of Solar Power World. I’m 
looking forward to writing about the work you’re doing, and 
I’m glad to be here. SPW
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Next generation inverter designs for renewable energy demand reliable DC 

link capacitors with higher capacitance values, voltage, and current ratings.  

Available in new case sizes and ratings, Cornell Dubilier’s Type 947D power 

� lm capacitors o� er the highest bulk energy storage, ripple � ltering and life 

expectancy for wind and solar power inverter designs, as well as electric vehicle 

applications.  Select from hundreds of standard catalog listings, or connect with 

CDE engineers to develop special designs to your requirements.

For technical information, visit cde.com/solutions/inverters

DC link power fi lm capacitors

Type 947D
High Density, DC Link Capacitors

TYPE 947D POWER FILM CAPACITORS

85, 90, 100 & 116 mm CASE SIZES

CAPACITANCE VALUES TO 3600 µF

APPLIED VOLTAGE TO 1500 Vdc

RIPPLE CURRENT RATINGS >100 Arms

cornell | SPW 01-19.indd   5 1/18/19   2:18 PM



J a n u a r y  2 0 1 9  •  v o l  9   n o  1
w w w . s o l a r p o w e r w o r l d o n l i n e . c o m

37 16 30 43 68
ON THE COVER

CONTENTS
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foundations up and cause 

panel tables to bow, but the 

right foundation anchors 

can make all the difference 

in keeping solar arrays 

stable in any climate. 
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When PV efficiency gets better, home solar buyers win. Introducing the all-new HIT®+ premium series. 

HIT®+ modules boost panel efficiency to over 20%, putting it among the elite few to achieve this 
advanced level. But HIT®+ goes further. With degradation rates and temperature coefficients among 
the world’s lowest, HIT®+ provides what we believe are the most efficient solar panels available today. 
Install them and generate more electricity year after year.

Find out more at na.panasonic.com/us/solarpanels. 
Or, contact your regional sales manager today for details.

Let’s take your business to 
profitable new levels together.

Rewriting the laws of energy efficiency 
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Tesla’s Buffalo-based solar employees 
take steps to unionize
Buffalo, New York
The United Steelworkers (USW) and 
International Brotherhood of Electrical 
Workers (IBEW) joined workers at Tesla’s 
Buffalo, New York, solar panel factory 
to hold a union-organizing drive in 
mid-December. A Tesla spokesperson 
responded by saying the demonstration 
consisted almost entirely of groups 
outside of Tesla, not Tesla employees. 
“And ultimately, it’s up to our employees to 
decide if they want to be unionized.”
 

Report shows Section 
201 tariffs harmed 
utility-scale solar
Washington, D.C.
A Q3 2018 report from 
Wood Mackenzie Power 
& Renewables and SEIA 
found additions of utility-
scale solar fell below 1 GW 
for the first time since 2015. 
The groups attributed the 
drop to the uncertainty 
around the tariffs in late 
2017 and early 2018, but 
noted that a strong project 
pipeline lies ahead.

1
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Solar policy snapshots
A guide to recent legislation and research 
throughout the country.

8
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Governor Andrew 
Cuomo announced a goal 
for New York to be 100% 
carbon-free by 2040.

New Jersey announces new solar 
plan after SREC ends
Trenton, New Jersey
The New Jersey Board of Public Utilities 
has announced a transition plan to move 
from the SREC program to a new system 
that will build on SREC’s success. In its 
straw proposal for the solar transition, the 
board identified its priorities that include 
supporting continued growth of the solar 
industry and providing maximum benefit to 
ratepayers at the lowest cost. SEIA said it’s 
pleased with the plan so far.

First major utility commits to  
being carbon-free
Minneapolis, Minnesota
Xcel Energy is the first major utility in the 
United States to commit to going 100% 
carbon-free. The utility’s goal is to make the 
transition to all carbon-free energy by 2030, 
but this doesn’t mean all renewable energy, 
according to Vox. The energy mix could 
include nuclear power and fossil fuel plants 
with carbon capture and sequestration.

3

NV Energy retires coal plant  
and adds solar
Carson City, Nevada
Nevada regulators approved NV Energy’s 
plan to retire a coal plant four years ahead 
of schedule and construct six new utility-
scale solar projects totaling 1,001 MW, 
according to the Nevada Independent. 
The move doubles NV Energy’s renewable 
footprint.

2

NRDC to DOE—where’s 
the money?
Washington, D.C.
The Natural Resources Defense 
Council sent a letter urging 
Congress to investigate why the 
U.S. Department of Energy failed to 
distribute as much as $600 million 
of congressionally approved clean 
energy funding in 2018. The NRDC 
fears Trump administration officials 
purposefully blocked the funding, 
citing previous efforts by the 
administration to cut or eliminate 
clean energy research programs 
and offices. 

10
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Washington, D.C., sets 100% 
renewable energy target by 2032
Washington, D.C. 
D.C. City Council unanimously passed 
the Clean Energy DC Omnibus 
Amendment Act of 2018, which 
establishes a 100% renewable energy 
target by 2032. The bill includes a 
10% solar energy carve-out by 2041. 
MDV-SEIA said in a press release 
it appreciates the D.C. Council’s 
support of local solar businesses and 
its commitment to creating jobs and 
economic opportunity in the District. 

Philadelphia commits to buying 
more solar power
Philadelphia, Pennsylvania
The mayor of Philadelphia signed 
a deal authorizing the Philadelphia 
Energy Authority to purchase 22% of its 
power from solar provider Community 
Energy. Community Energy will build 
the largest solar farm in the state near 
Gettysburg to meet that demand. The 
move is part of a broader municipal 
effort to power all city buildings with 
renewable energy by 2030.

8

9

7

Governor Cuomo announces 
plans for a carbon-free New York 
by 2040
Albany, New York
Governor Andrew Cuomo announced 
as part of his 2019 legislative priorities 
that New York will transition to 
carbon-free electricity by 2040. This 
beats California’s carbon-free deadline 
by five years. The progressive goal is 
part of what Cuomo is calling a Green 
New Deal for New York.

Record number of solar 
companies take to Capitol Hill
Washington, D.C.
Nearly 70 solar companies visited 
more than 100 Congressmembers to 
advocate for solar on Capitol Hill in 
early December. The lobbying day was 
led by SEIA. One major area of focus 
was asking Congress to modify the tax 
code to include energy storage as an 
eligible technology for the investment 
tax credit.

10

EZ3 Roof Mount

RESIDENTIAL PV RACKING
MADE SIMPLER

Save time, hassle, and 
callbacks by using EZ3 
Roof Mount for any
composite shingle roof.

EZ Standing Seam
Clamp
Solar PV installations on 
metal roofs just got easier 
with our EZ standing seam 
clamps.

TopTile™ Mount
The world’s first PV
mounting system that is 
mounted entirely above 
the tiles.

WE CRACKED
THE CODE

EASY AS
1, 2, 3

STAND UP
TO THE
SUN
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OLD SOLAR PANELS
GET SECOND LIFE
IN REPURPOSING
& RECYCLING MARKETS
SOLAR MODULES 
no longer need to simply wind up in the 
landfill once they’re decommissioned. 
Is a panel cracked? Shattered? At the 
end of its warranty lifetime? That panel 
can still serve a purpose, whether run 
through a recycling process and fed back 
into the supply chain; or repurposed 
or reused as a replacement panel or a 
power source for a smaller project. 

Companies are putting in the hours 
to ensure the longevity of solar, despite 
a lack of any legislative backing. One 

does it through an online marketplace 
for solar; another is repurposing 
decommissioned panels to power homes 
in need; and another recently opened a 
solar recycling facility. 

Online panel reselling market
EnergyBin is a members-only, 
business-to-business web platform for 
solar companies to list or seek solar 
components for sale or resale. The 
renewables marketplace grew out 
of BrokerBin of the Broker Exchange 
Network, a similar service that lists 

commercial computer equipment rather 
than solar. 

While its sole purpose isn’t resale, 
EnergyBin has found success in 
connecting sellers with buyers interested 
in purchasing replacement components 
for solar arrays. Installers seeking older 
replacement panels to match the panels 
in existing solar arrays might be hard-
pressed to find them with distributors. 
However, those years-old components 
might be listed on EnergyBin.

There is an application process and 
fee to join the EnergyBin community. 

business, recycling - SPW 01-19 v4 FINAL.indd   10 1/18/19   3:32 PM
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OLD SOLAR PANELS
WFTSS
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Members can search the marketplace 
by product and receive quotes from 
multiple distributors at once to compare 
prices.

“Sometimes there are customers 
that we’re working with that aren’t 
necessarily interested in purchasing 
the latest and greatest technology, and 
they’re perfectly fine with settling for 
a more feasible option, which might 
be new or refurbished,” said Melissa 
Schmid, marketing communication 
manager at EnergyBin. 

EnergyBin’s approximately 3,500 
members are comprised of solar 
installers, developers, EPCs, distributors, 
manufacturers and O&M managers in 
markets ranging from small to large. 

Used panels for missionary work
When a panel reaches its warranty 
lifespan, that doesn’t necessarily mean 
it can’t produce energy. Vincent Latham 
Sr., founder of working for the Son solar 
(WFTSS) of Fresno, California, knew 
that despite degrading efficiency, used 
panels could be installed on volunteer 
projects where any amount of energy 
helps. 

Since its start, WFTSS has kept 
more than 100 tons of solar materials 
from landfills, Latham said. Its 
repurposed panels have been sold to 
buyers like solar DIYers and companies 
seeking replacement parts for existing 
arrays. By selling repurposed panels 
and decommissioning large-scale 
arrays, WFTSS can fund its main mission 
of bringing pro bono solar projects to 
indigenous people of Mexico. 

With additional assistance from 
donations, Latham works with Youth 
With a Mission ministries (YWAM), 
an organization that builds homes in 
about 20 countries for people in need, 
including Mexico. Latham said the 
communities they work with often have 
small power grids, or sometimes none 
at all. Since solar arrays can’t tie into 
this fragile or nonexistent grid, WFTSS 

Solar panels set for recycling 
are separated from their 
aluminum frames, wiring and 
junction boxes and run through 
an oven at RecyclePV’s solar 
recycling facility. 
RecyclePV

After the glass panel from a solar 
module is heated in an oven, it 
is crushed, and the materials are 
separated and ground up. 
RecyclePV

The crushed material is processed further into a powder, 
which will be sent back into the manufacturing chain, 
possibly used again in solar products. RecyclePV can 
recycle approximately 98% of a solar panel.  
RecyclePV

business, recycling - SPW 01-19 v4 FINAL.indd   12 1/22/19   1:05 PM



Weatherproof IP54 rated

High resistance range

DAR, PI and timed test 
diagnostic testing capability 

TRMS voltage measurement

Selectable 200 or 20 mA
continuity test

Patented analog/digital  
display with real-time  
pointer movement

Dual digital display
(shows test voltage  
AND measurement result)

Test result  
range storage

CATIV 600 V rated in 
all test modes

Selectable buzzer
thresholds/limit alarms

3 year warranty

The MIT400/2 series has been proven 
to perform in the “renewable energy” 
industry. The MIT400/2 series has been 
used successfully in both wind and 
solar applications, from generators and 
cables to combiner boxes. Find pinched 
wires and leakage problems before they 
become dangerous with the Megger line 
of MIT400/2 series Insulation testers.

For over 100 years, Megger has been 
the leader in insulation testing.

Megger... the Pioneer
of Insulation Testing.

Power on
For your FREE copy of Megger’s  
A Stitch in Time, 
Visit www.megger.com/getbook

Reference Code: MIT4002_SPW_JAN

megger | SPW 01-19.indd   13 1/18/19   1:57 PM



B U S I N E S S

makes solar+storage microgrids for 
those homes using repurposed panels. 

Part of Latham’s mission is teaching 
people about solar independence, 
as well as the viable lifespan of solar 
panels.

“I’ve probably spent most of my time 
educating people on what we’re doing,” 
Latham said. “Nobody even understands 
that there’s this burgeoning need 
[for recycling] that’s going to happen, 
because these panels are coming to an 
economic end of life, not a liability end 
of life.”

Latham previously worked for 
SolarCity, and during his time there saw 
many panels end up in a landfill. 

“We started decommissioning huge 
solar arrays that needed to be removed 
from roofs or what-have-you, because 

they were going to reroute a commercial 
building or a county building and they 
didn’t know what to do with these 
panels,” he said. Useable components 
like wiring were removed, and the 
aluminum frame was ground up for 
scrap. The remaining pieces were sent 
to landfills.

Latham learned it didn’t have to 
be that way. Even when the glass is 
cracked, WFTSS can seal the panel for 
further use. In addition to repurposing, 
the company recycles panels. Currently, 
through heating the panel and removing 
components, the company can recycle 
about 90% of a solar module. 

That process removes silicon 
from panels, which is then returned 
to the manufacturing stream to make 
new modules. WFTSS is working with 

California State University, Fresno, 
faculty to determine a means to safely 
remove phosphorus, platinum, silver 
and lead from panels. Prior to having 
in-house recycling, WFTSS had to send 
loads of decommissioned PV equipment 
overseas. Now, other solar contractors 
can send retired solar arrays to Fresno. 

“Safety is our main concern, and we 
want to try to be environmentally friendly 
at the same time,” Latham said. “We 
really believe that this is something that 
really needs to get done, and not just 
grind it up and throw it into a landfill.”

Bringing panel recycling stateside
The State of California passed Senate 
Bill 489 in 2015, which designated 
photovoltaic solar panels as hazardous 
materials; meaning the technology 
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cannot be disposed of in landfills 
in the state. This poses a problem 
for decommissioning arrays, since 
California’s the largest solar market 
in the United States. There is no 
mandated recycling program at the 
state or federal level, either. While 
California’s landfills are free from 
future solar panels, decommissioned 
arrays are still ending up in landfills 
in different states. If panels can’t be 
shipped to nearby states, they sit in 
stacks in California warehouses.

To avoid bogging down other 
states’ landfills with panels, RecyclePV 
of Grass Valley, California, opened a 
solar recycling facility in Arizona in the 
summer of 2018. 

“We’re seeing the problem 
being pushed off to other states 
where regulations are more relaxed,” 
said Sam Vanderhoof, owner and 
consultant at Solar Cowboyz, the 
umbrella company for RecyclePV. 
“The secondary issue that we see is 
the cost to recycle. The net value of 
the materials that could be the claim 
on solar panels is less than what the 
customer should process.”

RecyclePV partnered with PV 
Cycle, a European non-profit solar 
recycling organization, to bring a 
similar service to the United States. 
After traveling the country visiting 
facilities and consulting companies 
that recycle different types of large-
scale electronics, RecyclePV opened 
its recycling facility. 

The process varies by type, but to 
recycle a panel, RecyclePV separates 
the aluminum frame, removes the 
junction box and attached wires 
and runs the glass panel through an 
oven. That’s followed by crushing and 
separating materials. “It all depends on 
the type of module, but that’s the basic 
process: it’s a separation and heating 
process,” Vanderhoof said. RecyclePV 
can recover 98% of materials from a 
decommissioned module.

“I started watching what was happening to these 
solar panels after they were used, and in most cases, they 
can be reused,” Vanderhoof said. “That's something we 
totally advocated [for], reusing these solar panels. You can 
take panels that have been out in the sun for 20 or 30 
years, and a lot of the older ones still work.”

The second service RecyclePV offers is repurposing 
and reusing solar panels. The company accepts 
shipments of decommissioned arrays for repurposing or 
recycling from anywhere in the country. To be tested, the 
panels are shipped to a site where they are assessed. 
The panels are repaired and then redeployed if they’re 
not functioning. Since these modules are refurbished, 
they’re sold at a lower cost ($0.05-$0.15 per watt, 
compared to $0.50 for new panels on the wholesale 
market). RecyclePV is currently finding refurbishing 
centers closer to its operations to cut shipping costs. 

Vanderhoof said the biggest issue the solar industry 
is facing in terms of recycling is a lack of nationwide 
policy for recycling modules. There are many reasons 
panels might be considered trash by some due to 
manufacturing errors, brown spotting, delamination and 
diode defects; and severe weather damaging whole 
arrays, but may still be usable, either by repurposing 
or recycling. An influx of end-of-life solar equipment is 
expected in 30 years, but thousands of potentially usable 
panels are sitting dormant in warehouses or heading to 
landfills today. There are companies out there to help. SPW

Refurbished solar panels were 
installed for free on a home in  
Mexico by working for the Son solar. 
WFTSS
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Community choice

can accelerate local solar growth 

in cities and counties

aggregration

When people buy 
a new home in a different 
city, they’re typically given the 
phone number of the investor-owned 
utility (IOU) that will serve them. They 
know they must call this one provider, supply 
payment information and set up service if they want 
the lights to turn on in their new home. 

But in seven states, homeowners could instead have 
a menu of different local, green energy options to choose from 
instead of one IOU. 

This localized energy initiative is called community choice aggregation 
or CCA (which media outlets abbreviate for brevity, although community choice 
energy advocate and coordinator of the California Alliance for Community Energy 
Al Weinrub said, “We never refer to it as ‘CCA,’ as the words are very powerful and the 
abbreviation is very mysterious.”)

CCAs are growing, especially in California. The California Community Choice 
Association (CalCCA) announced in November that CCAs in the state have signed long-
term contracts with new renewable energy facilities totaling more than 2 GW, “reflecting 
a strong commitment by CCAs to drive clean energy and economic development in 
California and help the state achieve ambitious decarbonization and climate change goals,” 
according to a CalCCA press release. 

Community choice aggregation means putting the power in the public’s hands—literally 
and figuratively. CCA legislation allows cities and counties within IOU service territories to 
provide electric service to customers. 
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Installers work on 
CCA installation 
MCE Solar One. 

MCE
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A public agency takes over the job of 
electric procurement from IOUs, while the 
IOUs still play the important role of electric 
distribution. This gives consumers more 
choices for their energy footprint—and in 
places that do it right, those choices can 
be both greener and cheaper.

“The beauty of a community choice 
law is to allow for public control of all the 
important aspects of electricity, while 
not having to worry about taking over 
the infrastructure which is often old and 
outdated,” Weinrub said.

CCAs can be great vehicles to 
accelerate the growth of renewables in 
communities. They can encourage more 
local development of solar by smaller 
companies, keeping economic growth and 
jobs close to home.

 
How a CCA works
Community choice legislation must be 
passed at the state level in order to 
require state IOUs  to cooperate with the 
formation of CCAs. 

After CCA legislation is passed at 
the state level, each city or county in 
the state can form its own CCA as a 
local ordinance. Once the ordinance 
is passed, an agency must be formed 
to create and manage the CCA.

