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Fiber Brush Advantages:
•	 High	reliability
•	 Maintenance	free
•	 Minimal	wear	debris		

generated
•	 No	lubrication	required
•	 Wide	operating		

temperature	range
•	 Lower	life-cycle	cost

Moog	has	developed	direct	replacement	pitch	control	slip	rings	for	today’s	wind	turbines.	The	slip	ring	provides	
reliable	transmission	of	power	and	data	signals	from	the	nacelle	to	the	control	system	for	the	rotary	blades.	

The	Moog	slip	ring	operates	maintenance	free	for	over	100	million	revolutions.	The	slip	ring	uses	fiber	brush	
technology	to	achieve	long	life	without	lubrication	over	a	wide	range	of	temperatures,	humidity	and	rotational	
speeds.	In	addition,	the	fiber	brush	has	the	capability	to	handle	high	power	while	at	the	same	time	transferring	
data	signals.

Moog’s	proven	fiber	brush	technology	has	become	synonymous	with	high
performance	slip	rings	around	the	world.	With	over	50	years	of	experience	
and	more	than	10,000	slip	ring	designs,	our	engineers	work	together	with	
your	design	team	to	find	a	solution	that	is	right	for	you.

	 Looking for more? 
	 Scan	to	view	specifications	for	direct 
 replacement pitch control slip rings.

	+1-540-552-3011																		800-336-2112	(USA)																		mcg@moog.com

www.moog.com/components

Pitch Control Slip Rings
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ROOF MOUNT introduces the power of simplicity to the ballasted flat 

roof solar industry. The system consists of only two major components, 

minimizing preparation work and installation time. Seamlessly design 

around roof obstacles, support most framed modules and bond the system 

with just the turn of a wrench. 

ROOF MOUNTRM

FASTEST INSTALLATION IN THE INDUSTRY
BALLASTED FLAT ROOF RACKING SYSTEM

CONTACT  ENGINEERING.SERVICES@UNIRAC.COM   WITH  YOUR  LARGE  PROJECT  OPPORTUNITIES

L E A R N  M O R E

www.unirac.com
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Welcome to the sixth edition of the 
annual Solar Power World and Windpower 
Engineering and Development Renewable 
Energy Handbook. It’s stunning to think 
we’ve produced six editions now—each one 
more useful and comprehensive than the last. 
Whether you’re a long-time reader—with a 
half-dozen issues organized on your bookshelf, 
declaring your renewable energy authority 
to anyone who sees them—or enjoying the 
handbook for the first time, we thank you for 
reading. We hope you learn a lot! 

This handbook is a reflection of my career 
in renewable energy. I joined this industry as 
an editorial intern, way back in 2011 (when 
most of today’s solar projects were just a 
twinkle in developer’s eyes). My boss told 
me if I put together the inaugural edition of 
the handbook, it would earn me a full-time 
position. What I didn’t know is that it would 
become an annual tradition, or that I would 
enjoy it more with each passing year.

The Renewable Energy Handbook forces 
me to learn as much as I can, perfecting and 
refreshing my knowledge every year (“How 
do solar meters work again?”). It also offers 
a chance to work with the many industry 
veterans who are kind enough to share their 
expertise. And because this is a year-round 
team effort (the fruit of the labors of all 
Windpower Engineering & Development 
and Solar Power World editors—and intrepid 
interns), I’m constantly reminded that I’m 
lucky to be part of such a hard working, 
knowledgeable team. 

While my career has been on a steady 
rise, the wind and solar industries have had 
ups and downs since we first published the 
handbook. Despite uncertainty, or perhaps 
because of it, it’s still an exciting time to be in 
renewables. No one can argue with the long-
term viability of renewable energy. We know 
how this will end.

In the first three quarters of this year, 
the U.S. has more the doubled the number 
of wind-powered electricity brought to the 
grid, compared with the same time period 
in 2014. The total wind capacity across 
the country stands at just over 69,470 MW. 
An additional 4,100 MW is in advanced 
stages of development, and offshore wind 
is getting closer to reality in U.S. waters. 
What’s more, wind energy pricing has 
reached an all-time low. 

Likewise, great advances are being made 
in the solar industry. We should see a million 
U.S. homes with solar panels in February 2016. 
It’s true the industry might look a little different 
in 2017 if the ITC isn’t renewed, with the utility-
scale market expected to take the biggest hit. 
But smaller projects should stay on track, in 
large part because the industry has worked 
hard to lower component and installation costs.

It’s a great time to be part of these 
industries, and we’re here to help you succeed. 
We have more than 45 articles answering 
common questions about projects and 
components. What do you need to know 
before you order cables? How has O&M 
changed? What type of battery is best for your 
project? A section with component charts will 
help you compare equipment specification 
with a glance. And new sections include maps 
to help you understand where renewables are 
working now and could work in the future. 

As always, we welcome feedback—
please feel free to share it. We look 
forward to the hard work you’ll do for 
renewables in 2016. SPW WPE&D
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WindTC cuts damaging loads to extend 
your turbines life!  Over 4 years of field 
testing on different turbines, all show a 

need for reductions in loads.  

AeroTorque’s WindTC does just that!  

1441 Wolf Creek Trail - PO Box 305
Sharon Center OH, 44274 USA
330-590-8105 www.aerotorque.com

For more information, go to the new and improved 
www.aerotorque.com or call us to set up
a visit to your site!

The Data Is In... 
Control Torque Loads, 

Control Turbine Life
 

New computer modeling shows a life extension 
of over two years on the high speed bearings!
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For more information:
Call:   1-800-Go-Festo
            1-800-463-3786          

www.festo.usGlobal manufacturer of process control and factory automation solutions

Our Promise...  
“It’s on time, 
or it’s shipped free” 

Visit our website to see our latest FAST Catalog with a listing of  
components available for same day shipping!

• Pneumatic Cylinders and Actuators
• Pneumatic Valves and Valve Manifolds
• ELectromechanical Actuators, Motors and Servo Drives
• Fittings/Flow controls/Tubbing and Silencers
• Air preparation Units

www.festo.com/us/FAST
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CohnReznick is an independent 
member of Nexia International

cohnreznick.com/re
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Get proactive insight, market-focused advice and guidance from 
a nationally recognized leader—insights that help developers, 
lenders and investors achieve their objectives in  renewable 
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Of all the forces of nature, I should think the 
wind contains the largest amount of motive 
power.  Yet, the wind is an untamed, and 
unharnessed force; and quite possibly one of 
the greatest discoveries hereafter to be made, 
will be the taming, and harnessing of it. 

— Abraham Lincoln
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World Headquarters (US): 317.244.1200
Europe: +44.1483.541000
Japan: +81.42.631.8680
Singapore: +65.6862.8687
www.scsparylene.com

When it comes to reliability, 
nothing protects like Parylene. 
Circuit boards, sensors, MEMS and other electronics packages used 
in the automotive, electronics, military and renewable energy 
industries require superior protection to ensure reliable operation 
and trouble-free life.

SCS Parylenes can be applied to virtually any surface material to 
create an ultra-thin, pinhole-free, conformal coating with superior 
moisture, chemical and dielectric barrier properties. As electronic 
packages are exposed to extreme environments, SCS Parylene HT® 
offers excellent UV and thermal stability (up to 450°C), higher 
than most industry-standard coatings. Parylene coatings have also 
been shown to mitigate metallic whisker growth. 

Contact SCS for more information about our innovative solutions 
for your advanced technologies.
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Michelle Froese
Senior Editor

Windpower Engineering & Development
mfroese@wtwhmedia.com

“We are on the cusp of greatness,” 
said Tom Kiernan, American Wind 
Energy Association’s (AWEA) CEO 
in a recent press release. That 
was his summary of the current 
wind-power market. He followed 
his statement by recognizing 
noteworthy accomplishments, such 
as the construction of over $20 
billion worth of wind farms and a 
near record of more than 13,250 
MW of wind capacity currently 
under construction in the United 
States. An additional 4,100 MW is in 
advanced stages of development.

In fact, compared with the first 
three quarters of 2014, the U.S. has 
more than doubled the number of 
wind-powered megawatts installed 
at the same time in 2015, bringing 
the total wind capacity across the 
country to just over 69,470 MW. 
Expect that figure to rise before the 
year is out.  

What’s made 2015 even 
greater is that wind energy pricing 
reached an all-time low. According 
to the Department of Energy (DOE), 
the cost offered to utility purchasers 
averaged under 2.5¢/kWh for 
negotiated 2014 wind contracts. 

The cost-competitiveness of 
wind power has spurred project 
investments, created jobs, and 
prompted new research. What’s 
been termed a modern-day “wind 
rush” has made wind energy 
economically feasible in regions 
it never was before, such as the 
Southeastern U.S. Taller, more 
advanced wind turbines are 
accessing faster, steadier winds at 
higher altitudes to generate more 
electricity in more places. 

Offshore wind is also getting 
closer to reality in U.S. waters. 
The industry surpassed several 
regulatory milestones so that 13 
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offshore projects are now in various stages of 
development. The Deepwater Wind project 
off the shores of Rhode Island has led the way 
with “steel in the water” and officially installed 
the first wind-farm foundation components. 
Commercial operation of the project is 
scheduled for late 2016.

The DOE maintained the country could 
install a total of 86,000 MW of offshore 
projects nationwide by 2050, which would 
drive demand for a new supply chain and help 
revitalize America’s port cities. The government 
also set some new goals for the entire wind 
industry with the release of its Wind Vision 
report. It provides a road map for how wind 
energy can supply the U.S. with 10% of the 
country’s electricity by 2020, 20% by 2030, and 
35% by 2050.

Lofty goals, perhaps (wind currently 
generates 4.5% of America’s electricity) but with 
a banner year like 2015, those targets seem 
plausible — and even more so with the right 
government incentives. Kiernan maintained the 
industry is on the “cusp” of greatness but also 
cautioned about policy uncertainty, pointing to 
the production and investment tax credits that 
expired at the end of 2014. 

Back in May 2015, the U.S. Senate Finance 
Committee voted by a strong majority for a 
tax-extenders package that would extend 
federal tax incentives for expanding renewable 
electricity generation. As of press time, 
Congress has yet to pass the Bill, but a tax 
extension could help ensure continued growth 
for the industry and push wind energy beyond 
the cusp of greatness well into the future. 

With this Handbook, we also hope to help 
by providing you with the latest industry trends. 
Some things to watch for: As wind towers are 
getting taller, blades are becoming longer, 
more aerodynamic, and even modular in some 
cases, which is helping ease transportation 
challenges. Condition monitoring systems are 
quickly becoming must-haves for effective 
wind-farm performance, and can pinpoint 
when a bearing will need replacing. Some 
even provide a detailed analysis of gearbox 
oil. Up-tower maintenance is also becoming 
the routine choice when possible to save on 
turbine downtime and O&M costs by keeping 
gearboxes in the nacelle during repairs. 

A lot is changing in the wind industry 
with the aim of streamlining production, 
improving components, predicting and 
preventing failures, and optimizing turbine 
performance. It’s exciting to see what the 
future has in store. WPE&D

IT’S A GREAT 
TIME TO BE IN 

THE WIND
industry
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Wind Basics
There are three segments of wind generation: 
distributed or “small” wind, utility-scale, and 
offshore wind. Distributed wind uses turbines 
100 kW or smaller to directly power a home, 
farm, or small business. As of the beginning 
of 2015, the distributed market reached a 
cumulative capacity of almost 1 GW in the U.S., 
reflecting nearly 74,000 small wind turbines 
deployed across all 50 states.

Utility-scale wind power consists of several, 
or sometimes hundreds of large turbines and 
refers to projects greater than 1 MW. Nearly 
48,000 utility-scale turbines are currently 
operating in the country, with that number 
expected to increase by the end of 2015. 

Offshore wind refers to turbines 
constructed in bodies of water to generate 
power. Stronger wind speeds are available 
offshore compared with on land and can 
provide for higher electricity demands. The 
first offshore wind project in the U.S. is planned 
for 2016, with construction of the Block Island 
Wind Farm now underway off the shores of 
Rhode Island. 

While solar uses thermal energy to 
produce electricity, wind turbines convert 
natural wind’s kinetic energy into mechanical 
energy, then electricity. Solar and wind are 
interconnected resources, with wind an indirect 
form of solar energy. Most of the sun’s heat 
strikes Earth’s tropical zones near the equator, 

while the North and South poles are colder. 
Heat wants to mix with cold and find a middle 
ground, creating an endless heat transfer 
across the Earth’s surface with huge swaths of 
air moving along with the heat. This movement 
of air is wind.

Unlike PV arrays, wind turbines are filled 
with moving parts that are often subjected 
to harsh physical conditions. Maintenance 
is needed to attend to equipment that is 
affected by strong wind, sideways gusts, 
wind-borne debris, and sun damage. Tips 
of blades routinely move at more than 100 
miles per hour, and electrical connections 
must rotate around the mounting point of 
the turbine as wind direction changes. In 
the case of strong wind gusts, such as a 
gale, the blades are turned edge-on to the 
wind in an automatic process called furling. 
Residential-scale turbines turn the entire 
rotor sideways to the wind, while larger 
turbines use motors to rotate their blades so 
the wind slips past.

Worldwide, wind power has increased 
exponentially since the beginning of the 
21st century. In the 1980s, California was 
home to 90% of the world’s installed wind 
energy capacity. In 2014, the United States 
represented 17.8% of the world’s capacity, 
second only to China, and followed by 
Germany, Spain, and India (according to 

WIND BASICS WINDPOWER
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reports by AWEA). With nearly 3,600 MW 
installed in 2015 so far and more underway, 
there is now over 69,470 MW of wind capacity 
across the country.

Wind turbine facts
• The average rating of a wind turbine 

installed during 2014 was 1.94 MW. 
• The average rotor diameter of a wind 

turbine installed during 2014 was 99.4 
meters for turbines 1 MW and larger. 

• The average hub height of a wind turbine 
installed during 2014 was 82.7 meters. 

• Wind projects built in 2014 had an average 
installed cost of $1,710/kW, down almost 
$600/kW from the peak in 2010.

• Percentage of wind-generation capacity 
by region (from 2007 to 2014)

• Since 2007, wind power has represented 
33% of all U.S. electric generating 
capacity additions.

• Interior (54%)
• Great Lakes (49%)
• Northeast (27%)
• West (26%)
• Southeast (2%)

• Wind turbine manufacturers in 2014
• The top turbine manufacturers as measured 

by their cumulative share of the U.S. wind 
turbine fleet.

• GE Energy (27,952 MW of capacity)

• Vestas (11,916 MW of capacity)
• Siemens (9,837 MW of capacity)
• Gamesa (3,942 MW of capacity)
• Mitsubishi (3,899 MW of capacity

By: Joshua Smalley, 
WPE&D research assistant

WINDPOWER2016 RENEWABLE ENERGY HANDBOOK

Wind_Basics_ 2016_ Vs4.indd   11 12/14/15   12:27 PM



Top Wind Stats
Annual installed wind capacity in 2014

Texas (1,811 MW)
Oklahoma (648 MW)
Iowa (511 MW)
Michigan (368 MW)
Nebraska (267 MW)

Cumulative installed wind capacity (end of 2014)

Texas (14,098 MW)
California (5,917 MW) 
Iowa (5,688 MW)
Oklahoma (3,782 MW)
Illinois (3,568 MW) 

Percentage of in-state wind generation in 2014

Iowa (28.5%)
South Dakota (25.3%)
Kansas (21.7%)
Idaho (18.3%)
North Dakota (17.6%)

Top states for distributed wind capacity in 2014

New Mexico (Over 10 MW)
Texas (Over 10 MW)
California (1.1 MW to 10 MW)
Nebraska (1.1 MW to 10 MW)

Note: New York, Nevada, and Iowa led the nation for the number of 
small wind turbines deployed in 2014. 

Utilities with wind-power capacity in 2014 
(owned or under contract)

Xcel Energy (Minnesota) (5,736 MW)
Berkshire Hathaway Energy (Iowa) (4,992 MW)
Southern California Edison (California) (3,531 MW)
American Electric Power (Ohio) (2,185 MW)
Pacific Gas & Electric (California) (2,060 MW)
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There’s much to consider when selecting a state in which to do wind 
business. Here’s an easy way to take a look at which states are excelling 
in the industry, and in what ways. 
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Wind jobs in 2014
As of the end of 2014, the U.S. wind energy 
industry supported 73,000 full-time jobs.

Texas (Over 17,000) 
Iowa (Approximately 6,000)
Colorado (Approximately 6,000)
Oklahoma (Between 1,000 and 2,000)
Michigan (Approximately 1,000)

Offshore wind in the U.S.
The U.S. has 21 projects planned and 13 offshore 
wind projects in various stages of development, including:

• Deepwater Wind’s 30-MW Block Island Wind Farm off the waters 
of Rhode Island; scheduled to be online in 2016.

• Lake Erie Energy Development Corporation’s 18-MW Icebreaker 
Wind Farm off the coast of Cleveland, Ohio in Lake Erie; 
scheduled for completion in late 2018.

• US Wind’s 500-MW, and the U.S.’s largest offshore wind farm 
planned to date, off the coast of the state of Maryland; scheduled 
for completion in 2020 should it secure full permitting. 

Sources: Information compiled from AWEA’s 
U.S. Wind Industry Annual Market Report 
2014; the Department of Energy’s 2014 
Wind Technologies Market Report; the 
2014 Distributed Wind Market Report; and 
Lawrence Berkeley National Laboratory.

13WINDPOWER ENGINEERING & DEVELOPMENT — 2016 RENEWABLE ENERGY HANDBOOKwindpowerengineering.com

IA
CO

MN

N
M

IL

MI

TX

OH

OK

NE

KS

ND
SD

Sponsored by:

WP_Data Map_2016_Vs6.indd   13 12/14/15   10:30 AM



14 WINDPOWER ENGINEERING & DEVELOPMENT — 2016 RENEWABLE ENERGY HANDBOOK windpowerengineering.com

UNITED STATES 
WIND SPEEDS

Provided by:

Note wind speeds across the country 
to plan for your next project. 

Wind_Project_Map_2016_Vs4.indd   14 12/14/15   10:32 AM



• ISO 17025 Accredited Calibrations
   → For Torque Tools
   → Skidmore Bolt Testers
   → Pressure Gauges
• Industrial Tool Repairs (All Brands)
• Bolt Load Testing

We have been supplying quality wind turbine tools and equipment since 1987, 
offering an in house ISO 17025 Accredited Calibration lab for services and 
repairs as well as on site services with our new Mobile Calibration Fleet. 

AZTEC BOLTING SERVICES PROVIDES SOME OF THE MOST SOPHISTICATED 

WINDPOWER
TOOLS AND SERVICES IN THE WORLD

520 Dallas Street • League City, TX 77573

• Hydraulic Torque Tools
   → Low profile – Square Drive
• Hydraulic Pumps – Torque – Electric or Air
• Hand Torque Wrenches and Multipliers
• Electric Torque Wrenches
• Hydraulic Bolt Tensioners
   → Top side – Wind – Custom (By Design)
• Hydraulic Pumps – Tensioning – Electric or Air

• Industrial Tools – Lifting Rams, Pumps,
  and Accessories
• Industrial Impact Sockets
• Hydraulic Hoses
• Torque Tool Testers / Measurement Equipment
   → Hand
   → Air, Electric, Hydraulic Tools
• Hand Tools

• Enerpac Bolting Product Tool Sales
• On-site Demos
• Calibration Services
• Bolting Product Repairs
• Enerpac Controlled Bolting Training

24/7 SERVICES
Give Us A Call!
832-271-5120 

• Bolt Technicians
   → Wind Generation
• Calibration Services
   → On-site
   → Mobile
• Training and Operation Safety

FIELD SERVICES

BUSINESS PARTNERS

PRODUCTS - Sales & Rentals

IN-HOUSE SERVICES

MOBILE UNIT SERVICES
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Components Of A Wind Turbine
Illustration courtesy of Suzlon  9X 2.1 MW 
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1 Wind sensors (mechanical & ultrasonic)
2 Radiators and exhaust fans
3 Nacelle walls (fiberglass)
4 Induction generator
 Encoders  ............................................................. p.34 
 Sliprings  ............................................................... p.42
5 Bed plate
6 Vibration isolator
7 Generator blower 
8 Obstruction light 
9	 Air	filters	 ............................................................... p.48
10 Inverter, standby power & electrical connectors
11 Disc brake 
12 Coupling and torque limiter
13 Yaw bearings .........................................................p.18
 Motors  ...................................................................p.37
 Gears ...................................................................  p.32
14 Bearing ..................................................................p.18
 Lubricators  ............................................................p.51
15 Multistage gearbox  .............................................. p.32

16 Fire Suppression .................................................. p.64
17 Electrical control
18 Main shaft
19 Fans for oil cooling
20 Pitch controls
21 Pitch bearings  .......................................................p.18 
 Seals 
22 Main shaft bearing  ................................................p.18
23 Bolts  ..................................................................... p.24
24 Tower  
 (cables lifts, ladders and lighting)
25 Blades  ...................................................................p.21 
 Composites  .......................................................... p.30
 Coating 
26 Hub hatch
27 Safety rails ............................................................ p.60
28 Nose cone (fiberglass)
29 Hub hydraulics ...................................................... p.38
30 Hub (casting)
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BEARINGS WINDPOWER1

Bearings 

Where are bearings used in wind turbines?

Wind Turbines use a wide range of different sized bearings 
throughout the nacelle. The type and size of each bearing 
is determined by the highly variable loads and application 
requirements for each position. Bearing jobs include:

Blade or pitch bearings mounted at the root of each blade. 
These let the blade pitch in and out of the wind. “This position 
typically uses a large slewing ring that oscillates on steel balls,” 
says Timken’s Richard Brooks, Manager - Wind Energy Aftermarket 
at Timken Co. “Gear teeth are machined into outer ring surfaces. 
These bearings have few problems when operated within original 
design specifications and well-lubricated. But over time, they can 
experience gradual wear and material fatigue.”  

The yaw position, between nacelle and tower, requires a massive 
slewing ring or sleeve bearings that let the nacelle rotate as 
needed. These can have 3 to 6-m outer diameters. “Like pitch 
bearings, there are few problems as long as they are lubricated 
properly,” says Brooks. 

Main shaft bearings, also called rotor bearings, support the 
weight of the rotor assembly.  “Direct-drive turbines typically use 
a single large Tapered Roller Bearing, a TRB, or two bearings in a 
spread configuration, usually a Cylindrical Roller Bearing, a CRB 
plus a TRB, or two TRBs. Rotor-bearing failures in direct-drive 
turbines are uncommon. When there is a failure, it is often traced 
back to problems with the initial assembly,” he says. 

The designs that accompany rotor bearings deserve a word, 
says Brooks. “Modular or gear-drive turbines can be classified as 
three-point mount or four-point mount arrangements. In a three-
point mount turbine, the drivetrain is supported by a single main 
shaft bearing in a pillow block plus the two gearbox torque arm 
trunion supports. A four-point mount turbine adds a second main-
shaft bearing,” he says. 

An alternative rotor bearing arrangement contains a 
single large bearing integrated directly into the input of the 
gearbox. “The three-point mount arrangement uses a single 
Spherical Roller Bearing, an SRB. Four-point mount turbines 
have been used with two pillowblock mounted SRBs, two TRBs, 
or one TRB plus a CRB. The three-point mount arrangement 
with its single SRB is prone to premature failures due to surface 
initiated micropitting in the downwind row of the bearing. The 
rear bearing, in a four-point-mount arrangement, can also have 
problems,” he says. 
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Rod Ends and Spherical
Bearings designed and
manufactured to Aurora's
exacting standards for quality
and durability.

Registered and Certified to
ISO-9001 and AS9100.

From economy commercial to
aerospace approved, 
we've got it all !

Aurora Bearing Company
901 Aucutt Road
Montgomery IL. 60538

Complete library of CAD drawings and 3D models available at:
w w w . a u r o r a b e a r i n g . c o m

Aurora-Where_the_Action_Is:Aurora  11/5/10  1:10 PM  Page 1

the low-speed, input side of the gearbox, the low speed 
and planet-carrier bearings use CRBs or TRBs. Problems 
in these positions are uncommon. When there is a 
problem, it is usually associated with an excessive thrust 
load,” he says. 

Bearings in planetary sections have seen an 
evolution in design over the last 10 years. “SRBs, 
once the standard in sub-megawatt turbines, are no 
longer used. Now CBRs or TRBs are used in various 
arrangements. There has also been a shift to using 
bearings with races integrated into the gears or shafts, 
improving power density and load sharing. Most 
planetary bearing problems are a result of uneven 
loading across the rows,” says Brooks. 

The bearings in the high speed and intermediate 
parallel sections are typically a single CRB on the rotor 
side, combined with either a single CRB in conjunction 
with a ball bearing or a double TRB on the generator side. 

“The high variability in speeds and loads in the parallel 
section result in the greatest rate of failures. Common 
problems include axial cracks or spalls, often caused by 
a phenomena called white-etch-area transformation or 
white etch butterflies formed around inclusions,” he adds. 

Brooks also suggested that gearbox-bearing health 
is best achieved by running the turbine within the 
certified turbine-load ratings and maintaining good oil 
health by following best practices such as changing filters 
regularly, keeping water levels low, and changing the oil 
at proscribed intervals. “Bearing upgrades in the gearbox 
are becoming more common, and include those with 
Black Oxide or DLC coated bearings, and the use of case 
carburized steel,” he says. 

By: WPE&D Editor Paul Dvorak

AeroTorque Corporation
1441 Wolf Creek Trail
PO Box 305
Sharon Center, OH 44274
United States
www.aerotorque.com

Aurora Bearing Company
901 Aucutt Road
Montgomery, IL 60538
United States
www.aurorabearing.com

It is vital to provide main-shaft-
bearing arrangements with proper 
lubrication including the right lubricant 
selection, quantity, and interval. “Ongoing 
temperature monitoring and occasional 
lubricant sampling and testing for wear 
particles can detect an impending 
problem. Also consider a physical or 
boroscope inspection after five years 
of operation. Upgrades now commonly 
used include a diamond like coating 
(DLC) on the bearing rollers to prevent 
micropitting,” says Brooks.

Gearbox bearings also come in a variety 
of designs. Modern modular turbines use a 
gearbox with one or more planetary sections 
and at least one parallel shaft section. “The 
large variability in speeds and loads at each 
position determine the type of bearing. At 

WP_Bearings_2016_Vs3.indd   20 12/15/15   2:39 PM



21WINDPOWER ENGINEERING & DEVELOPMENT — 2016 RENEWABLE ENERGY HANDBOOKwindpowerengineering.com

BLADES WINDPOWER2

Blades

LM
 W

in
d 

Po
w

er
’s

 c
us

to
m

iz
ed

 b
la

de
-a

ss
em

bl
y 

pr
oc

es
s 

en
su

re
s 

a 
le

an
 a

nd
 e

ffi
ci

en
t m

an
uf

ac
tu

rin
g 

op
er

at
io

n.

How are companies keeping production 
costs downs as blade sizes increase?

Blades are getting longer as developers demand more 
power from current turbine platforms. To move the trend 
along, the Department of Energy recently offered up $1.8 
million dollars in funding for the development of 60-m long 
(or more) wind-turbine blades on turbines that stretch over 
120 m from base to hub.

The challenge for blade-manufacturing companies is 
clear: increase a turbine’s energy output with larger blades 
while somehow keeping production and maintenance 
costs in check.

Rotor sets are arguably one of the most influential 
pieces of the energy equation, because larger blades 
contribute to increased annual energy production or AEP, 

according to Alexis Crama, LM Wind Power’s VP of Offshore 
Development. “It’s important to invest in material and 
process innovation to enable longer and more efficient blade 
designs,” he said. 

Crama pointed out that blade size also matters when 
it comes to an important industry goal: reducing energy 
costs. “Another part of the recipe for success is working 
through efficient and affordable manufacturing set-ups, 
based on high volumes of larger turbines and longer 
turbine blades,” he added. 

However, the first manufacturing constraint in 
producing longer and better performing blades is often 
factory size. The demand for greater blade sizes often 
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exceeds the physical constraints of 
existing facilities. Crama offers a 
possible solution. 

“A focus on innovation in 
manufacturing technology to enable 
better capacity utilization,” said Crama. 

“On the one hand we are continuously 
sharpening our blade technology, 
including aerodynamics and system 
integration, while on the other we are 
developing highly flexible and efficient 
industrialization set-ups to deliver quality 
turbine blades.”

Building longer blades presents 
unique design challenges, which involves 
re-thinking materials, structure, and other 
features. For example, a new hybrid 
carbon and glass-fiber blade was recently 
commercialized that extends blade length 
without compromising weight. 

“Implementing this new hybrid 
material could have been costly 
because carbon fiber is more expensive 
than glass fiber,” said Crama, “But 
the hybrid design provided flexibility 
to, for the most part, use existing 

manufacturing processes, thereby 
reducing the cost of industrialization.”

Longer blades have also posed 
unique transportation challenges because 
they are too large for trucks to transport 
on most roads. 

“Today’s blades are more prone to 
the effects of wear and tear than most 
other turbine components,” shared Jatin 
Sharma, Head of Business Development 
at insurance company GCube. “And 
this includes additional factors, such 
as the harshness of the environment 
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and the potential for damage during 
transportation.”

Modular blades provide one answer 
to the transportation challenge. The 
segmented blade design provides for onsite 
assembly through a reliable bolted joint or 
a fusion system. This avoids the need for 
expensive cranes and specialized trucks 
because the blades are transported in 
separate parts. 

Once on site and fully constructed, 
turbine downtime is another potentially 
costly concern wind-turbine owners try to 
avoid. A 2014 report from GCube, estimated 
that there are 700,000 wind turbine blades 
in operation globally, with around 3,800 
blade-failure incidents per year. According 
to Sharma, blades have the highest failure 
rate of any wind-turbine component and the 
problems are not age related. 

The report categorizes the common 
causes of blade failure, from lightning 
damage to human error to manufacturing 
defects. 

“As the wind industry looks to attract 
secondary investments from pension 
and fund-management communities, 
blade failure and the associated business 
interruption costs—exacerbated 
by the growing cost pressures on 
manufacturers—can be an unwelcome 
deterrent,” said Sharma. 

He added that it’s important to 
implement checks and reviews throughout a 
blade’s manufacturing process, and through 
transportation and construction. “Ultimately 
it’s in the interests of all parties to minimize 
unscheduled downtime, along with the 
frequency and severity of turbine failures.”

By: WPE&D Editor Michelle Froese

Dexmet Corporation
22 Barnes Industrial Road South
Wallingford, CT 06492
United States
www.expanded-materials.info

Wetzel Engineering Inc.
821 Grand Avenue Parkway, Suite 410
Pflugerville, Texas 78660
United States
www.wetzelengineering.com

Specialty Coating Systems
7645 Woodland Drive
Indianapolis, IN  46278
United States
www.scscoatings.com
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Bolting

What’s new in wind turbine bolting technology?

At a recent O&M conference, the topic of technician 
retention came up. Among the several suggestions was 
making technicians’ jobs easier with service lifts and 
lighter tools. This discussion deals with such tools.

A lighter hydraulic pump
The right tools let wind crews uphold safety, improve 
efficiency, and minimize their environmental impact. 
These goals ensure a crew’s wellbeing and mitigate the 
ever-present risks of downtime and slow production. 

Recent wind-power-bolting tools have brought 
crews faster, safer production. One such advanced tool 
is the Stratus Electric Tensioner Pump. “It’s lightweight 
for easy maneuvering and it operates with a simple two-
button pendant remote complete with a quick release 
clasp and an emergency safety button,” says Aztec 
Bolting Service President Larry Garza. “Fast pressure-
up and retract features require less time bolting of 
foundations, blades, gear boxes, and more.” 

Another new tool, Enerpac’s Electric Torque Wrench 
or ETW Series, will be released later this year. It offers 
wind-turbine crews a small footprint, low vibration 
and high speed operation, fastening verification, and 
more, making it compatible for wind tower construction. 

“These next-generation products give wind crews 
innovative technology for how they perform their critical 
work for bolt integrity,” adds Garza. “We use the tools, 
and train and certify other to use them.”

A rugged battery-powered wrench
For quite some time, requests have been made for 
a battery-powered-bolting system for wind-turbine 
maintenance. A few solutions were available, but 
the general consensus in the field was that none 
could withstand the rigorous usage required by wind 
technicians. Common issues included overheating, 
bending, and battery longevity.

“In response to the demand, engineers at my 
company have spent nearly five years developing a 
battery powered torque gun from the ground up,” says 
HYTORC Application Engineer Jason Junkers. “The 
entire tool was custom designed to meet the industry’s 
needs.”  Working with a select group of users in the 
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wind-power industry, prototypes of the tools 
were tested in the field until a final model was 
ready for production. 

The Lithium Series tools are the first to use 
a 36-volt lithium-ion battery pack for industry-
leading battery life. Available in multiple sizes, 
with torque output going as high as 3,000 ft-lb, 
these tools easily handle torque checks and 
other maintenance tasks on most wind turbines. 
Technicians will appreciate the compact and 
lightweight design, instead of having to lug a 
75-lb hydraulic pump up a ladder to the nacelle. 
Custom hardware and software ensures maximum 
torque until the end of the battery’s life and it 
allows torque and angle-bolting methods. 

An accurate electric wrench
As the wind power industry matures, OEMs, owner 
and operators, and construction companies are all 
looking to more accurately collect and maintain 
their installation and service records. “Collecting 
and maintaining proper records gives companies 
documentation of the procedures they offer 

to their customers and lets them go back and 
review if any questions arise down the road,” says 
AIMCO’s Energy Services Manager Paul Bundy.  

To accurately collect torque data, it is 
important to first understand the different 
technologies available. There are two basic types 
of products on the market: open loop and closed 
loop. “Open-loop technologies, such as hydraulic 
and electric-current-controlled tools, calculate a 
psi value at the pump, or a voltage-current at the 
controller, and assume a torque result at the socket 
end of the tools. Closed-loop technologies, on the 
other hand, such as our company’s AcraDyne HT 
series, use a built-in transducer at the working end 
of the tool to accurately deliver and collect the 
torque applied to the fastener, not at the pump or 
controller end,” adds Bundy. Those responsible 
for structural maintenance can be assured the 
job is done correctly, he says. And once a project 
completes, all data collected can be stored in an 
Excel spread sheet for future review. 

By: WPE&D Editor Paul Dvorak

AIMCO
10000 SE Pine Street
Portland, Oregon 97216
United States
www.aimco-global.com

HYTORC
333 Route 17 North
Mahwah, NJ 07430
United States
www.hytorc.com
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Cables

Where are cables used in wind turbines?

Signal and control cables
Wind turbines use many 
types of signal and low-
voltage cables for a variety of 
applications. Most applications 

are in the nacelle and tower.  
In the nacelle, cables connect sensors to 

controls and to power devices. Flexibility there is 
important to route the cables in confined areas, 
such as for sensors in the blades. Flexible cables 
also perform better with the high vibrations caused 
by rotating machinery in the nacelle. In addition, 
gearboxes can leak oil so using cables with oil-
resistant insolation helps prevent cable failures. 
Wind techs will appreciate the feature when a 
gearbox needs replacing but its related sensor 
cables will not. Power applications in the nacelle 
include pumps, fans, pitch systems, and drives. 
Ethernet cables also run from nacelle to tower base.

In the tower, low-voltage power is needed for 
lighting, while higher voltage cables are needed to 
bring the generated power to the base of the tower 
for a connection to switchgear and the grid. A three-
meter drip loop in the power cable, just below the 
nacelle, lets a turbine yaw or make several rotations 
in either direction as controls work to keep the 
turbine pointed into the wind. So a flexible power 
cable must tolerate torsion or twist. 

All of these cables must be UL listed with a 
good flame rating, such as FT4. One UL type, WTTC 
(Wind Turbine Tray Cable) is rated for 1,000V. Oil 
resistance is useful here too because gearbox oil can 
drip down the power cable should the gearbox leak.

Another cable feature often required in towers 
is one that offers flexibility at low temperatures, 
especially for turbines in cold climates. There, cables 
that twist in the drip loop during normal operations 
must remain somewhat flexible. Flexibility lets cables 
sustain vibrations in colder environments. A few 
insulation materials perform well down to -40°C.  

  
The section provided by Rick Orcini, Technical 
sales with SAB Cables.

Low-voltage signal and control cables also require 
proper shielding to prevent interference from 
electric motors and to reduce or eliminate signal 
attenuation. This is critical to maintaining the 
integrity signal transmissions for monitoring and 
control of auxiliary systems. Regardless, all cables 
within the nacelle must offer resistance to oils and 
ozone, as well as flame retardant to maximize safety. 

Smaller low-voltage cables used within the 
nacelle and tower are designed to withstand torsion 
and vibration, while providing stable electrical 
properties over a broad temperature range. 

High-voltage cables
High-voltage cables connect the generator to 
power conversion panels. Typical voltages from 
the generator range from about 650 to 800V. A 
single cable is typically not large enough to handle 
the current generated for each phase, making it 
necessary to combine several cables in parallel to 
accommodate currents as high as 2,400A per phase. 
Space constraints and latent heat within the nacelle 
require that the cable combine a high-wire count of 
flexible conductors with a large cross-section and a 
thermosetting insulation. 

When voltage coming down tower is less 
than the 35 kV for the collection system, a step-
up transformer at the base of the tower increases 
the voltage to meet the 35-kV requirement. At the 
substation, voltage is again stepped up to reach 
the 138 to 345-kV operating range typical for bare 
overhead lines. 
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What are the 
mechanical properties 
for underground and 
overhead cables?
The 35-kV underground-
collection system (35-kV 
cables) must be rugged and 

suitable for the mechanical requirements associated 
with direct-buried applications. These cables have to 
withstand changes in ground conditions, such as dry 
soil that causes cables to run hotter, or wet soils where 
moisture can affect the long-term life of the cable. 
Overhead transmission lines must withstand windy 
environments expected with wind-farm locations and 
environmental concerns, such as ice loading. 

While overhead transmission lines are used for 
a final connection to the grid, the collection system 
within the wind farm is static and underground. As 
with any underground system, repairs are extremely 
costly. Medium-voltage cables used in wind-farm 
collection systems should be designed with qualified 
materials, tested, and proven to demonstrate 
long-term reliability and performance for extended 
underground life. They must withstand the rigors 
and challenges associated with buried-installation 
techniques and potential hazards, such as water 
ingress. Water-blocked conductors, concentric 
neutrals, jacket, and completed cable are critical 
features that can prevent longitudinal penetration and 
migra¬tion of water along the conductor and beneath 
the outer cable jacket. 

What new developments in cables should wind 
technicians be aware of? 
To establish a more efficient, environmentally friendly 
collection system for wind-power applications, wind 
technicians and site electrical engineers should note 
the re-engineered utility medium-voltage cable, 
EmPowr Link CL Advantage. It is a more ruggedized, 
35-kV cable for harsh soil conditions. It features a 
smaller, lighter design with flat concentric neutrals 
to protect the core of the cable from installation 
and environmental damage. This provides an added 
measure of cooling, an efficient shielding system, 
lower line loss, and better resistance to deformation. 

For bare overhead transmission lines, E3X 
Technology lets utilities optimize the power grid 
by adding more capacity and control losses with 

Helukabel USA
1490 Crispin Drive
Elgin, IL 60123
United States
www.helukabel.com

significant first-cost and 
long-term operational 
savings. TransPowr with 
E3X Technology features a 
thin, durable coating that 
applies to the surface of 
General Cable bare overhead 
conductors. This heat-
dissipating coating increases 
emissivity and reduces 
absorptivity, improving 
energy effectiveness and 
efficiency by allowing 
for a higher ampacity 
rating, reduced operating 
temperature, and lower 
losses for a given conductor 
size, or a reduced conductor 
size for a given ampacity 
rating. Depending on 
operating conditions, a bare 
overhead conductor with 
E3X Technology can offer 
up to a 20% reduction in 
project first costs, up to 25% 
increased ampacity, up to 
25% lower line loss, and up 
to 30% reduced operating 
temperature.   

This supplied by Karen 
Wilkinson at General Cable. 
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Composites

Why are composites of interest to the wind  
industry, and how are they made? 

The wind industry is interested in composites 
because it allows manufacturing large, yet light 
structures such as the nacelle housing and long 
blades. Demand in the U.S. composites market is 
expected to grow at 6.6% annually, reaching $10.3 
billion by 2019. 

“High-performance composites consist of 
carbon, Kevlar, or glass fibers impregnated with a 
resin and cured into a shape using various molding 
methods,” says Mac Larsen, Director of Application 
Development at Graco Inc. “Because of its lighter 
weight and greater durability, carbon fiber is 
slowly earning wider use over glass fiber for use 
in blades, especially as wind turbines grow in size. 
Lighter blades also allow lighter turbine and tower 
components, so their cost savings justify the higher 
price of carbon.” 

One widely used resin-fiber intermediate – a 
“prepreg” for pre-impregnated fiber sheets – is 
formed when a thermoset heat-curable resin is 
combined with carbon fiber and partially cured in a 
continuous film impregnation process. “Prepregs are 
made under factory-controlled conditions to ensure 
a tightly managed carbon fiber-to-resin ratio for 
consistent quality. As demand for high-performance 
composites grows, traditional prepreg processes 
must also keep up by transforming from basic batch 
operations into more efficient and higher-capacity 
automated processes,” says Larsen.   

The prepreg resin that is combined with carbon 
fiber is a formulation of different resins, modifiers, 
and curatives, which are mixed together and then 
poured or pumped onto a filmer or coating machine 
by hand or with the assistance of a transfer pump. 

“The mixed resin formulation, called a premix, can 
either be frozen to suspend its reactivity for filming 
at a later time or it can be delivered to the filming 
process while still hot. To ensure the highest quality 
prepreg product with the correct carbon fiber-to-
resin ratio, the resin premixes are created in limited 
volumes multiple times daily and delivered to the 
prepreg filming process,” he says. 

As the resin mix is 
coated onto a base release 
paper, a continuous supply 
of dry carbon-fiber strands 
are pressed into the resin 
film, producing prepreg. This 
product continues down the 
coating line where it’s cooled 
and cut into sheets or rolled 
up. Once the carbon fiber 
and resin mix cools, the resin 
solidifies and enters what is 
known as a “B-stage,” an 
intermediate stage where the 
resin is partially reacted yet 
stable for a short period. 

Many resins used in high-
performance composites 
have molecular make-ups 
that result in a thick or 
semi-solid product at room 
temperature. “That makes 
it necessary to heat and 
mix the composites into 
proper formulations before 
processing into prepreg 
intermediates. One idea 
for increasing capacity is to 
simply speed up the resin 
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pre-heating to keep up with 
the demand of larger scale, 
prepreg processes,” he adds. 

The benefits of faster 
heating include higher quality 
end products, improved 
prepreg-production logistics, 
and reduced resin waste, 
which is common with lengthy 
heating and reheating cycles. 

“Point-of-use resin heating is a 
continuous process that offers 
a high-volume, cost-saving 
alternative to traditional bulk-
heating methods. Heating only 
what’s needed when needed 
is the primary goal of point-of-
use resin heating, saving time 
and money,” he says.

By: WPE&D Editor Paul Dvorak
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Gears & Gearboxes

What is the purpose of a 
gearbox in a wind turbine? 

In a nutshell, a turbine works this way: The 
energy in the wind turns the rotor which is 
connected to the main shaft, which turns 
the gearbox, which spins the generator to 
create electricity. The gearbox essentially 
connects the rotor to the generator but 
more importantly, increases the rotational 
speed of the rotor from a low speed – about 
5 to 20 revolutions per minute (rpm) – to a 
more useful speed around 1,000 rpm.  

Before describing how a wind-turbine 
gearbox works, here’s a brief word on 
power.  Mechanical power, such as that 
transmitted by a rotating shaft, has two 
components: torque (the twisting force in a 
shaft measured in foot-pounds) and speed, 
usually in revolutions per minute or rpm. At 
constant power, mechanically increasing 
the shaft speed must lower its torque. The 
opposite is also true: Increasing shaft torque 
reduces its speed.   

Now, if you could remove the case from 
a conventional wind turbine gearbox, you 
would see that the input rotation speed from 
the rotor is increased at three stages. The 
first stage is almost always a planetary speed 
increaser because the design can handle the 
enormous torque or twist produced by the 
rotor. This first stage increases speed about 
four fold, so it is said to have a 1:4 ratio. For 
example, 10 rpm from the rotor is turned 
into 40 rpm which is fed into the second 
stage. The middle stage could be another 
planetary speed increaser when torque is 
high or a simpler big gear driving a smaller 
gear, usually helical spur gears. Rotational 
energy from the first stage goes to a large 
gear that turns a smaller gear for a speed 
increase. The ratios here are around 1:5, so 
the incoming 40 rpm is turned into (5 x 40 

=) 200 rpm. Likewise, the third stage has a 
ratio of around 1:5 with the small gear of the 

middle stage driving the large gear of the 
third stage. Hence its output is around (5 x 
200 =) 1,000 rpm which is a useful speed 
for what’s called an induction generator. Of 
course, there are variations to the gear ratios 
and this description. 

Wind turbine gearboxes differ from 
other industrial gearboxes in a few 
fundamental ways:

• Wind turbine gearboxes have much 
tighter tolerances between gearing 
elements.

• Most industrial gearboxes are speed 
reducers so they turn a high input speed 
from a motor, into lower speed and high 
torque. Wind turbines gearboxes do the 
exact opposite. 

• Most industrial gearboxes operate at 
constant speed and torque. In a wind 
turbine gearbox, loads are anything 
but steady, so the input torque is 
constantly changing. 

• Industrial gearboxes in temperature-
controlled facilities are usually anchored 
to solid concrete which allows for 
accurate shaft alignments. Wind turbines 
gearboxes are mounted on steel frames 
or cast platforms, and sit atop towers that 
vibrate. This also exposes wind-turbine 
gearboxes to environmental extremes. 

This section is provided by Broadwind 
Energy and WPE&D Editor Paul Dvorak.

AeroTorque Corporation
1441 Wolf Creek Trail
PO Box 305
Sharon Center, OH 44274
United States
www.aerotorque.com

Winergy Drive Systems Corporation
1401 Madeline Lane
Elgin, IL 60124
United States
www.winergy-group.com/cms/website.php

ZF SERVICES
777 Hickory Hill Drive
Vernon Hills, IL 60061
United States
www.zf.com
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Encoders

What features should OEMs  
consider when choosing encoders? 

Rotary encoders are often one of the least discussed 
components of a wind turbine and yet they are 
integral to many related applications. An encoder 
is an electro-mechanical device that converts the 
angular position of a shaft or axle to a digital code. 

Three of the most common uses for encoders in 
wind turbines are: monitoring and controlling blade 
pitch, monitoring yaw position or nacelle rotation, 
and monitoring the speed of the low-speed shaft 
(rotor RPM) or the high-speed shaft (generator RPM). 
The first two applications are accomplished with 
either incremental or absolute encoders, and the 
third typically uses an incremental encoder.  