“It could be housed within a city 
or a county government, but more of 
what we’ve seen is they’re set up as 
a joint powers authority so that they 
create a new agency altogether to 
run the program,” Weinrub said.

CCAs have to compete with 
IOUs, so the energy they procure 
must either be the same price or 
cheaper than the IOU’s rate, or come 
with other benefits like more local 
renewables or other energy justice 
initiatives. 

For CCAs to be successful, 
they must be set up as opt-out 
programs. That means consumers in 
an area where a CCA is set up are 
automatically enrolled in the program 
instead of automatically enrolled with 
the regional IOU. Typically, CCAs 

The beauty of 
a community choice 

law is to allow 
for public control 

of all the  
important aspects  

of electricity.
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have different levels to choose 
from, so the overseeing 
agency would decide which 
level would be the default, 
and then consumers can 
choose to stay at that level, 
change their rate plans to 
another level or enroll back 
with the IOU. 

Katie Davis, chair of the 
Santa Barbara, California, 
chapter of the Sierra Club, 
said Ventura County actually 
set its CCA default level as 
100% renewable energy. The 
program launches in 2019. 
Since the desert is nearby, 
with ample land for solar 
development, the renewable 
level is not much more expensive than 
a Southern California Edison utility bill—
only 7 to 9% more, and less expensive 
than SCE’s current “green tier.”

If residents don’t want their bills 
to go up that 7 to 9%, they can choose 
to drop down to the 50% renewable 
energy tier offered by the CCA, which is 

cheaper. But Davis doesn’t think many 
people will mind paying a little more for 
all-renewable energy, since a recent 
California poll found most people want 
to see action on climate change even if 
it costs more. 

“We do have to accelerate a 
transition to renewable energy,” Davis 
said. “The solution and the mixture of 
energy sources is going to be different 
in different places, and 
we all have to figure 
that out on a local 
level.”

 
CCAs help solar
Weinrub said CCAs 
are great vehicles for 
spurring development 
of smaller-scale 
community-based 
solar power, usually 
between a couple 
hundred kilowatts and 
1 or 2 MW. Even the IOUs investing in 
solar are typically doing so in the form 
of multi-megawatt, utility-scale farms, 
often installed by large, out-of-state 
companies. These smaller CCA solar 
jobs can be sited within the community 
and installed by local solar companies 
instead of national solar heavyweights. 

“Community choice offers the 
possibility of a lot of more local 
development and much more use of the 
built environment to develop solar, as 
opposed to either converting farmlands 
or sensitive ecosystems,” Weinrub said.

Smaller-scale farms cost more 
per watt than larger utility-scale 
installations, but Weinrub said the local 
benefits of economic growth and jobs 

outweigh that downside.
CCAs can also integrate other 

innovative solar programs, like 
solar group buys and community 
shared solar installations, to increase 
solar production in a region. If a 
CCA launches a Solarize effort, the 
CCA agency could then act as the 
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administrator of the group buy, doing 
the upfront work to determine which 
homes might be suitable for solar 
and educating the community on the 
benefits of solar power.

“A lot of that risk is taken off of 
the individual parties and it makes 
the whole job in the long run cheaper 
than it would have been, so that’s 
another kind of win-win that can come 
from having a stronger public role 
in the development of solar in the 
community,” Weinrub said.

CCAs can also use progressive 
green job programs to install these 
local projects. California’s first CCA, 
called MCE, used some workers from 
the RichmondBUILD Academy to install 
its 10.5-MW MCE Solar One array. 
RichmondBUILD is a public-private 
partnership in the city of Richmond, 
California, focused on developing 
talent for underserved communities in 
high-wage construction and renewable 
energy fields.  

 
The conflict
Although CCAs need IOUs in order 
to exist and distribute the energy 
they procure, IOUs often see their 
relationship with CCAs as less 
symbiotic and more antagonistic. 

“In the early days, the community 
choice, these programs, were 
vehemently opposed by the investor-
owned utilities,” Weinrub said. “They 
still are vehemently opposing them, but 
they’ve used different tactics.”

CCAs compete with IOUs for 
procurement, so it makes sense that 
IOUs often fight against them. One 
strategy IOUs used to try to kill CCAs 
in California was to make them opt-in 
programs instead of opt-out. 

“It was good public relations 
because they said, ‘Community choice 
is hostile to the community because it’s 
already enrolling people in a program 
without permission,’ which was clever, 
but they never mentioned that that’s 

what happened originally as well,” Weinrub said. 
CCAs must be opt-out programs because 

they have to know what their customer base 
is from the start so they know how much 
energy must be procured. If it’s an opt-in 
style, CCAs could spend all their time and 
money on marketing enrollment and not have 
enough funds leftover for the actual energy 
procurement. 

CCA advocates 
won that opt-out battle 
against IOUs in 2014, 
and Weinrub said that 
win accelerated CCA 
growth statewide. 
But IOUs continue to 
fight against CCAs 
and sometimes win, 
most recently when 
the California PUC 
voted to raise the cost 
of monthly “exit fees” 
customers must pay 
IOUs if they choose to 
switch to a CCA.

 

EPA

SOPEC received a Bronze 
designation from the national 
SolSmart program for making 

it faster, easier and more 
affordable for homes and 

businesses to go solar. 
Ohio University/Ben Siegel
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Programs vary
CCAs don’t inherently procure 
green power—it all depends on the 
community desires and who is in 
charge of the program.

“If you look at the other 19 
community choice programs in 
California, there’s quite a spectrum of 
the extent to which some are just acting 
like the regular investor-owned utilities, 
just out buying and selling electricity, 
and others which have much more of a 
social program associated with them,” 
Weinrub said.

 Ohio is one state that passed 
CCA legislation in 1999. Athens, Ohio, 
county commissioner Chris Chmiel was 
elected in 2012, a year when fracking 
natural gas was poised to boom in his 
county. Chmiel said Athens County 
is split between environmentally 
minded residents as well as residents 
in extreme poverty. Some citizens 
deeply opposed fracking while others 
welcomed the new opportunity to make 
money on gas. 

“Walking that fine line between 
these two extremes prompted me to 

try and approach energy in a broader 
and more proactive way,” Chmiel said. 
“This is when I basically learned about 
CCAs.”

The County Commissioners 
Association of Ohio has a program that 
helps communities get CCA ordinances 
on the ballot and passed. Chmiel 
worked with the group to successfully 
create a CCA for Athens County, 
the City of Athens and the Village of 
Amesville called SOPEC.

SOPEC worked out a deal with 
the local IOU, AEP Ohio, to offer 26% 
savings from the cost to compare at 
the time, but at the same time, the 
marketplace was heading toward 
auctions and the deal didn’t turn out to 
be that great, Chmiel said. He hasn’t 
abandoned hope for the CCA but sees 
a need for “possible statewide policy 
changes that will ensure that CCA 
programs truly benefit the citizens they 
serve.” 

SOPEC executive director Eddie 
Smith added that a major hurdle 
with starting a CCA was consumer 
misunderstanding about energy 

markets. Smith said communities 
often believe that “bulk purchasing” 
through a CCA achieves a lower 
energy supply rate for customers, 
but that’s not necessarily true. 
Smith said the energy market works 
similarly to the health insurance 
market, with CCA programs 
determining the expected cost of 
energy by examining the underlying 
risks of the aggregated group. 
Those risks are determined by 
looking at historic usage data, 
weather data and other unique 
figures for each customer like load 
factor and peak load contribution. 

However, Smith praised CCAs 
for their ability to create real local 
policy benefits for communities. 
CCA programs like SOPEC can help 
communities with the programming 
needed to increase renewable 
penetration and energy efficiency 

measures. For example, communities 
can institute carbon pricing at the local 
level, and increase the CCA program 
rate deliberately to account for some of 
the cost of carbon emissions. That extra 
revenue can then be used to decrease 
the cost of solar for the public sector.

“Using CCA as a local policy 
mechanism does not create an 
administrative burden on the utility 
company or require an agreement 
with the utility,” Smith said. “The ball 
is entirely in the local government’s 
court. There’s really no other public 
programming in Ohio that has so much 
local autonomy for impacting public 
policy with regard to sustainable 
energy.” 

Putting energy procurement in 
public hands holds a lot of promise 
for renewable growth and solar 
contractors. Installers should advocate 
for CCA legislation at the state level 
and then work in their communities to 
launch the types of programs that help 
communities build more local, clean 
energy and local, green jobs. SPW

Installers work on 
CCA installation 
MCE Solar One. 
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Solar industry-specific
safety training

i s  c r i t i c a l  f o r  t h e 

future of our industry
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SOLAR ENERGY INTERNATIONAL
CONTRIBUTOR

We work in an industry where 
safety and quality are the 

cornerstones of success. These two things should 
be on the forefront of every solar installer's mind. 
Not only should you be concerned with installing an 
exceptional system, but you must also ensure your 
team and the property owners are protected during 
and after installation. Safety practices shouldn't be 
assumed. We as an industry must demand specific 
solar training aligned with industry codes and 
standards.

There are training resources relevant to safe 
solar installation practices—like Occupational 
Safety and Health Administration (OSHA) standards 
and National Electrical Code (NEC) practices. But 
although these standards and codes are extremely 
important, a dedicated solar industry safety training 
course hasn’t existed—until now. 

Solar Energy International’s "CE523: Solar 
Installation Safety Training" is a self-paced, 
online continuing-education course that bridges 
the gap that exists between safety training and 
solar. Topics include: ladder and lift safety, fall 
protection, PV mounting safety and solar electric 
safety. Additionally, this class provides 12 NABCEP 
continuing education hours (PVIP, Technical Sales, 
PVA; 6 hours for Solar Thermal professionals). 
It also counts as 12 advanced training hours 
toward initial NABCEP professional certification 
requirements.

Solar Training specific to PV is necessary as our industry 
continues to thrive. It can help protect teams and 
increase productivity by identifying possible hazards. 
A single small slip-up early in an installation could 
cost your business significantly in the long run. Safety 
training will help you do the job correctly the first time, 
so you don’t have to backtrack on costly errors. 

Proper safety training equips supervisors and 
managers in the workplace with necessary leadership 
skills to ensure overall success of the entire team. 
With everyone adhering to established standards, 
hazards are easily identified and mitigated with a 
smaller margin for error. In the solar industry, this 
‘margin of error’ isn’t just the risk of costly upkeep; it 
includes the well-being of employees in the field or on 
the roof. 

The numbers speak for themselves; according to 
the U.S. Department of Labor, businesses spend $170 
billion a year on costs associated with occupational 
injuries, illnesses and citations for infractions—
expenditures that come straight out of company 
profits. But workplaces that establish safety and health 
management systems can reduce their injury and 
illness costs by 20 to 40%. 

As the PV industry continues to grow at a rapid 
pace, it is so important to ensure that solar workers 
have the tools and skills to work safely on the jobsite. 
We all want to return home healthy to our families at 
night, proud of the work we do. SPW
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Solar microgrid 
helps return Great Smoky Mountains 
National Park land to the wild

I N S T A L L A T I O N BILLY LUDT
ASSISTANT EDITOR

Among the tulip trees, red oaks and 
Carolina silverbells of Mt. Sterling, 
a peak in Great Smoky Mountains 
National Park, stands a 60-ft 
communications tower. That tower’s a 
3.5-mile hike through North Carolina 
backcountry to the nearest road, and 
those miles leading back to civilization 
were, until recently, traced by a lone 
powerline that connected the tower to 
the electric grid of Haywood County, 
North Carolina. 

The sole purpose of that electric 
line was to provide energy to the remote 
communications building, which was 
formerly used by firewatch personnel, 
to power a radio repeater relay for that 
region of the national park. 

“Having the line going up the 
mountain for that long, through all that 
vegetation in the national park, there 

was a lot of reliability issues, and 
these issues were triggered when 
there was an outage,” said Sherif 
Abdelrazek, senior engineer at 
Duke Energy, the utility servicing 
the line.

As technology advanced, 
maintaining that powerline made 
less and less sense. 

The view from the 
communications tower 
on Mt. Sterling in the Great 
Smoky Mountains (below). 
National Park Service

The completed solar+storage 
microgrid sits next to the 
communications tower it 
powers (right). 
National Park Service
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MCE Solar One, a CCA installation. MCE

“The radio repeater is not 
a huge consumer of electricity. 
It's a very important component 
of our radio system, but you can 
imagine our monthly electric 
bill from Duke was not a big 
number,” said Mark Collins, 
environmental protection 
specialist at Great Smoky 
Mountains National Park. “Part 
of the line within the park runs 
along a gravel road and then 
it goes up to the top of the 
mountain. As it starts up the 
mountain it goes through some 
very steep terrain. It's just a lot of 
work for a little bit of electricity 
and a lot of safety issues.”

The 13 acres of land the 
power lines sat on belongs to 
the National Park Service, but 
Duke Energy was responsible 
for its maintenance. That meant 
the utility company had to 
keep vegetation away from the 
lines and occasionally replace 
poles. To do maintenance in 
the steep terrain of Mt. Sterling 

backcountry, supplies would 
often need to be flown in by 
helicopter or hauled up by pack 
mule, Collins said. Permitting 
is also needed every time 
maintenance is required in the 
park. 

Duke Energy sought an 
off-grid alternative for the 
communications tower. The 
utility, in partnership with the 
National Park Service, was 
able to free 13 acres of Smoky 
Mountain forest of powerline 
by building a solar+storage 
microgrid instead. This gave 
the communications tower the 
power it needed to keep the 
radio on and also granted it 
energy independence.

“[Duke] made a significant 
investment in the microgrid 
itself, but I think they’ll reap the 
return on investment by the 
reduced maintenance, because 
some of those poles needed to 
be replaced in the near future,” 
Collins said. “There was some 

Construction crews install a chain link fence 
around the solar+storage microgrid on Mt. Sterling. 
National Park Service

The solar+storage array 
eliminated 3.5 miles of 

powerline that originally ran 
up the mountain and through 

forest areas.
National Park Service
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expensive maintenance getting ready to 
come down the pike.”

Duke Energy hired Fluidic Energy 
(now acquired by NantEnergy) as general 
contractor and Sky Renewable Energy 
and Industrial Solar Consulting as 
subcontractors for the project.

The communications tower is now 
powered by a 10-kW solar array paired 
with a Fluidic Energy 95-kWh zinc-air 
battery that was installed in Spring 2017.

The solar array is composed of 36 
SolarWorld panels, mounted with Milspec 
Earth Anchors helical screws next to 
the communications tower. The 350-W 
modules face south at a 30° tilt. The 
array is equipped with a GE inverter, a 
Fluidic Energy Data Acquisition System 
and a Fluidic Energy hybrid battery stack.

Installing a microgrid in this remote 
location posed its own challenges. 
The microgrid installers tried to create 
minimal disturbances during construction 
to preserve the natural wilderness 
experience of backcountry camping in 
the area.

“We have very detailed 
environmental studies to make sure 
that we’re not negatively impacting the 
land,” Abdelrazek said. Supplies for the 
microgrid were flown in by helicopter. 

Power lines were removed in 
November 2018, and the land is now left 
to return to a natural state. 

“It benefits us because we're 
removing unnatural governance from 
an area that we can now allow go back 
to its natural state,” Collins said. “I think 
visitors will benefit because that visual of 
a power line will no longer be there.” SPW
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JinkoSolar 1,500-V panels were installed 
on a 64-MW D.E. Shaw project in Kingman, 
Arizona, by Swinerton Renewable Energy. 
JinkoSolar

KELSEY MISBRENER
SENIOR EDITOR

High-voltage solar systems
save contractors cash

C r a n k  i t  u p :

Ever since ground-mount 1,500-V systems 
were mentioned in the 2017 

National Electrical Code, manufacturers have been working hard on 
1,500-V-rated solar panels, inverters and everything in between. Higher 

voltage solar equipment allows installers to condense systems while 
achieving the same power output.

Section 690.7 in the 2017 NEC established for the first time that 
ground-mount systems can have a maximum voltage of 1,500 V. Large utility-

scale systems had already started shifting to 1,500 volts in the years prior to 
this code because of different standard requirements, but the updated code 

opens the possibility of 1,500 volts for smaller utility-scale projects and the 
high-voltage string inverters that suit that market well. 

The “2017 International Technology Roadmap for Photovoltaic (ITRPV)” 
highlighted the trend of system voltage increasing from 1,000 volts to 1,500 volts. 

The study found that from 2020 onwards, the 1,500-V market will be greater  
than 30%, and that voltage will reach a market share of greater than 50%  

beginning in 2025. 

What is 1,500 volts?
An increase of 500 volts allows contractors to condense systems because each inverter 

can process more energy. More panels can be connected in series to make longer strings. 
Fewer wires are needed. Fewer inverters are needed because they can accept more 

power. But a 1,500-V system can only work if all components are rated to perform  
at 1,500 V. 

Most solar panel manufacturers have begun updating their panels used in utility-scale 
projects to 1,500 V. Jeff Juger, director of business development for JinkoSolar, explained that 

solar installers will still need the same number of total panels to reach the intended wattage in 
a 1,500-V system, just fewer strings of panels. For example, if a module’s voltage at open circuit 

(Voc) is 45 VDC, then a 1,000-V system allows 22 modules (1,000/45) in a string whereas a 1,500-V 
system allows 33 modules (1,500/45) in a string.
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The cost of 1,500-V modules is essentially the same as 
lower-voltage panels, though slightly different materials are 
used in production. Juger said the only issue with these 
upgraded panels is the increased opportunity for potential 
induced degradation, or PID.  

“High voltage can create risk of PID, where ions 
migrate from the cells to the module frame, resulting in 
current leakage,” Juger said. “Jinko was the first to offer a 
framed PID-free module and has had no issues with PID 
in its 1,500-V modules.”

Current drives cost
Higher-voltage systems are cheaper because fewer 
materials are needed, from big things like inverters 
to small things like wires and disconnects. This is 
because current, which is inversely proportional 
to voltage, will go down as voltages go up. 
Conductor sizes can decrease because the 
current is less, and costs go down with 
conductor size. 

“The adage that we have here is current 
drives cost,” said Eric Every, product manager 
at Yaskawa - Solectria Solar. “The higher that 

CPS America’s 1,500-V string inverter. 
CPS America
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The higher that you 
make your voltage, the 
less actual commodity 
material that you need to 
purchase

you make your voltage, the less actual 
commodity material that you need to 
purchase.”

Every said going up from a 1,000-V 
to 1,500-V system just means making 
the wire insulation a little bigger, 
while going down in voltage and 
current requires more actual copper 
material within the wires. Using more 

copper is expensive in the case of 
multi-megawatt projects, so using 
less copper with 1,500-V systems is a 
welcome option for large-scale solar 
developers and installers.

Big systems, big gains
1,500-V cost savings are greatest when 
deployed at a large scale. That’s why 
1,500-V central inverters have become 
the dominant, and basically exclusive, 
choice for new large utility-scale 
installations in the United States, while 
1,500-V string inverters are just now 
entering the market to serve smaller 
utility projects.

“With this shift to 1,500 volts, 
you get more powerful inverters,” 
said Carlos Lezana, marketing and 
communications for solar for Ingeteam, 
which manufactures both string and 
central inverters. “If you develop [a 100-
MW] power plant with a 1,500-V central 
inverter, you will need less units [and]  
less inverters than if you do it with  
1,000-V inverters.”

Fewer central inverters means less 
labor and fewer combiner boxes needed 
to consolidate wires in these high-voltage 
installations. Fewer inverters also means 
fewer technicians needed to fix problems 
after commissioning.

“When you have less inverters, then all 
those costs, those labor costs, are reduced,” 
Lezana said.

Although moving to 
1,500 volts comes with 
many benefits, there are 
downsides too. More voltage 
passing through fewer 
central inverters means more 
power loss if an inverter fails. 

“Obviously if you 
have less inverters, it’s 
because each one of them 
is managing more power, 
so if one goes down, then 
you lose more power,” 
Lezana said. “All PV inverter 

manufacturers have a failure rate. You have 
to make sure that your suppliers, or the 
company that is in charge of the operations 
and maintenance, is going to be very fast 
in the response, because you want to have 
your power plant operating at full power all 
the time, as many hours as possible.”

Enter 1,500-V string inverters
1,500-V string inverters entered the utility-
scale market about a year ago but make 
more sense for smaller, community solar 
projects.

For example, with a 20-MW power 
plant, EPCs could use five or six 1,500-V 
central inverters or hundreds of 1,500-V 
string inverters. The choice would come 
down to overall cost and serviceability, but 
it’s clear that large utility-scale projects 
might still stick with central inverters. 

“If you’re doing 100 MW, I’m not really 
sure it makes sense to use string inverters,” 
Every said. “We’ll bid a project on it, but 
likely the customer will choose the centrals 
because they’ll be able to have that 
granularity.”

Ingeteam’s 1,500-V central inverter. 
Ingeteam
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The serviceability of string inverters 
in general makes 1,500-V string 
inverters an attractive option for smaller 
utility-scale systems.

If one fails, only one string is 
affected and can easily be swapped for 
a new unit without much delay. Central 
inverters are still cheaper than string 
in terms of cents per watt on large 
utility-scale projects, but string may win 
out for simpler serviceability, especially 
when higher voltage raises the stakes. 

“The recovery is much faster on 
string. You just do a simple replacement 
with spare units that might be on site. 
A replacement can be done in half 
an hour, so it’s a fast recovery,” said 
Ed Heacox, general manager of CPS 
America.

Solectria has chosen to approach 
the 1,500-V market with only string 
inverters because of this fact. The 
company is considering its 1,000-V 
central inverter a legacy product now—
not recommending it for new designs. 

“When we decided to produce a 
1,500-V product, we said, ‘Hey, we’re 
going to have a really hard time with 
this O&M issue if we go with a central 

inverter. All of our customers really like 
the serviceability of that string inverter, 
let’s just do that,’” Every said.

Wood Mackenzie Power & 
Renewables’ “Global PV Inverter and 
MLPE Landscape: H1 2018” found 
three-phase string inverter shipments 
grew 59% year-over-year and exceeded 
central inverter shipments by nearly 
7 GW from 2015 to 2017. It found that 
2018 was the beginning of increased 
adoption of string inverters in the 
United States because of new 1,500-V 
string inverter models.

“We’re finding that a greater 
percentage of the projects that our 
customers are doing are implementing 
them with a string inverter topology as 
opposed to central inverters. And every 
year that percentage seems to go up,” 
Every said. 

Solectria has traditionally focused 
on C&I projects between 100 kW and 
20 MW, with most of them being 1- to 
5-MW commercial rooftop or small 
ground-mounted projects. Its new 
1,500-V string inverter, which will 
begin shipping in December 2018, will 
target the “I” part of C&I—industrial, 

distribution-connected, community 
solar, corporate procurement-type 
projects.

“If it’s a comparison between 
1,500-V and 1,000-V [string inverters], 
the cost savings are real for the 1,500 
volts,” Every said. The lower build cost 
that results from less labor in the field, 
less terminations and less wire can help 
installers win more bids. 

“You get a better cost per watt in 
your modules, you get a better cost per 
watt when you look at the pipe and wire 
in the system,” Every said.

Danger: High Voltage!
Increased voltage means increased 
safety consequences for workers if 
something goes wrong. But Heacox has 
faith in industry codes and standards.

“The standards and regulations 
account for higher voltages, so 
theoretically there should not be any 
increased safety risks related to this,” 
Heacox said. “I do trust that, actually. 
People know more energy is more 
risky.”

John Drummond, CPS America 
applications engineer, added that 

A 1,500-V, 180-MW sPower project in Cantil, California. 
JinkoSolar
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installers must be sure to use 1,500-V-rated equipment, from 
wire insulation to voltmeters and everywhere in between. 
Installers must also remember that working space clearances 
are different for 1,500-V projects. 

“The typical working space clearances for 600 and 1,000 
volts are not applicable to 1,500 volts. You have to use taller 
fences, keep things spaced further apart, add extra lighting, 
stuff like that,” Every said.

Although Drummond and Heacox do believe 1,500-V 
technology is safe, it is still bound to the ground. Drummond 
said he foresees a future where 1,500-V systems can go up 
on roofs too, but it would require industry acceptance.

“Really early on…these types of applications were 
‘behind the fence,’ and I think just as we shifted from 600 to 
1,000 volts, it’s the same kind of hesitancy to shift to 1,500 
volts for all applications,” Drummond said. 

Every does not see 1,500 volts ever being allowed 
on residential rooftops due to safety concerns, but he 
said 1,500-V commercial rooftop solar could be a future 
possibility. However, the long strings that come with 1,500 
volts would be limiting when designing rooftop array 
configurations. Putting 26 to 28 panels in a straight line is not 
always easy. 

“In 1,000-V [rooftop systems]…you get a little more 
flexibility with how you lay out your rooftops because your 
strings are shorter. You’ve got to run a couple more wires, but 
at least you can pack up the roof a little bit better,”  
Every said.

High-voltage solar systems bring flexibility and cost 
savings to solar installers, and options will continue to  
expand as more innovative 1,500-V solar equipment  
enters the market. SPW
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Three ways to protect solar arrays 
from frost heave

There’s an inherent long-term difficulty 
to installing solar arrays in regions that 
experience winter weather. During 
those months overcast skies minimize 
sunlight exposure; snow can cover 
panels, blocking out light entirely—and 
that’s just on the surface. Below the 
soil, pockets of moisture wait, capable 
of freezing, expanding, moving and 
possibly damaging modules and 
mounts if ground temperatures drop 
low enough. 

The phenomenon is known as 
frost heave, and it could mean extra 
operating fees, maintenance and 
repairs for solar system owners.

“[Frost heave] is basically 
underground in the pore space in 
your soil,” said Mike Faraone, director 
of engineering at TerraSmart. He is 
authoring a white paper on frost heave 
that he expects to complete this year. 
“You have this formation of these ice 

lenses, and if you have a water table 
nearby, those ice lenses grow. They 
start sucking up more and more water, 
and then they heave the soil up. You 
can see a foot of deformation of the soil 
actually coming up out of the ground.”

There are telltale signs of frost 
heave affecting a solar array. Ice lenses 
jack array foundations up, causing 
bows in panel tables, and, in extreme 
cases, damage to the solar panels. 
Solar installations are susceptible in 
states with temperatures that drop 
below the freezing point. 

Previously, the solution to frost 
heave prevention came at an added 
cost with more steps for installers. 
Foundation sites were cleared several 
feet down to frost depth, posts lined 
with PVC sleeves and holes filled with 
gravel or frost-resistant soil. Cement 
foundations were avoided since they 
can crack in freeze-thaw weather, and 

too much surface area on a driven 
pile can cause frost jacking. However, 
three solar companies have engineered 
and manufactured solutions to frost 
heave, each cutting down install times, 
unnecessary excavations and material 
costs for solar projects. 

TerraSmart ground screw
Frost heave isn’t an issue exclusive 
to solar. Any industry that mounts 
structures atop or within soil needs 
to be aware of frost depth to keep 
everything in one piece. TerraSmart 
is a turnkey solar company with 
headquarters in sunny Fort Myers, 
Florida, and a manufacturing facility 
in Columbus, Ohio. The company 
specializes in ground-mount installation, 
and its solution to frost heave is its 
proprietary ground screw. 

“Our advantage at TerraSmart 
is that we can work in a lot of rocky 

TerraSmart ground screws sit partially submerged in 
an expanse of Moapa Band of Paiutes land in Nevada. 
For frost heave prevention, the ground screws’ 24-in. 
threaded section is driven below the frost depth line. 
TerraSmart
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A TerraSmart ground screw 
pierces an exposed rock. 
TerraSmart

terrains, along with sloped terrains and 
high slopes,” Faraone said. “We kind 
of mitigate a lot of the earth work even 
there.” 

The ground screws have proven to 
work in less-than-ideal soil and can even 
pierce buried rock if need be. 

To install a TerraSmart-supported 
system, four ground screws are drilled 
into soil, and the rack is attached to the 
screws. The 24-in. threaded section of the 
TerraSmart ground screw is driven below 
the frost depth line—usually designated by 
a groundwater channel—that leads to frost-
free soil below. When backward force like 
frost heave is applied to the ground screw, 
its threads resist being pulled out. They 
create a cone of soil that further secures 
the ground screw into place. 

“There’s no extra material; there’s 
no extra construction issues in the field,” 
Faraone said. “It’s just the ground screw 
ready to go.” 

A TerraSmart ground screw can be 
installed in about one minute. 

“When frost heave was first becoming 
an issue brought up to TerraSmart, we 
were building some of these arrays in 
northern regions that we were actually 
seeing [frost heave] on some project 
sites—they thought our racks were 
sinking, and when we came out there and 
resurveyed, we saw that it didn’t move. We 
finally realized that actually the soil was 
heaving up so much that it was raising up 
around our ground screw and then settling 
back down,” he said.

The ground screw was holding the 
array in place. In this case, the soil was 
what was moving.  

Nuance Energy’s Osprey PowerPlatform
It’s ironic that a mounting system designed 
to stay put is named after a fast-moving 
bird of prey. Nuance Energy Group set 
out to make the Osprey PowerPlatform a 
feasible option for installers big and small, 
using a patent-pending earth anchor to 
keep solar arrays in place. 

The Osprey PowerPlatform is secured 
using anchors that are driven into soil 
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vertically using a pneumatic hammer. Once 2 to 4 ft in, a wench 
is attached to the anchor’s steel cable and hand-cranked, so it’s 
pulled horizontally in place while submerged. This creates ground 
tension, making the soil above it a weight, keeping the anchor  
in place.

“That is fundamentally different than how other ground-mount 
systems are installed,” said Brian Boguess, CEO and co-founder of 
Nuance Energy. “We borrowed technology from other industries 
and applied it to solar.”

According to a Nuance white paper, “essentially, earth 
anchors work the same way as helical piles and ground screws 
but with much less steel, greater adjustability and without the 
need for the specialized installation equipment.” The anchor is 
held to the rack with a steel cable instead of a pile.

Nuance developed the Osprey PowerPlatform for ease-
of-use, making the entire mounting system, racking and 
modules installable with small power tools. As a testament to its 
effectiveness in cold conditions, the ground-mount system is used 
in a 940-kW solar installation in Old Crow, Yukon, Canada—one 
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of the northernmost solar arrays in 
the world. Its anchors were driven 
through 2-ft layers of permafrost 
with the same tools.

Like the ground screw, the 
earth anchor is installed below frost 
depth, lined to the surface with a 
steel cable. There’s less surface 
area for frost heave to act on than a 
traditional driven pile. 

“It reduces damage to 
equipment and modules and 
reduces the amount of material, 
whether it be steel or concrete in 
the ground, to essentially overcome 
the heaving effects of typical 
systems,” said Jono Stevens, VP 
and co-founder of Nuance Energy. 
“Whether it be a pile-driven system 
or concrete—those systems sort of 
require that they don’t move. So in 
order to combat the effects of the 
heave, installers have to go very 
deep, again depending on the soil 
conditions, and put either a lot  
of concrete in the ground or a lot  
of steel.”

AP Alternatives’ Helical Anchor
An inch of surface area on a helical 
anchor can mean the difference 
between an attached array staying 
securely fastened or being uprooted 
by frost heave. The greater the 
surface area of a pile, the easier it is 
for frost heave to jack mounts out of 
place. AP Alternatives, a mounting 
and racking manufacturer from 
Ridgeville Corners, Ohio, has a 2-in. 
helical pile that has proven effective 
in frost-laden soils.

“The No. 1 thing is the 2-in. post. 
You calculate the outside surface 
area of that post, and that surface 
area is what the frost can grab 
on and pull it out of the ground,” 
said Josh Von Deylen, CEO of AP 
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Alternatives. “So, using a 2-in. post allows 
us to have a very small surface area for 
frost to grab ahold of.” 

AP Alternatives was founded 10 years 
ago in Northwest Ohio, where installers 
have always faced frost heave. Von Deylen 
said a lot of progress has been made in the 
past two years for combatting frost heave, 
but they’ve been aware of the phenomenon 
since the start.

“We really started in a frost zone from 
day one 10 years ago and understanding 
the frost jacking and the calculations that 
are going with it,” he said. “Back then, 40 
or 50 MW was all there was in the local 
Ohio-Michigan area, but we had a good test 
well, as [50,000] to 60,000 anchors were 
installed in these frost zones with never any 
issue. So, we knew that our calculations and 
the way we were installing and designing 
is correct—not only from a mathematical 
standpoint, but we also have proof of time.”

The 2-in. helical anchor has various 
helix attachments for use in different soils. 
Like the previous foundation options 
mentioned, it too is driven below the frost 
line, wedging the earth above it when 
pulled upward. 

“Other companies you hear put 
coatings on their anchors, put sleeves on 
the anchors, drill out their anchors and then 
they put sand in the hole,” Von Deylen said. 
“Maybe other companies go twice as deep, 
have massive calculations. We do not do 
any of that with a helical anchor. As long as 
we get the helix underneath the frost line, 
it’ll stay.” 

AP Alternatives’ helical anchor has 
been installed more than 500,000 times 
and a large portion of those are in 3-ft or 
deeper frost.

Technological advancements in mounting 
continue to make more solar installations 
possible even in the most brutal climates. SPW

Nuance Energy’s solu-
tion to frost heave is a 

proprietary ground anchor 
that’s driven into the 

ground and attached to the 
mounting system with a 

steel cable. 
Nuance Energy
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Don’t forget the backsheet
Advanced module designs need updated backsheets

Adapting backsheets for 
mainstream module updates, like 
1,500-V models and bifacial panels, 
is of greatest importance right now. 
The backsheet community is split as 
to whether back-contact modules are 
a growing trend worth investing R&D 
into, but manufacturers are keeping 
an eye on it. Other panel advances 
are well into the future, but the more 
successful backsheet brands are 
staying on top of trends, keeping 
reliability as the core focus.

1,500-volt modules
The solar industry is moving from 
1,000-V to 1,500-V systems, and 
backsheets need to follow suit.

"The main requirement of the 
backsheet is electrical insulation. If 
you want to change from 1,000 to 
1,500 volts, then of course you have 
to consider higher requirements 
for electrical insulation," said Marco 
Jaeger, PV product manager at 
Dunmore, a backsheet manufacturer.

Backsheets are often an afterthought 
when it comes to solar panels, since 
they're not really made to be seen. 
Adhered to the back of modules, 
backsheets provide electrical insulation 
while also sealing the modules from 
outside forces like moisture and UV light. 
With the attention being paid to new 
module advances like higher voltages and 
unique cell designs, extra consideration 
must also be afforded to the backsheet. 
The same polymer-based backsheet can't 
be slapped on every module. 

technology, panels - SPW 01-19 v4 FINAL.indd   43 1/22/19   7:50 AM



P A N E L S  T E C H N O L O G Y

4 4   SOLAR POWER WORLD       1 • 2019        www.solarpowerworldonline.com

The International Electrotechnical 
Commission (IEC) has updated its 
backsheet requirements for higher 
voltage systems, now mandating 
that 1,500-V panels have thicker 
backsheets. Each backsheet has 
three layers, and the middle/thickest 
layer provides most of the insulation 
properties. By increasing that core 
layer on 1,500-V systems, these panels 
are better insulated from the higher 
voltage. A thicker backsheet also 
provides another benefit, said Mark Ma, 
global marketing manager for DuPont 
Photovoltaic Solutions—more panel 
stability.

"This also helps a little bit to 
prevent or reduce the microcracking 
of the cell," Ma said. "You want to 
use a thicker backsheet because the 
wafer of the cell is getting thinner. By 
using a thicker backsheet, after some 
mechanical loading, the microcrack on 
the cell is less."

Bifacial modules
While the bifacial module market—
which exposes both sides of a solar 

cell—has largely turned to glass-glass 
designs, replacing the backside with 
a transparent backsheet instead can 
provide many advantages. DuPont and 
Dunmore have released backsheets 
for bifacial modules, both providing a 
transparent sheet with a white grid for 
extra reflectivity between the cells. 

“It’s tough to compare glass/glass 
and glass/backsheet modules since 
they each have advantages and 
disadvantages,” Jaeger said. "With 
the bifacial backsheet design, the 
idea was to have some selective 
light management. We have higher 
power output because of the 
reflective stripes."

A bit more power generation 
from those white stripes is not the 
only advantage of using a backsheet 
instead of glass on the back of a 
module. Not only are the modules 
lighter and easier to transport and 
install, limiting the use of glass also 
limits the opportunity for potential 
induced degradation (PID). Sodium 
ions in glass drift when exposed to 
voltage, allowing electrical current 

to leak out of a module that’s now not 
performing at its peak power. Bifacial 
modules with transparent backsheets 
reduce PID concerns by one-half over 
glass-glass models. 