“But that’s not everything,” said Chuck Juda, 
Business Development Manager of PepperL+Fuchs, 
an automation company. “Beyond these 
applications, encoders can also apply to safety 
and service-related sub-systems within a turbine, 
including cable-twist monitors, equipment hoists, 
and tower man-lifts.” 

Juda said it’s important to select an 
encoder based on the product’s specification to 
ensure it fits the intended application. “Typical 
environmental specifications for nacelle 
components are much broader than those of 
standard factory automation devices.” 

A few key attributes to consider when 
choosing encoders include: electrical 
characteristics (e.g. operating voltage and output 
configuration), storage and operating temperature 
and humidity, shock and vibration resistance, 
maximum shaft load, angular resolution or pulse 
count, and rated bearing life. Lightning protection 
is also an important feature.

“Many wind turbine OEMs now prescribe 
specific measures or specialized test procedures 
to protect an encoder’s internal electronics from 
lightning damage and from electromagnetic 
interference,” said Juda.

Christian Fell agrees. He heads up Posital 
Fraba North America, a company that designs and 
markets precision sensors for industrial applications. 

“Wind turbines can present harsh environments for 
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ENCODERS7

instrumentation, including extreme temperatures, moisture, 
salt water, and dust. Encoders should carry ingress protection 
ratings of IP67 or better.”

To increase longevity and reliability, magnetic encoders 
provide OEMs with a newer option over the conventional optical 
or glass-disk devices, which use a light source and photo-
detector array to read optical patterns and place positions. 

“Magnetic encoders are appealing because they are based 
on Hall-effect sensors, which eliminate any need for mechanical 
contact between sensing elements. This reduces wear from 
vibration and prolongs life,” said Fell. A Hall-effect sensor is 
a transducer that varies its output voltage in response to a 
magnetic field. It is used for positioning. “For absolute sensors, 
the use of a non-linear magnetic effect to power a revolution-
counter can add multi-turn capabilities without the need for 
backup batteries or complicated gear sets.”

Another updated feature to consider is an encoder’s ability 
to interface and communicate with other turbine components. 

“Encoders with interfaces that are compatible with the turbine 
control system will simplify installation and maintenance,” said 
Fell. “For example, some advanced control systems optimize 
energy production by noting and slightly adjusting a blade’s 
pitch when it passes in front of the support tower.”

The trend towards greater integration of sub-systems 
inside the nacelle is also driving the use of more network-
compatible devices, replacing the dedicated point-to-point 
interconnections of the past. 

“This lets multiple processing devices use the encoder 
information, including those that communicate with remote 
monitoring systems,” explained Juda. “The ability to directly 
‘read’ the encoder’s outputs from a remote location significantly 
increases the level of preventive diagnostic monitoring and 
troubleshooting that are possible today.

By: WPE&D Editor Michelle Froese

Encoder Products Company
464276 Highway 95 South
Sagle, Idaho 83860
United States
encoder.com

PREMIER SOLUTIONS  
FOR YOUR BUSINESS.
ZF Services, LLC is the premier full-service driveline solution  
provider. Offering multi-brand services for wind turbine gearboxes, 
ZF Services, LLC brings added value to your business with a high 
level of quality expertise and service responsiveness. As a trusted and 
reliable partner, you can be ensured advanced technologies are used 
for product reliability. For more information call 800.451.2595 or visit 
at www.zf.com/us. 

OUR PARTNERS

Rotor Blade Inspection & Repairs • Wind Turbine Spares

WWW.BS-ROTORUSA.COM
(888) 44-ROTOR (76867)

Multigear GmbH

U
.S

.A
.

  Blade Inspection with Reports
  Leading Edge and Protective Coating
  End of Warranty Inspections and 

Repairs with Reports
  Gearbox Borescope Inspection with 

Reports

BL

ADE  SERVICE
ROTOR TECHNIC USA, LLC

Booth # 
1818

WP_Encoders_2016_Vs5.indd   36 12/14/15   11:41 AM



MOTORS & DRIVES WINDPOWER8

Motors & Drives

How are motors and drives used in a wind-turbine nacelles? 

A wind turbine needs yaw brakes to hold 
the rotor facing into the wind. If the turbine 
is not facing directly into the wind, it is 
not producing at full capacity. When wind 
direction changes, a turbine’s controls instruct 
its yaw motors to reposition the nacelle. 

“In theory, this could be handled by 
one large yaw motor, but this would be 
problematic from a functional point of 
view,” said Andreas Gotfredsen, head of 
the yaw group at Siemens Wind Power and 
Renewables Division’s technical engineering 
department. “Although more motors drive 
the cost up, several work better than one.”

At Siemens, all turbines are fitted 
with the optimal yaw capacity for the 
load envelope of the turbine, according 
to Gotfredsen. That is, the harsher the 
conditions the turbine faces, the more 
yaw capacity it needs. Then too, a smaller 
diameter yaw ring requires more torque 
and a higher gear ratio, assuming similar-
size rotors.

To illustrate, Siemens’s latest turbines, 
from its D3 platform, use 12 x 1.5 kW yaw 
motors, while the turbines from its large 
offshore D7 platform, use 16 yaw motors—
relatively less from a megawatt point of view. 
This difference is due to comparatively less 
capacity needed per motor because the yaw-
ring diameter is larger, said Gotfredsen. 

Despite the difference between onshore 
and offshore wind environments, there is not 
necessarily a difference in the motors and 
drives of the turbines.

“An offshore wind turbine is completely 
sealed from outside influences, such as the 
higher humidity in offshore,” said Gotfredsen. 

“There is no difference between Siemens D3 
and D7 platforms, they have the exact 
same yaw motor design. This provides 
us with a greater choice in suppliers 
and greater spare-part flexibility 
throughout turbine lifetime.”

An emerging development in motors 
and drives that will be useful for offshore 
wind: simplify, simplify, simplify.

“We strive to simplify our turbines 
as much as possible to reduce moving 
parts, which increases reliability,” said 
Gotfredsen. He sees the same trend in 
Siemens’s competitors, and expects the 
trend to continue.

Yaw systems are also being simplified. 
For instance, Siemens’s direct-drive turbine 
features a frictional sliding bearing as 
opposed to one with rolling elements.

Competitors differ in the placement 
of yaw-ring gears. Some gear teeth are 
machined on the inside and some on 
the outside of the yaw bearing. There is 
not much change as far as concept goes, 
but the placement is a design choice for 
different reasons.

One trend that may 
become more popular with 
competitors could be the 
use of yaw motor frequency 
converters, Gotfredsen 
predicted. This would 
help companies trim their 
power consumption.

By: Joshua 
Smalley, 
WPE&D 
research 
assistant
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Hydraulics

Where are hydraulics used in a wind turbine?

The muscle that pitches wind-turbine blades 
can come from either a hydraulic or electric 
device on most turbines rated at and below 
2.5 MW. But for turbines over 3 MW, the job of 
pitching blades more often falls to hydraulics. 
And hydraulics can handle more.

“Hydraulics in wind turbines usually refers 
to the assemblies for brake control and 
regulating the blade setting through pitch 
control,” said Bob Pettit, Corporate Technical 
Director at HAWE Hydraulics.

In a nutshell, the process of turning wind 
into electricity involves a drivetrain turned 
by a rotor of two or three blades and related 
equipment. While small turbines often have 
fixed rotor blades – they do not pitch – larger 
turbines require blades that pitch, and so are 
mounted on bearings. 

To drive each blade to its best pitch 
position requires a hydraulic pump, motor, 
reservoir and associated equipment. For 
example, the pump and motor are usually 

mounted in the nacelle while hydraulic pistons 
are mounted in the hub. A hydraulic rotary 
joint allows passing hydraulic fluid from the 
stationary side to the rotating side. Pitch 
control then varies the pitch of the blades to 
maintain nearly-constant rotational speed at 
the generator. 

Aside from wind velocity changes, the 
pitch of the blades may vary even during a 
360-degree rotation of a single blade. Such 
control is necessary because wind velocity at 
the 12 o’clock position may be significantly 
different from its velocity at the 6 o’clock 
position, according to Afzal Ali, Director of 
Marketing at Deublin. Typically, the pitch 
of each blade varies continuously and 
independently.

In an emergency, hydraulic pitch control 
can operate without an external power supply 
thanks to an accumulator, a sort of hydraulic 
battery. Hydraulic actuation provides the 
shortest stopping time, a wider range of 
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operating temperatures than 
alternative systems and it’s 
backlash free. 

The rotor brake, also 
hydraulically activated, engages 
during emergency stops as 
well as service work when 
the turbine is manually shut 
down. Another hydraulic 
system, one that activates 
yaw brakes, is comprised of 
several hydraulically-activated 
brake calipers which act on a 
break disk at the top of the 
tower. During normal turbine 
operation, brake calipers are 
under maximum pressure to 
keep the nacelle facing the 
wind direction.

Hydraulic equipment 
usually includes an accumulator 
as a way to store energy in case 
of an emergency shutdown. The 
system is usually designed to 
fill the accumulator during off-
demand periods, when pump 
flow is not allocated to system 
actuators. The pressurized fluid 
stored in the accumulator can 
then pitch the turbine blades 
to a safe position where they 
can stay until power is restored 
or the halting condition is 
corrected. 

Researchers are 
considering the advantages 
of replacing gearboxes in 
some turbines with hydraulic 
transmissions. 

“For instance, there is some 
compressibility in the fluid that 
prevents shock loading to the 
generator,” said University of 
Minnesota and Mechanical 

Engineering Professor Kim 
Stelson. “Hydraulics equipment 
is lighter than the conventional 
equipment it replaces. Also, 
control is somewhat simplified. 
Controls in a conventional 
turbine are based on torque, a 
quantity that can be difficult 
to measure, although it can be 
approximated with current. But 
in a hydraulic transmission, it is 
measured with pressure from 
the pump and that is more 
convenient.”

Other researchers 
are also devising ways to 
replace gearboxes in large 
turbines. While working on the 
development of a variable-
displacement hydraulic machine 
in the 1980s, engineers at 
Artemis Intelligent Power found 
a way to improve hydraulic 
efficiency. The company 
replaced the mechanical 
valves and swash-plates 
of conventional variable-
displacement hydraulic 
machines with computer-
controlled high-speed 
solenoid-valves. This opens 
new markets for hydraulics 
because Digital Displacement 
machines are efficient at all 
load levels and have super-fast 
response to computer control. 
This development has led one 
Japanese turbine OEM to build 
a multi-MW unit with a hydraulic 
drive that is now working off the 
coast of Japan near Fukushima.

By: Joshua Smalley,  
WPE&D research assistant
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Slip Rings

Why are slip rings an important 
component in wind turbines?

Slip rings are electrical rotary transfer devices 
that let electricity pass from a rotating object 
to a stationary object and vice versa. In utility-
grade wind turbines, it provides the direct 
electrical connection between the hub and 
nacelle. Low power, control communications, 
and sensor signals must pass through the 
pitch-control slip ring.

“High reliability slip rings are key to long-
term, productive operation of turbines,” said 
Steve Black, Business Development Manager 
at Moog.

Slip rings are critical components in 
turbine designs that require them. If one 
fails to pass data or a power interruption 
occurs, the turbine will cease to operate and 
technician intervention is required. Some slip 
rings require maintenance during shut downs, 
or periodic replacement when worn beyond 
economical repair. Either case affects the 
productivity of the turbine.

Consider several factors when replacing 
or upgrading a slip ring. The durability of 
the critical components is at the top of the 
list, according to Jesse Shearer, Design 
Engineer at United Equipment Accessories 
(UEA). Wind-turbine slip rings operate in 
extremely rough conditions, so they must 
be designed to withstand them. An optimal 
contact design creates minimal wear debris 
and needs no lubrication, a feature that 
eliminates maintenance and lost operating 
time. Additional care must be taken in 
selecting a bearing and support structure that 
can withstand a multi-ton gearbox.

Ease of maintenance is also an important 
factor. A reliable slip ring requires less 
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maintenance and has components easily 
accessible to wind technicians. Reducing 
downtime for maintenance is critical, and 
using products that minimize brush wear 
and lubrication-related performance 
issues help alleviate the issue, said Black.

“The longevity of a slip ring is another 
factor to consider, because a turbine may 
require several slip rings over its life,” 
said Shearer. “Maintenance and longevity 
should be weighed in conjunction with 
one another to minimize downtime and 
maximize the life of the slip ring.”

New technologies in the market are 
increasing the reliability of slip rings. New 
brushes drastically reduce wear debris, 
while cabling with better impedance 
control and signal integrity are now 
available. Fiber-optic rotary joints are 
becoming affordable and practical, 
allowing a non-contacting interface for 
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control signals. In addition, increased capability 
for higher communication rates are opening new 
opportunities for hub-to-nacelle communications.

“Turbine owners and operators need to be 
cognizant of suppliers working to increase reliability 
and performance of existing turbines with new slip-
ring technologies and designs,” said Black.

By Joshua Smalley, WPE&D research assistant
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Switchgear

What factors should influence  
a developer’s choice of switchgear?

Switchgear controls high-power electric power circuits. Its work encompasses 
switching and protecting individual wind turbines on a wind farm against 
abnormal conditions. Gas-insulated, medium-voltage switchgear is most 
common in the wind industry.

“Switchgear isolates strings of turbines in the collection system so that 
they may meet local inspection requirements and allow isolating a segment for 
maintenance,” said David Veatch, Application Director of Renewable Energy 
and Energy Storage at S&C Electric Company. “It is also used to isolate a single 
turbine, so other turbines in a string can continue generating power.”

When selecting and installing switchgear, factors to keep in mind 
are the predicted amount of generated power, the voltage rating, and 
short-circuit interrupting capacity, said Samy Faried, Regional BD Manager 
and Field Application Engineer at ABB. Other characteristics to consider 

are continuous rating of the 
switchgear, control and protection 
systems, and enclosure design. 
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“The selection of switchgear is also affected by the 
type of wind turbine used,” he added.

Size is another important factor, especially in 
regards to maintenance, according to Veatch. “The 
ability to move the switchgear in and out of the door 
at the base are important maintenance considerations,” 
he said. “To deal with harsh environments and animal 
intrusion, a sealed design is critical for turbine and 
collector-system switchgear.”

It’s also important to consider where the 
switchgear will operate. A lack of available space will 
affect the selection and transportation of equipment. 
Switchgear that operates on its side may be positioned 
along the inside wall of a turbine tower, allowing for 
more space for maintenance personnel and equipment. 
Another helpful maintenance consideration lets wind 
farm operators remotely access the switchgear to 
download fault-event data.

The variability of wind direction and strength 
creates voltage-stability problems for the grid, said 
Faried. VAR compensation systems and regular grid 
interconnection requirements may dictate the kind of 
equipment and frequency of maintenance.

“Safety features are also important to consider 
when selecting switchgear. A few features include 
visible gap, integral grounding capability, and arc-
resistance,” Veatch added.
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Offshore wind environments present a 
different set of challenges for switchgear. Civil 
and structural work is at risk for major delays, 
cost overruns, and working difficulties because 
of exposed weather conditions at offshore 
sites, said Faried. 

When installed at offshore locations, 
switchgear must operate in difficult conditions 
and corrosive environments. The difficult 
nature of accessing and servicing equipment 
at these sites creates a greater need for 
reliable switchgear.  

“Downloading fault-event data from 
remote turbine switchgear is more important 
in offshore projects because of limited physical 
access,” said Veatch.

By: Joshua Smalley, 
WPE&D research assistant
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Filters

What is the value of oil maintenance?

Filtration of oil lubricated equipment is not a new concept. 
Automotive filters have been around since the 1920s and by 
the mid 1940s, pleated filters were being used on hydraulic 
equipment. However, a comparatively recent idea is to use 
filters to target clearance sized particles to promote a higher 
level of component reliability.

Oil filters are a relatively simple system and work just as 
you imagine they do. In simple terms, the oil is forced through a 
filter media. Particles larger than the openings between the filter 
fibers get caught and essentially removed from the oil stream.  

Of course, there is a whole lot more behind the physics 
of filtration. “We know that component life is maximized when 
particles at or around the size of the components sensitive 
clearances are removed,” says Jay Denslow with Des-Case 
Corporation. “The challenge is that many of the systems we 
operate today operate in an environment or industry that 
demands specific oil filters.”

With an increased attention to gear oil cleanliness and 
decreasing oil change frequencies, it has become increasingly 
important to apply lubrication best practices to increase the 
gearbox life cycle. “Not much has really changed with filters 
themselves, but the way we filter oil has. Contamination control 
is the single greatest opportunity for lengthening the life cycle 
of a wind turbine gearbox. Significant gains can be made with 
minimal investments due to an inverse relationship between 
lubrication quality and maintenance costs,” says Denslow. 

Wind turbines present a unique set of challenges. Given 
the importance of production and the penalty of replacement 
costs, it’s vital that wind turbine gearboxes remain reliable 
throughout their life. “Gearboxes in wind turbines differ from 
those in high-speed machinery. In wind turbines, the impact 
of contaminants on slower turning gear drives is gradual and 
insidious. Nevertheless, the mean time between failure for gears 
and shaft-support bearings can be increased by as much as two 
to three times by maintaining optimum levels of fluid cleanliness 
and dryness,” says Denslow. 
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Two major factors — environmental (outside) and 
operational (location) — contribute to the challenge of 
maintaining clean and dry oil in wind turbine gearboxes.

Outdoor conditions lead to a surrounding 
air with particularly high humidity and frequent 
temperature fluctuations, which contaminates 
the oil and compromises lubricant quality. “Water 
contamination can cause corrosion, oil oxidation, 
additive drop-out, microbial growth, and hydrolysis. 
A desiccant breather with check valves on the 
gearbox case almost eliminates the breather’s 
exposure to the air entering or exiting the equipment 

– keeping water out while allowing the system to 
breathe as designed,” adds Denslow.

Remote locations and heights make wind 
turbines difficult to access and expensive to maintain, 
making it vital to increase the scheduled time 
between maintenance, reduce the cost of lubricant 
replacement, and protect the system from failure. 
Filtering oil is important, but carrying a filter cart up 
and into a nacelle is not an ideal way to complete 
this task. “However, a permanently mounted, 
continuous-duty offline system for difficult-to-access 
equipment is recommended. Many inline filters 
installed in wind turbines only filter down to 10 
microns, while an offline filter typically filters down to 
3 microns,” he says. 

A desiccant breather, such as this one from Des-
Case, lets a gearbox breath without letting water in. 

By: WPE&D Editor Paul Dvorak
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LUBRICANTS WINDPOWER13

Lubricants

What criteria should be considered when 
selecting lubricants for wind turbines? 
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Oil and other lubricants play important roles in 
keeping today’s wind turbines running reliably 
and efficiently. Because of the extreme conditions 
most turbines face and number of different parts 
that require lubrication, there is no specified set 
of criteria for choosing the right product, which 
makes careful section essential.

“There is no ‘one size fits all’ when it comes 
to proper lubrication for a turbine,” said Kevin 
Dinwiddie, Sr. Wind Turbine Tribologist at 

AMSOIL. “For example, there is gear oil for the 
main gearbox and pitch and yaw gearboxes, 
hydraulic oil for pitch systems and brake stations, 
and greases for the pitch bearings, yaw gears, 
generator bearings, main bearings, and more.”

Selection requires a long list of 
considerations. For instance, you’re looking for 
an oil’s ability to reduce wear, resist water and 
corrosion, control or eliminate foam, and remain 
in viscosity,” said Dinwiddie. He added that many 
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oils can pass manufacturer laboratory tests, so 
it’s important to evaluate field test data and 
consider potential product warranties. “This 
means an oil or lubricant should offer real-life 
data and proven results.” 

According to the Society of Tribologists 
and Lubrication Engineers, viscosity is one 
of an oil’s most important physical properties 
and often one of the first parameters 
measured by analysis labs. It refers to an 
oil’s ability to resist flow and shear related to 
gravity and internal friction.

Fortunately, Dinwiddie said, lubricant 
quality has increased substantially in recent 
years, which has led to more reliable 
formulations that directly impact turbine O&M. 

“Today’s chemistries have increased lubricant 
oil-drain intervals from three to seven years, 
and possibly even longer.”

A longer service life means fewer oil 
changes and less maintenance costs. What’s 
more is many of today’s lubricants are safer 
for the environment, which is an important 
consideration when selecting a turbine 
oil. “Synthetic gear oils don’t contain the 
impurities that mineral or petroleum oils 
contain, such as waxes,” he said. 

Unlike mineral oils, synthetic oils are 
manufactured by adding together identical 
molecules to obtain oils of varying levels of 
viscosity. “Another important consideration 
is to use synthetic oil for longer oil-drain 
intervals, which results in less waste,” added 
Dinwiddie. Synthetics also perform at much 
lower ambient temperatures than traditional 
gear oils, which is important because of the 
cold temperatures turbines must perform in 
without failure. 

Dinwiddie suggests choosing an oil with 
extreme-pressure additives that exhibits a 
high level of viscosity retention to minimize 
micropitting and scuffing wear. Micropitting 
refers to localized surface damage that’s 
prevalent in turbine gearboxes and can occur 
on gear teeth and bearings.

“Even water, for example, is one of the 
biggest contributors to gearbox failure. It 
can cause additive drop-outs, viscosity losses, 
sludge formation, and filter plugging.” But 
a synthetic molecule’s structure is stronger 
and more resistant to stresses, such as high 
temperatures and oxidation, resulting in 
reduced friction and longer oil life. 

“Often synthetic oils cost a bit more,” said 
Dinwiddie. “But in the end you get what you 
pay for and, in this case, it’s a turbine with a 
longer life that requires less maintenance.”

By: WPE&D Editor Michelle Froese

AMSOIL INC.
925 Tower Ave
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Site Assessment

What are the major 
wind-farm siting issues facing 
developers today?

Major wind-power siting issues haven’t changed a lot over 
the last few years. Fundamental issues are interwoven with 
economic, political, environmental, and social complexities. 

Technological advancements have occurred, but wind 
power is still more expensive and less reliable than fossil fuel 
alternatives, according to Jay Maki, a Business Development 
lead at Land Solutions in Canada. Still, he believes the 
overwhelming benefits outweigh the risks and cost.

“Wind is recognized worldwide as the ‘preferred’ energy 
source, yet when it comes to project development, millions 
of Canadians take a ‘not in my backyard’ position, resisting 
the development,” said Maki. “Wide-scale development 
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will require meaningful public involvement 
to help inform and address stakeholder 
input, as well as political involvement in the 
form of long-term subsidies and incentives.”

Understanding wildlife and human 
considerations are important when siting 
wind facilities, said Ellen Crivella, global 
head of Practice, Environmental and 
Permitting Services at DNV GL – Energy.

“Over the last few years, multiple 
government-funded studies in countries 
such as Japan, Canada, and Sweden 
concluded that sounds generated at 
wind facilities do not pose physiological 
concern to humans or wildlife,” said 
Crivella. However, some are still reporting 
noise complaints associated with close 
proximity to wind farms. The concern 
continues to be addressed through public 
outreach, education, and maintaining 
distance from receptor-to-wind turbine.

In the case of wildlife, all developers 

undertake many pre-construction desktop 
and field studies to properly site their 
facilities, Crivella noted. These studies 
help to inform the local agency and the 
public during consultation meetings. 
During construction and post-construction, 
environmental monitors are employed on 
sites with sensitive ground-dwelling species, 
large amounts of sensitive areas that must 
be avoided, and other habitats such as 
wetlands and watercourses.