Back-contact modules
DuPont, which manufactures the 
popular polyvinyl fluoride (PVF) 
backsheet brand Tedlar, makes sure 

DuPont developed its clear Tedlar 
backsheet for bifacial modules. 
DuPont Photovoltaic Solutions

the solar industry 
is moving from 
1,000-V to 1,500-V 

systems, and 
backsheets need 

to follow suit.
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all its backsheet advances are 
tested to last. The company doesn't 
just hop on a trend, as is evidenced 
by its lack of enthusiasm for back-
contact modules.

"We get our inputs from the 
technical community," said Kaushik 
Roy Choudhury, senior scientist 
and a project leader at DuPont. "We 
have had internal programs with the 
circuitry printed on the backsheet 
to make contact more feasible 
involving back-contact modules; 
however, as a market trend, I don't 
think we have enough indicators 
that back-contact cells are going to 
be a major player in the market."

Global science-based company 
DSM disagrees. The manufacturer 
recently launched a conductive 
backsheet for back-contact 
modules that the company claims 
can increase the panel's energy 
output by 3%. Module manufacturer 
Silfab quickly bought into it, using 
the conductive backsheet on its 
new line of back-contact modules. 

DSM's design uses a network 
or pattern of metal foil attached 
to a regular backsheet to make 
a "conductive" polymer sheet. 
Coupled with the back-contact 
technology, which moves all the 
electrical contacts from the front of 
the cell to the back for maximum 
front-module energy capture, Silfab 
claims its conductive-backsheet 
modules outperform conventional 
modules by 30%.

"Long-term, our conductive 
backsheet has broad potential 
for all kinds of applications," 
said Pascal de Sain, VP of DSM 
Advanced Solar, in a press release. 
"Right now, we focus on commercial 
and residential rooftops, as well 
as building-integrated solutions, 
where maximum power output and 
aesthetics are essential.”

Future module advances
Not all module designs may require 
advanced backsheets. For example, 
half-cell modules, which use half-cut 
cells for increased panel performance 
and durability, function the same as 
full-cell modules. The only difference is 
the half-cell layout may require larger 
backsheets, but their design doesn't 
impact backsheet requirements.

DuPont is not just looking at new 
cell designs. It's also exploring the basic 
science behind the individual cells. 

"Beyond the p-type PERC cells, 
which we think will be highly adopted 
in 2019 and 2020, I think the next wave 
would be around n-type PERC, which 
will be the next-level cell technology," 
Choudhury said. 

More brands may be switching over 
their production lines to adapt to this 
trend. P-type cells are inherently more 
susceptible to degradation because of 
their chemical makeup, and DuPont has 
heard of more severe PID issues with 
p-type PERC modules. The company is 
trying to update its backsheet to reduce 
PID chances, but it's also looking at how 
to better protect n-type designs, which 
have lower PID concerns. 

"For n-type, we believe it is a 
little bit more sensitive to moisture," 
DuPont’s Ma said. "If the backsheet 
could have a lower water vapor 
transmission rate, that could improve 
the performance of the n-type cell."

Backsheet companies are staying 
vigilant to avoid missing any module 
design trends.

"We get a very relevant and 
accurate voice of the customer from 
the market and integrate that into 
our product development, leading 
to relevant products," Choudhury 
said. "We keep pace with all the 
new technology, but we are always 
concerned about reliability." SPW
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Green Solar Technologies
has American solar pride

Green Solar Technologies  
North Hollywood, California

National solar installer Green Solar Technologies found itself in a tough spot in 
2017. A dedicated SolarWorld module buyer, the company was asked to testify 
in favor of the tariffs on imported solar panels. Although the company was a 
proponent of using U.S.-made solar panels, COO Edward Harner said the decision 
to come out as pro-tariffs was still risky.

“Did we really want to be the only installer to be in favor of the tariffs? We 
knew there’d be some backlash,” he said. GST ultimately did testify in favor of 
the tariffs to the International Trade Commission. “We wanted to make sure to do 
what’s best for consumers. We were getting calls all the time from [foreign solar 
panel] companies that we had never heard of. Any company can write a 25-year 
warranty, but how do we know in 10 years whether that warranty would mean 
anything? We thought that in order to keep the industry honest, there needed to 
be something done.”

Luckily for GST and the installation market, the tariffs announced in early 
2018 didn’t affect the industry as disastrously as predicted. But with new panel 
manufacturers entering the U.S. market and SunPower buying SolarWorld, GST 
had to find a new U.S. panel supplier. The company just recently chose Texas-
headquartered Mission Solar.

“We always knew that Mission Solar made good panels,” Harner said. 

“The things that we considered on top of the quality is 
the capacity of their production. We are a high-volume 
purchaser of panels. It’s kind of untested as far as how 
many [panels new U.S. manufacturers] can actually 
produce. It takes a long time for the production capacity to 
be reached, and we need continuity in our company.

“I trust American-made panels. In order to be 
competitive, all of these companies are going to have to 
do their testing,” Harner continued. “It just comes down to 
who can produce enough to fill the demand.”

And GST has serious demand. The company started in 
Los Angeles in 2011 and has since expanded into 24 states 

I trust American-made panels. in order to be competitive, all of 
these companies are going to have to do their testing. it just 
comes down to who can produce enough to fill the demand.

KELLY PICKEREL
EDITOR IN CHIEF

Podcast Alert!
Listen to this and other 
Contractors Corner podcasts 
on solarpowerworldonline.com
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across the country. The decision to move outside of California 
came five years ago when competition in Southern California 
exploded.

“We decided to go where there was not a lot of 
competition,” Harner said. “We started just moving east with 
Nevada, Arizona, Texas, Colorado and just kind of followed 
where there was demand and where we thought we could get 
more solar business. Now we’re operating in 24 states, and 
we’re always looking for new markets to enter.”

The company’s plan of attack is to find markets that have 
solar demand but not a lot of installers. Instead of serving 
Denver, Green Solar Technologies works further south in 
Pueblo, Colorado. Instead of Dallas, the company serves 
Lubbock, Texas. While other national names focus on the 
major cities, GST has found there are many second- and third-
tier cities with just as much demand.

GST works primarily in the residential market, but it will 
take on a few commercial projects under 500 kW if they come 
up. Harner said the company doesn’t shy away from complex 
projects.

“If a customer wants solar, we’ll make 
sure that they get it one way or 
another,” he said. 

Green Solar Technologies
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“We build pergolas, we do 
carports, we do ground-mounts, 
we will do it on any roof as long 
as we know that roof is good. We 
talk to hundreds of homeowners a 
day and at least 20% have already 
considered solar and either the 
local companies didn’t have 
financing that we can provide 
them, or it was too complex of a 
job. We do it, and we just try to 
get more people solar every day.”

Green Solar Technologies 
is always looking to expand into 
more states, but the company 
wants to do it smartly.

“Out of the other nationwide 
solar companies, we’re not funded 
by huge investment by external 
sources. We started as a private 
company and remain private, so 
we really do have to pay attention 
to the bottom line,” Harner said. 
“Up until now, we’ve been less 
concerned with market share and 
more concerned with profitability. 
We have a good foundation now 
that we can start really utilizing 
all of our resources and grow. So 
hopefully you’ll hear Green Solar 
Technologies mentioned the same 
way you hear Tesla or Vivint or 
Sunrun.” SPW

we talk to hundreds 
of homeowners a 
day and at least 
20% have already 
considered solar.

S O L A R
C L I P S

S O L A R
C L I P S

233A South Street  |  Hopkinton, MA 01748  |  800.539.3939

www.ninefasteners.com

NFI-1306-V90
90º oriented clip intended to secure two 

USE-2 wires or a single PV wire to standard 
module frame.

NFI-1701
Brand New rail mounted clip for use 
with Enphase IQ microinverters

DCS-1306
Designed to secure two USE-2 wires or a 
single PV wire to standard  module frame.

NFI-1307-V90
90º oriented clip intended to  secure one or 
two PV wires to standard module frame.

NFI-1463
Clip designed to secure a single Enphase 

trunk cable to module frame.

DCX-2452A
Designed to secure two Enphase trunk 
cables on to most rail/racking systems.

For FREE product samples, please reach out to Vin Marino
vin@ninefasteners.com or 800.539.3939

DCS-1307
Designed to secure two PV wires, up to 

.30” diameter, to module frame.
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W
hether you see the solar+storage 
market as just emerging or already in 
full-force, there's one statement we 
can all agree on: it's here. Last year 

was a turning point for solar+storage. As more 
utilities developed time-of-use rates and demand 
charges, and compensation for net metering 
declined (and don't forget weather events lending 
to increased interest in battery backup), energy 
storage systems became more attractive to U.S. 
homeowners and businesses. Prior to 2018, 
less than 200 MW of residential energy storage 
was installed in the United States. IHS Markit 
forecasts residential energy storage to quadruple 
by 2022, with more than 850 MW entering the 
market. Specifically, the combined solar+storage 
market (residential through utility-scale) is 

expected to reach 2.2 GW annually in 2023, 
according to Wood Mackenzie—eight-times the 
size of the 2018 annual solar+storage market. 

The U.S. solar+storage industry has 
the opportunity to expand past just off-
grid installs in the woods. With the help of 
established markets like California and Hawaii, 
solar installers across the country can learn 
best practices to further accelerate solar 
deployments, with the added bonus of energy 
storage. As SEIA explains on its website, "While 
storage can be used in many applications, 
the success of the storage technology will be 
intimately tied to solar because of its potential 
for meteoric growth particularly in the solar 
sector." Welcome to Solar Power World’s special 
section on the U.S. solar+storage market. SPW

Sunnova
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The U.S. solar+storage market 
is on the rise. If your installation 
region allows for the expanded 
use of storage technologies, now 
is a great time to get involved. And 
if your utilities don’t like the idea 
of solar+storage, a little education 
can’t hurt. Here’s a fun look at the 
status of the U.S. solar and storage 
markets to get you going. SPW

Solar+storage annual market 
to reach 2.2 GW by 2023 
(eight-times the size of 2018) 

Intelligent 
grid-connected 
energy storage 
will soon 
outpace stor-
age used as 
backup.

Market Outlook
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U.S. energy storage deployed in 2018
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67%
Behind-the-meter
(residential/commercial) 
solar+storage projects will 
account for 67% of total U.S. 
solar+storage capacity in 2023. 

Behind-the-meter Solar+storage drivers

UTILITY TIME-OF-USE 
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GRID 
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NEM 
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Front-of-the-meter

Storage BOS costs

The median price for 
front-of-the-meter 
(utility-built) storage 
systems has declined 
21% since 2015.

21%

2015 2018 2022

Storage BOS costs declined 42% 
between 2015 and 2018. BOS 
costs are expected to decline by 
a further 25% by 2022.

42%
25%

POWER RAILTM

Commercial Mounting System
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installation on the market.

/ The Fronius Smart Solution is the combination of cell-string optimized modules, the Fronius Rapid Shutdown Box, a Fronius SnapINverter, 

the optional Fronius Smart Meter and the Fronius Solar.web online monitoring portal.
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Of U.S. lithium-ion capacity installed 

through 2017, 

U.S. lithium-ion capacity

Strongest markets

Global lithium-ion capacity

92%
UTILITY COMMERCIAL RESIDENTIAL

8% <1%

92% was in utility-scale, 8% 
was in commercial and less 
than 1% was in residential. 

Between 2008 and 2017, U.S. lithium 
battery installs accounted for 40% of 
cumulative global Li-ion capacity. 

40%
2008 2017

Strongest markets for solar+storage: 
California, Hawaii, Massachusetts, Arizona, New York 

CALIFORNIA ARIZONA

NEW YORK

MASSACHUSETTS

Data from Wood Mackenzie, IHS Markit, SEPA, SEIA, NREL
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Software solutions help 
installers sell more solar+storage

Solar installers looking to add storage 
to their businesses face a number of 
challenges, but software solutions can 
help them with the first hurdle: Analyzing 
and demonstrating the value of storage 
to potential customers. 

Utility rates and storage credits 
vary widely across the country, so 
software can do the background 
work for installers and help them 
relay solar+storage cost savings 
to customers. Navigating different 
policies, like Hawaii's self-consumption 
rules and California's time-of-use rate 
programs, can be difficult for installers 
and homeowners alike. Platforms like 
Energy Toolbase work to display the 
value proposition of adding storage 

for behind-the-meter residential 
and commercial customers. Energy 
Toolbase's software aggregates 
approximately 37,000 unique utility rates 
around the country in its database.

“A huge part of what we're doing is  
trying to provide 
better tools to more 
clearly and simply 
explain the value 
proposition [of 
storage] based on what value 
stream they're selling,” said 
Adam Gerza, COO of Energy 
Toolbase.

Energy Toolbase’s 
software assesses the 
rate schedule and value of 

exported energy, then runs an energy 
storage simulation against those 
figures to help determine the value of 
storage to customers. Although that 
level of detail could be overwhelming, 
Energy Toolbase strives to present 
the information in a digestible way 

If you can’t really concisely explain 
both the savings and all the other 
value propositions of storage, 
it’s going to be an uphill battle 
and you’re just not going to be 
deploying a lot of storage projects.

Energy Toolbase analyzes demand profile 
and costs data for a selected date range. 
Energy Toolbase

                    1 • 2019       SOLAR POWER WORLD 5 9
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for the everyday solar contractor and 
prospective customer. Installers can 
choose from a dropdown of popular 
battery brands to see the cost savings of 
each model over time.

“If you can't really concisely explain 
both the savings and all the other value 
propositions of storage, it's going to 
be an uphill battle and you're just not 
going to be deploying a lot of storage 
projects,” Gerza said. 

Similarly, HOMER Energy’s 
microgrid software can help C&I and 
utility-scale solar developers simulate 
a storage installation to find the 
combination of products that make 
the most economic sense. HOMER 
simulates a viable microgrid system 
that a developer may consider over 
an entire year to help identify the 
cheapest option, using all possible 
combinations of equipment.

“We really try to work with the 
battery manufacturers or the storage 
manufacturers to understand, ‘How will 
this equipment really operate?’” said 
Marilyn Walker, COO of HOMER Energy. 

HOMER’s new microgrid product 
rolled out in early 2018 and can be 
used to simulate scenarios like island 
utilities, grid-connected campuses and 
military bases. 

Walker said she thinks HOMER 
stands out by its ability to precisely model 
storage by incorporating every battery 
spec that matters to installers. She said 
taking the step to simulate a project is 
crucial in a solar+storage installation, 
where there are so many variables 
interacting with each other in real time. 
She thinks simulation should be a regular 
step of the solar+storage sales process.

“I would hope that [contractors] 
would use it to go beyond hype,” Walker 
said. Ideally installers would use HOMER 
to give customers the confidence that 
their solar+storage systems will operate 
in the way contractors have promised.

Helping homeowners understand 
how solar+storage systems actually 
operate is often a challenge for Arizona 
solar+storage contractor Sun Valley Solar 
Solutions. CEO Russ Patzer said many 
customers falsely think installing a battery 
will make them totally grid-independent.

“So the first hurdle was to overcome 
or reset the customers' expectations,” 
Patzer said. “They thought they would buy 
a battery for $3,500 and they could go 
off grid and they'd never have a utility bill 
again, thanks to Tesla's marketing at first.”

After that high-level conversation, 
Sun Valley salespeople use software 
to tell the real story of how energy 
storage can help them.

“Once we got that mindset changed 
in the customer, that's when we could 
really show them our model for them, 
what demand will look like in their 
house, what cost savings they will have 
and then the features and benefits of 
having a critical load panel and having 

Energy Toolbase

The HOMER Grid 
start window.  
HOMER
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it be able to run their refrigerator and 
some lights in the house,” Patzer said.

The company uses Energy Toolbase 
and Geli for background research 
but not for comprehensive customer 
proposals because those programs 
don't accurately calculate rates with 
Arizona’s demand charges in mind, 
Patzer said. Sun Valley uses a custom-
built Excel proposal tool equipped 
with all of Arizona’s specifics to create 
proposals.

Although the in-house solution 
works well for Sun Valley, it does require 
the company to employ an in-house 
programmer to make sure all the latest 
rates and information are up to date. 

“The sales team is just using drop-
down menus in designing the system 
and then all the cost savings or features 
and benefits are modeled naturally for 
them,” Patzer said. “They're not having 
to go in and manually adjust customer 
to customer. It does it for them.”

On the national scale, Sunrun also 
uses an internal solution for all aspects 
of solar+storage deployment, including 
design and proposal, called BrightPath. 

“BrightPath was the industry’s 
first end-to-end platform incorporating 
a cloud-based design system that 
automatically generates optimized 
designs, and it is one of the few tools with 
the ability to design for batteries,” said 

Shane Levy, media manager for Sunrun.
Commercial and utility-scale solar 

installer ForeFront Power often uses the 
software that comes with batteries and 
inverters to sell solar+storage systems 
to large clients like school districts and 
universities. These clients are primarily 
focused on the cost savings value 
proposition of energy storage, so the 
company starts with a careful evaluation 
of a building’s load profile along 
with any existing or proposed solar 
generation, said Kateryna Krasynska, 
director of business development for 
energy storage at ForeFront Power.

“Our engineering team will typically 
develop the sizes and costs of solar and 
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storage equipment that a specific site can accommodate, and we 
then use supplier-provided software solutions or Energy Toolbase 
to evaluate what those systems might result in for customers in 
terms of savings,” said Krasynska. “Combining those inputs, we 
can then evaluate the overall project economics and develop a 
system sizing proposal."

Krasynska said designing storage systems can be difficult 
because of the significant differences in state-level policies and 
goals for energy storage across the country. 

“It can sometimes be a challenge to monitor and impact 
these policies over time in order to offer the best value for our 
customers,” she said.

Still, she thinks customer adoption of energy storage will 
continue to get easier as developers and system manufacturers 
get more experience in this new, innovative market. 

Solar+storage systems are still a bit of a hard sell for 
contractors who are new to the business, but adopting a 
smart software strategy to help with proposals can make it a 
little easier. SPW

HOMER can analyze tariff rates in 
different utility service territories. 
HOMER
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What regular maintenance is required of batteries 
used in solar systems?

Just as different types of solar panels 
change how the overall solar system 
performs and is maintained, the many 
types of battery chemistries influence 
the performance and upkeep required 
of a solar+storage system. If someone is 
looking for a cheap and durable storage 
type, they may choose lead-acid batteries, 
understanding that there is some hands-on 
maintenance required. For system owners 
wanting a hands-off maintenance approach, 
lithium batteries are a popular choice, but 
they don't work in extreme environments. 

The varying degrees of battery 
maintenance can influence which 
energy storage system is chosen 
for a solar+storage application. We'll 
explain the maintenance required 
of four common storage types used 
in the solar industry: lithium-ion, 
lead-acid, nickel-cadmium and flow 
batteries.