“A number of recent studies suggest 
that properly-sited wind farms have a lesser 
impact on avian species than tall buildings, 
communication towers, and house cats,” 
according to Crivella. As more data is 
collected about migratory birds, wind farm 
developers are better able to site and 
design wind facilities. Bats continue to be 
a species where additional studies and 
mitigation measures are implemented to 
reduce population impacts.

“What most people don’t realize is 
wind power provides the lowest total 
risk to wildlife among all major industrial 
sources,” said Maki. “The industry has 
mitigated risks by avoiding construction in 
sensitive areas, restricting operation during 
migratory periods, providing adequate 
setbacks from key habitats and using 
technology such as lasers to deter bird 
flight away from turbines.”

More recently, airspace and 
navigational-radar-system interference have 
become a concern for North American 
wind farms.

When siting a wind farm, a developer 
must ensure there is economic justification 
for the project by targeting areas with 
reliable wind resource and grid access to 
maximize economic value. Developers must 
also engage the public to inform and obtain 
acceptance. Political regulatory approval is 
often a concern for developers, but there is 
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hope for increased government support in 
the future, said Maki.

“Balancing the placement of facilities, 
which leads to low environmental and 
human impact, in addition to capitalizing 
on strong wind resources and close 
proximity to transmission, are keys to 
successful development,” Crivella said. 

Preparing for an efficient permitting 
process requires a strong understanding of 
what interest stakeholders have in a project. 
It is essential to ensure that the appropriate 
landowners and occupants, as well as all 
title complexities, are identified early-on, 
according to Maki.

“Developers should be sure they 
undertake the necessary pre-construction 

studies to fully understand the potential 
for sensitive species and habitats, 
resources and human interactions,” 
advised Crivella. “It is also important 
to fully grasp the national, state and 
local regulations, as well as financing 
requirements associated with siting.”

By: Joshua Smalley,  
WPE&D research assistant

Ultieg
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Fargo, ND  58104
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Ports & Logistics

What are some logistics considerations  
for U.S. wind projects?
Ask most people about the U.S. offshore wind industry and they 
think of the recently-launched Block Island project and eastern ports 
in New York City, Norfolk, and Charleston. But those aren’t the only 
U.S. projects making progress. For instance, there is a wind project in 
Lake Erie, and ports along the Great Lakes are participating as well.

While other coastal offshore wind projects struggle with their 
plans, North America’s Great Lakes offer a notable alternative as the 
next site for offshore wind-farm construction. The Lake Erie Energy 
Development Corporation (LEEDCo) is planning to construct and 
install an offshore wind project in spring 2018 called “Icebreaker.” 
According to LEEDCo president Lorry Wagner, building the wind farm 
in fresh water will be easier than building along the East coast

“Lake Erie offers a more benign environment than the Atlantic,” 
Wagner said. “Wave heights, swell periods, and wind speeds are lower 
on average. In addition, water depth is a consistent average of 23 m, 
and the problem of foundation scour is lessened by the lack of current.”

Because Lake Erie is fresh water, corrosion and marine growth 
is significantly lower, and no marine mammals are present to limit 
construction activities.
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The project’s nearness to Cleveland gives it access to heavy 
manufacturing, machining, fabrication, as well as the country’s largest 
heavy steel rolling mill and crane-rental company. The distance to the 

“best wind” in Lake Erie is less than 20 miles from where service craft 
can be docked, according to Wagner.

Furthermore, over 2 GW of abandoned substations are available 
for offshore wind interconnection into the PJM grid, which offers 
significant construction-cost advantages.

Onshore wind farms also benefit from the Great Lakes, especially 
when wind-turbine components are shipped to the U.S. from overseas. 
Selecting a port to handle the cargo will depend on final destination. 
For turbine components sent to the upper Midwest region of the 
country, shipments primarily come through the Great Lakes St. 
Lawrence Seaway system.

“The Port of Duluth is strategically situated at the western end of 
the St. Lawrence Seaway to service the North American ‘heartland,’” 
said Jonathan Lamb, president of Lake Superior Warehousing 
Company in Duluth, Minnesota. Lamb has served projects as far west 
as Montana and Wyoming, southwest to Colorado and Oklahoma, 
as well as Iowa, Illinois, and Manitoba, Canada. “Particularly with 
clearance and permitting issues, most shippers try to minimize 
overland carriage and maximize waterborne transport,” he added.

A few recent changes in turbine design make transport by road 
difficult. “There is a trend to make everything bigger, it seems,” said 
Lamb. Larger designs also pose transport challenges in terms of 
weight. Bridge clearances and axle-weight distribution are heavy 
factors in states’ truck routes.

“On the flip side, recent innovations in turbine design use lighter 
construction materials to mitigate weight problems,” Lamb noted.

In other areas, modular engineering methods show that 
companies are thinking about overland clearances. One 
example is shipping drivetrains separate from nacelles. Modular 
designs often make offloading and handling easier for all 
transport modes, said Lamb.

By: Joshua Smalley, WPE&D research assistant
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Fall Protection

Why is training important for  
fall protection in the wind industry?
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The Occupational Safety and Health Act 
(OSHA) enforces safe working conditions 
for general industry and construction, while 
the American National Standards Institute 
(ANSI) provides performance standards for fall 
protection in the United States. However, there 
are no accrediting or certifying agencies for the 
U.S. wind energy industry. 

“There are not many regulations specific 
to wind energy or wind generation,” said John 
Eckel, Sr. Technical Training Specialist at Miller 
Fall Protection. “Coverage is only from existing 
general industry and construction regulations so, 

for example, regulation CFR1926 applies when 
building towers and CFR1910 for maintaining 
them. Wind construction has many safety 
hazards and that’s why industry-specific training 
is so important.”

According to OSHA, falls are the leading 
cause of fatalities at construction sites, 
accounting for about one-third of all fatalities 
in the industry. Workers at heights of six feet or 
greater must have safeguards in place to protect 
them from the risk of falling.

“The most effective way to ensure safety is 
proper training. A combination of theory and 
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application exercises—hands-on application 
and safe demonstration of the theory that’s 
learned—is ideal,” said Eckel. “At the 
same time, trainers must offer a full array of 
options. Good training is about meeting the 
specific needs of workers based on the type 
of work they’ll perform.” 

He added that a properly trained 
worker will understand the basics of the job, 
such as how to climb the tower properly and 
work safely in the nacelle, but he or she will 
also learn to seek the requirements at each 
jobsite. “For example, a technician should 
know if the company allows workers to 
disconnect a safety connector once they’ve 
safely climbed into the nacelle and the 
hatch is closed, or if it’s imperative to stay 
connected at all times.” 

Wind technicians should also keep 
apprised of what’s available in fall-protection 
equipment, including how to inspect, use 
the hardware and don the harness correctly. 

“Often the biggest mistake made is the 
size of the harness, which doesn’t match 
the student’s torso. But workers must also 
understand how to use the different anchors 
and connecting devices, and know where 
they’re located on a turbine at each different 
jobsite,” said Eckel.”

“Equipment has changed drastically 
over the years,” said Kevin Denis, Special 
Projects Manager at Gravitec Systems, a 
fall-protection service company. “So it’s 
important to first train with new gear. Too 
often purchasers focus on equipment prices 
and availability. But turbine compatibility, 
standard compliance, and skill level of the 
technician are far more essential for safe use 
of fall-protection equipment.” 

He added that rescue is crucial and 
should be a guaranteed component of 
training. “For example, to evacuate or 

rescue a co-worker from a turbine, rescue 
equipment has become far less complicated 
with simple methods that technicians can 
learn in a couple hours.”

It’s worth noting that ANSI requires 
workers to return every two years for 
refresher training. The organization has 
also established regulations for Competent 
Person Trainer under ANSI Z359.2.

“Look for a training facility that is 
conducive to learning and that prioritizes 
safety,” said Denis. “Students train at-height 
so engineered anchorages, secondary belay 
lines, drop-mats, and properly maintained 
structures are critical and a must at a 
training facility.”

“We even ask trainees to bring in their 
own equipment to ensure it’s inspected 
for use and so they can practice with what 
they’ll actually use in the field,” added Eckel. 
Bottom line: “Make sure the trainer isn’t 
just familiar with safety training, but that 
they train specifically for safety in the wind 
industry.”  

By: WPE&D Editor Michelle Froese

Avanti Wind Systems Inc.
5150 Towne Drive
New Berlin, WI 53151
United States
www.avanti-online.com

ENSA North America
400 SW Avenue
Waukesha, WI 53186
United States
www.ensa-northamerica.com

WP_Fall-Protection_2016_Vs3.indd   62 12/14/15   3:17 PM



ENSA_4-15_Vs1.indd   63 12/14/15   3:18 PM



FIRE SUPRESSION WINDPOWER17

Fire Supression

What regulations exist for fire protection in wind turbines?
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The United States Department of Labor, Occupational 
Safety, and Health Administration recommends the 
installation of fire detection and control in all wind 
turbines. However, this is only a suggestion and not yet 
mandated into law.

“Certainly some municipalities in North America 
have instated bylaws requiring fire detection and 
control in industrial wind turbines,” said Mark Johnston, 
a Renewable Energy Fire-prevention Specialist with 
Bulldog Turbine Systems. “But there are no set 
regulations for fire suppression, other than NFPA 850s 
recommended practice.” 

NFPA 850 is the National Fire Protection 
Association’s recommended practice for protection of 
electric generating plants and high-voltage direct current 
converter stations. Chapter 10 identifies hazards and 
protections for wind-power facilities.

Without set laws, wind-farm owners must 
independently develop their own fire-emergency plans. 
Most wind turbines do not routinely have fire-detection 
and control systems installed by OEMs because, 
according to Johnston, this option is simply not ordered 
or required by the end user. 

“Some OEM’s provide a fire extinguisher in the 
turbine but, in most cases, a technician is responsible for 
carrying a portable, 2.5-lb extinguisher in their tool bag—
along with all of their other safety equipment such as 

ropes, rigging, 
and the tools 
required for 
the work 
they’ll perform 
up-tower,” he 
said.

He admits 
that turbine 
fires are fairly 
rare events, 

but when conditions are right, a simple spark can lead 
to irreparable damage and fatalities. “With such a high 
cost in term of loss and long shutdowns, you would think 
every wind farm would contain fire protection and life 
safety protocols,” said Johnston. “But they don’t.”

Some concerns with installing fire-detection and 
suppression systems in wind turbines include cost, false 

alarms, guaranteed fire prevention, electrical equipment 
damage, and worker and environmental safety. 

“We recommend protecting turbines with a cost-effective 
‘clean agent’ micro-system that only targets the specific fire 
hazard. There are devices on the market that are safe for 
release even while technicians are inside a turbine.” 

Traditional detection devices are also worth investing in, 
such as linear heat-wire, smoke and heat detectors, and air-
purification systems. “These systems can be wired through 
a turbine’s existing SCADA panel, leading to immediate 
shutdown in a fire and notification,” said Johnston.

“A comprehensive approach with a portfolio of fire-
protection devices that guarantee the highest available 
uptime for a turbine is key,” agreed Heiko Jahr, a 
communication’s officer with wind developer Siemens. 

He said “graduated protection” is preferred. 
“This means defective system parts are selectively 
disconnected from the grid. For example, a proper 
arc-fault-detection system for switchgear will detect a 
fault and immediately open the medium-voltage circuit 
breaker on the high-voltage side of the transformer.”

Jahr works in Europe where there are a set of 
common fire-protection guidelines across the continent 
that reflect the best practices as developed by the 
Confederation of Fire Protection Associations. 

“Most 130-m high turbines are outside the range of 
the fire department, and when it comes to fire at sea, 
human intervention is virtually impossible,” explained 
Jahr. “That’s why comprehensive fire safety needs to 
focus on preventive protection to avoid serious losses.”

By: WPE&D Editor Michelle Froese
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ONE COMPONENT AT A TIME.
Modular Fire Suppression to select 
the areas you want to protect.

Wind turbines present a unique challenge for fire suppression.  
Airflow, vibration, dust and temperature all work against  
traditional fire protection and suppression.

FIRETRACE ADVANTAGES
Protects multiple critical enclosures  
with one system 

Requires no electricity offering  
uninterrupted service 24/7

Initiates shut down or sends an alert  
to your wind turbine

Eliminates concern for false alarm  
or false discharge

Provides immediate detection  
and delivery of agent

Allows for inexpensive installation,  
maintenance and recharge

CALL NOW: (480) 607-1218  OR LEARN MORE AT: www.firetrace.com/wind
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Operations & Maintenance

How has wind-turbine O&M  
changed over the last couple of years?
Global expenditure for wind farm Operations and Maintenance 
(O&M) is expected to rise from $9.25 billion in 2014 to 
an estimated $17 billion by 2020, according to research 
and consulting firm GlobalData. The increasing number of 
installations and aging turbines are the primary cause for the 
predicted price hike. 

A wind farm’s O&M is an essential price to pay—it 
contributes to value creation, increases turbine availability, 
and boosts returns, said Harshavardhan Reddy Nagatham, a 
GlobalData analyst.

O&M continues to change and improve as demand grows. 
In previous years, working up-tower on a wind turbine was 
challenging, if not impossible some times of year. “If a high-
speed shaft or an intermediate bearing needed fixing inside 
a turbine, the gearbox had to come down,” explained Mike 
Grunow, Vice President of Sales and Marketing at Moventas. 

“Now we are able to do a lot of repairs up-tower.”
Replacing the gear on a high-speed shaft is now possible, 

but doing so depends on the turbine’s gearbox because the 
process calls for specialized tooling.

Common maintenance challenges that affect wind farms 
today include keeping gearbox oil clean and free of water 
contaminants. Specialists suggest using a harder surface of the 
gear to mitigate boundary lubrication.
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“All manufacturers will use carburized gears in their gearboxes, 
but when it comes to the ring gear, many manufacturers choose 
other materials and hardening processes,” said Grunow. “As a result, 
the ring gear isn’t as durable in an environment with contamination. 
It builds up in the oil, and eventually the gearbox bearings will fail 
because of it.”

Size is another challenge for maintenance work in the wind 
industry. The bore of the planet wheel can only be so large before 
it loses rim thickness, and at a certain thinness the gear teeth 
will crack, said Grunow. Ultimately, bearing size is limited by size 
restrictions in the nacelle. An integrated bearing lets a manufacturer 
achieve greater capacity in the planetary stage of a gearbox.

Wind-farm owners are tracking and monitoring their assets 
to reduce turbine maintenance and increase performance 
whenever possible.

“Regular O&M reduces the downtime of a turbine and optimizes 
electricity generation, which leads to an increase in revenue,” said 
Nagatham. “In optimal conditions, O&M activity guarantees a 
turbine life of 20 years. Life may be further extended through 
improvements and adaptations during the later years of its lifecycle.”

Quality O&M services are designed to maximize gearbox life 
through the early detection of mechanical problems. Using more 
than simple vibration analysis, one program in the industry uses real-
time multi-sensor monitoring of gearbox vibration, oil condition, and 
particle counts. This allows diagnosing some potential problems 
months in advance, Grunow said.

For aging and post-warranty wind turbines, a few programs 
may help reduce maintenance and repair costs. One in particular, 
offered by Moventas, gives customers a refurbished or brand-new 
replacement gearbox in exchange for their damaged gearbox. 
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PSI offers expert repair and product upgrades for GE, Vestas, Siemens and Clipper wind turbines. Our highly 
skilled engineers improve legacy design with newer, more reliable technology for problematic parts like printed circuit 
boards, pitch drive systems, inverters, and IGBTs, resulting in longer life. The cost-savings don’t stop there, either. 
PSI also remanufactures unsalvageable and obsolete parts, and manufactures custom-designed products to improve 
uptime performance.

Extend the life of turbine parts and keep downtime to a minimum.
Call PSI today at 800-325-4774, or visit psi-repair.com.
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Customers only pay the cost of the 
repair, and they benefit from minimized 
downtime and crane usage, according to 
the company.

“Maintenance can be proactively 
planned, which limits downtime,” said 
Grunow.

By: Joshua Smalley,  
WPE&D research assistant
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With over 28 years experience and 10 GW+ of energy under contract in North America, EDF Renewable Services 
is the trusted leader to optimize plant performance, maximize availability, and minimize downtime.

With services including full O&M, Asset Administration, and 24/7/365 Monitoring, we bring an owner-operator 
sensibility to all projects. Our development group, EDF Renewable Energy, is a green energy leader, with over  
6 GW of wind, solar, and bioenergy in development, construction and operations. 

EDF Renewable Services 
858.521.3575  |  O&Mbusdev@edf-re.com  
www.edf-renewable-services.com

TRUSTED LEADER IN  
OPERATIONS & MAINTENANCE
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Condition Monitoring
How is condition monitoring changing in the wind industry?

Re
ne

w
ab

le
 N

RG
 S

ys
te

m
s’

 T
ur

bi
ne

Ph
D

 is
 a

 v
ib

ra
tio

n-
ba

se
d 

co
nd

iti
on

-m
on

ito
rin

g 
sy

st
em

 fo
r w

in
d 

tu
rb

in
es

 th
at

 p
ro

vi
de

s 
au

to
m

at
ed

 d
at

a 
an

al
ys

is
 to

 d
et

ec
t c

om
po

ne
nt

 fa
ul

ts
 e

ar
ly

 o
n 

an
d 

re
du

ce
 m

ai
nt

en
an

ce
 c

os
ts

.

Unscheduled maintenance and turbine downtime are costly issues 
in the wind industry. Condition monitoring systems, or CMS, have 
provided one answer to help detect damage or component failures 
in turbine machinery often before they become serious problems. 
While wind-farm owners once considered CMS as a nice advantage, 
these systems have become a necessity as wind turbines grow 
in size and in number, making unplanned maintenance an even 
greater challenge. 

“Condition monitoring is slowly transitioning from a nice-to-
have to a must-have,” says Brogan Morton, Product Manager 

at Renewable NRG Systems, a 
manufacturer of measurement 
equipment for the renewable 
industry. “It has taken some 
time, but I think falling CMS 
prices, increased up-tower 
repair options, and more 
turbines coming off warranty is 
driving this decision.” Morton 
says that CMS once cost in 

excess of $10,000, making them 
an expensive investment for some 
turbine owners. “But now you can 

get industry leading systems for under $5,000,” he adds.
Morton believes that as OEMs gain more experience with 

CMS, these systems will become an integral part of the turbine 
design cycle. “What better tool to identify component weaknesses 
early in a turbine’s life and increase the lead time it takes to 
eliminate them?” he asks. 

Although monitoring doesn’t automatically increase the life 
of a turbine or have the ability to fix faulty components, it does 
provide information to make better maintenance decisions. By 
identifying faults early on, operators can pick an up-tower repair 
option that drastically reduces maintenance and material costs. 
Morton provides the example of replacing a part of the gearbox 
(such as a bearing) versus the entire unit, which could even help 
eliminate the expense of a crane callout. 

“CMS have already become more automated, meaning that it 
takes fewer resources to monitor turbines today. Reducing analysis 

time even more so will only increase in the future and potentially 
reduce even further maintenance costs,” he says.

Stephen Steen, the Head of Industrial Internet Solutions at 
third-party solution provider Sentient Science, agrees, and says that 
originally O&M was performed on a set schedule, called planned 
preventative maintenance or PPM. “PPM was like changing the 
oil in your car every 3,000 miles, but that never accounted for the 
current condition of your car.” He says condition-monitoring tools 
let operators better understand the current health and condition of 
each turbine on a wind farm. 

“Prognostics are the new and fastest growing capabilities 
for wind-turbine condition monitoring, and they fall into two 
categories: Big-data prognostics and model-based prognostics,” 
he says. Big data requires collecting large amounts of failure and 
diagnostic data, such vibration and heat signatures, to identify 
trends and extrapolate those trends into future failure rates. Model-
based prognostics uses physics-based models to predict failure 
rates of specific turbines in their operating conditions. It can also 
run and evaluate trade-off studies of life extension possibilities. 

“Model-based prognostics let operators perform ‘what 
if’ scenarios of new gearbox upgrades, lubricant changes, and 
methods of re-rating the turbines to maximize each asset’s ROI.” 
Steen says prognostics can reduce O&M costs by an additional 
15%, and saves 90% for each additional up-tower component 
replacement over down-tower replacements. “This means that a 
component, usually a bearing, can be replaced up-tower before it 
causes damage to other components and potentially catastrophic 
failure of the gearbox.” If a company replaces two bearings, for 
instance, and a planetary-stage failure occurs in the months after, 
this can be a $100,000 of wasted investment, according to Steen. 

Essentially, condition-based monitoring lets operators catch 
failures as they occur, thereby minimizing downtime and costs 
associated with running turbines to catastrophic failure. “But today 
we have the ability to use prognostics to complement CMS by 
predicting failures before they occur, so turbine owners can pre-
plan and budget for turbine gearbox and up-tower component 
replacements,” he says. 

By WPE&D Editor Michelle Froese
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•  Stand-alone condition monitoring
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•  End of warranty vibration inspection
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I’d put my money on the sun and solar 
energy. What a source of power! 
I hope we don’t have to wait until oil and 
coal run out before we tackle that.”

—Thomas Edison
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If you’ve been following the U.S. solar industry in the news recently, you 
know that 2016 will be an interesting year. As of our publication print 
date, the fate of the federal investment tax credit (ITC) renewal (which 
is set to expire Dec. 31, 2016) hangs in the balance.  The complete loss 
of the 30% tax credit for residential systems and the drop from 30% to 
10% for commercial systems would lead to a flux of projects being built 
in 2016 to meet the ITC deadline. When 2017 opens, the expected 
8-GW drop in projects would bring new solar installation activity to its 
lowest annual level since 2012, according to Bloomberg New Energy 
Finance. 

So why even get involved with the solar industry now? Why use this 
solar handbook to research product models and read up on important 
project topics? Because even with the uncertainty surrounding the 
ITC, there is a silver lining. The next year will weed out all the so-called 

“bad apples” in the industry, and we’ll be left with solid equipment and 
component vendors. If you’re able to understand how solar is evolving 
and what products stand up to challenges, you’ll come out the other 
side of this year on top. This handbook can help get you there. 

The industry might look a little different in 2017, as the utility-scale 
market climbs back from the ITC drop. But smaller projects should stay 
on track, in large part because of the progress the industry has made 
to lower component and installation costs. The Solar Energy Industries 
Association (SEIA) expects solar project costs to continue to fall and 
there to be pockets of demand, despite the loss of the ITC. 

There are still reasons to celebrate in the solar industry, which 
has big plans for the future. Community solar will see a surge; GTM 
Research expects that market to have a compound annual growth rate 
of 59% between 2014 and 2020. We should hit 1 million U.S. homes 
with solar panels in February 2016, and EnergySage predicts a possible 
3.8 million homes with solar by 2020. 

The market is strong now and will continue to be in the future, 
and this handbook can be used as a resource to answer basic 
questions, research product offerings and build confidence through 
2016 and beyond. SPW

WILL BE A YEAR 
OF PROGRESS

73SOLAR POWER WORLD — 2016 RENEWABLE ENERGY HANDBOOKsolarpowerworldonline.com

REH 2016_Kelly Editorial_Vs3kp.indd   73 12/14/15   4:37 PM



Solar Basics
How is power and energy measured? 
Power is the rate of doing work. Energy is 
calculated by multiplying power by time. A 
standard, efficient oven uses about 3,000 
watts of continuous power, so if the oven 
was used nonstop for an hour, it would use 
3,000 watts X 1 hour = 3,000 watt-hours. Said 
another way, the oven used 3 kilowatt-hours 
(kWh). By comparison, one gallon of gasoline 
weighs 6 lb and contains about 35 kWh 
of energy, enough to power more than 11 
ovens for an hour. Coal, diesel, oil and natural 
gas are all capable of producing massive 
amounts of energy. And while their efficiency 
has allowed our society to develop at 
unprecedented rates, they take a toll on our 
environment. In addition, the fossil fuel supply 
is limited, and it is estimated to run dry by 
the end of the century. For these reasons and 
others, it is important to look for alternative 
energy sources such as wind and solar.