LITHIUM-ION BATTERIES
Lithium batteries have become 
the preferred storage choice in 

most solar applications due to their 
high density, low maintenance and 
falling cost, said Eguana Technologies 
founder and CTO Brent Harris. There 
are specific applications where lithium 
is not the best fit, such as in extreme 
temperature ranges (Arctic remote 
power) or where long storage durations 
are required and other technologies 
are more cost-effective. The largest 
maintenance item around lithium-ion 
batteries is their degradation rate. Just 
as with a cell phone, lithium batteries 
used in solar wear out after a certain 
number of charges and discharges. 
That degradation rate must be planned 
for. The two most common lithium-ion 
battery types used in solar+storage are 
lithium iron phosphate (LFP) and lithium 
nickel manganese cobalt oxide (NMC).

Lithium iron phosphate (LFP)
LFP batteries are safe, long-lasting 
batteries. Because they don't use cobalt, 
they do not have thermal runaway (fire) 
concerns and don't require ventilation 
or cooling, so they can easily be 
installed indoors and are great for 
residential applications. According to 
LFP manufacturer sonnen, these lithium 
batteries are ideal for use in stationary 
energy storage, especially if daily cycling 
of the batteries for solar self-consumption 
optimization and grid services is required.

What upkeep is required for normal 
operation?
LFP batteries require no maintenance, 
but their installation location could affect 
performance. All lithium batteries include 
a battery management system (BMS) that 
automatically monitors each battery cell 
for temperature, state of charge, cycle life 
and more to maximize performance. As 

EnSync
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nickel and manganese to the battery 
chemistry, the systems can store more 
energy than other lithium battery types.

What upkeep is required  
for normal operation?
As with all lithium battery types, no 
major maintenance is required of the 
NMC chemistry. The BMS will monitor 
cell voltages, currents and temperatures 
to ensure safety and long life. 

"Extreme operation will shorten 
the life [of the battery], and excursions 
are recorded by our system through 
the BMS to inform warranty claims. The 
BMS shuts the system down in the case 
of any potentially unsafe operating 
conditions," said Eguana's Harris. The 
company manufactures an energy 
storage system equipped with an LG 
Chem NMC battery.

NMC batteries do not have special 
instructions for winter usage, as 
long as safe temperature ranges are 
acknowledged.

"If seasonal storage is required, 
they should be stored indoors," Harris 
said, citing Canadian winters as an 
extreme example.

FLOW BATTERIES—SPECIFICALLY, 
ZINC BROMINE (ZNBR)
ZNBR flow batteries (most commonly 
manufactured by Primus Power) are 
great for large-scale, long-duration 
energy storage. Flow batteries use 
two chemical components dissolved 
in liquids separated by a membrane to 
provide a charge. ZNBR flow batteries 
have a zinc bromide salt dissolved in 
the electrolyte liquid. Primus Power's 
technology is slightly different than 
traditional ZNBR batteries, and features 
no membrane that would need to be 
cleaned or replaced. Primus also uses 
a single tank (fewer parts), and its flow 
batteries have unlimited full charge and 
discharge cycles without degradation. 
Flow batteries in general have very little 
maintenance requirements.

long as the storage system is installed 
in acceptable temperature ranges and 
altitudes, maintenance is nil.

"With LFP there is no regular 
maintenance required as long as 

they are stored 
and installed in 
a location that 
meets the product 
specifications," said 
Carlos Restrepo, VP 
of technology for 
sonnen. "However, 
it is important to 
maintain battery 
temperature away 
from extreme 
temperatures to 
ensure proper 
performance. The 

batteries do not have to be prepared for 
seasonal temperature changes."

This lithium battery type is very 
resilient and durable.

"LFP batteries can be subjected 
to overcharging, very high elevated 
temperatures, and even physical damage 
and stress—such as running into the 
battery with a car while it’s mounted in 
a garage—while remaining safe," said 
Brad Hansen, CEO of EnSync Energy. 
"When using batteries in or next to living 
spaces, picking the safest chemistry as the 
basic building block for the system is an 
important guiding principle."

Lithium nickel manganese  
cobalt oxide (NMC)
NMC batteries are also long-lasting and 
very safe as long as they're monitored by 
a battery management system. By adding 

LFP batteries can be subjected to overcharging, very 
high elevated temperatures, and even physical damage 
and stress—such as running into the battery with a car 
while it’s mounted in a garage—while remaining safe.

sonnen

LG
 C
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m
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What upkeep is required for  
normal operation?
Flow batteries act like fuel cells, so 
they're just boxes with electronics and an 
electrolyte tank. Primus said its Energy 
Pods only need an annual maintenance 
visit from a certified O&M technician for 
routine inspection, new air filters and 
topping off the electrolyte. Flow batteries 
don't have to be prepped for winter and 
can be installed in very cold conditions.

"We monitor all of our deployed 
batteries 24/7 to ensure proper 
performance and proactively address 
any potential field issues. The data are 
available in real time to the owners’ O&M 
provider as well," said Jorg Heinemann, 
CCO of Primus Power. "Our batteries are 
designed to last as long as the solar (or 
wind) part of a renewables and storage 
solution, or longer without augmentation 
or battery pack replacements that lithium-
ion batteries require."

LEAD-ACID
Lead-acid batteries are known for 
being dependable and inexpensive. 
Their grid-like structure is submerged 
in an acidic electrolyte that may need 
replenishing for long, successful 
life. They're heavy because of 
their materials and some have to 
be installed in areas that allow for 

ventilation. Their operating and 
maintenance requirements are well 
understood at this point, so they are 
a good choice for most solar+storage 
applications but should be stored 
in dry locations with moderate 
temperatures.

What upkeep is required for  
normal operation?
The terminal connections in lead-
acid batteries should be checked a 
few times each year to be certain 
they haven't loosened over time. 
Flooded lead-acid batteries will 
need to have their electrolyte levels 
periodically replenished with distilled 
water. AGM and gel lead-acid batteries 
are sealed so they do not need 
electrolyte replenishing.

If lead-acid batteries are not 
being used and placed into storage 
(often during winter), Trojan Battery 
Company said the batteries should 
be fully charged and have the proper 
electrolyte level. Lead-acid batteries 
self-discharge over time and will need 

Primus Power

Trojan Battery Company
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We recommend that 
anyone who is working 
around batteries wear 
safety glasses and 
gloves. If a customer is 
not comfortable adding 
water to their flooded 
batteries, they could 
request outside help to 
perform this task.
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to be recharged to minimum levels 
even if they are not connected to a 
load. This rate of self-discharge varies 
with temperature—high temperatures 
increase the discharge rate while low 
temperatures slow the discharge rate. 

"The maintenance required 
[for lead-acid batteries] is not very 
difficult, but some people are not 
comfortable working around batteries. 
This is especially true of flooded 
batteries where acid is exposed when 
distilled water is added to replenish 
the electrolyte level," said Trojan 
Battery reps to Solar Power World. 
"We recommend that anyone who is 
working around batteries wear safety 
glasses and gloves. If a customer is 
not comfortable adding water to their 
flooded batteries, they could request 
outside help to perform this task."

NICKEL-CADMIUM (NICD)
Nickel-based batteries are ideal for 
remote, off-grid installations because 
their makeup is suitable for demanding 
applications where reliable backup 
power is essential and maintenance 
can’t be regularly performed. They 
work well in extreme temperatures and 
in deep discharge situations.

What upkeep is required for  
normal operation?
Similar to lead-acid battery 
maintenance, electrolyte levels 
should be checked and replenished 
periodically on NiCd batteries, said 
EnerSys. Since nickel batteries can 
work in a wide operating temperature 
range, they do not have to be prepped 
for extreme cold in the winter, but the 
room the battery is stored in should 
not fall below -22°F. NiCd batteries 
can be stored (not connected to a 
load) for up to 12 months as long as 
the environment is dry and within the 
appropriate temperature range.

"Voltage readings and electrolyte 
level checks [of NiCd batteries] can be 

easily performed by system 
owners. Water additions can 
be done by the owner, but 
they need to be comfortable 
with the safety precautions 
outlined in the installation 
and operating manual," said 
Jay Frankhouser, director 
of reserve power business 
development and marketing 
at EnerSys. "Capacity tests 
or other electronic testing 
should be done by qualified 
technicians." SPW
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Weather conditions have changed. Utility situations have changed. 
There’s not a customer in most of the markets we serve that would 
not benefit from having storage as part of their solar solution.

Solar+storage is a mutually beneficial 
marriage. The storage industry will 
take off with solar's help, and more 
customers will go solar now with the 
addition of complementary storage 
technologies. From national companies 
to local contractors, solar installers have 
the opportunity to guide residential 
storage adoption across the country.

Helping solar customers with storage
Sunnova is capitalizing on the storage 
backup trend. The national solar 
installer operates  
in 20 states, 
including in the 
territories of 
Guam and Puerto 
Rico. The frequent power 
outages on the East Coast 

and in the Caribbean really pushed 
Sunnova into the energy storage game.

"Weather conditions have changed. 
Utility situations have changed. There's 
not a customer in most of the markets 
we serve that would not benefit from 
having storage as part of their solar 
solution," said Michael Grasso, Sunnova 
chief marketing officer.

From coast to coast, Sunnova's 
solar coverage area shows varying 
storage support levels. Grasso said 
the company tries to understand each 
of the markets and what the relevant 

consumer benefit of solar+storage is. 
In Hawaii, solar generators can't export 
their power to the grid, so they're better 
off storing and using the energy they 
do generate. In California, time-of-use 
markets make it beneficial to solar 
consumers to use less grid-energy during 
peak times when it’s most expensive. On 
the East Coast, extreme weather events 
and aging infrastructure can bring down 
the grid for extended periods of time, so 
backup power is a real need for some. 

In Arizona, local solar installer 
Sun Valley Solar Solutions integrates 

Sunnova installs LG 
Chem batteries for 
increased warranty 
coverage. 
Sunnova

Solar installers are 

and its market potential

EMBRACING
STORAGE
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demand control solutions into solar projects 
to allow solar customers to take advantage of 
utility storage incentives. One major demand 
element storage can assist with is running air 
conditioning even during on-peak times. 

"We work with 
customers to create 
a safe space in the 
house, because it 
does get so hot here 
in Arizona. We don't 
want to sweat out 
the on-peak times. 
We want to be able 
to live comfortably," 
said Sun Valley CEO 
Russ Patzer. "So 
through a mini-split 
and then putting 
that on backup on 
the critical load, they 
could actually have 
a spot in the house 
that is comfortable 
to live in."

As utilities 
change their rate plans, electricity 
customers are becoming more 
knowledgeable about what storage can 
do to help. 

"There's definitely a higher 
awareness of energy storage in 
the U.S.," said Sunnova's Grasso. 
"Historically, the storage product was 
something that was reserved for fringe 
markets or people living in cabins 
off-grid. With the advent of a higher-
quality, more competitively priced 
lithium-ion battery solution and the 
solar energy equipment manufacturers 
better embracing and simplifying the 
ability to roll the product to market, 

we've seen consumers equally gravitate 
toward it."

Solar installer RevoluSun has had a similar 
experience with selling storage in Massachusetts. 
As a Tesla Powerwall dealer, RevoluSun VP of 
business development Brian Sadler said the 
company was first getting calls just because the 
Powerwall was seen as the must-have new toy. 

Local power outages also fueled interest 
in energy storage as an alternative to 
pricy generators. But with the passage 
of the Solar Massachusetts Renewable 
Target (SMART) program in September 
2018, solar customers in the state can be 
further compensated by adding energy 
storage systems. Sadler said now instead 
of just installing storage as backup energy, 
RevoluSun is seeing increased interest in 
storage as an incentive buy.

"It's getting to a place where it's an 
easier conversation now because there's a 
monetary benefit as well," Sadler said.

Making solar+storage care and 
maintenance easy
RevoluSun went with the Tesla battery 
product to continue to provide its solar 
customers with the top warranties in  
the industry. 

"For our solar systems, we want 
25 years across the board, everything 
guaranteed," Sadler said. "Tesla falls into 
that pot in terms of the Powerwall," even 
though it has a 10-year warranty, which is 
to be expected with batteries and solar 
electronics.

Sunnova also works with Tesla and LG 
Chem for increased warranty coverage. 
All Sunnova solar systems get wrapped 
in a 25-year warranty, even the storage 
system. The company will repair or 
replace all equipment and ensure the full 
solar+storage system is operating at a  
high quality. 

"Whether it's a third-party ownership 
product or a loan product or solar+storage, 
we provide a 25-year bumper-to-bumper 
warranty for that product," Grasso said. "We 
know it breaks. We have our own trucks 
and technicians across the markets that 
we serve that are responsible for going out 
and maintaining systems."

Sunnova solar+storage customers can 
choose to finance their systems through 
PPAs, leases or loans, although Grasso 
said different ownership models change 
the system upkeep required of  
the consumer.

RevoluSun branches 
in Hawaii, Idaho and 
Massachusetts have chosen 
the Tesla Powerwall for its ease 
of installation and recognizable 
brand name. 
RevoluSun
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"My belief is that a third-party ownership product 
is better for a solar+storage solution because it's 
more complicated and there are more facets to the 
product itself," he said. "You really want somebody 
to manage that product for you to ensure the battery 
is programmed for the market conditions that 
you're operating in. Also, the sophistication of those 
technologies is advancing at a pretty regular clip 
because there's a lot of software updates and other 
things that are happening. I think it makes a lot of 
sense for that to be a third-party owned and managed 
solution."

Sadler estimates that close to 50% of RevoluSun's 
solar installations this year will also include storage. 
But there's still a lot of education to be done, 
explaining what having a battery really means. 

"That 'off-grid' term, that's what you commonly 
hear. Technically speaking, you will be off-grid in times 

of an outage, but you're not going to remove those 
lines from your home because that's where all these 
incentives come from in terms of the compensation 
you're going to get for just producing solar and being a 
distributed generation site," Sadler said. "Explaining that 
all to customers…when you need to be off-grid, you're 
going to be off-grid, but the rest of the time you don't 
want to be off-grid. Let's use the grid as your backup."

Sunnova said that interest in storage is getting 
more of those on-the-fence solar customers to 
actually sign the deal. 

"I think that over the next couple of years, you're 
just going to continue to see an explosion of storage 
in the marketplace," Grasso said. "It is getting a lot 
of previously non-intending households to consider 
solar+storage because they weren't necessarily 
interested in just solar. We definitely think that all 
markets will be viable opportunities for storage." SPW
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Having wrapped another solid 

year of solar PV installations, 

expectations and enthusiasm for 

the U.S. solar industry are still at an 

all-time high.

This level of success wouldn’t be 

possible without the innovation, 

ingenuity and determination of the 

people who drive it: leaders. These 

individuals and companies are 

working for the growth of the entire 

solar industry.

The future of the industry will build on 

the foundation of today’s efforts. Solar 

Power World would like to acknowledge 

such achievements on the following 

pages. These accomplishments in 

racking and mounting, inverters, 

modules and more are what drive those 

gigawatts and create jobs.

We think they deserve recognition 

from you, too. Vote online through 

October for one or more of the 

companies listed.
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Celebrating the companies and individuals leading the solar PV industry.

solarpowerworldonline.com/
leadership

Select the company you think has 
provided leadership in the solar industry.
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Voting for this company will identify it as a 
leader in the solar power industry.

Let’s write the future. Together.

ABB is a pioneering technology leader 

in power grids, electrification products, 

industrial automation and robotics and 

motion, serving customers in utilities, industry 

and transport & infrastructure globally. With 

more than four decades at the forefront 

of digital technologies, we are a leader in 

digitally connected and enabled industrial 

equipment and systems with an installed 

base of more than 70,000 control systems 

connecting 70 million devices. ABB operates 

in more than 100 countries with about 

147,000 employees.

Continuing a history of innovation spanning 
more than 130 years, ABB today is writing 
the future of industrial digitalization with two 
clear value propositions: bringing electricity 
from any power plant to any plug and 
automating industries from natural resources 
to finished products. ABB has a rich heritage 
of technology innovation. ABB has invented 
or pioneered many power and automation 
technologies and retained both technology 
and market leadership in many of these areas. 
As title partner in ABB Formula E, the fully 
electric international FIA motorsport class, 
ABB is pushing the boundaries of e-mobility to 
contribute to a sustainable future.ABB

4050 E Cotton Center Blvd Bldg 3, Suite 30 

Phoenix, Arizona 85040

https://new.abb.com
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Voting for this company will identify it as a 
leader in the solar power industry.

Allied Moulded’s achievement of ISO 
9001:2015 certification is a testament to our 
company-wide commitment to providing our 
customers with a quality product. Our full-
service molding operation includes expertise 
in compression and injection molding, using 
thermoset and thermoplastic materials, as 
well as our unique resin transfer molding 
process. Utilizing a modern, automated 
assembly process, we are pleased to provide 
our customers with a superior product at a 
competitive price. 

Allied Moulded’s industrial enclosures can 
be found all over the world in many different 
control applications such as industrial & 
manufacturing plants, waste water treatment, 
wind turbines, security, SCADA, solar, marinas, 
data and telecommunications, mining, and 
more. Allied Moulded’s extensive line of NEMA 
type 4X/IP66 fiberglass reinforced polyester 

Manufacturing Nonmetallic 
Electrical Boxes & Enclosures

(FRP) enclosures, made with our proprietary 
ULTRAGUARD® resin formulation, 
outperform our competitors in the areas 
of: yellowing, gloss retention, discoloration 
and change in texture. With a wide range 
of sizes, accessories and customizations 
available, Allied Moulded offers a complete 
solution to your industrial enclosure needs. 
In addition to fiberglass, Allied Moulded 
also offers our POLYLINE® series, a line 
of polycarbonate, injection-molded 
enclosures.

Allied Moulded Products, Inc.  
(Allied Moulded) is the Contractor’s 

Choice of nonmetallic electrical boxes 

and enclosures in today’s residential, 

commercial and industrial markets. 

Leveraging more than half-a-century of 

experience, headquartered in Bryan, 

Ohio, Allied Moulded has grown to 

become the benchmark of USA-made 

quality within the electrical industry.

Allied Moulded Products, Inc. 

222 North Union Street

Bryan, OH 43506

United States

Phone: (419) 636-4217

Fax: (800) 237-7269

Email: sales@alliedmoulded.com

www.alliedmoulded.com
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Voting for this company will identify it as a 
leader in the solar power industry.