How does a solar cell work?
A solar cell creates electricity whenever 
sunlight hits its surface. Commonly made 
of silicon, the cells have two or more layers 
and are covered with special chemicals 
so they have opposite charges—positive 
and negative. Photons of sunlight strike 
the surface of the cell, and electrons in 
the silicon, charged, move along paths in 
the wire grid to return back to the cell in a 
process known as the photovoltaic effect. 
This flow of captured electrons is electricity 
and requires no fuel to produce. 

Are solar cells cost-worthy?
The efficiency of solar cells has steadily 
increased over the years, and some 
laboratory cells are now converting over 
40% of light energy that strikes them 
into electricity, according to Solar Energy 
International. Currently, the best residential 
solar cells capture close to 25%. Dollars per 
installed watt of PV has dropped to about half 
of what it was 10 years ago and will continue 
to drop as manufacturers build larger 
volumes of cells and other hardware.

process that consists of reflecting sunlight 
onto a pipe or container filled with liquid 
and using the resulting heat to boil water, 
creating steam which turns a turbine and 
generates electricity. CSP works best on 
large utility-scaled installations.

What does the U.S. solar market look 
like today?
The U.S. Solar industry grew 34% from 2013 
to 2014, installing nearly 7,000 MW of solar 
electric capacity, according to SEIA. The 
PV sector installed more than 6,200 MW, 
while the CSP segment enjoyed its largest 
year ever with 767 MW of capacity installed. 
Together, the solar industry installed 32% of 
all new electricity generating capacity in the 
United States. Solar growth is expected to 
continue through 2016, with roughly 20,000 
MW of solar capacity forecasted to come 
online over the next two years.

SOURCES:
wholesalesolar.com/solar-information/how-to-
save-energy/power-table

ecotricity.co.uk/our-green-energy/energy-
independence/the-end-of-fossil-fuels

seia.org/research-resources/
solar-industry-data 
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What are some different types of solar 
energy systems?
Solar photovoltaic (PV) systems are the 
most common solar energy system. 
Monocrystalline solar PV is the most 
efficient solar PV technology because of 
the crystal framework’s steady color and 
purity, however the silicon purification 
process is expensive. Polycrystalline 
silicon offers the best value in solar 
PV, with its efficiency levels close to 
monocrystalline panels but at half the 
cost. Its crystal structure forms imperfectly 
and is less efficient when compared with 
monocrystalline, but it uses less energy 
and materials to produce. Thin-film solar 
PV has the lowest market share out of the 
three major PV technologies, but it is a 
good option for projects with low power 
requirements and need for light-weight 
and portable equipment.

Another type of solar energy system 
is solar hot water systems, which can be 
thought of as solar pre-heaters. Cold 
water slowly warms up by moving through 
a collector and then stores in a hot water 
storage tank. There are two main types 
of collectors: flat-plate and evacuated-
tube. Flat-plates provide several parallel 
copper-pipe paths for the fluid to pass 
through, attached to a dark-colored 
absorber plate. Evacuated-tube collectors 
use long glass tubes that contain no 
air, so they are insulated well from the 
surrounding environment. Heat transfers 
upward through a thin copper tube to be 
absorbed by passing water or glycol.

Concentrating solar 
power (CSP) is a simplified 
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Note solar resources across the  
country to plan for your next project.
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CA
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Top states for 2014 installed capacity

California (4,316 MW) 
North Carolina (396.6 MW) 
Nevada (339.3 MW) 
Massachusetts (308.2 MW)
Arizona (246.6 MW)

Top utilities by 2014 installed solar megawatt

PG&E (California) (1,504.5 MW)
Southern California Edison (California) (1,043.4 MW)
SDG&E (California) (430 MW)
Duke Energy (North Carolina) (161.1 MW)
National Grid Massachusetts Electric Company (Massachusetts) (123.1 MW)

Top cities for total PV capacity through 2014

Los Angeles, California (170 MW)
San Diego, California (149 MW)
Phoenix, Arizona (115 MW)
Indianapolis, Indiana (107 MW)
San Jose, California (105 MW)

Highest 2014 cumulative solar capacity per capita

Hawaii (312 watts/person)
Arizona (307 watts/person)
Nevada (278 watts/person)
California (257 watts/person)
New Jersey (162 watts/person)

Most solar watts per customer by utilities in 2014

Pickwick Electric Co-op (Tennessee) (1,679 watts/customer)
Farmers Electric Coop (Iowa) (1,158 watts/customer)
City of St. George Energy Services Department (Utah) (751 watts/customer)
Kauai Island Utility Cooperative (Hawaii) (503 watts/customer)
SDG&E (California) (307 watts/customer)

Top Solar Stats

AZ

HI

NV
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There’s a lot to consider when selecting a state to do solar business in. Here’s an easy 
way to take a look at which states are excelling in the industry, and in what ways. 
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IA

TX

Sponsored by:

Solar jobs in 2014

California (54,700)
Massachusetts (9,400)
Arizona (9,200)
New York (7,280)
New Jersey (7,200)

Biggest increase in jobs 
year over year (2013-2014)

California (+7,477)
Nevada (+3,500)
Massachusetts (+3,000)
Texas (+2,834)
North Carolina (+2,500)

Number of 
solar companies

California (2,094)
New Jersey (495)
New York (494)
Florida (373)
Arizona (371)

Info from: The Solar Foundation, 
SEIA, GTM Research, SEPA, 
Environment America Research & 
Policy Center, Environment America 

IN NJ

NY MA

TN NC

FL
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Central Inverters Input Characteristics, Central Inverters, DC Output Characteristics (AC)                                      Output Characteristics (AC) Efficiency General Information

Manufacturer Model
PV Array Power 

Range (kWp)
Voltage 
Range 
MPPT

Max 
Voltage DC

Max 
Current (A)

Number Of 
DC Inputs

Rated 
Power 
(kW)

Max Current 
(A@V)

Rated 
Voltages (V)

Frequency 
(Hz) Peak % CEC wtd %

Consumption 
(W) Day

Consumption 
(W) Night

Operating °C 
range

Warranty 
(Years) Weight (lb)

AEG Power 
Solutions

Protect PV.500 500 to 580 500 to 820 1000 1060 8 510 1040@283 283V 50/60 98.4 98 100 -20 to 50 5 1650

www.aegps.com Protect PV.630 630 to 945 550 to 820 1000 1170 8 630 1054@345 345V 50/60 98.4 98.2 100 -20 to 50 5 1650
MPV.150.01 150 to 187 300 to 600 600 530 4 150 182 480 60 97 96.5 60 -20 to 50 5 457.674
MPV.135.01 135 to 169 300 to 600 600 477 4 135 163 480 60 97 96.5 60 -20 to 50 5 434.995
MPV.120.01 120 to 150 300 to 600 600 424 4 120 145 480 60 97 96.5 60 -20 to 50 5 411.862
MPV.105.01 105 tp 131 300 to 600 600 371 4 105 127 480 60 97 96.5 60 -20 to 50 5 389.182
MPV.090.01 90 to 113 300 to 600 600 318 4 90 109 480 60 97 96.5 60 -20 to 50 5 366.049
MPV.075.01 75 to 94 300 to 600 600 265 4 75 91 480 60 97 96.5 60 -20 to 50 5 286.217
MPV.060.01 60 to 75 300 to 600 600 212 4 60 72 480 60 97 96.5 60 -20 to 50 5 263.083
MPV.045.01 45 to 56 300 to 600 600 159 4 45 54 480 60 97 96.5 60 -20 to 50 5 240.404

Eaton Power Xpert Solar 
1500

1500 550 to 1000 1000 3100 Up to 24 1500kW / 
1650kVA

3000 320V 60 98.6 98 332.5 -20 to 50 5 to 10 12500

www.eaton.com/
powerxpertsolar

Power Xpert Solar 
1670

1670 550 to 1000 1000 3100 Up to 24 1666kW / 
1830kVA

3000 357V 60 98.70% 98.5 334.42 -20 to 50 5 to 10 12500

GE Power 
Conversion

Brilliance 1300 200-850 1000 2400 14 1262 1536 480 50/60 98.6 98.4 250 -30 to 60 5 standard 9000

www.
gepowerconversion.

com

LV5-1510-SLR 1050 835-1450 1500 1250 10 1000 1050 550 50/60 98.4 98.2 2900 205 -20 to 55 5 standard 3750
LV5-1540-SLR 1050 835-1500 1500 5000 32 4000 4200 550 50/60 98.5 98.1 5500 950 -20 to 55 5 standard 17635

Ideal Power PV + Energy Stor-
age, 30B3-4DF

45 400 to 1000 
Vdc

1200 Vdc 50 2 30 39 A 480 to 400 60 or 50 97 96.5 50 50 -20 C to 40 C 10 125
www.idealpower.

com

Ingeteam IS 1165TL U B420 1084.9 to 1392 610 to 820 1050 2000 5 up to 15 1164 1600 420 60 98.9 98.5 60 60 -20 to 65 5 to 25 4232
www.ingeteam.com IS 1100TL U B400 1034.3 to 1325.7 580 to 820 1050 2000 5 up to 15 1108.5 1600 400 60 98.9 98.5 60 60 -20 to 65 5 to 25 4232

IS 1000TL U B360 1012 to 1297 524 to 820 1050 2000 5 up to 15 997.7 1600 360 60 98.9 98.5 60 60 -20 to 65 5 to 25 4232
IS 830TL U B300 775.8 to 994.4 440 to 820 1050 2000 5 up to 15 831.4 1600 300 60 98.9 98.5 60 60 -20 to 65 5 to 25 4232
IS 610TL U B220 618.4 to 792.6 440 to 820 1050 2000 5 up to 15 609.7 1600 220 60 98.9 98.5 60 60 -20 to 65 5 to 25 4232

Nextronex Ray Max 150 - 250 300 - 850 1000 300 4 150 - 190 240 A 375 - 462 50 / 60 98.5 98 <100 0 -25 to 45 10 to 20 950
nextronex.com Ray Max 2 260 - 425 546 - 750 1000 500 4 260 - 320 400 A 375 - 462 50 / 60 98.5 98 <100 0 -25 to 50 10 to 20 950

Ray Max 2 (2) 520 - 850 546 - 750 1000 1000 8 520 - 640 800 A 375 - 462 50 / 60 98.5 98 <200 0 -25 to 50 10 to 20 1900 min
Ray Max 2 (3) 780 - 1275 546 - 750 1000 1500 12 780 - 960 1200 A 375 - 462 50 / 60 98.5 98 <300 0 -25 to 50 10 to 20 2850 min
Ray Max 2 (4) 1040 - 1700 546 - 750 1000 2000 16 1040 - 1280 1600 A 375 - 462 50 / 60 98.5 98 <400 0 -25 to 50 10 to 20 3800 min
Ray Max 2 (5) 1300 - 2125 546 - 750 1000 2500 20 1300 - 1600 2000 A 375 - 462 50 / 60 98.5 98 <500 0 -25 to 50 10 to 20 4750 min
Ray Max 2 (6) 1560 - 2550 546 - 750 1000 3000 24 1560 - 1920 2400 A 375 - 462 50 / 60 98.5 98 <600 0 -25 to 50 10 to 20 5700 min
Ray Max 2 (7) 1820 - 2975 546 - 750 1000 3500 28 1820 - 2240 2800 A 375 - 462 50 / 60 98.5 98 <700 0 -25 to 50 10 to 20 6650 min
Ray Max 2 (8) 2080 - 3400 546 - 750 1000 4000 32 2080 - 2560 3200 A 375 - 462 50 / 60 98.5 98 <800 0 -25 to 50 10 to 20 7600 min
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Editor’s Note: 
Manufacturers were contacted to obtain accurate information for 
this section. If a manufacturer is missing, we either did not receive a 
response or they chose not to participate. Due to space constraints, 
we were only able to publish a limited number of models from 
each manufacturer. View full model lists on solarpowerworldonline.
com, which will be updated throughout the year. You can also find 
Racking & Mounting and Module lists now exclusively online. 

Input Characteristics, Central Inverters, DC Output Characteristics (AC)                                      Output Characteristics (AC) Efficiency General Information

Manufacturer Model
PV Array Power 

Range (kWp)
Voltage 
Range 
MPPT

Max 
Voltage DC

Max 
Current (A)

Number Of 
DC Inputs

Rated 
Power 
(kW)

Max Current 
(A@V)

Rated 
Voltages (V)

Frequency 
(Hz) Peak % CEC wtd %

Consumption 
(W) Day

Consumption 
(W) Night

Operating °C 
range

Warranty 
(Years) Weight (lb)

AEG Power 
Solutions

Protect PV.500 500 to 580 500 to 820 1000 1060 8 510 1040@283 283V 50/60 98.4 98 100 -20 to 50 5 1650

www.aegps.com Protect PV.630 630 to 945 550 to 820 1000 1170 8 630 1054@345 345V 50/60 98.4 98.2 100 -20 to 50 5 1650
MPV.150.01 150 to 187 300 to 600 600 530 4 150 182 480 60 97 96.5 60 -20 to 50 5 457.674
MPV.135.01 135 to 169 300 to 600 600 477 4 135 163 480 60 97 96.5 60 -20 to 50 5 434.995
MPV.120.01 120 to 150 300 to 600 600 424 4 120 145 480 60 97 96.5 60 -20 to 50 5 411.862
MPV.105.01 105 tp 131 300 to 600 600 371 4 105 127 480 60 97 96.5 60 -20 to 50 5 389.182
MPV.090.01 90 to 113 300 to 600 600 318 4 90 109 480 60 97 96.5 60 -20 to 50 5 366.049
MPV.075.01 75 to 94 300 to 600 600 265 4 75 91 480 60 97 96.5 60 -20 to 50 5 286.217
MPV.060.01 60 to 75 300 to 600 600 212 4 60 72 480 60 97 96.5 60 -20 to 50 5 263.083
MPV.045.01 45 to 56 300 to 600 600 159 4 45 54 480 60 97 96.5 60 -20 to 50 5 240.404

Eaton Power Xpert Solar 
1500

1500 550 to 1000 1000 3100 Up to 24 1500kW / 
1650kVA

3000 320V 60 98.6 98 332.5 -20 to 50 5 to 10 12500

www.eaton.com/
powerxpertsolar

Power Xpert Solar 
1670

1670 550 to 1000 1000 3100 Up to 24 1666kW / 
1830kVA

3000 357V 60 98.70% 98.5 334.42 -20 to 50 5 to 10 12500

GE Power 
Conversion

Brilliance 1300 200-850 1000 2400 14 1262 1536 480 50/60 98.6 98.4 250 -30 to 60 5 standard 9000

www.
gepowerconversion.

com

LV5-1510-SLR 1050 835-1450 1500 1250 10 1000 1050 550 50/60 98.4 98.2 2900 205 -20 to 55 5 standard 3750
LV5-1540-SLR 1050 835-1500 1500 5000 32 4000 4200 550 50/60 98.5 98.1 5500 950 -20 to 55 5 standard 17635

Ideal Power PV + Energy Stor-
age, 30B3-4DF

45 400 to 1000 
Vdc

1200 Vdc 50 2 30 39 A 480 to 400 60 or 50 97 96.5 50 50 -20 C to 40 C 10 125
www.idealpower.

com

Ingeteam IS 1165TL U B420 1084.9 to 1392 610 to 820 1050 2000 5 up to 15 1164 1600 420 60 98.9 98.5 60 60 -20 to 65 5 to 25 4232
www.ingeteam.com IS 1100TL U B400 1034.3 to 1325.7 580 to 820 1050 2000 5 up to 15 1108.5 1600 400 60 98.9 98.5 60 60 -20 to 65 5 to 25 4232

IS 1000TL U B360 1012 to 1297 524 to 820 1050 2000 5 up to 15 997.7 1600 360 60 98.9 98.5 60 60 -20 to 65 5 to 25 4232
IS 830TL U B300 775.8 to 994.4 440 to 820 1050 2000 5 up to 15 831.4 1600 300 60 98.9 98.5 60 60 -20 to 65 5 to 25 4232
IS 610TL U B220 618.4 to 792.6 440 to 820 1050 2000 5 up to 15 609.7 1600 220 60 98.9 98.5 60 60 -20 to 65 5 to 25 4232

Nextronex Ray Max 150 - 250 300 - 850 1000 300 4 150 - 190 240 A 375 - 462 50 / 60 98.5 98 <100 0 -25 to 45 10 to 20 950
nextronex.com Ray Max 2 260 - 425 546 - 750 1000 500 4 260 - 320 400 A 375 - 462 50 / 60 98.5 98 <100 0 -25 to 50 10 to 20 950

Ray Max 2 (2) 520 - 850 546 - 750 1000 1000 8 520 - 640 800 A 375 - 462 50 / 60 98.5 98 <200 0 -25 to 50 10 to 20 1900 min
Ray Max 2 (3) 780 - 1275 546 - 750 1000 1500 12 780 - 960 1200 A 375 - 462 50 / 60 98.5 98 <300 0 -25 to 50 10 to 20 2850 min
Ray Max 2 (4) 1040 - 1700 546 - 750 1000 2000 16 1040 - 1280 1600 A 375 - 462 50 / 60 98.5 98 <400 0 -25 to 50 10 to 20 3800 min
Ray Max 2 (5) 1300 - 2125 546 - 750 1000 2500 20 1300 - 1600 2000 A 375 - 462 50 / 60 98.5 98 <500 0 -25 to 50 10 to 20 4750 min
Ray Max 2 (6) 1560 - 2550 546 - 750 1000 3000 24 1560 - 1920 2400 A 375 - 462 50 / 60 98.5 98 <600 0 -25 to 50 10 to 20 5700 min
Ray Max 2 (7) 1820 - 2975 546 - 750 1000 3500 28 1820 - 2240 2800 A 375 - 462 50 / 60 98.5 98 <700 0 -25 to 50 10 to 20 6650 min
Ray Max 2 (8) 2080 - 3400 546 - 750 1000 4000 32 2080 - 2560 3200 A 375 - 462 50 / 60 98.5 98 <800 0 -25 to 50 10 to 20 7600 min

SPONSORED BY:

WWW.FRONIUS.COM
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Input Characteristics, Central Inverters, DC Output Characteristics (AC)                                      Output Characteristics (AC) Efficiency General Information

Manufacturer Model
PV Array Power 

Range (kWp)
Voltage 
Range 
MPPT

Max 
Voltage DC

Max 
Current (A)

Number Of 
DC Inputs

Rated 
Power 
(kW)

Max Current 
(A@V)

Rated 
Voltages (V)

Frequency 
(Hz) Peak % CEC wtd %

Consumption 
(W) Day

Consumption 
(W) Night

Operating °C 
range

Warranty 
(Years) Weight (lb)

Parker 
Hannifin

890GT-S-1250 440-1000 1000 3100 12-16 1250 2750 270 50/60 98.1 97.6 <150 -20 (-40 opt) to 55 5 to upgradable 8820

www.parker.com/
gridtie

890GT-S-1500 500-1000 1000 3100 12-16 1500 2750 315 50/60 98.4 98 <150 -20 (-40 opt) to 55 5 to upgradable 8820
890GT-S-1600 545-1000 1000 3100 12-16 1600 2750 342 50/60 98.5 98.1 <150 -20 (-40 opt) to 55 5 to upgradable 8820
890GT-S-1700 575-1000 1000 3100 12-16 1700 2750 360 50/60 98.6 98.2 <150 -20 (-40 opt) to 55 5 to upgradable 8820
890GT-S-1750 585-1000 1000 3100 12-16 1750 2750 370 50/60 98.6 98.3 <150 -20 (-40 opt) to 55 5 to upgradable 8820
890GT-S-1950 640-1000 1000 3100 12-16 1950 2750 415 50/60 98.7 98.4 <150 -20 (-40 opt) to 55 5 to upgradable 8820

Power 
Electronics

FREESUN HEC-UL 
FS0160CU

190 330 to 600 600 500 8 160 kW 488,4 208 60 98.6 97.5 920 <80 -20 to 50 5 to 25 3800

www.power-
electronics.com

FREESUN HEC-UL 
FS0240CU

290 330 to 600 600 750 12 240 kW 732,6 208 60 98.6 97.5 1380 <120 -20 to 50 5 to 25 6130

FREESUN HEC-UL 
FS0320CU

380 330 to 600 600 1000 16 320 kW 976,8 208 60 98.6 97.5 1840 <160 -20 to 50 5 to 25 6130

FREESUN HEC-UL 
FS0400CU

480 330 to 600 600 1250 20 400 kW 1221 208 60 98.6 97.5 2300 <200 -20 to 50 5 to 25 8500

FREESUN HEC-UL 
FS0480CU

580 330 to 600 600 1500 24 480 kW 1465,2 208 60 98.6 97.5 2760 <240 -20 to 50 5 to 25 8500

FREESUN HEC-UL 
FS0560CU

670 330 to 600 600 1750 28 560 kW 1709,4 208 60 98.6 97.5 3220 <280 -20 to 50 5 to 25 10800

FREESUN HEC-UL 
FS0640CU

770 330 to 600 600 2000 32 640 kW 1953,6 208 60 98.6 97.5 3680 <320 -20 to 50 5 to 25 10800

FREESUN HEC-UL 
FS0250CU

300 500 to 820 1000 500 8 250 kW 481,8 330 60 98.6 98 920 <80 -20 to 50 5 to 25 3800

FREESUN HEC-UL 
FS0380CU

450 500 to 820 1000 750 12 380 kW 721,6 330 60 98.6 98 1380 <120 -20 to 50 5 to 25 6130

FREESUN HEC-UL 
FS0501CU

600 500 to 820 1000 1000 16 500 kW 962,5 330 60 98.6 98 1840 <160 -20 to 50 5 to 25 6130

Santerno TG760 1000V TL NA 
- 320/340/360/380 

495, 820/ 
525,  820/550,  
820/580,  820

1000 2000 10 + 10  (fuse 
protected)

711/756/
800/844

1283 320/340/360/380 60 98.6 98 2165 <45 -25 to 62 5 2150

www.santerno.com

Satcon PowerGate Plus 
PVS-30

600 104 6 30 60 96 95 -20 to 50 5 1204

www.satcon.com PowerGate Plus 
PVS-50

600 172 6 50 60 96 95 -20 to 50 5 1733

PowerGate Plus 
PVS-50S

600 198 6 50 60 96 96 -20 to 50 5 1732

PowerGate Plus 
PVS-75

600 248 6 75 60 96.7 96 -20 to 50 5 2150

PowerGate Plus 
PVS-100

600 331 6 100 60 96.3 96 -20 to 50 5 2350

PowerGate Plus 
PVS-110S

600 440 9 110 60 96.3 95.5 -20 to 50 5 2684

PowerGate Plus 
PVS-135

600 454 9 135 60 96.7 96 -20 to 50 5 2684

Central Inverters
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Input Characteristics, Central Inverters, DC Output Characteristics (AC)                                      Output Characteristics (AC) Efficiency General Information

Manufacturer Model
PV Array Power 

Range (kWp)
Voltage 
Range 
MPPT

Max 
Voltage DC

Max 
Current (A)

Number Of 
DC Inputs

Rated 
Power 
(kW)

Max Current 
(A@V)

Rated 
Voltages (V)

Frequency 
(Hz) Peak % CEC wtd %

Consumption 
(W) Day

Consumption 
(W) Night

Operating °C 
range

Warranty 
(Years) Weight (lb)

Parker 
Hannifin

890GT-S-1250 440-1000 1000 3100 12-16 1250 2750 270 50/60 98.1 97.6 <150 -20 (-40 opt) to 55 5 to upgradable 8820

www.parker.com/
gridtie

890GT-S-1500 500-1000 1000 3100 12-16 1500 2750 315 50/60 98.4 98 <150 -20 (-40 opt) to 55 5 to upgradable 8820
890GT-S-1600 545-1000 1000 3100 12-16 1600 2750 342 50/60 98.5 98.1 <150 -20 (-40 opt) to 55 5 to upgradable 8820
890GT-S-1700 575-1000 1000 3100 12-16 1700 2750 360 50/60 98.6 98.2 <150 -20 (-40 opt) to 55 5 to upgradable 8820
890GT-S-1750 585-1000 1000 3100 12-16 1750 2750 370 50/60 98.6 98.3 <150 -20 (-40 opt) to 55 5 to upgradable 8820
890GT-S-1950 640-1000 1000 3100 12-16 1950 2750 415 50/60 98.7 98.4 <150 -20 (-40 opt) to 55 5 to upgradable 8820

Power 
Electronics

FREESUN HEC-UL 
FS0160CU

190 330 to 600 600 500 8 160 kW 488,4 208 60 98.6 97.5 920 <80 -20 to 50 5 to 25 3800

www.power-
electronics.com

FREESUN HEC-UL 
FS0240CU

290 330 to 600 600 750 12 240 kW 732,6 208 60 98.6 97.5 1380 <120 -20 to 50 5 to 25 6130

FREESUN HEC-UL 
FS0320CU

380 330 to 600 600 1000 16 320 kW 976,8 208 60 98.6 97.5 1840 <160 -20 to 50 5 to 25 6130

FREESUN HEC-UL 
FS0400CU

480 330 to 600 600 1250 20 400 kW 1221 208 60 98.6 97.5 2300 <200 -20 to 50 5 to 25 8500

FREESUN HEC-UL 
FS0480CU

580 330 to 600 600 1500 24 480 kW 1465,2 208 60 98.6 97.5 2760 <240 -20 to 50 5 to 25 8500

FREESUN HEC-UL 
FS0560CU

670 330 to 600 600 1750 28 560 kW 1709,4 208 60 98.6 97.5 3220 <280 -20 to 50 5 to 25 10800

FREESUN HEC-UL 
FS0640CU

770 330 to 600 600 2000 32 640 kW 1953,6 208 60 98.6 97.5 3680 <320 -20 to 50 5 to 25 10800

FREESUN HEC-UL 
FS0250CU

300 500 to 820 1000 500 8 250 kW 481,8 330 60 98.6 98 920 <80 -20 to 50 5 to 25 3800

FREESUN HEC-UL 
FS0380CU

450 500 to 820 1000 750 12 380 kW 721,6 330 60 98.6 98 1380 <120 -20 to 50 5 to 25 6130

FREESUN HEC-UL 
FS0501CU

600 500 to 820 1000 1000 16 500 kW 962,5 330 60 98.6 98 1840 <160 -20 to 50 5 to 25 6130

Santerno TG760 1000V TL NA 
- 320/340/360/380 

495, 820/ 
525,  820/550,  
820/580,  820

1000 2000 10 + 10  (fuse 
protected)

711/756/
800/844

1283 320/340/360/380 60 98.6 98 2165 <45 -25 to 62 5 2150

www.santerno.com

Satcon PowerGate Plus 
PVS-30

600 104 6 30 60 96 95 -20 to 50 5 1204

www.satcon.com PowerGate Plus 
PVS-50

600 172 6 50 60 96 95 -20 to 50 5 1733

PowerGate Plus 
PVS-50S

600 198 6 50 60 96 96 -20 to 50 5 1732

PowerGate Plus 
PVS-75

600 248 6 75 60 96.7 96 -20 to 50 5 2150

PowerGate Plus 
PVS-100

600 331 6 100 60 96.3 96 -20 to 50 5 2350

PowerGate Plus 
PVS-110S

600 440 9 110 60 96.3 95.5 -20 to 50 5 2684

PowerGate Plus 
PVS-135

600 454 9 135 60 96.7 96 -20 to 50 5 2684
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Input Characteristics, Central Inverters, DC Output Characteristics (AC)                                      Output Characteristics (AC) Efficiency General Information

Manufacturer Model
PV Array Power 

Range (kWp)
Voltage 
Range 
MPPT

Max 
Voltage DC

Max 
Current (A)

Number Of 
DC Inputs

Rated 
Power 
(kW)

Max Current 
(A@V)

Rated 
Voltages (V)

Frequency 
(Hz) Peak % CEC wtd %

Consumption 
(W) Day

Consumption 
(W) Night

Operating °C 
range

Warranty 
(Years) Weight (lb)

Satcon
(continued)

PowerGate Plus 
PVS-210

600 830 15 210 60 96.2 95.5 -20 to 50 5 5300

www.satcon.com PowerGate Plus 
PVS-250

600 814 15 250 60 96.6 96 -20 to 50 5 5300

PowerGate Plus 
PVS-375

600 1277 24 375 60 96.3 95.5 -20 to 50 5 5811

Schneider 
Electric

GT 500 MVX 310 to 480 600 1720 1 500 kW 1400 208 60 98 97 <161  -20 to 50 5 1587

www.SEsolar.com Conext Core XC 540 440 to 800 V 1000 1280 1 540 1040 300 50/60 98.6 98.3 Detailed in ap-
plication note

<210 -10 to 50, derating 
to 55

5 3505

Conext Core XC 630 510 to 800 V 1000 1280 1 630 1040 350 50/60 98.7 98.7 Detailed in ap-
plication note

<210 -10 to 50, derating 
to 55

5 3505

Conext Core XC 680 550 to 800 V 1000 1280 1 680 1040 380 50/60 99.1 98.5 Detailed in ap-
plication note

<210 -10 to 50, derating 
to 55

5 3505

Conext Core XC 
540 NA

440 to 800 V 1000 1280 1 540 1040 300 60 98.2 97.5 Detailed in ap-
plication note

<210 -35 to 50, derating 
to 55

5 4276 (w/o DC 
recombiner) 

Conext Core XC 
630 NA

510 to 800 V 1000 1280 1 630 1040 350 60 98.5 98 Detailed in ap-
plication note

<210 -35 to 50, derating 
to 55

5 4276 (w/o DC 
recombiner) 

Conext Core XC 
680 NA

550 to 800 V 1000 1280 1 680 1040 380 60 98.6 98 Detailed in ap-
plication note

<210 -35 to 50, derating 
to 55

5 4276 (w/o DC 
recombiner) 

SMA America Sunny Central 
500CP-XT

20 - 714  kWp 449 to 850 
(436-850@50 

C)

1000 1250 1 (Busbar) /  
6 to 9 Fused/ 

or 32 (Optipro-
tect)

500 @ 50°C  
550 @ 25°C

1176 270 50, 60 98.6 98.5 <1900 <100 -25 to 62 5 to 25 4200

www.sma-america.
com

Sunny Central 
630CP-XT

20 - 900 kWp 529 to 850 
(505-850@50 

C)

1000 1350 1 (Busbar) /  
6 to 9 Fused/ 

or 32 (Optipro-
tect)

630 @ 50°C  
700 @ 25°C

1283 315 50, 60 98.7 98.5 <1900 <100 -25 to 62 5 to 25 4200

Sunny Central 
720CP-XT

20  - 1028 kWp 577 to 850 
(525-850@50 

C)

1000 1400 1 (Busbar) /  
6 to 9 Fused/ 

or 32 (Optipro-
tect)

720 @ 50°C  
792 @ 25°C

1411 324 50, 60 98.6 98.5 <1950 <100 -25 to 62 5 to 25 4200

Sunny Central 
760CP-XT

20 - 1086 kWp 609 to 850 
(554-850@50 

C)

1000 1400 1 (Busbar) /  
6 to 9 Fused/ 

or 32 (Optipro-
tect)

760 @ 50°C  
825 @ 25°C

1411 342 50, 60 98.6 98.5 <1950 <100 -25 to 62 5 to 25 4200

Sunny Central 
800CP-XT

20 - 1142 kWp 641 to 850/ 
(583-850@50 

C)

1000 1400 1 (Busbar) /  
6 to 9 Fused/ 

or 32 (Optipro-
tect)

800 @ 50°C  
832 @ 40°C 
880 @ 25°C

1411 360 50, 60 98.7 98.5 <1950 <100 -25 to 62 5 to 25 4200

Sunny Central 
850CP-XT

20 - 1214 kWp 681 to 850/ 
(620-850@50 

C)

1000 1600 1 (Busbar) /  
6 to 9 Fused/ 

or 32 (Optipro-
tect)

850 @ 50°C 
,  935 @ 

25°C

1411 386 50, 60 98.6 98.5 <1950 <100 -25 to 62 5 to 25 4200

Sunny Central 
900CP-XT

20 - 1286 kWp 722 to 850/ 
(656-850@50 

C)

1000 1400 1 (Busbar) /  
6 to 9 Fused/ 

or 32 (Optipro-
tect)

900 @ 50°C 
,  990 @ 

25°C

1411 405 50, 60 98.6 98.5 <1950 <100 -25 to 62 5 to 25 4200

Central Inverters
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Input Characteristics, Central Inverters, DC Output Characteristics (AC)                                      Output Characteristics (AC) Efficiency General Information

Manufacturer Model
PV Array Power 

Range (kWp)
Voltage 
Range 
MPPT

Max 
Voltage DC

Max 
Current (A)

Number Of 
DC Inputs

Rated 
Power 
(kW)

Max Current 
(A@V)

Rated 
Voltages (V)

Frequency 
(Hz) Peak % CEC wtd %

Consumption 
(W) Day

Consumption 
(W) Night

Operating °C 
range

Warranty 
(Years) Weight (lb)

Satcon
(continued)

PowerGate Plus 
PVS-210

600 830 15 210 60 96.2 95.5 -20 to 50 5 5300

www.satcon.com PowerGate Plus 
PVS-250

600 814 15 250 60 96.6 96 -20 to 50 5 5300

PowerGate Plus 
PVS-375

600 1277 24 375 60 96.3 95.5 -20 to 50 5 5811

Schneider 
Electric

GT 500 MVX 310 to 480 600 1720 1 500 kW 1400 208 60 98 97 <161  -20 to 50 5 1587

www.SEsolar.com Conext Core XC 540 440 to 800 V 1000 1280 1 540 1040 300 50/60 98.6 98.3 Detailed in ap-
plication note

<210 -10 to 50, derating 
to 55

5 3505

Conext Core XC 630 510 to 800 V 1000 1280 1 630 1040 350 50/60 98.7 98.7 Detailed in ap-
plication note

<210 -10 to 50, derating 
to 55

5 3505

Conext Core XC 680 550 to 800 V 1000 1280 1 680 1040 380 50/60 99.1 98.5 Detailed in ap-
plication note

<210 -10 to 50, derating 
to 55

5 3505

Conext Core XC 
540 NA

440 to 800 V 1000 1280 1 540 1040 300 60 98.2 97.5 Detailed in ap-
plication note

<210 -35 to 50, derating 
to 55

5 4276 (w/o DC 
recombiner) 

Conext Core XC 
630 NA

510 to 800 V 1000 1280 1 630 1040 350 60 98.5 98 Detailed in ap-
plication note

<210 -35 to 50, derating 
to 55

5 4276 (w/o DC 
recombiner) 

Conext Core XC 
680 NA

550 to 800 V 1000 1280 1 680 1040 380 60 98.6 98 Detailed in ap-
plication note

<210 -35 to 50, derating 
to 55

5 4276 (w/o DC 
recombiner) 

SMA America Sunny Central 
500CP-XT

20 - 714  kWp 449 to 850 
(436-850@50 

C)

1000 1250 1 (Busbar) /  
6 to 9 Fused/ 

or 32 (Optipro-
tect)

500 @ 50°C  
550 @ 25°C

1176 270 50, 60 98.6 98.5 <1900 <100 -25 to 62 5 to 25 4200

www.sma-america.
com

Sunny Central 
630CP-XT

20 - 900 kWp 529 to 850 
(505-850@50 

C)

1000 1350 1 (Busbar) /  
6 to 9 Fused/ 

or 32 (Optipro-
tect)

630 @ 50°C  
700 @ 25°C

1283 315 50, 60 98.7 98.5 <1900 <100 -25 to 62 5 to 25 4200

Sunny Central 
720CP-XT

20  - 1028 kWp 577 to 850 
(525-850@50 

C)

1000 1400 1 (Busbar) /  
6 to 9 Fused/ 

or 32 (Optipro-
tect)

720 @ 50°C  
792 @ 25°C

1411 324 50, 60 98.6 98.5 <1950 <100 -25 to 62 5 to 25 4200

Sunny Central 
760CP-XT

20 - 1086 kWp 609 to 850 
(554-850@50 

C)

1000 1400 1 (Busbar) /  
6 to 9 Fused/ 

or 32 (Optipro-
tect)

760 @ 50°C  
825 @ 25°C

1411 342 50, 60 98.6 98.5 <1950 <100 -25 to 62 5 to 25 4200

Sunny Central 
800CP-XT

20 - 1142 kWp 641 to 850/ 
(583-850@50 

C)

1000 1400 1 (Busbar) /  
6 to 9 Fused/ 

or 32 (Optipro-
tect)

800 @ 50°C  
832 @ 40°C 
880 @ 25°C

1411 360 50, 60 98.7 98.5 <1950 <100 -25 to 62 5 to 25 4200

Sunny Central 
850CP-XT

20 - 1214 kWp 681 to 850/ 
(620-850@50 

C)

1000 1600 1 (Busbar) /  
6 to 9 Fused/ 

or 32 (Optipro-
tect)

850 @ 50°C 
,  935 @ 

25°C

1411 386 50, 60 98.6 98.5 <1950 <100 -25 to 62 5 to 25 4200

Sunny Central 
900CP-XT

20 - 1286 kWp 722 to 850/ 
(656-850@50 

C)

1000 1400 1 (Busbar) /  
6 to 9 Fused/ 

or 32 (Optipro-
tect)

900 @ 50°C 
,  990 @ 

25°C

1411 405 50, 60 98.6 98.5 <1950 <100 -25 to 62 5 to 25 4200

SPONSORED BY: WWW.FRONIUS.COM
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Input Characteristics, Central Inverters, DC Output Characteristics (AC)                                      Output Characteristics (AC) Efficiency General Information

Manufacturer Model
PV Array Power 

Range (kWp)
Voltage 
Range 
MPPT

Max 
Voltage DC

Max 
Current (A)

Number Of 
DC Inputs

Rated 
Power 
(kW)

Max Current 
(A@V)

Rated 
Voltages (V)

Frequency 
(Hz) Peak % CEC wtd %

Consumption 
(W) Day

Consumption 
(W) Night

Operating °C 
range

Warranty 
(Years) Weight (lb)

SMA America
(continued)

Sunny Central 
1850-US

20 - 2960 kWp 570 to 950 V 1000 2774 24 / 28 / 32  
with fuse iso-

lation switches

1666 @ 
25°C / @ 
40°C / @ 

50°C

3,300 385 50, 60 98.6 98.0 <8100W <300W -25 to 60 5 to 25 8819

www.sma-america.
com

Sunny Central 
2200-US

20 - 3520 kWp 570 to 950 V 1000 4110 24 / 2 8 / 32 
with fuse iso-

lation switches

2200 @ 25C 
/ @ 40°C / 

@ 50°C

3300 385 50, 60 98.3 98.0 <8100W <300W -25 to 60 5 to 25 8819

Sunny Central 
2500-EV

20 - 4000 kWp 840 to 1500 V 1500 3000 9 / 12 / 18 / 
21 / 24 w/o 

fuse isolation 
switches

2475 @ 25C 
/ @ 40°C / 

@ 50°C

2645 540 50, 60 98.4 98.0 <8100W <300W -25 to 60 5 to 25 8819

 
Yaskawa - 

Solectria Solar

PVI 50KW 65 300 to 500 / 
Low Voltage 
Option - 285-

500

600 176 / Low 
Voltage Option 

- 185

2 to 8 posi-
tions

50 139 @ 208 / 120 @ 
240 / 60 @ 480 / 48 

@ 600

208, 240, 480 
or 600

60 208 - 96.7 / 
240 - 97.7 / 
480 - 96.5 / 
600 - 96.5

208 - 96.0 / 
240 - 97.0 / 
480 - 96.0

 < 3 -40 to 55 5 to 20 1450

www.solectria.com PVI 60KW 78 300 to 500 / 
Low Voltage 
Option - 285-

500

600 211 / Low 
Voltage Option 

- 222

2 to 8 posi-
tions

60 167 @ 208 / 144 @ 
240 / 72 @ 480 / 58 

@ 600

208, 240, 480 
or 600

60 208 - 96.7 / 
240 - 97.8 / 
480 - 96.5 / 
600 - 96.5

208 - 96.0 / 
240 - 97.0 / 
480 - 96.0

 < 3 -40 to 55 5 to 20 1450

PVI 75KW 97.5 300 to 500 / 
Low Voltage 
Option - 285-

500

600 264 / Low 
Voltage Option 

- 278

2 to 8 posi-
tions

75 208 @ 208 / 180 @ 
240 / 90 @ 480 / 72 

@ 600

208, 240, 480 
or 600

60 208 - 97.3 / 
240 - 97.1 / 
480 - 97.2 / 
600 - 97.2;

208 - 97.0 / 
240 - 96.0 / 
480 - 97.0

 < 3 -40 to 55 5 to 20 1875

PVI 85KW 110.5 300 to 500 / 
Low Voltage 
Option - 285-

500

600 299 / Low 
Voltage Option 

- 314

2 to 8 posi-
tions

85 236 @ 208 / 205 @ 
240 / 102 @ 480 / 

82 @ 480

208, 240, 480 
or 600

60 208 - 96.6 / 
240 - 96.7 / 
480 - 96.9 / 
600 - 96.9;

208 - 96.0 / 
240 - 96.0 / 
480 - 96.5

 < 3 -40 to 55 5 to 20 1875

PVI 100KW 130 300 to 500 / 
Low Voltage 
Option - 285-

500

600 351 / Low 
Voltage Option 

- 370

2 to 8 posi-
tions

100 278 @ 208 / 240 @ 
240 / 120 @ 480 / 

96 @ 600

208, 240, 480 
or 600

60 208 - 96.5 / 
240 - 96.9 / 
480 - 96.9 / 
600 - 96.9;

208 - 96.0 / 
240 - 96.0 / 
480 - 96.5

 < 3 -40 to 55 5 to 20 1875

SGI 225 292.5 300 to 500 600 768 6, 12 or 24 
positions

225 271 @ 480 / 217 
@ 600 

480 60 98.0 97.5 28 -40 to 50 5 to 20 5170

SGI 250 325 300 to 500 600 853 6, 12 or 24 
positions

250 301 @ 480 / 240 
@ 600 

480 or 600 60 98.0 97.5 28 -40 to 50 5 to 20 5650

SGI 500/ SGI 500PE 650 300 to 500 600 1721 / PE: 
1712

8, 16 or 32 
positions

500 602 @ 480 / 480 
@ 600 

480 60 97.9 / PE: 
98.3

97.0 / PE: 97.5 32 -40 to 50 5 to 20 6980 / PE: 7107

SGI 500XTM 700 545 to 820 1000 965 4 to 16 posi-
tions

500 760 380 60 98.3 98.0 89 -40 to 50 5 to 20 3080

SGI 750XTM 1050 545 to 820 1000 1445 4 to 15 posi-
tions

750 1140 380 60 98.3 98.0 123 -40 to 50 5 to 20 3570

TMEIC PVL-L0500U-S 569 320 to 550 600 1600 Customizable* 500 1325 210 60 97.5 97.1EU 500 75 -20 to 50 5 to 20 1300 / 2866
www.tmeic.com PVL-L0500E-S 600 450 to 950 1000 1155 Customizable* 500 962 300 60 98.5 98.3EU 500 75 -20 to 50 5 to 20 1300 / 2866

PVL-L0630E-S 771 550 to 950 1000 1403 Customizable* 630 1148 380 60 98.6 98.3EU 500 75 -20 to 50 5 to 20 1300 / 2866
PVL-L0630U-S 643 550 to 950 1000 1202 Customizable* 630 1148 380 60 98.6 98.3EU 500 75 -20 to 50 5 to 20 1300 / 2866

PVL-833GR n/a 605 to 950 1000 n/a Customizable* 833 1438 418 60 99 98.5 100** 100 -20 to 50 5 to 20 3600 / 7940
PVL-L1833GRQ 1710 605 to 950 1000 2878 Customizable* 1667 2826 418 60 99.01 98.5 100** 100 -20 to 50 5 to 20 5200 / 11500
PVL-L1833GRM n/a 605 to 950 1000 3091 Customizable* 1667 2762 418 60 99 98.5 100** 100 -20 to 50 5 to 20 5200 / 11500
PVH-L2300ERM n/a 800 to 1300 1500 n/a Customizable* 2300 2624 550 60 98.8** 98.5 n/a n/a -20 to 50 5 to 20 6000 / 13220
PVH-L2500ERM n/a 900 to 1300 1500 n/a Customizable* 2500 2598 600 60 98.8** 98.5 n/a n/a -20 to 50 5 to 20 6000 / 13220

Central Inverters
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Input Characteristics, Central Inverters, DC Output Characteristics (AC)                                      Output Characteristics (AC) Efficiency General Information

Manufacturer Model
PV Array Power 

Range (kWp)
Voltage 
Range 
MPPT

Max 
Voltage DC

Max 
Current (A)

Number Of 
DC Inputs

Rated 
Power 
(kW)

Max Current 
(A@V)

Rated 
Voltages (V)

Frequency 
(Hz) Peak % CEC wtd %

Consumption 
(W) Day

Consumption 
(W) Night

Operating °C 
range

Warranty 
(Years) Weight (lb)

SMA America
(continued)

Sunny Central 
1850-US

20 - 2960 kWp 570 to 950 V 1000 2774 24 / 28 / 32  
with fuse iso-

lation switches

1666 @ 
25°C / @ 
40°C / @ 

50°C

3,300 385 50, 60 98.6 98.0 <8100W <300W -25 to 60 5 to 25 8819

www.sma-america.
com

Sunny Central 
2200-US

20 - 3520 kWp 570 to 950 V 1000 4110 24 / 2 8 / 32 
with fuse iso-

lation switches

2200 @ 25C 
/ @ 40°C / 
@ 50°C

3300 385 50, 60 98.3 98.0 <8100W <300W -25 to 60 5 to 25 8819

Sunny Central 
2500-EV

20 - 4000 kWp 840 to 1500 V 1500 3000 9 / 12 / 18 / 
21 / 24 w/o 

fuse isolation 
switches

2475 @ 25C 
/ @ 40°C / 
@ 50°C

2645 540 50, 60 98.4 98.0 <8100W <300W -25 to 60 5 to 25 8819

 
Yaskawa - 

Solectria Solar

PVI 50KW 65 300 to 500 / 
Low Voltage 
Option - 285-

500

600 176 / Low 
Voltage Option 

- 185

2 to 8 posi-
tions

50 139 @ 208 / 120 @ 
240 / 60 @ 480 / 48 

@ 600

208, 240, 480 
or 600

60 208 - 96.7 / 
240 - 97.7 / 
480 - 96.5 / 
600 - 96.5

208 - 96.0 / 
240 - 97.0 / 
480 - 96.0

 < 3 -40 to 55 5 to 20 1450

www.solectria.com PVI 60KW 78 300 to 500 / 
Low Voltage 
Option - 285-

500

600 211 / Low 
Voltage Option 

- 222

2 to 8 posi-
tions

60 167 @ 208 / 144 @ 
240 / 72 @ 480 / 58 

@ 600

208, 240, 480 
or 600

60 208 - 96.7 / 
240 - 97.8 / 
480 - 96.5 / 
600 - 96.5

208 - 96.0 / 
240 - 97.0 / 
480 - 96.0

 < 3 -40 to 55 5 to 20 1450

PVI 75KW 97.5 300 to 500 / 
Low Voltage 
Option - 285-

500

600 264 / Low 
Voltage Option 

- 278

2 to 8 posi-
tions

75 208 @ 208 / 180 @ 
240 / 90 @ 480 / 72 

@ 600

208, 240, 480 
or 600

60 208 - 97.3 / 
240 - 97.1 / 
480 - 97.2 / 
600 - 97.2;