Altech Corporation is an established United 

States based supplier of components and 

devices used in industrial control, instrumentation 

and automation applications. Altech is an ISO 

9001:2000 certified manufacturer and distributor 

of electrical, electronic and electromechanical 

components.

Altech provides a multitude of services  

for customers. This starts with its employees 

where Product Managers provide technical 

support and partner with customers in design 

assistance, ensuring the best solution for the 

application. Next, an efficient Customer Service 

Department ensures that customers are informed 

with complete order information. Depending on 

the product, the versatile Assembly Department 

provides manufacturing, value added or 

customization services to expedite delivery. 

Altech’s Marketing Department has been highly 

recognized for its catalogs, advertising and 

Web site designs, while the Sales Department 

motivates over 20 manufacturer representative 

companies throughout North America, ensuring 

product information is current and complete.

35 Royal Road

Flemington, NJ 08822

Phone: 1-908-806-9400

Email: info@altehcorp.com

www.altechcorp.com

Serving Automation and 
Control Industries Since 1984
Altech’s products meet UL and international 
standards and all are RoHS and REACH 
compliant. Altech’s commitment to quality and 
continuous quality management had been 
recognized since May 27, 1999 when they were 
awarded the prestigious honor of ISO 9001 
certification. Since then, Altech has successfully 
gone through the recertification process and 
maintains a ISO 9001:2000 certification.

Wide Variety of Automation
and Control Solutions
The Altech product line includes miniature 
circuit breakers, busbars, DC-UPS devices, 
digital panel meters, DIN rail terminal 
blocks, printed circuit board terminal blocks, 
contactors, industrial relays, motor disconnect 
switches, pin and sleeve devices, receptacles, 
foot switches, relay modules, safety relays, 
slimline relays, solid state relays, push buttons 
and pilot lights.

Also available are metal detection systems, 
ferrules, marking & engraving systems, fuses, 
power distribution blocks, corrugated tubes, 
liquid tight strain reliefs, programmable relays, 
digital multi-timer, test and measurement 
devices, LED panel lights, mechanical 
thermostats, panel filters, tower lights & wire 
ducts. Altech’s products meet UL and many 
international standards and all are RoHS 
compliant.

Our Policy
Altech Corp.’s Company Policy remains to 
provide adequately stocked quality products at 
competitive prices. Superior customer service 
and delivery are maintained through Quality 
Management System and continuous process 
improvement and to perform these services 
with honesty and integrity. All Altech employees 
are regularly trained in Quality Management 
Systems, and as a team, are committed to 
achieve these goals.

Stainless Steel Enclosed
Motor Disconnect Switches
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Voting for this company will identify it as a 
leader in the solar power industry.

Arrow Solar
2211 South Defiance Street  

Arhbold, OH 43502

1-419-871-9006

www.arrowsolarmfg.com

Arrow Solar, a division of Arrow  
Tru-Line, provides one-stop options for solar 
racking components as well as roof mount 
systems. We offer in-house tube milling, roll 
forming and stamping, and can customize 
any project to fit your specific needs. In 
addition, our overseas partnerships allow 
us to offer significant cost savings to our 
customers, while maintaining the domestic 
quality guarantee. Convenience, reliability, 
quality—three words that define Arrow Solar 
and everything we produce. Call us today to 
learn how we can be your solar partner.

One Source for Every Option  
When you need metal components for solar racking and roof mounting systems, Arrow 
Solar is the answer. With our in-house tube mill, roll forming and stamping capabilities, 
we can provide posts, helixes, zee purlins, brackets, rails and hardware kits, and have the 
engineering and manufacturing capabilities to do much more. In addition, we preserve your 
branding and private label packaging so your customers will never know Arrow Solar was a 
step in the process. Seamless ordering, quality engineering and quality assembly, all done in 
the United States, is part of the Arrow approach.

Our fully equipped facilities offer:
• Samco Tube Machine
• Roll Formers
• Benders
• Press Brakes
• 300-Ton Press
• Shears
• Riveters
• Stamping Presses
• Bagging and kitting lines

 
Global Power, Local Touch 
We have two manufacturing sites as well as five distribution and assembly locations in North 
America. Our overseas operations are directly managed by Arrow Solar, providing the same 
domestic quality at a cheaper price. We can import stampings, aluminum die castings, 
plastic injections, assembled products, galvanized tubing, solid shafts, aluminum extrusions, 
fabricated/ welding, and zinc die castings, giving our customers cost savings and always, the 
Arrow Solar quality guarantee.

The Power of the Arrow Name 
As a division of Arrow Tru-Line, the 
largest manufacturer of garage 
door hardware in the world, Arrow 
Solar brings powerful experience, 
connections, and buying power in 
the components and metals industry. 
In addition, our amazing Arrow Solar 
staff has dozens of years of solar 
industry experience. We have the 
entire package—experience, quality 
and capabilities—making Arrow Solar 
your best partner for solar solutions. 
completion.
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Aurora Bearing Company
901 Aucutt Rd.

Montgomery, IL 60538

Phone: 630.859.2030

Fax: 630.859.0971

www.aurorabearing.com

Aurora Bearing Company was founded 

in 1971 and manufactures the world’s 

most complete range of rod end and 

spherical bearings.

Configurations range from 2-piece economy 

commercial and molded race construction 

through 3-piece precision designs.

Aurora also produces a full line of military 

spec rod ends,spherical bearings, and 

journal bushings. Custom designed rod 

ends,  spherical bearings, and linkages  

are a specialty.

Aurora Bearing Co’s new LCOM 
Spherical Bearings outperform “LS” 
bearings
Like all Aurora Bearing spherical bearings, 
the LCOM series features a one piece steel 
race-way, swaged around the ball for a 
smooth, precise, close tolerance fit, along 
with the benefit of the strength and vibration 
resistance of steel. In addition, this series is 
optionally available with Aurora’s proprietary 
AT series PTFE liner, for a zero clearance, self 
lubricat-ing fit.

Aurora LCOM Spherical Bearings were 
designed to offer a higher level of perfor-
mance with dimensional interchangeability 
for the “LS” spherical bearing category; a 
market segment which has remained largely 
unchanged since the 
1950s. “LS” bearings are 
characterized by being of 
3 or 4 piece construction, 
with an inner ball, an outer 
ring, and a one or two 
piece brass, bronze, or 
cop-per alloy race between. 
Since the early 1950’s users 
of these bearings, which 
are also mar-keted with 
a “FLBG”, “RS”, or “VBC” 
prefix, have had to accept 
the low strength and poor 
vibration resistance of these 
bearings do to the low strength race material. 
Aurora’s LCOM bearings incorporate superior 
materials and manufacturing processes to 
overcome the performance deficiencies 
associated with “LS” bearings.

COM-M Bearings are stronger choice 
for DIN ISO 12240-1 applications 
Metric spherical plain bearings built to DIN 
ISO 12240-1 (formerly DIN 648) schedule 
K often are made with inner races or rings 
made of brass, bronze or copper. For many 
low demand applications these bearings have 
proven to give satisfactory service. However, 
in applications with high loads and/or high 

vibration levels, they can quickly develop 
excess clearance do to the deformation of the 
relatively soft race material.

This weakness is addressed in the Aurora 
Bearing Company’s COM-M series spherical 
bearings. Like all Aurora inch dimension 
spheri-cal bearings, these metric bearings all 
feature a 1 piece steel race way, cold formed 
around a chrome plated, alloy steel ball for 
strength, precision and structural integrity. 
Aurora COM-M series bearings are available 
in sizes from 3mm to 30mm., and follow the 
dimensions of DIN 648 schedule K. Bearings 
are optionally available with Aurora’s self 
lubricating AT series ptfe liner, for a smooth, 
zero clearance fit that is self lubricating and 
maintenance free.

Maintenance free & cor-rosion 
resistant rod ends from Aurora 
The Aurora CM/CW-ET series rod ends 
offer a combination of features unique in the 
rod end industry. Instead of the low strength 
steels typically found in stainless rod ends, 
the ET series features bodies made from heat 
treated 17-4PH material. Not only do they 
offer excellent corrosion resistance compared 
to conventional rod ends, they provide 

greater load capacity, 
strength and durability as 
well. The ET series comes 
standard with Aurora’s 
exclusive AT2100 PTFE 
liner. This, combined with a 
heat treated 440C stainless 
ball, gives a durable, zero 
clearance, self lubricating, 
maintenance free bearing 
interface to go with the 
benefits of the heat treated 
body. Their two piece 
design allows these high 
performance features to be 

exploited at an economical price. The Aurora 
ET series bearings can be used to enhance 
the perfor-mance of equipment in wash down, 
marine, and other environments that require 
extra corrosion resistance.
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Aurora is the solar industry’s leading 

platform for PV sales and system design. 

Aurora streamlines and automates 

the solar design and sales process, 

empowering solar contractors to focus on 

what matters most—satisfying customers. 

Aurora is used by solar contractors across 

the U.S. and around the world, with over 

60,000 projects designed in the software 

every month.

Aurora Solar Inc.
434 Brannan Street

San Francisco, CA 94107

hello@aurorasolar.com

www.aurorasolar.com 

F: https://www.facebook.com/aurorasolarinc/ 

T: https://twitter.com/aurorasolarinc 

L: https://www.linkedin.com/company/aurora-solar/ 

AURORA HELPS YOU DESIGN AND SELL BETTER SOLAR

Aurora Solar is a pioneer in solar technology. Aurora’s groundbreaking software reduces the time 
and resources required to design and sell solar. Its key innovation is precision: Aurora allows solar 
professionals to confidently calculate how many solar panels will fit on a property, how much energy 
they will produce, and how much money they will save a client. By enabling all of this without a site 
visit, Aurora reduces the cost of each installation.   

ACCURATE SOLAR DESIGN

Aurora’s remote site design enables contractors to 
create a 3D model, quickly assess site viability, and 
design a PV system all without leaving their desks.  
With the most validated shading engine in the  
industry, effortless CAD modeling tools, and in-built 
NEC validation checks, Aurora makes robust PV  
design simple.

WINNING SALES PROPOSALS

Aurora’s financial analysis tools use system performance estimates and utility rates to calculate 
financial returns for the solar customer.  Loans, leases, PPAs, and cash payments can be modeled 
without spreadsheets.  Aurora spent over a year researching and developing data-backed proposal 
templates. Project data and financial analysis are seemlessly pulled into sales proposals that close. 

CUTTING-EDGE TECHNOLOGY

Aurora has transformed solar design by 
developing never-before-seen tools for 
the industry. The new Aurora reDesigned 
features a fully 3D design experience, 
in which users can seemlessly move 
between 3D and 2D layouts of their site. 
Features such as automatic stringing 
and obstruction detection, LIDAR, utility 
and incentive databases, and validated 
shade reports allow installers to move 
faster and close more business. With an 
easy-to-use interface, Aurora streamlines 
the process of designing an optimal 
solar installation.
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AXITEC, LLC
1819 Underwood Blvs., Suite 5

Delran, NJ 08075

Phone 856.393.7800 

info@axitecsolar.com 

www.axitecsolar.us

For years the brand AXITEC is one of the 

qualitatively leading global manufacturers of 

solar modules. The engineering in Germany 

controls the global production capacities of 

600 MWp. The core competence comprises 

the complete process chain for solar modules 

from development and manufacturing 

through quality assurance to sales and 

service. With its US headquarters, in New 

Jersey as well as additional warehousing, 

AXITEC offers customers solar modules and 

quick services throughout the United States, 

Mexico and the Caribbean Islands. The Future is Now!
AXITEC is in the prime position to always use the latest technology in the production of solar 
modules. It is no surprise then that AXITEC is one of the leading companies as far as technology 
and cost are concerned.

Product Versatility

AXITEC offers polycrystalline and monocrystalline modules in multiple different sizes and 
designs. From black frame to silver frame, from 60 cells to 72 cells, AXITEC has the right module 
to benefit any size installation. 

Quality 

Years of experience in development, production and distribution of solar modules enable 
AXITEC to provide above-average guarantees. Whether positive tolerances, 15 years guarantee 
or linear performance guarantee, the customer always receives an added value of quality and 
performance.
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Baja Construction Co. Inc.
Corporate Headquarters:  

223 Foster Street  

Martinez, CA 94553

1-800-366-9600

1-925-229-0732

bajacarports.com

Merging Cost Efficiency with Solar 
Optimization.

Baja Construction specializes in designing, 
engineering, supplying, and installing 
high-tensile, light-gauge steel Solar 
Support Systems™. We customize your 
solar project to provide a high quality, cost 
effective structure, tailored to optimize 
specific structural objectives for commercial, 
municipal, and multi-housing family 
developments. These projects include, 
Solar Carports, Ground-Mounts, Covered 
RV & Boat Storage, and Solar/EV Charging 
Stations.

After 37 years in solar carport business, Baja 
Construction has perfected the “Design to 
Implementation” process, leading the solar 
carport industry and provided invaluable 
support to our clients nationwide.

BAJA CONSTRUCTION  |  is headquartered in Martinez, California. It’s from here that Founder 
and Chairman, Bob Hayworth and CEO Brandon Morford oversee operations that span across the 
country, and abroad. [The corporation also has satellite offices Nevada and New York.]

Today, Baja Construction is a vertically integrated company! With its trademark Solar Support 
Systems™ product line of structures branded under Baja Carports, the company is recognized 
nationwide for its strong presence in custom solar design-build carports and turnkey covered RV & 
boat storage. With over 300 MW PV’s successfully installed, it’s no surprise to Hayworth and Morford 
that the Baja brand is gaining momentum in Mexico, Canada, and further abroad.

What sets Baja apart in the industry are its in-house designers, engineers, diligent project managers, 
and construction crews. Baja is a one-stop carport/canopy shop! We provide customers with one-
on-one customized site plans that we pre-fabricate and install to fully commissioned canopies.  All 
structures are constructed with high-tensile, light-gauge steel and offered in solar or non-solar 
canopies to meet the criteria of developers, architects, contractors, and end user’s specifications.

THE MISSION OF BAJA CONSTRUCTION  |  To provide the highest quality construction services 
and products to all project shareholders including municipalities, agencies, developers, designers, 
and contractors. We help clients achieve their project goals with creative, cost-efficient and custom 
solutions from inception to completion.
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Delivering the Right Solutions
Energizing Ideas

You can count on us to provide the most 

optimal solution and insight for your 

engineering design. You will also find we 

specialize in critical applications. From 

fighter jets to radar systems, welders to 

wind turbines, we deliver the highest 

quality capacitors with easy access to our 

knowledgeable and helpful tech support 

team. 

As the largest power capacitor company in 

North America, we offer one of the world’s 

largest selection of aluminum electrolytic 

capacitors, mica capacitors, AC film 

capacitors, and DC film capacitors. We’re 

also the only U.S. manufacturer of  

high-quality mica caps.

Cornell Dubilier

140 Technology Place

Liberty, South Carolina  

29657

www.cde.com

Pioneers in Innovation

Driven by American ingenuity, we are advancing 
capacitor technology for new applications and fueling 
recent innovations. The expansion of our line of Flatpack 
aluminum electrolytic capacitors now includes a high 
vibration package designed to handle up to 80g’s.
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Your Wholesale Solar B2B Exchange

EnergyBin is an online B2B exchange 

where solar companies buy and sell new, 

used, excess, refurbished and hard-to-find 

panels, inverters, racking, batteries and 

more at 20-70% below retail cost. Over 

1,000 companies, including manufacturers, 

distributors and suppliers, developers, 

EPCs, installers and O&M companies, are 

members of EnergyBin. Members oversee 

projects in the residential, commercial, 

agricultural, industrial, and small-scale utility 

markets. 
EnergyBin is a leader in solar for its ability 
to connect the supply chain, streamline 
procurement transactions, reduce project 
capital costs, provide a second life for 
recycled parts, and ultimately contribute to 
the advancement of solar worldwide.  

The wholesale solar B2B exchange launched 
in September 2016 upon receiving the 
distinguished DOE SunShot Initiative Award. 
EnergyBin is an affiliate of Broker Exchange 
Network (BEN), incorporated in 2001. BEN 
provides safe trading B2B exchange platforms 
for buying and selling IT, IC and solar 
components, networking events and market 
intelligence packages. BEN connects a global 
network of more than 4,500 companies, 
15,000 members and a listing of over 20.1 
million computer and solar parts. 

The company expanded into the solar 
industry after market research revealed a need 
for a centralized supply-chain communication 
method. With experience in the IT industry, 
BEN also anticipated an emerging solar “after 
market” comprising brokerage firms, third 
party warrantee companies and refurbishment 
firms. By creating the EnergyBin platform, 
new business opportunities would arise for 
equipment brokers, distributors, re-sellers 
and suppliers to buy and sell new, used and 
refurbished goods at 20-70% below retail 
cost. 

Two years after launching, EnergyBin 
has succeeded in connecting over 1,000 
companies across the supply chain to 
eliminate barriers, create price transparencies 
and provide equal opportunity to equipment 
accessibility.

EnergyBin 
32 Seventh Avenue NE 

Rochester, MN 55906

https://energybin.com
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Fronius USA LLC
6797 Fronius Drive  

Portage, IN 46368/ USA

Main: +1 (219) 734-5500 

Toll Free: 1-877-FRONIUS

www.fronius.us/pv

24hoursofsun.com

Fronius USA LLC, headquartered in 

Portage, IN, is a leading manufacturer for 

solar solutions and has been shaping the US 

solar industry since 2002. The company is the 

biggest subsidiary of Fronius International 

GmbH, headquartered in Austria. Fronius 

has three divisions: Perfect Welding, Solar 

Energy and Perfect Charging. Through 

innovation and new technologies, Fronius has 

become a leading resource for high quality 

solutions in each industry they serve. Fronius’ 

innovation is guided by the vision of 24 hours 

of sun, a future where 100% of energy needs 

are covered by renewable energy. For more 

information, visit www.fronius-usa.com.

A STRONG VISION

Fronius believes in a future where we cover our 
energy needs 100% with renewable energy 
sources. A world of 24 hours of sun. To make 
this vision a reality, Fronius offers technologies 
and solutions that make it possible to generate 
and store renewable energy with incomparable 
efficiency and to distribute and consume that 
energy in a smart way.

FRONIUS SNAPINVERTER LINE

The Fronius SnapINverter line offers integrated 
Wi-Fi and SunSpec Modbus interfaces, NEMA 
4X rating, wide voltage windows, multiple MPP 
trackers and easy installation in 15 minutes or 
less. With the identical look & feel, the Fronius 
SnapINverters reduce cost for training and 
servicing. Power classes range from 1.5 to 
24.0 kW and cover residential and commercial 
systems.

FRONIUS ADAPTIVE SYSTEM DESIGN

Due to the modularity of the Fronius Smart 
Solution, it adapts to your specific needs. You 
have the ability to choose the components 
you need and optimize your entire system 
design while maintaining a minimal number 
of components. Get flexible system design, 
shade mitigation, NEC compliance, best 
performance and state-of-the-art monitoring 
with the lowest number of components and 
the easiest installation on the market.  The 

Fronius Smart Solution is the combination of 
cell-string optimized modules, the Fronius Rapid 
Shutdown Box, a Fronius SnapINverter, the 
optional Fronius Smart Meter and the Fronius 
Solar.web online monitoring portal. 

FRONIUS SMART METER

If you are facing feed-in limitations for a solar 
system, or if you would like to monitor a house’s 
energy consumption, Fronius offers the Fronius 
Smart Meter, a bidirectional energy meter. 
Thanks to high accuracy and fast communication 
via Modbus RTU, the meter is suitable for 
various applications, such as dynamic feed-in 
management or self-supply systems. Together 
with Fronius Solar.web, the Fronius Smart 
Meter offers a detailed overview of energy 
consumption within a home or business. 

FRONIUS SOLAR.WEB

Fronius believes that every solar system should 
have monitoring capabilities. Not only to 
ensure highest performance and protected 
investments, but also to offer added value to 
system owners. Fronius Solar.web provides all 
tools that are needed and goes beyond basic 
monitoring. It offers remote maintenance tools 
and works as a selling feature to potential 
future system owners. It also helps to increase 
customer satisfaction and trust. Since Fronius 
inverters have integrated Wi-Fi, connecting 
a system to the internet does not require 
additional hardware.
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Heliolytics offers industry-leading aerial 

inspection, analytics and consulting services 

to provide innovative solutions for PV 

portfolio risk management and system 

performance optimization. We provide 

specialized consulting services, such as 

insurance claim support, warranty strategy 

and documentation development, portfolio 

benchmarking, manufacturing serial 

defect detection, and defect root cause 

disaggregation. 

As the global leader of aerial inspections 

and analytics, we have serviced over 15 GW 

of solar projects globally from 10 KW to 750 

MW. Our experienced team of PV specialists 

has over 45 academic publications in the 

PV sector, and provide our clients with 

knowledgeable insights into portfolio 

management through advanced analytics 

and actionable reporting.

Heliolytics is a global leader in 
providing aerial inspections and consulting 
services with 15+ GW of solar projects 
serviced using our proprietary aircraft 
sensor systems and AI analysis software.  
We have serviced over 2,000 solar projects 
globally from distributed rooftop portfolios 
to some of the largest utility sites in the 
world. Our services are applicable for sites 
ranging in size from 10 KW to over 750 
MW. 

Our services can turn DC performance 
from a cost center to a profit opportunity. 
Our services optimize system performance, 
proactively mitigate risks, track DC 
performance, decrease O&M costs, 
increase site safety, and optimize 
commissioning & asset transfer. We 
provide warranty & insurance claim 
support, portfolio risk assessments, 
manufacturing serial defect detection, and 
site remediation financial analysis.

Data Quality & Consistency
Heliolytics’ custom camera systems provide 
an unmatched level of thermal and optical 
resolution. Paired with a full resolution 
acquisition rate of 100 MW/hr, Heliolytics 
clearly and consistently classifies defects 
against our library of 300+ fault categories.

Industry Leading Analytics
Our AI engine is trained using our industry-
leading solar dataset, and combines 
collected IR, visible and spatial data to 
create high-resolution digital as-builts to 
accurately and precisely mark the location 
and classification of all faults on site.

Heliolytics Inc.
410 Adelaide Street W

Suite 301

Toronto, Ontario M5V 1S8

Canada

https://www.heliolytics.com

Portfolio Risk Mitigation
We find any unidentified faults or faults 
with minor energy impacts that could 
cause major energy loss in the future. Our 
inspections provide risk visibility into our 
clients’ full range of assets by identifying 
fault trends and monitoring degradation 
rates across a portfolio. 

Built for Solar & Built for Scale
Heliolytics’ system has been built 
specifically for the PV industry. We can 
service global portfolios of any size and 
distribution, from distributed rooftop 
portfolios to large utility portfolios. We are 
able to inspect over 1 GW or 72 rooftop 
sites in a day.
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Our parent company, B&D Industrial, 

was founded in 1947. B&D Industrial 

is comprised of 3 divisions: B&D 

Technologies, B&D Service, and 

Scale Systems. Together, our divisions 

operate over 30 branch locations 

across the Southeast, and our 

employees range from engineers, 

software developers, and certified 

service technicians to outside 

sales people and customer service 

representatives. In 2017, we acquired 

and expanded Industrial Control Direct 

and continued our history of solutions-

based services online to reach a more 

diverse audience. 

3905 Steve Reynolds Blvd 

Nocross, Georgia 30093

www.industrialcontroldirect.com/

Our Business -- We focus our efforts on 
a few specific categories that we feel 
are under-served online:

 •  Solar and Stored Energy Solutions 
 •  Industrial Controls and Automation 
 •  Custom Variable Frequency Drive (VFD) designs

 
Our largest strategic partner is UK-based IMO Automation 
(https://www.imopc.com/). IMO, like B&D/ICD, invests 
millions of dollars per year in research and development 
(R&D). In the early seventies, they developed the first ever 
BT Type 47 approved relay and the first ever compact AC 
inverter for motor speed control. Currently, their AC and 
DC disconnects have patented technology and over 5 
Million installations world-wide. Our R&D is devoted to UL 
panel designs and repackaging solutions. 

As the largest IMO Automation distributor and strategic 
partner in the United States, ICD has long been a trusted 
source for renewable energy and control products online. 
All our products are backed by top industry warranties, 
and we consistently provide competitively priced products 
sourced from the world’s finest manufacturers. Completely 
committed to safety, our product lines are UL, cUL, CSA, 
CE certified. 

Please come and see 
the NEC2017 compliant 
FireRaptor Rapid 
Shutdown Unit. 

https://www.
industrialcontroldirect.
com/frs-02-fireraptor-
rapid-shutdown-system-ul-
approved-4526.html?zeni
d=5s6ebhb545hgenek3q
ahmfsjo4
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The Strength Between the Sun  
and the Shade

We know your solar project is different. 

We know your site is specific to you 

and your company. We know that your 

company was built on your back. Which is 

why your solar carport solutions should be 

tailored specifically to the fingerprint of 

who you are, and where you are headed. 

At M Bar C Construction, our goal is to 

meet your company’s individual needs 

where you are at today, and where you 

are heading tomorrow.

If it’s made of steel and it covers from the sun, M Bar C Construction 
can build it, meeting the most demanding specifications for utility, 
durability, and cost-effectiveness. From coast to coast we’ve installed 
approximately 400 megawatts of energy and over 5 million square 
feet installed and growing, We are proud to be the 2018 Top Solar 
Contractors #2 Commercial Contractor, M Bar C Construction is the only 
company you need to call. We are committed with partnering with you 
and your organization, from the start of your solar project to the very 
end, bringing a better future into today.

M Bar C Construction

674 Rancheros Dr.

San Marcos, California 92069

https://mbarconline.com
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Megger
866-254-0962 

megger.com

Established in the late 1800s, Megger has 
been the premier provider of electric test 
equipment and measuring instruments 

for electrical 
power 
applications. 
The trademark 
was first 
registered in 
May 1903 and 
is guarded by 
the company. 
Although we’re 
best known for 

our world famous range of insulation testers, 
Megger provides a full service solution to 
meet your electrical test and measurement 
needs.  Manufacturing insulation testers 
is where Megger started; the Megger 
brand name is so well known today that 
maintenance professionals often incorrectly 
use it as a verb when they refer to doing an 
insulation test on wiring. This famous name 
dates back to 1889, when the first portable 
insulation tester was introduced with the 
MEGGER brand name on it.

At Megger, we understand that keeping 
the power on is essential for the success 
of our customer’s business. That is why we 
are dedicated to creating, designing and 
manufacturing safe, reliable, easy-to-use 
portable test equipment backed by world-
leading support and expertise.

We can assist your acceptance, commissioning 
and maintenance testing for predictive, 
diagnostic or routine purposes. By working 
closely with electrical utilities, standards bodies 
and technical institutions, we contribute to the 
dependability and advancement of the electrical 
supply industry.

We focus our expertise in developing innovative 
testing solutions that are world class in safety, 
performance, reliability and easy to use. Megger 
is committed to providing our customers with 
measurement results and insight to make 
informed decisions about their assets, increasing 
uptime and safety.
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Nine Fasteners, Inc. is a manufacturer 

and distributor of their proprietary line 

of stainless steel solar wire management 

clips. In addition to their standard line of 

clips they also offer customized solutions 

where needed. All of Nine’s clips are 

manufactured completely in the U.S. 

and all include a rolled outer edge for 

maximum wire safety. All but their two 

newest clips are currently UL Recognized, 

with the two newest undergoing testing 

at the time of this writing.

Nine Fasteners, Inc.

 233A South Street

Hopkinton, MA 01748

United States

www.ninefasteners.com/index.html

Nine Fasteners is the first and only 
stainless steel wire management 
clip manufacturer/distributor to 
use a rolled outer edge on their 
clips, preventing the fraying of wire 
coatings. Nine Fasteners was also 
the first manufacturer/distributor to 
receive UL compliance for use of 
their clips within a solar installation.
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A Powerful Partner in Your Corner
Panasonic has been pioneering solar 

power since the green revolution began. 

Our high-efficiency HIT® solar panels 

provide homeowners with what we believe 

are the most efficient modules available 

today. And with full support from one of 

America’s most trusted brands, confidently 

stand behind your work with our complete 

25-year warranty. Let’s take your business 

to profitable new levels together.

Panasonic Residential Solar

2 Riverfront Plaza 5th Floor

Newark, NJ 07102

na.panasonic.com/us/solar

Panasonic started with the production of high efficiency amorphous cell technology 
in 1975, no one has spent more time on solar research and development. In 1997, 
our innovative HIT® solar panel introduced high-efficiency panels to the world.

When you install Panasonic high-efficiency HIT® solar panels, you’ll provide 
homeowners with what we believe is the most efficient solar module available 
today. And with the full support of one of America’s most trusted brands, Panasonic 
installers confidently stand by their work with our industry leading 25-year product 
and performance warranty. 

Since our founding in 1918 and through the 100 years since, adaptability and  
best-in-class quality drives us to serve you better. Developing innovative solar 
technologies across ever-changing business and social landscapes allows us to make 
your world a better place. 

Panasonic Solar. Environmentally and economically responsible for 
you, your customers and the planet.
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 Global Headquarters

660 Beta Drive

Mayfield Village, Ohio 44143

Telephone: 440.461.5200

Fax: 440.442.8816

Website: preformed.com

Email: info@plpsolar.com

Preformed Line Products (PLP)  mounting 

systems are backed by over 70 years of 

US manufacturing experience. EPCs and 

installers from coast to coast can depend on 

PLP’s high strength roof, ground and pole 

mount solutions along with our industry 

leading customer service and application 

support.

PV Mounting Solutions for any Application 
Since 1993, Preformed Line Products (PLP) has been designing and manufacturing innovative 
solar mounting solutions for utility-scale, commercial, and residential PV applications. Tested in 
our lab and proven in the field, PLP’s high-strength mounting solutions are engineered to exceed 
expectations. Many of our solar racking systems arrive pre-assembled for quick installation and are 
manufactured in the USA at our Albemarle, North Carolina facility.  PLP’s products are in compliance 
with code requirements and are backed by our industry-leading customer service and experienced 
technical support.   

Roof Mount Systems include:
• POWER RAIL™ — Residential and Commercial
• POWER DISK™ — Residential
• POWER MAX™ — Ballasted Commercial
• Ballasted POWER RAIL™ — Commercial

Ground and Pole Mount Systems include:
• POWER PEAK™ — Utility Scale, Commercial and Residential Kits
• Ballasted POWER PEAK™
• Multi-Pole Mounts (MPM-G2) — Commercial and Residential
• Top-of-Pole Mounts (TPM)
• Side-of-Pole Mounts (SPM)

You can always count on the reliability of our USA manufactured products, and the dedicated service 
of our people, day in and day out, year after year.
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Solutions That Reflect Your Needs

ProSight’s solar program offers 
comprehensive coverage and access to 

services that help grow your business. 

Through strong partnerships and 

continuing education for solar contractors, 

ProSight helps keep risk in mind and 

exposures at bay. Put your trust in ProSight 

Specialty Insurance and soak in the 

benefits.

ProSight Specialty Insurance
412 Mount Kemble Ave. - Suite 300C

Morristown, NJ 07960

www.prosightspecialty.com

INNOVATIVE SOLUTIONS

In addition to our all-lines, customizable 
insurance, ProSight adds value to contractors’ 
operation with game-changing business 
solutions.

• Background Checks

• Certificate Management Services

• Data Compromise

• Drug Testing Services

• EPL Coverage

• Expert Claims Handling

• OOPS® Coverage

• SecureFleet®

OUR FOCUS

ProSight works with contractors at every stage 
of the solar project lifecycle.

• Solar Developers

• Engineering, Procurement, Construction 
(EPC) Contractors

• Installation Contractors

• Operations and Maintenance Contractors

• Solar Servicing Contractors

ENHANCED COVERAGE OPTIONS

• Professional Liability Coverage:
 We offer a limited professional liability  
 coverage which was designed with your  
 exposures in mind. Our professional  
 liability grant helps prevent gaps in  
 coverage due to the design aspect of your  
 business.

• Operational Solar System Coverage:
 We offer first party and third party  
 coverage for solar systems owned by you.

• Care, Custody and Control Coverage:
 We understand the risk that you face when  
 performing maintenance on a system.  
 That’s why we provide the option to  
 purchase coverage for property within  
 your care, custody or control during  
 maintenance.

• Pollution Coverage: 
 We offer a sudden and accidental  
 pollution grant within the General Liability  
 policy.

BENEFITS

If you have NABCEP certified professionals 
on staff or have a NABCEP Company 
Accreditation, you are eligible for preferred 
rating with a premium credit up to 10%.

Disclaimer:  

As used herein, “ProSight” refers to the insurers of ProSight Specialty Insurance Group underwriting insurance policies or 

bonds, which include New York Marine and General Insurance Company, Gotham Insurance Company and Southwest Marie 

and General Insurance Company. The products and services described herein may not be available in all jurisdictions. Actual 

coverage is specified by the policies or bonds issued. ProSight Specialty Insurance, 412 Mt Kemble Ave, Morristown, NJ 

07960.

PSI-001-18
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Vote for RBI Solar — 2019

When EPCs and Developers need a dependable solar mounting provider, they look to 
RBI Solar, Inc. RBI Solar, a Gibraltar Industries company, is a single-source provider, taking 
responsibility for the design, engineering, manufacturing, and installation of the most cost-
effective and efficient solar mounting systems in the industry. 

From ground mount, single-axis tracker, roof mount, carport, and landfill solar solutions,  
RBI Solar’s mounting systems are backed by over 85 years of manufacturing experience in 
the commercial design-build market. Having all disciplines of a project process in-house 
allows RBI to act as an extension of our customers’ staff. RBI Solar is one of few racking 
companies in the industry which offers a wide variety of possible foundation solutions 
to meet the site-specific requirements of each project. With nationwide installation 
capabilities, and in-house design and engineering teams, RBI’s mission is to reduce overall 
project costs beyond solar racking. 

RBI Solar is looking to better serve our customers in 2019, with the additions of the 
Sunflower™ single-axis tracker and Dahlia™ fixed-tilt ground mount systems. The 
Sunflower™ was engineered to accommodate variable slope tolerances, helping reduce 
the costs of civil work that will need to be performed prior to installing the system. The 
Dahlia™ is a 4-high portrait fixed-tilt ground mount system that has been designed with a 
low clearance and tilt angle in order to maximize the amount of PV that can be deployed 
on a given site. The Dahlia™ has the highest Ground Coverage Ratio (CGR) of any fixed-tilt 
ground mount system in the marketplace. 

Corporate Headquarters

6715 Steger Dr.

Cincinnati OH 45237 

Telephone: 513-242-2051

Fax: 513-242-0816

E-mail: info@rbisolar.com

rbisolar.com
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 8750 Walker Rd

Colorado Springs, CO 80908

http://www.s-5.com

S-5!®: Engineered metal roof  
mounting solutions

In 1992, S-5! filed its first patent for 

ground-breaking, non-invasive methods to 

affordably mount ancillaries to standing seam 

metal roofs. S-5! is now known worldwide 

and been awarded 50+ patents for its many 

innovations. Its products have been installed 

on 1.9 million roofs and such structures as 

the Gemini Observatory and World HQ’s of 

IBM, Apple, Google and NATO. 

What makes S-5! different is sticking to our 

core competencies. We know metal roofs! 

Rather than re-invent solutions for other roof 

types, we consistently offer the best, time-

proven solutions in the world for metal roofs.

 
Endorsements from every major metal roof manufacturer, extensive load-testing 
and 2+ GW of engineered PV installations prove S-5’s durability and explain its use in 
critical applications like fall-restraint and snow retention. The company’s commitment 
to excellence is evidenced by industry leadership in 
ASTM, ASCE, SEIA, MBMA, NRCA, MCA and CSI.

Principals of S-5 have won lifetime memberships 
with metal roofing trade groups, and numerous 
awards for industry contributions including 100+ 
technical writings, training curricula and standards 
development. Their research, lectures and papers have 
been translated into 8 different languages and won 
esteemed recognition from ASTM, UW-Madison and 
CSI.

As PV industry advocates, S-5 team members chair the 
SEIA Mounting Systems Mfg Committee and MBMA/
UL Non-Combustibles Working Group, improving 
metal roof/PV construction code and standard. They 
serve on 6 UL 1703/UL 2703 task groups and the 
Standard Technical Panel. S-5 has worked extensively 
with other countries such as Australia (Univ Adelaide), 
Germany (Univ KIT, DIBt), and the UK (MCS 012 
Mounting Mfrs). They have also worked with CEIR/
NRCA, and AHJ’s such as DSA, LA Co/City, and Miami 
Dade to educate users on the proper marriage of PV 
to metal roofing while preserving roof integrity.

When track record, installation ease, product integrity, economic value and true 
technical competence are the objectives, S-5! offers metal roof attachments the right 
way™ - for any metal roof, every time.

PVKIT 2.0 RibBracket

PVKIT Edge Grab
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Bringing innovation to PV  
testing solutions
The Seaward range of solar PV test 

solutions enables photovoltaic operators to 

meet all modern commissioning and O&M 

requirements. 