208 - 97.0 / 
240 - 96.0 / 
480 - 97.0

 < 3 -40 to 55 5 to 20 1875

PVI 85KW 110.5 300 to 500 / 
Low Voltage 
Option - 285-

500

600 299 / Low 
Voltage Option 

- 314

2 to 8 posi-
tions

85 236 @ 208 / 205 @ 
240 / 102 @ 480 / 

82 @ 480

208, 240, 480 
or 600

60 208 - 96.6 / 
240 - 96.7 / 
480 - 96.9 / 
600 - 96.9;

208 - 96.0 / 
240 - 96.0 / 
480 - 96.5

 < 3 -40 to 55 5 to 20 1875

PVI 100KW 130 300 to 500 / 
Low Voltage 
Option - 285-

500

600 351 / Low 
Voltage Option 

- 370

2 to 8 posi-
tions

100 278 @ 208 / 240 @ 
240 / 120 @ 480 / 

96 @ 600

208, 240, 480 
or 600

60 208 - 96.5 / 
240 - 96.9 / 
480 - 96.9 / 
600 - 96.9;

208 - 96.0 / 
240 - 96.0 / 
480 - 96.5

 < 3 -40 to 55 5 to 20 1875

SGI 225 292.5 300 to 500 600 768 6, 12 or 24 
positions

225 271 @ 480 / 217 
@ 600 

480 60 98.0 97.5 28 -40 to 50 5 to 20 5170

SGI 250 325 300 to 500 600 853 6, 12 or 24 
positions

250 301 @ 480 / 240 
@ 600 

480 or 600 60 98.0 97.5 28 -40 to 50 5 to 20 5650

SGI 500/ SGI 500PE 650 300 to 500 600 1721 / PE: 
1712

8, 16 or 32 
positions

500 602 @ 480 / 480 
@ 600 

480 60 97.9 / PE: 
98.3

97.0 / PE: 97.5 32 -40 to 50 5 to 20 6980 / PE: 7107

SGI 500XTM 700 545 to 820 1000 965 4 to 16 posi-
tions

500 760 380 60 98.3 98.0 89 -40 to 50 5 to 20 3080

SGI 750XTM 1050 545 to 820 1000 1445 4 to 15 posi-
tions

750 1140 380 60 98.3 98.0 123 -40 to 50 5 to 20 3570

TMEIC PVL-L0500U-S 569 320 to 550 600 1600 Customizable* 500 1325 210 60 97.5 97.1EU 500 75 -20 to 50 5 to 20 1300 / 2866
www.tmeic.com PVL-L0500E-S 600 450 to 950 1000 1155 Customizable* 500 962 300 60 98.5 98.3EU 500 75 -20 to 50 5 to 20 1300 / 2866

PVL-L0630E-S 771 550 to 950 1000 1403 Customizable* 630 1148 380 60 98.6 98.3EU 500 75 -20 to 50 5 to 20 1300 / 2866
PVL-L0630U-S 643 550 to 950 1000 1202 Customizable* 630 1148 380 60 98.6 98.3EU 500 75 -20 to 50 5 to 20 1300 / 2866

PVL-833GR n/a 605 to 950 1000 n/a Customizable* 833 1438 418 60 99 98.5 100** 100 -20 to 50 5 to 20 3600 / 7940
PVL-L1833GRQ 1710 605 to 950 1000 2878 Customizable* 1667 2826 418 60 99.01 98.5 100** 100 -20 to 50 5 to 20 5200 / 11500
PVL-L1833GRM n/a 605 to 950 1000 3091 Customizable* 1667 2762 418 60 99 98.5 100** 100 -20 to 50 5 to 20 5200 / 11500
PVH-L2300ERM n/a 800 to 1300 1500 n/a Customizable* 2300 2624 550 60 98.8** 98.5 n/a n/a -20 to 50 5 to 20 6000 / 13220
PVH-L2500ERM n/a 900 to 1300 1500 n/a Customizable* 2500 2598 600 60 98.8** 98.5 n/a n/a -20 to 50 5 to 20 6000 / 13220
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String Inverters Input Characteristics, String Inverters (DC) Output Characteristics (AC)                           Output Characteristics (AC) Efficiency General Information

Manufacturer Model
PV 

Array Power 
Range (kWp)

Voltage 
Range 
MPPT

Max 
Voltage 

DC

Max 
Current 

(A)

Number Of DC 
Inputs MPPT

Rated Power 
(kW)

Max Current 
(A@V)

Rated 
Voltages 

(V)

Frequency 
(Hz) Peak % 

CEC wtd 
%

Consumption 
Day (W)

Consumption 
Night (W)

Operating 
Temperature 
Range (°C)

Warranty 
(Yrs) Weight (lb)

ABB/Power-
One

PVI-3.0-OUTD-
(S)-US-(A)

3.9 90 to 580 600 10/MPPT 4 2 3 12.0 to 14.5 208, 240, 
277

60 96.9 96 <8.0 <0.6 -25 to 60 5 to 10 47.3

www.abb.com/
solarinverters

PVI-4.2-OUTD-
(S)-US-(A)

5.46 90 to 580 600 16/MPPT 4 2 4.2 20 208, 240, 
277

60 97 96 <8.0 <0.6 -25 to 60 5 to 10 47.3

PVI-5000-
OUTD-US-(A)

6.5 90 to 580 600 18/MPPT 4 2 5 20 to 27 208, 240, 
277

60 97.1 96 to 96.5 <8.0 <0.6 -25 to 60 5 to 10 59.5

PVI-6000-
OUTD-US-(A)

7.8 90 to 580 600 18/MPPT 4 2 6 24 to 30 208, 240, 
277

60 97.1 96 to 96.5 <8.0 <0.6 -25 to 60 5 to 10 59.5

TRIO-20.0-
TL-OUTD-XX-

US-480

24 200 to 950 1000 25/MPPT 2 or 4 2 20 27 480 60 98.2 97.5 <8.0 0 -30 to 60 5 to 10 71

TRIO-27.6-
TL-OUTD-XX-

US-480

32 200 to 950 1000 30.9/MPPT 2 or 4 2 27.6 36 480 60 98.2 97.5 <8.0 0 -30 to 60 5 to 10 76

UNO-7.6-TL-
OUTD-S-US-A

9.88 90 to 580 600 24/MPPT 4 or 6 (opt.) 2 7.6 36.5, 32, 27.5 208, 240, 
277

60 97.5 96.5 <8.0 <0.6 -25 to 60 5 to 10 81.5

UNO-8.6-TL-
OUTD-S-US-A

11.18 90 to 580 600 24/MPPT 4 or 6 (opt.) 2 8.6 36, 31 240, 277 60 97.5 96.5 <8.0 <0.6 -25 to 60 5 to 10 81.5

UNO-2.0-TL-
OUTD-S-US-A

2.6 90 to 580 600 12.5 2 1 2 9 to 10 208, 240 60 97.3 96.5 <8.0 <0.6 -25 to 60 5 to 10 33

UNO-3.0-TL-
OUTD-S-US-A

3.9 90 to 580 600 18 2 1 3 13 to 15 208, 240 60 97.3 96.5 <8.0 <0.6 -25 to 60 5 to 10 33

Fronius USA Fronius Primo 
7.6 - 1

6.1 - 11.7 250 - 480 600 36 6 2 7.6 208, 240 60 96.2 95.5, 96.0, 
96.0

15 <1.5 -40°F - +131°F  (-40°C 
- +55°C)

10 to 20 47.29

www.fronius-usa.
com

Fronius Primo 
8.2 - 1

6.6 - 12.7 270 - 480 600 36 6 2 8.2 208, 240 60 96.2 95.0, 95.5, 
96.0

15 <1.5 -40°F - +131°F  (-40°C 
- +55°C)

10 to 20 47.29

Fronius Primo 
10.0 - 1

8.0 - 12.0 220 - 480 600 33.0 6 2 9.995 208, 240 60 96.2 95.0, 95.5, 
96.0

22 <1.5 -40°F - +140°F  (-40°C 
- +55°C)

10 to 20 76.7

Fronius Primo 
11.4 - 1

9.1 - 13.7 240 - 480 600 33.0 6 2 11.4 208, 240 60 96.2 95.5, 95.5, 
n/a

20 <1.5 -40°F - +140°F  (-40°C 
- +55°C)

10 to 20 76.7

Fronius Galvo 
1.5-1

1.20 to 2.40 120 to 335 420 16.7 6 1 1.5 8.2, 7.7, 7.1 208, 220, 
240

60 95.8 94.0, 94.0, 
94.5

8 <1 -40°F - +122°F  (-40°C 
- +50°C)

10 to 20 36.05 

Fronius Symo 
10.0-3 480

8.00 to 13.00 200 to 
1000

1000 25.0/16.5 6 2 10.0 n/a, n/a 480 60 98.1 n/a, n/a, 97.0 8 <1 -40°F - +140°F  (-40°C 
- +60°C)

10 to 20 91.6

Fronius Symo 
12.0-3 208/240

9.60 to 16.60 200 to 600 600 25.0/16.5 6 2 12.0 n/a 208, 220/240 60 97.0 96.5, 96.5, 
n/a

8 <1 -40°F - +140°F  (-40°C 
- +60°C)

10 to 20 76.7

Fronius Symo 
17.5-3 480

14.00 to 22.75 200 to 
1000

1000 33.0/25.0 6 2 17.5 n/a, n/a 480 60 98.0 n/a, n/a, 97.0 8 <1 -40°F - +140°F  (-40°C 
- +60°C)

10 to 20 95.7

Fronius Symo 
20.0-3 480

16.00 to 26.00 200 to 
1000

1000 33.0/25.0 6 2 20.0 n/a, n/a 480 60 98.0 n/a, n/a, 97.0 8 <1 -40°F - +140°F  (-40°C 
- +60°C)

10 to 20 95.0

Fronius Symo 
24.0-3 480

19.20 to 31.20 200 to 
1000

1000 33.0/25.0 6 2 24.0 n/a, n/a 480 60 98.0 n/a, n/a, 97.5 8 <1 -40°F - +140°F  (-40°C 
- +60°C)

10 to 20 95.0
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Input Characteristics, String Inverters (DC) Output Characteristics (AC)                           Output Characteristics (AC) Efficiency General Information

Manufacturer Model
PV 

Array Power 
Range (kWp)

Voltage 
Range 
MPPT

Max 
Voltage 

DC

Max 
Current 

(A)

Number Of DC 
Inputs MPPT

Rated Power 
(kW)

Max Current 
(A@V)

Rated 
Voltages 

(V)

Frequency 
(Hz) Peak % 

CEC wtd 
%

Consumption 
Day (W)

Consumption 
Night (W)

Operating 
Temperature 
Range (°C)

Warranty 
(Yrs) Weight (lb)

ABB/Power-
One

PVI-3.0-OUTD-
(S)-US-(A)

3.9 90 to 580 600 10/MPPT 4 2 3 12.0 to 14.5 208, 240, 
277

60 96.9 96 <8.0 <0.6 -25 to 60 5 to 10 47.3

www.abb.com/
solarinverters

PVI-4.2-OUTD-
(S)-US-(A)

5.46 90 to 580 600 16/MPPT 4 2 4.2 20 208, 240, 
277

60 97 96 <8.0 <0.6 -25 to 60 5 to 10 47.3

PVI-5000-
OUTD-US-(A)

6.5 90 to 580 600 18/MPPT 4 2 5 20 to 27 208, 240, 
277

60 97.1 96 to 96.5 <8.0 <0.6 -25 to 60 5 to 10 59.5

PVI-6000-
OUTD-US-(A)

7.8 90 to 580 600 18/MPPT 4 2 6 24 to 30 208, 240, 
277

60 97.1 96 to 96.5 <8.0 <0.6 -25 to 60 5 to 10 59.5

TRIO-20.0-
TL-OUTD-XX-

US-480

24 200 to 950 1000 25/MPPT 2 or 4 2 20 27 480 60 98.2 97.5 <8.0 0 -30 to 60 5 to 10 71

TRIO-27.6-
TL-OUTD-XX-

US-480

32 200 to 950 1000 30.9/MPPT 2 or 4 2 27.6 36 480 60 98.2 97.5 <8.0 0 -30 to 60 5 to 10 76

UNO-7.6-TL-
OUTD-S-US-A

9.88 90 to 580 600 24/MPPT 4 or 6 (opt.) 2 7.6 36.5, 32, 27.5 208, 240, 
277

60 97.5 96.5 <8.0 <0.6 -25 to 60 5 to 10 81.5

UNO-8.6-TL-
OUTD-S-US-A

11.18 90 to 580 600 24/MPPT 4 or 6 (opt.) 2 8.6 36, 31 240, 277 60 97.5 96.5 <8.0 <0.6 -25 to 60 5 to 10 81.5

UNO-2.0-TL-
OUTD-S-US-A

2.6 90 to 580 600 12.5 2 1 2 9 to 10 208, 240 60 97.3 96.5 <8.0 <0.6 -25 to 60 5 to 10 33

UNO-3.0-TL-
OUTD-S-US-A

3.9 90 to 580 600 18 2 1 3 13 to 15 208, 240 60 97.3 96.5 <8.0 <0.6 -25 to 60 5 to 10 33

Fronius USA Fronius Primo 
7.6 - 1

6.1 - 11.7 250 - 480 600 36 6 2 7.6 208, 240 60 96.2 95.5, 96.0, 
96.0

15 <1.5 -40°F - +131°F  (-40°C 
- +55°C)

10 to 20 47.29

www.fronius-usa.
com

Fronius Primo 
8.2 - 1

6.6 - 12.7 270 - 480 600 36 6 2 8.2 208, 240 60 96.2 95.0, 95.5, 
96.0

15 <1.5 -40°F - +131°F  (-40°C 
- +55°C)

10 to 20 47.29

Fronius Primo 
10.0 - 1

8.0 - 12.0 220 - 480 600 33.0 6 2 9.995 208, 240 60 96.2 95.0, 95.5, 
96.0

22 <1.5 -40°F - +140°F  (-40°C 
- +55°C)

10 to 20 76.7

Fronius Primo 
11.4 - 1

9.1 - 13.7 240 - 480 600 33.0 6 2 11.4 208, 240 60 96.2 95.5, 95.5, 
n/a

20 <1.5 -40°F - +140°F  (-40°C 
- +55°C)

10 to 20 76.7

Fronius Galvo 
1.5-1

1.20 to 2.40 120 to 335 420 16.7 6 1 1.5 8.2, 7.7, 7.1 208, 220, 
240

60 95.8 94.0, 94.0, 
94.5

8 <1 -40°F - +122°F  (-40°C 
- +50°C)

10 to 20 36.05 

Fronius Symo 
10.0-3 480

8.00 to 13.00 200 to 
1000

1000 25.0/16.5 6 2 10.0 n/a, n/a 480 60 98.1 n/a, n/a, 97.0 8 <1 -40°F - +140°F  (-40°C 
- +60°C)

10 to 20 91.6

Fronius Symo 
12.0-3 208/240

9.60 to 16.60 200 to 600 600 25.0/16.5 6 2 12.0 n/a 208, 220/240 60 97.0 96.5, 96.5, 
n/a

8 <1 -40°F - +140°F  (-40°C 
- +60°C)

10 to 20 76.7

Fronius Symo 
17.5-3 480

14.00 to 22.75 200 to 
1000

1000 33.0/25.0 6 2 17.5 n/a, n/a 480 60 98.0 n/a, n/a, 97.0 8 <1 -40°F - +140°F  (-40°C 
- +60°C)

10 to 20 95.7

Fronius Symo 
20.0-3 480

16.00 to 26.00 200 to 
1000

1000 33.0/25.0 6 2 20.0 n/a, n/a 480 60 98.0 n/a, n/a, 97.0 8 <1 -40°F - +140°F  (-40°C 
- +60°C)

10 to 20 95.0

Fronius Symo 
24.0-3 480

19.20 to 31.20 200 to 
1000

1000 33.0/25.0 6 2 24.0 n/a, n/a 480 60 98.0 n/a, n/a, 97.5 8 <1 -40°F - +140°F  (-40°C 
- +60°C)

10 to 20 95.0
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Input Characteristics, String Inverters (DC) Output Characteristics (AC)                           Output Characteristics (AC) Efficiency General Information

Manufacturer Model
PV 

Array Power 
Range (kWp)

Voltage 
Range 
MPPT

Max 
Voltage 

DC

Max 
Current 

(A)

Number Of DC 
Inputs MPPT

Rated Power 
(kW)

Max Current 
(A@V)

Rated 
Voltages 

(V)

Frequency 
(Hz) Peak % 

CEC wtd 
%

Consumption 
Day (W)

Consumption 
Night (W)

Operating 
Temperature 
Range (°C)

Warranty 
(Yrs) Weight (lb)

Ginlong 
(Ningbo) 

Technologies

Solis-2.5K-2G-
US

3 100 to 500 600 10+10 2 2 2.5 13.3 208/240 60 97.5 96.5 <6 <1 -25 to 60 10 to 20 33.1

www.ginlong.com Solis-3K-2G-US 3.6 100 to 500 600 10+10 2 2 3 15.7 208/240 60 97.5 96.5 <6 <1 -25 to 60 10 to 20 33.1
Solis-3.6K-2G-

US
4.3 100 to 500 600 10+10 2 2 3.6 16 208/240 60 97.5 96.5 <6 <1 -25 to 60 10 to 20 33.1

Solis-4K-3G-US 4.8 100 to 500 600 10+18 3 2 4 21 208/240 60 97.8 97 <6 <1 -25 to 60 10 to 20 38.6
Solis-4.6K-2G-

US
5.5 100 to 500 600 10+18 3 2 4.6 23.8 208/240 60 97.8 97 <6 <1 -25 to 60 10 to 20 38.6

Solis-5K-2G-US 6 100 to 500 600 10+18 3 2 5 23.8 208/240 60 97.8 97 <6 <1 -25 to 60 10 to 20 38.6
Solis-7.6K-US 9 100 to 500 600 10+10+10 3 3 7.6 36.5 208/240 60 98.2 97.2 <6 <1 -25 to 60 10 to 20 45
Solis-20K-US 24 200 to 800 1000 18+18 4 2 20 30.4 480~ 3phase 60 98.3 97.5 <6 <1 -25 to 60 10 to 20 70.5
Solis-36K-US 43 200 to 800 1000 18+18+18+18 8 4 36 47.8 480~ 3phase 60 98.3 97.5 <6 <1 -25 to 60 10 to 20 130

Solis-10K-
US-LV

12 150 to 500 1000 18+18 4 2 10 25 208/220/
240~3phase

60 97.2 96.5 <6 <1 -25 to 60 10 to 20 64

HiQ Solar TS480-8k >16 200-850 1,000 10 2 2 8 9.6A @ 277V 480 60 98.60% 98% <4.5 <4.5 -40 to +65 10 to 25 24
www.hiqsolar.com TS208-5k75 >12 200-850 1,000 10 2 2 5.75 16A @ 120V 208 60 98% 97.5% est. <4.5 <4.5 -40 to +65 10 to 25 24

Ingeteam IS 18TL U 
M480

18.6 to 24.1 200 to 820 1000 30 / 20 2 18 22 480 60 98.5 98 <10 <1 -25 to 65 10 to 20 127.4

www.ingeteam.com IS 24TL U 
M480

24.7 to 32.2 200 to 820 1000 27 / 27 2 24 29 480 60 98.5 98 <10 <1 -25 to 65 10 to 20 129

IS 2.8TL U M 2.8 to 3.6 90 to 750 850 11/11 2 2.8 16 208 / 240 60 98.4 97.5 <10 0 -25 to 65 10 to 20 44
IS 3.3TL U M 3.4 to 4.3 90 to 750 850 11/11 2 3.3 16 208 / 240 60 98.4 97.5 <10 0 -25 to 65 10 to 20 44
IS 5TL U M 5.1 to 6.5 90 to 750 850 11/11 2 5 26.2 208 / 240 60 98.4 97.5 <10 0 -25 to 65 10 to 20 46.3
IS 6TL U M 6.1 to 7.8 90 to 750 850 11/11 2 6 26.2 240 60 98.4 97.5 <10 0 -25 to 65 10 to 20 46.3
IS 2.8HF U 2.9 to 3.6 125 to 500 550 17 1 2.8 13.5 208 / 240 

/277
60 96.3 95.5 <10 0 -25 to 65 10 to 20 55.1

IS 3.3HF U 3.4 to 4.3 125 to 500 550 22 1 3.3 16 208 / 240 
/277

60 96.3 95.5 <10 0 -25 to 65 10 to 20 55.1

IS 5HF U 5.2 to 6.5 125 to 500 550 33 1 5 26.2 208 / 240 
/277

60 96.3 95.5 <10 0 -25 to 65 10 to 20 55.1

IS 6HF U 6.3 to 7.8 125 to 500 550 33 1 6 26.2 240 /277 60 96.3 95.5 <10 0 -25 to 65 10 to 20 55.1

KACO new 
energy

3.0 TL1 M2 WM 
OD US39

3.1 to 3.9 140 V to 
510 V

600 2 x 11.0 A 4 2 3 12.5 240, 220, 
208

60 Hz (59.3 to 
60.5)

~97% @208 - 
96.0%
@240 - 
96.5%

3 W -25 to 60 40

kaco-newenergy.
com

4.0 TL1 M2 WM 
OD US39

4.1 to 5.2 185 V to 
510 V

600 2 x 11.0 A 4 2 4 16.7 240, 220, 
208

60 Hz (59.3 to 
60.5)

~97% 96.5% 3 W -25 to 60 40

5.0 TL1 M2 WM 
OD US39

5.1 to 6.5 215 V to 
510 V

600 2 x 11.0 A 4 2 @208 - 4.6
@240 - 5

20 240, 220, 
208

60 Hz (59.3 to 
60.5)

~97% 96.5% 3 W -25 to 60 40

10.0 TL3 M2 
WM OD USK9

10.1 to 13.0 280 V to 
550 V

600 2 x 18.6 A 4 2 10 12.1 480 60 Hz (59.3 to 
60.5)

~98% 97.5% 1.5 W -25 to 60 100

10.0 TL3 M2 
WM OD CAP9, 

& CAPE

10.1 to 13.0 280 V to 
550 V

600 2 x 18.6 A 4 2 10 9.7 600 60 Hz (59.3 to 
60.5)

~98% 97.5% 1.5 W -30 to 60 100

String Inverters
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Input Characteristics, String Inverters (DC) Output Characteristics (AC)                           Output Characteristics (AC) Efficiency General Information

Manufacturer Model
PV 

Array Power 
Range (kWp)

Voltage 
Range 
MPPT

Max 
Voltage 

DC

Max 
Current 

(A)

Number Of DC 
Inputs MPPT

Rated Power 
(kW)