With over 75 years’ experience at the 

cutting edge of electrical safety testing, our 

expertise and innovations have produced a 

number of world firsts.

Our market-defining range of solar PV 

test equipment makes meeting your 

commissioning deadlines faster, safer and 

easier. From site-survey to commissioning 

tests, PV system maintenance and PV 

system certification, Seaward has you 

covered.

Seaward Group USA
6304 Benjamin Road, Suite 50

Tampa, FL 33634

Tel: 1.813.886.2775

Email: sales@seaward-groupusa.com

www.seaward-groupusa.com/solar

By combining cost effective and efficient test 
equipment with a high level of customer care and 
industry knowledge, Seaward leads the way in PV test 
and measurement. 

All of our users are offered free online training in solar 
PV commissioning and O&M techniques as 
well as extensive after sales support. 

We actively support the North American 
solar community and are members of SEIA, 
CALSSA and NABCEP.
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Leader In Solar 

Inventing Simple isn’t just a slogan to us, it’s a way of life. Using simple 
plug- and- play ideology , we revolutionized solar installations in 2003 with 
our Interconnect System™. Our harnessing system is now the gold standard 
EPC’s use around the world. By using simple ideas, we are making solar 
energy a more affordable and clean power source for future generations.  

Making use of the Shoals in-line fuse and 
wire welding manufacturing process, we 
can offer a site that is free of DC string 
combiners, all of the load is combined in the 
large conductors that typically run between 
the string combiner and the inverter. No 
need to trench for DC feeders or hang string 
combiner boxes. And when booted with 
BAC connector, the entire array is plug-and-
play, plug in the panel strings, plug into the inverter. 

The BLA combines the function of: 1- cable assemblies, 2- combiner boxes, 
3- external fuses, and 4- re-combiners. Factory manufactured and quality 
guaranteed, the BLA eliminates field O&M torquing needed in combiner 
applications. When you need to disconnect the power in the field or make a 
parallel connection, the BLA disconnect box can provide the ability to work 
on most connections within the PV array. The BLA (Big Lead Assembly®) 
takes all the guesswork out of wiring your solar field.

Shoals Technologies Group is a 

leading manufacturer of balance of 

systems solutions. Through innovation 

and diversification Shoals has grown 

exponentially since its founding in 1996. 

Shoals maintains a diverse portfolio 

of PV balance of systems products, 

including combiner/re-combiner boxes, 

master fuse boxes, custom harnessing 

solutions, junction boxes, PV wire, in-

line fuses, racking and PV monitoring 

solution.

Shoals Technologies  
1400 Shoals Way  

Portland, TN 37148  

(615) 451-1400

https://www.shoals.com
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Snake Tray is a leading designer and 

manufacturer of cable management 

solutions for commercial and utility 

grade solar installations. Snake Tray 

products are specifically designed with 

features to substantially reduce the cost 

of construction. Key features include the 

open air design to eliminate the need 

to de-rate cables thus reducing the 

volume of conductors required to carry 

the same wattage of energy. Snake Tray’s 

engineering know-how helps customers 

develop the ideal solution for their 

projects. 

Snake Tray
291 Skip Lane

Bay Shore, NY  11706

www.snaketray.com 

INNOVATING CABLE MANAGEMENT FOR SOLAR 

Snake Tray has been designing 
and manufacturing cable 
management solutions for over 
twenty-two years in a wide range 
of industries including solar. Our 
patented products are created 
to lower labor and material 
costs.  Leading corporations, 
organizations and government 
agencies across the globe rely 
on Snake Tray for their cable 
management requirements.  
Products are made in the USA.
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Industry leading mounting solutions for 
every roof

SnapNrack originated as an innovator 

in the solar mounting industry and still 

leads the market with labor savings 

solutions. SnapNrack offers the most 

comprehensive set of systems for 

residential solar mounting with the 

new Ultra Rail and RL systems, as well 

as the Series 100 and Series 200 rail 

based systems, and accessories like 

junction boxes and wire management 

products. They also produce aesthetic-

focused products such as the Array Skirt 

and Universal End Clamp. SnapNrack 

provides intuitive products that are simple 

to install. It’s the preferred choice of 

installers with quality that stands the test 

of time. 

775 Fiero Lane

Suite 200

San Luis Obispo, CA 93401

www.snapNrack.com

SnapNrack is a pioneer in the solar 
mounting industry and still leads mounting 
innovation. They were the first solution to 
offer single tool installation and still only 
require a 1/2” socket across all mounting 
platforms. The Series 100 Flashed L Foot 
was the first to offer roof mounting solutions 
without the need for rubber gaskets and 
the tradition is continued with Umbrella 
sealing technology for the Ultra Rail system. Recognizing a major industry need, 
SnapNrack created the first wire clamps and junction boxes available from any 
racking manufacture and has recently built on that offering with new products 
such as the Junction Box XL and Universal Wire Clamp. 

Keeping the homeowner in mind aesthetics have always been a priority as 
seen in the Universal End Clamp, the first end clamp available that renders the 
racking system invisible underneath the array; that tradition has continued with 
their Ultra Rail solution. SnapNrack is a company built by solar installers for solar 
installers so they know that no single 
solution is going to be the right fit 
for every installer, that is why they are 
proud to provide their largest product 
line ever with the addition of the Ultra 
Rail System. 

Customers can be certain they will 
find a solution necessary for the 
needs of their business when they 
turn to SnapNrack for their Solar 
Mounting Solutions. 
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SolarEdge North America
47505 Seabridge Dr.

Fremont, CA 94538 

T: 510-498-3200

F: 510-353-1895 

Email: info@solaredge.com

solaredge.com/us

SolarEdge is a global leader in smart 

energy technology. By leveraging  

world-class engineering capabilities and 

with a relentless focus on innovation, 

SolarEdge creates smart energy solutions 

that power our lives and drive future 

progress.

Established in 2006, SolarEdge developed 

the DC optimized inverter solution that 

changed the way power is harvested and 

managed in photovoltaic (PV) systems. 

The SolarEdge intelligent inverter solution 

maximizes power generation while 

lowering the cost of energy produced by 

the PV system, for improved RoI.

SolarEdge is a global leader in smart energy 
technology
Continuing to advance smart energy, SolarEdge 
addresses a broad range of energy market 
segments through its diversified product offering, 
including residential, commercial and large 
scale PV, energy storage and backup solutions, 
EV charging, home energy management, grid 
services and virtual power plants, batteries, and 
uninterrupted power supply (UPS) solutions. 

SolarEdge is a global leading inverter 
manufacturer with over 9.6GW of its DC optimized 
inverter systems shipped, and over 750,000 
SolarEdge PV sites monitored in 133 countries 
around the world. 

Since its IPO in NASDAQ in 2015, SolarEdge continuously shows significant growth in 
revenue and gross margin. The company’s financial strength and stability, combined with 
its cutting-edge technology, make SolarEdge the preferred partner for industry-leading 
installers, integrators, and other energy market participants.
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Solar Connections International - Roof 
Attachments

Solar Connections International is a leader 

in the development and manufacturing 

of mounting solutions for solar panel 

installations worldwide. Our sister company, 

Sno-Gem, has been a key player in the 

the snow retention industry for the past 

25 years and brings that experience to the 

solar industry. Our product lines provide 

attachment options for a rail or rail-free 

installation on various roof systems globally, 

including standing seam, corrugated metal, 

ribbed metal panels, and asphalt shingles. 

SCI product lines are UL approved and 

compliant with the International Building 

Code.

Solar Connections International

4800 Metalmaster Way

McHenry, IL 60050

(800) 815-7652

ww.solarconnections.com

Solar Connections International (SCI) is a global 
leader in the development and manufacturing of 
mounting solutions for solar panel installations. 
Their sister company, Sno Gem Inc., has been a 
key player in the the snow retention industry for 
the past 25 years and helps brings that experience 
to the solar industry. SCI’s product line provides 
attachment options for a railed or rail-less 
installation on various roof systems, including:  
standing seam, corrugated metal, ribbed metal, 
and asphalt shingles. Additionally, their Solar 
Connection Kit is  UL 1703 & UL 2703 listed and 
approved.

SCI has established themselves as a key leader 
in the metal and shingle solar panel roof attachment market. SCI employees a full technical 
department that brings an innovative mindset with 25 years of metal roof attachment experience 
to help answer or resolve any questions. 

In addition, SCI utilizes their relationship with several engineering firms who are licensed in all 50 
states, Canada, and Puerto Rico. These resources ensure the peace of mind that SCI will provide 
you with all the layout and design tools necessary to complete your project within budget.  SCI’s 
multiple patent ensure that only the highest qualtiy attachments are being installed on your roof.  
For example, their Silver Bullet set screws hold the system in place using WaveLock Technology 
which does not penetrate the roof seam, ensuring most roof warranties are not compromised.

For additional information or to place an order call 800-815-SOLAR or visit SolarConnections.com.
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Leading Developer and Manufacturer 
of BOS Products

SolarBOS is a leading developer and 

manufacturer of Balance of System products. 

The company’s deep understanding of 

PV systems and experience in design and 

manufacturing help develop reliable and 

cost-effective solutions for their customers. 

In addition to providing a wide array of 

standard products, SolarBOS excels in 

providing custom solutions for integrators 

and designers alike. Founded in 2004, 

SolarBOS’ headquarters are located in 

California, with manufacturing in Grand 

Rapids, MI. To learn more about SolarBOS 

and its products, please visit www.solarbos.

com.

SolarBOS is a leading manufacturer of Balance of System 
(BOS) products for the solar industry. Founded in 2004, SolarBOS 
brings deep understanding of solar electric systems, DC and 
AC applications, and experience in design and flexible manufacturing. The company is ideally 
positioned to be a BOS solutions provider and resource for EPCs, developers, installers and 
engineers alike. 

Over the years, SolarBOS has designed and perfected many BOS solutions, including DC and AC 
Disconnect Combiners and Recombiners, Arc Fault Circuit Interruption (AFCI) Combiners, Rapid 
Shutdown solutions, and Wire Harnesses and Overmolds, all geared towards meeting the needs of 
solar integrators and the ever changing solar industry. The company’s focus on developing reliable, 
innovative and cost effective solutions has been the driving force behind its success.

SolarBOS always has and always will be focused on its customers and their needs. The business 
model is very simple: deliver reliable, cost-effective, well-designed products that fit customers’ 
needs, and then back them up with knowledgeable salespeople, excellent customer service, 
and quick turnaround on orders. Combining this exceptional front end service with the highest 
quality standards at its 50,000 sq. feet manufacturing facility in Grand Rapids, MI, SolarBOS shows 
continued commitment to meet and exceed its customers’ expectations. 

SolarBOS 
310 Stealth Ct

Livermore, CA 94551

United States

http://www.solarbos.com 

                    1 • 2019       SOLAR POWER WORLD 9 9

SolarBos_SPW19_Vs2.indd   99 1/18/19   1:40 PM



solarpowerworldonline.com/leadership

Voting for this company will identify it as a 
leader in the solar power industry.

SolarRoofHook
Corporate Office

5830 Las Positas Road

Livermore, Ca 94551

844.671.6045

solarroofhook.com

SolarRoofHook has a wide range of 

innovative products for mounting solar 

panels onto residential roofs. We offer 

solutions for Asphalt Shingle, Tile, and 

Stone Coated Steel Roofs. All of our 

mounting solutions are code-compliant 

and UL certified.

Our patented QuickBOLT with 

Microflashing™ has changed the way that 

solar is installed on Asphalt Shingle Roofs.

SolarRoofHook can design, produce, and 

stock custom products within 60 days 

and we continually work with installers to 

deliver the right products for any type of 

roof. SolarRoofHook’s Microflashing™ system has 
revolutionized the world of flashing technology. 
Unlike traditional aluminum flashing, 
Microflashing™ is installed without lifting any 
shingles, cutting down the installation time 
to under one minute and reducing the risk of 
voiding the roofing warranty or breaking code. 
By eliminating extra materials, Microflashing™ 
cuts down on waste and is easier for installers 
to handle on the roof. Microflashing™ is 
available in the original 3” design and the 4”, 
created to cover extra holes made by installers 
missing the rafter.

This Microflashing™ system is a part of 
SolarRoofHook’s patented QuickBOLT 
mounting kits. When driven down, the 
collar on the QuickBOLT compresses the 
Microflashing™, causing it to adhere to the 
roofing material and create a leak-proof 
seal. The QuickBOLT is available in both the 
adjustable style and the popular Low Profile 
design. The Low Profile feature makes creating 
an array faster and simpler than ever, while 
the Stainless Steel L-Foot provides a sturdy 
connection to your rails.

Over 300,000 QuickBOLT’s have been installed 
across America with ZERO leaks reported. Save 
time, money, and the roof with the Low Profile 
QuickBOLT with Microflashing™.

SolarRoofHook & the QuickBOLT with 
Microflashing™
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SunModo, meaning “the way of the sun,” 

is a private U.S. company headquartered 

in Vancouver, Washington that is focused 

on innovative racking and mounting 

solutions for professional installers in the 

fast-growing solar industry. Energized by 

a desire to make solar installation easier, 

more reliable and more affordable, our 

solar racking solutions are at work in 15 

countries, and from Hawaii to Connecticut. 

Our commitment to innovation can be 

seen across our entire product line, which 

includes 20 industry-shaping patents.

Racking partner of solar professionals

SunModo works with professional installers around the world who need a full range of 
innovative solar racking and mounting solutions. We are energized every day by a desire to 
make solar installation easier, more reliable and more affordable. 

What sets us apart: We respect the installer. We think of our business as getting you on 
and off the roof or job site quickly with innovative, reliable racking solutions that perform 
flawlessly for years and years with no callbacks. Our full range of products include easy-to-
use flagship EZ Roof Mounts and elevated EZ SunBeam system that spans over obstacles to 
take full advantage of roof space.

We back our commitment with industry-leading warranties. This causes us to listen carefully. 
To develop and deliver innovative solutions. To operate as your back office when planning 
and installing solar PV systems.

Together, let’s harness the sun to power our world.

SunModo

14800 NE 65th Street

Vancouver, WA 98682

www.sunmodo.com
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Providing clean and reliable  
energy storage.
As the leading manufacturer of deep-cycle 

batteries, Trojan Battery Company believes 

in providing clean and reliable energy 

storage solutions that enhance the way 

people live and work around the world. 

For more than over 90 years, Trojan Battery 

has focused its experience and expertise in 

deep-cycle technology on manufacturing 

the highest quality, deep-cycle batteries 

available in the industry. If there is one thing 

Trojan has learned over the years, it’s that 

a truly outstanding battery must provide 

rugged durability, long life and reliable 

performance day in and day out.

10375 Slusher Dr.

Santa Fe Springs

California 90670

Trojan has a reputation for the best return on investment, durability, 
performance, and quality components. They deliver outstanding 
technical support and customer service and are an industry leader in 
health and safety compliance as well as environmental stewardship. Their 
products are made in the USA and available in over 120 countries. They 
don’t just manufacture batteries, they innovate, engineer and develop 
energy solutions. They are dedicated to charging forward with new 
technologies that continuously improve on existing technologies and 
take them to the next level. 

With their latest offering, Trillium, an Intelligent Lithium battery solution, 
Trojan delivers lithium batteries with improved performance and 
longevity. Its superior cell and design, with built-in diagnostics and a 
wide range of safety features make it an unmatched product for the solar 
market when looking for a lithium solution.
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Voting for this company will identify it as a 
leader in the solar power industry.

BURNDY® provides reliable 
connection solutions
BURNDY®, located in Manchester, NH 

provides reliable connection systems and 

solutions to the telecommunications, 

data, industrial and instrumentation, and 

energy industries. Exceptional customer 

service, the industry’s highest quality 

products, and continuous innovation are 

the things that BURNDY® prides itself on 

providing. With superior manufacturing 

technology, BURNDY® can create and 

build any custom connector for our 

valued customer with our advanced 

engineering support teams. 

47 EAST INDUSTRIAL PARK DRIVE 

Manchester, NH 03109

www.hubbell.com/wiley/en

BURNDY® continues to support the renewable energy market by designing, testing and offering 
new products that provide electrical connectivity to these markets. Whether it’s wind or solar, 
BURNDY® has a team to stand behind the green initiatives our customers are focused on to help 
reduce carbon emissions and make our planet more environmentally safe.

Whether you’re installing miles of electrical wires or acres of solar panels, it’s the components  
no bigger than a few inches that can give the project long-term success. As the PV technology 
has evolved—making solar power even more viable and available—the old grounding  
solutions aren’t proving as effective. Rather, it’s enhancements in bonding technology that  
better suit the industry. From quality products and customized configurations, to warrantied 
connections with reliable tools, BURNDY® saves you time and money by being your single source 
for all solar installation needs.

• Wiley Bonding, Grounding and Wire Management Products are the most recognized brand  
   within the solar market.

• Unirap™ Cable Ties, including Nylon 12

• Flame-retardant Heat Shrink

• ACE Conduit boxes

• BURNDY® HYGROUND® Compression Connectors

• PATMD6 IN-LINE® Crimper/Cutter

• BURNDY® Engineered System — Our dies, connectors and tools, when used together, form  
   a trusted UL Listed connection. Connections made with the BURNDY® Engineered System are  
   backed with a 5-year warranty.
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North America‘s Ultimate Hot Spot  
for Energy Storage Solutions
MOSCONE CENTER, SAN FRANCISCO

 Be part of North America‘s most exciting solar-plus-storage event 
 Laser-focus on energy storage: Meet longstanding market leaders and emerging innovators 
 Showcasing solutions for the energy transition to storage, solar, electric transportation, smart energy 

co-located withSpecial Exhibit
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cable assembly
combiner box 
external fuses 
re-combiner

The BLA (Big Lead Assembly ®) takes all the guesswork 
out of wiring your solar field. Using Shoals’ latest in-line 
fuse and wire manufacturing technology, we offer you a 
site free of DC string combiners. The entire load is 
combined into a single pair of aluminum conductors 
running from the string combiner to the inverter. There’s 
no need to trench for DC feeders or hang string combiner 
boxes. And when terminated with the BAC connector, the 
whole array is plug-&-play. Plug in the panel strings, plug 
into the inverter, and just walk away!

NO combiner boxes
NO field o&m 
NO torquing
NO cable trays
NO trenches
NO re-combiners
NO custom power stations

Combining the function of: 

imagine... 

1400 Shoals Way, Portland, TN 37148      |      615.451.1400      |      sales@shoals.com      |      www.shoals.com
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