Max Current 
(A@V)

Rated 
Voltages 

(V)

Frequency 
(Hz) Peak % 

CEC wtd 
%

Consumption 
Day (W)

Consumption 
Night (W)

Operating 
Temperature 
Range (°C)

Warranty 
(Yrs) Weight (lb)

Ginlong 
(Ningbo) 

Technologies

Solis-2.5K-2G-
US

3 100 to 500 600 10+10 2 2 2.5 13.3 208/240 60 97.5 96.5 <6 <1 -25 to 60 10 to 20 33.1

www.ginlong.com Solis-3K-2G-US 3.6 100 to 500 600 10+10 2 2 3 15.7 208/240 60 97.5 96.5 <6 <1 -25 to 60 10 to 20 33.1
Solis-3.6K-2G-

US
4.3 100 to 500 600 10+10 2 2 3.6 16 208/240 60 97.5 96.5 <6 <1 -25 to 60 10 to 20 33.1

Solis-4K-3G-US 4.8 100 to 500 600 10+18 3 2 4 21 208/240 60 97.8 97 <6 <1 -25 to 60 10 to 20 38.6
Solis-4.6K-2G-

US
5.5 100 to 500 600 10+18 3 2 4.6 23.8 208/240 60 97.8 97 <6 <1 -25 to 60 10 to 20 38.6

Solis-5K-2G-US 6 100 to 500 600 10+18 3 2 5 23.8 208/240 60 97.8 97 <6 <1 -25 to 60 10 to 20 38.6
Solis-7.6K-US 9 100 to 500 600 10+10+10 3 3 7.6 36.5 208/240 60 98.2 97.2 <6 <1 -25 to 60 10 to 20 45
Solis-20K-US 24 200 to 800 1000 18+18 4 2 20 30.4 480~ 3phase 60 98.3 97.5 <6 <1 -25 to 60 10 to 20 70.5
Solis-36K-US 43 200 to 800 1000 18+18+18+18 8 4 36 47.8 480~ 3phase 60 98.3 97.5 <6 <1 -25 to 60 10 to 20 130

Solis-10K-
US-LV

12 150 to 500 1000 18+18 4 2 10 25 208/220/
240~3phase

60 97.2 96.5 <6 <1 -25 to 60 10 to 20 64

HiQ Solar TS480-8k >16 200-850 1,000 10 2 2 8 9.6A @ 277V 480 60 98.60% 98% <4.5 <4.5 -40 to +65 10 to 25 24
www.hiqsolar.com TS208-5k75 >12 200-850 1,000 10 2 2 5.75 16A @ 120V 208 60 98% 97.5% est. <4.5 <4.5 -40 to +65 10 to 25 24

Ingeteam IS 18TL U 
M480

18.6 to 24.1 200 to 820 1000 30 / 20 2 18 22 480 60 98.5 98 <10 <1 -25 to 65 10 to 20 127.4

www.ingeteam.com IS 24TL U 
M480

24.7 to 32.2 200 to 820 1000 27 / 27 2 24 29 480 60 98.5 98 <10 <1 -25 to 65 10 to 20 129

IS 2.8TL U M 2.8 to 3.6 90 to 750 850 11/11 2 2.8 16 208 / 240 60 98.4 97.5 <10 0 -25 to 65 10 to 20 44
IS 3.3TL U M 3.4 to 4.3 90 to 750 850 11/11 2 3.3 16 208 / 240 60 98.4 97.5 <10 0 -25 to 65 10 to 20 44
IS 5TL U M 5.1 to 6.5 90 to 750 850 11/11 2 5 26.2 208 / 240 60 98.4 97.5 <10 0 -25 to 65 10 to 20 46.3
IS 6TL U M 6.1 to 7.8 90 to 750 850 11/11 2 6 26.2 240 60 98.4 97.5 <10 0 -25 to 65 10 to 20 46.3
IS 2.8HF U 2.9 to 3.6 125 to 500 550 17 1 2.8 13.5 208 / 240 

/277
60 96.3 95.5 <10 0 -25 to 65 10 to 20 55.1

IS 3.3HF U 3.4 to 4.3 125 to 500 550 22 1 3.3 16 208 / 240 
/277

60 96.3 95.5 <10 0 -25 to 65 10 to 20 55.1

IS 5HF U 5.2 to 6.5 125 to 500 550 33 1 5 26.2 208 / 240 
/277

60 96.3 95.5 <10 0 -25 to 65 10 to 20 55.1

IS 6HF U 6.3 to 7.8 125 to 500 550 33 1 6 26.2 240 /277 60 96.3 95.5 <10 0 -25 to 65 10 to 20 55.1

KACO new 
energy

3.0 TL1 M2 WM 
OD US39

3.1 to 3.9 140 V to 
510 V

600 2 x 11.0 A 4 2 3 12.5 240, 220, 
208

60 Hz (59.3 to 
60.5)

~97% @208 - 
96.0%
@240 - 
96.5%

3 W -25 to 60 40

kaco-newenergy.
com

4.0 TL1 M2 WM 
OD US39

4.1 to 5.2 185 V to 
510 V

600 2 x 11.0 A 4 2 4 16.7 240, 220, 
208

60 Hz (59.3 to 
60.5)

~97% 96.5% 3 W -25 to 60 40

5.0 TL1 M2 WM 
OD US39

5.1 to 6.5 215 V to 
510 V

600 2 x 11.0 A 4 2 @208 - 4.6
@240 - 5

20 240, 220, 
208

60 Hz (59.3 to 
60.5)

~97% 96.5% 3 W -25 to 60 40

10.0 TL3 M2 
WM OD USK9

10.1 to 13.0 280 V to 
550 V

600 2 x 18.6 A 4 2 10 12.1 480 60 Hz (59.3 to 
60.5)

~98% 97.5% 1.5 W -25 to 60 100

10.0 TL3 M2 
WM OD CAP9, 

& CAPE

10.1 to 13.0 280 V to 
550 V

600 2 x 18.6 A 4 2 10 9.7 600 60 Hz (59.3 to 
60.5)

~98% 97.5% 1.5 W -30 to 60 100
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Input Characteristics, String Inverters (DC) Output Characteristics (AC)                           Output Characteristics (AC) Efficiency General Information

Manufacturer Model
PV 

Array Power 
Range (kWp)

Voltage 
Range 
MPPT

Max 
Voltage 

DC

Max 
Current 

(A)

Number Of DC 
Inputs MPPT

Rated Power 
(kW)

Max Current 
(A@V)

Rated 
Voltages 

(V)

Frequency 
(Hz) Peak % 

CEC wtd 
%

Consumption 
Day (W)

Consumption 
Night (W)

Operating 
Temperature 
Range (°C)

Warranty 
(Yrs) Weight (lb)

KACO new 
energy

(continued)

32.0 TL3 M1 
GM OD USK0

32.1 to 43.2 310 V to 
550 V

600 1 x 108 A 1 1 32 38 480 60 Hz (59.3 to 
60.5)

~98% 97.0% 1.5 W -25 to 60 381

kaco-newenergy.
com

40.0 TL3 M1 
GM OD USK0

40.1 to 54.0 380 V to 
850 V

1000 1 x 108 A 1 1 40 48 480 60 Hz (59.3 to 
60.5)

~98% 97.5% 1.5 W -25 to 60 381

50.0 TL3 M1 
GM OD USK0

50.1 to 67.5 480 V to 
850 V

1000 1 x 108 A 1 1 50 60 480 60 Hz (59.3 to 
60.5)

~98% 97.5% 1.5 W -25 to 60 381

2.0 TL1 M1 
WM OD US33, 
US3C, & US3D

2.1 to 2.6 190 V to 
510 V

600 1 x 11.0 A 2 1 2 8.3 240, 220, 
208

60 Hz (59.3 to 
60.5)

~97% @208 - 
96.0%
@240 - 
96.5%

3 W -25 to 60 45

2.0 TL1 M1 WM 
OD US38 & 

US39

2.1 to 2.6 190 V to 
510 V

600 1 x 11.0 A 2 1 2 8.3 240, 220, 
208

60 Hz (59.3 to 
60.5)

~97% @208 - 
96.0%
@240 - 
96.5%

3 W -25 to 60 33

Pika Energy X3001 Hybrid 380 
nominal

13 3kW 13 240 60 96.3 96 -20 to 60C 5 33
www.pika-energy.

com

Schneider 
Electric

Conext 
CL1800NA

300 to 800 1000 36.0A/
MPPT

4 strings / MPPT 2 18kW 25A 277/480 60 +/- 3 98.0% 97.5% <3.0 -20 to 60 10 to 20 119 lb 
(inverter), 33 lb 

(wiring box)
solar.schneider-

electric.com
Conext 

CL2500NA
500 to 800 1000 36.0A/

MPPT
4 strings / MPPT 2 25kW 33A 277/480 60 +/- 3 98.4% 98.0% <3.0 -20 to 60 10 to 20 119 lb 

(inverter), 33 lb 
(wiring box)

SMA America Sunny Boy 
3800TL-US-22 

208V/ 240V

please refer to 
max Voltage and 

Current

175 to 480 600 24 4 2 3330 W / 3840 W 16 208 / 240 60 97.2 / 97.5 96.5 / 97 <1 -40 to 60 10 to 20 57

www.sma-america.
com

Sunny Boy 
5.0-1SP-US-40 

208V/240V

please refer to 
max Voltage and 

Current

220 to 480 600 30 3 3 5300 W 24 208 / 240 60 97 TBD <5  -25 to 60  10 to 20 57

Sunny Boy 
6.0-1SP-US-40 

208V/240V

please refer to 
max Voltage and 

Current

220 to 480 600 30 3 3 5500 W / 6300 W 25 208 / 240 60 97 TBD <5  -25 to 60  10 to 20 57

Sunny Boy 
7000TL-US-22 

208V/ 240V

please refer to 
max Voltage and 

Current

245 to 480 600 30 4 2 6000 W / 7000 W 29.2 208 / 240 60 96.8 96.5 <1 -40 to 60 10 to 20 57

Sunny Boy 
7700TL-US-22 

208V/ 240V

please refer to 
max Voltage and 

Current

270 to 480 600 30 4 2 6650 W / 7680 W 32 208 / 240 60 69.8 / 97.3 96.5 <1 -40 to 60 10 to 20 57

Sunny Tripower 
12000TL-US-10

please refer to 
max Voltage and 

Current

300 to 
800/150 to 

1000*

1000 66 1 per MPPT chan-
nel/8*

2 12000 W 14.5 277 / 480 60 98.2 97.5 1  -25 to 60  10 to 15/20 121 lb (55kg)

Sunny Tripower 
15000TL-US-10

please refer to 
max Voltage and 

Current

300 to 
800/150 to 

1000*

1000 66 1 per MPPT chan-
nel/8*

2 15000 W 18.1 277 / 480 60 98.2 97.5 1  -25 to 60  10 to 15/20 121 lb (55kg)

Sunny Tripower 
20000TL-US-10

please refer to 
max Voltage and 

Current

380 to 
800/150 to 

1000*

1000 66 1 per MPPT chan-
nel/8*

2 20000 W 24.1 277 / 480 60 98.5 97.5 1  -25 to 60  10 to 15/20 121 lb (55kg)

String Inverters
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Input Characteristics, String Inverters (DC) Output Characteristics (AC)                           Output Characteristics (AC) Efficiency General Information

Manufacturer Model
PV 

Array Power 
Range (kWp)

Voltage 
Range 
MPPT

Max 
Voltage 

DC

Max 
Current 

(A)

Number Of DC 
Inputs MPPT

Rated Power 
(kW)

Max Current 
(A@V)

Rated 
Voltages 

(V)

Frequency 
(Hz) Peak % 

CEC wtd 
%

Consumption 
Day (W)

Consumption 
Night (W)

Operating 
Temperature 
Range (°C)

Warranty 
(Yrs) Weight (lb)

KACO new 
energy

(continued)

32.0 TL3 M1 
GM OD USK0

32.1 to 43.2 310 V to 
550 V

600 1 x 108 A 1 1 32 38 480 60 Hz (59.3 to 
60.5)

~98% 97.0% 1.5 W -25 to 60 381

kaco-newenergy.
com

40.0 TL3 M1 
GM OD USK0

40.1 to 54.0 380 V to 
850 V

1000 1 x 108 A 1 1 40 48 480 60 Hz (59.3 to 
60.5)

~98% 97.5% 1.5 W -25 to 60 381

50.0 TL3 M1 
GM OD USK0

50.1 to 67.5 480 V to 
850 V

1000 1 x 108 A 1 1 50 60 480 60 Hz (59.3 to 
60.5)

~98% 97.5% 1.5 W -25 to 60 381

2.0 TL1 M1 
WM OD US33, 
US3C, & US3D

2.1 to 2.6 190 V to 
510 V

600 1 x 11.0 A 2 1 2 8.3 240, 220, 
208

60 Hz (59.3 to 
60.5)

~97% @208 - 
96.0%
@240 - 
96.5%

3 W -25 to 60 45

2.0 TL1 M1 WM 
OD US38 & 

US39

2.1 to 2.6 190 V to 
510 V

600 1 x 11.0 A 2 1 2 8.3 240, 220, 
208

60 Hz (59.3 to 
60.5)

~97% @208 - 
96.0%
@240 - 
96.5%

3 W -25 to 60 33

Pika Energy X3001 Hybrid 380 
nominal

13 3kW 13 240 60 96.3 96 -20 to 60C 5 33
www.pika-energy.

com

Schneider 
Electric

Conext 
CL1800NA

300 to 800 1000 36.0A/
MPPT

4 strings / MPPT 2 18kW 25A 277/480 60 +/- 3 98.0% 97.5% <3.0 -20 to 60 10 to 20 119 lb 
(inverter), 33 lb 

(wiring box)
solar.schneider-

electric.com
Conext 

CL2500NA
500 to 800 1000 36.0A/

MPPT
4 strings / MPPT 2 25kW 33A 277/480 60 +/- 3 98.4% 98.0% <3.0 -20 to 60 10 to 20 119 lb 

(inverter), 33 lb 
(wiring box)

SMA America Sunny Boy 
3800TL-US-22 

208V/ 240V

please refer to 
max Voltage and 

Current

175 to 480 600 24 4 2 3330 W / 3840 W 16 208 / 240 60 97.2 / 97.5 96.5 / 97 <1 -40 to 60 10 to 20 57

www.sma-america.
com

Sunny Boy 
5.0-1SP-US-40 

208V/240V

please refer to 
max Voltage and 

Current

220 to 480 600 30 3 3 5300 W 24 208 / 240 60 97 TBD <5  -25 to 60  10 to 20 57

Sunny Boy 
6.0-1SP-US-40 

208V/240V

please refer to 
max Voltage and 

Current

220 to 480 600 30 3 3 5500 W / 6300 W 25 208 / 240 60 97 TBD <5  -25 to 60  10 to 20 57

Sunny Boy 
7000TL-US-22 

208V/ 240V

please refer to 
max Voltage and 

Current

245 to 480 600 30 4 2 6000 W / 7000 W 29.2 208 / 240 60 96.8 96.5 <1 -40 to 60 10 to 20 57

Sunny Boy 
7700TL-US-22 

208V/ 240V

please refer to 
max Voltage and 

Current

270 to 480 600 30 4 2 6650 W / 7680 W 32 208 / 240 60 69.8 / 97.3 96.5 <1 -40 to 60 10 to 20 57

Sunny Tripower 
12000TL-US-10

please refer to 
max Voltage and 

Current

300 to 
800/150 to 

1000*

1000 66 1 per MPPT chan-
nel/8*

2 12000 W 14.5 277 / 480 60 98.2 97.5 1  -25 to 60  10 to 15/20 121 lb (55kg)

Sunny Tripower 
15000TL-US-10

please refer to 
max Voltage and 

Current

300 to 
800/150 to 

1000*

1000 66 1 per MPPT chan-
nel/8*

2 15000 W 18.1 277 / 480 60 98.2 97.5 1  -25 to 60  10 to 15/20 121 lb (55kg)

Sunny Tripower 
20000TL-US-10

please refer to 
max Voltage and 

Current

380 to 
800/150 to 

1000*

1000 66 1 per MPPT chan-
nel/8*

2 20000 W 24.1 277 / 480 60 98.5 97.5 1  -25 to 60  10 to 15/20 121 lb (55kg)
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Input Characteristics, String Inverters (DC) Output Characteristics (AC)                           Output Characteristics (AC) Efficiency General Information

Manufacturer Model
PV 

Array Power 
Range (kWp)

Voltage 
Range 
MPPT

Max 
Voltage 

DC

Max 
Current 

(A)

Number Of DC 
Inputs MPPT

Rated Power 
(kW)

Max Current 
(A@V)

Rated 
Voltages 

(V)

Frequency 
(Hz) Peak % 

CEC wtd 
%

Consumption 
Day (W)

Consumption 
Night (W)

Operating 
Temperature 
Range (°C)

Warranty 
(Yrs) Weight (lb)

SMA America
(continued)

Sunny Tripower 
24000TL-US-10

please refer to 
max Voltage and 

Current

450 to 
800/150 to 

1000*

1000 66 1 per MPPT chan-
nel/8*

2 24000 W 29 277 / 480 60 98.5 98 1  -25 to 60  10 to 15/20 121 lb (55kg)

www.sma-america.
com

Sunny Tripower 
30000TL-US-10

please refer to 
max Voltage and 

Current

500 to 
800/150 to 

1000*

1000 66 1 per MPPT chan-
nel/8*

2 30000 W 36.2 480 60 98.6 TBD 1  -25 to 60  10 to 15/20 121 lb (55kg)

SolarEdge SE3000A-US Recommended 
Max. 4.05

N/A; Fixed 
voltage

500 9.5 2 N/A; So-
larEdge 
power 

optimiz-
ers 

perform 
module-

level 
MPPT

3.0 12.5 240 59.3 to 60.5 97.7 97.5 < 2.5 -25 to 60 12 to 25 51.2

www.solaredge.
com

SE3800A-US Recommended 
Max. 5.1

N/A; Fixed 
voltage

500 13.0 2 N/A; So-
larEdge 
power 

optimiz-
ers 

perform 
module-

level 
MPPT

3.8 16.0 240 59.3 to 60.5 98.2 98 < 2.5 -25 to 60 12 to 25 51.2

SE5000A-US Recommended 
Max. 6.75

N/A; Fixed 
voltage

500 16.5 @ 
208V / 15.5 

@ 240V

2 N/A; So-
larEdge 
power 

optimiz-
ers 

perform 
module-

level 
MPPT

5.0 24 @ 208V / 21 
@ 240V

208 & 240 59.3 to 60.5 98.3 97.5 @ 208V 
/ 98 @ 240V

< 2.5 -25 to 60 12 to 25 54.7

SE6000A-US Recommended 
Max. 8.1

N/A; Fixed 
voltage

500 18.0 2 N/A; So-
larEdge 
power 

optimiz-
ers 

perform 
module-

level 
MPPT

6.0 25.0 240 59.3 to 60.5 98.3 97.5 < 2.5 -25 to 60 12 to 25 54.7

SE7600A-US Recommended 
Max. 10.25

N/A; Fixed 
voltage

500 23.0 2 N/A; So-
larEdge 
power 

optimiz-
ers 

perform 
module-

level 
MPPT

7.6 32.0 240 59.3 to 60.5 98 97.5 < 4 -25 to 60 12 to 25 88.4

String Inverters
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Input Characteristics, String Inverters (DC) Output Characteristics (AC)                           Output Characteristics (AC) Efficiency General Information

Manufacturer Model
PV 

Array Power 
Range (kWp)

Voltage 
Range 
MPPT

Max 
Voltage 

DC

Max 
Current 

(A)

Number Of DC 
Inputs MPPT

Rated Power 
(kW)

Max Current 
(A@V)

Rated 
Voltages 

(V)

Frequency 
(Hz) Peak % 

CEC wtd 
%

Consumption 
Day (W)

Consumption 
Night (W)

Operating 
Temperature 
Range (°C)

Warranty 
(Yrs) Weight (lb)

SMA America
(continued)

Sunny Tripower 
24000TL-US-10

please refer to 
max Voltage and 

Current

450 to 
800/150 to 

1000*

1000 66 1 per MPPT chan-
nel/8*

2 24000 W 29 277 / 480 60 98.5 98 1  -25 to 60  10 to 15/20 121 lb (55kg)

www.sma-america.
com

Sunny Tripower 
30000TL-US-10

please refer to 
max Voltage and 

Current

500 to 
800/150 to 

1000*

1000 66 1 per MPPT chan-
nel/8*

2 30000 W 36.2 480 60 98.6 TBD 1  -25 to 60  10 to 15/20 121 lb (55kg)

SolarEdge SE3000A-US Recommended 
Max. 4.05

N/A; Fixed 
voltage

500 9.5 2 N/A; So-
larEdge 
power 

optimiz-
ers 

perform 
module-

level 
MPPT

3.0 12.5 240 59.3 to 60.5 97.7 97.5 < 2.5 -25 to 60 12 to 25 51.2

www.solaredge.
com

SE3800A-US Recommended 
Max. 5.1

N/A; Fixed 
voltage

500 13.0 2 N/A; So-
larEdge 
power 

optimiz-
ers 

perform 
module-

level 
MPPT

3.8 16.0 240 59.3 to 60.5 98.2 98 < 2.5 -25 to 60 12 to 25 51.2

SE5000A-US Recommended 
Max. 6.75

N/A; Fixed 
voltage

500 16.5 @ 
208V / 15.5 

@ 240V

2 N/A; So-
larEdge 
power 

optimiz-
ers 

perform 
module-

level 
MPPT

5.0 24 @ 208V / 21 
@ 240V

208 & 240 59.3 to 60.5 98.3 97.5 @ 208V 
/ 98 @ 240V

< 2.5 -25 to 60 12 to 25 54.7

SE6000A-US Recommended 
Max. 8.1

N/A; Fixed 
voltage

500 18.0 2 N/A; So-
larEdge 
power 

optimiz-
ers 

perform 
module-

level 
MPPT

6.0 25.0 240 59.3 to 60.5 98.3 97.5 < 2.5 -25 to 60 12 to 25 54.7

SE7600A-US Recommended 
Max. 10.25

N/A; Fixed 
voltage

500 23.0 2 N/A; So-
larEdge 
power 

optimiz-
ers 

perform 
module-

level 
MPPT

7.6 32.0 240 59.3 to 60.5 98 97.5 < 4 -25 to 60 12 to 25 88.4
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Input Characteristics, String Inverters (DC) Output Characteristics (AC)                           Output Characteristics (AC) Efficiency General Information

Manufacturer Model
PV 

Array Power 
Range (kWp)

Voltage 
Range 
MPPT

Max 
Voltage 

DC

Max 
Current 

(A)

Number Of DC 
Inputs MPPT

Rated Power 
(kW)

Max Current 
(A@V)

Rated 
Voltages 

(V)

Frequency 
(Hz) Peak % 

CEC wtd 
%

Consumption 
Day (W)

Consumption 
Night (W)

Operating 
Temperature 
Range (°C)

Warranty 
(Yrs) Weight (lb)

SolarEdge
(continued)

SE10000A-US Recommended 
Max. 13.5

N/A; Fixed 
voltage

500 33.0 @ 
208V / 30.5 

@ 240V

2 N/A; So-
larEdge 
power 

optimiz-
ers 

perform 
module-

level 
MPPT

10.0 48 @ 208V / 42 
@ 240V

208 & 240 59.3 to 60.5 98 97 @ 208V 
/ 97.5 @ 

240V

< 4 -25 to 60 12 to 25 88.4

www.solaredge.
com

SE11400A-US Recommended 
Max. 15.35

N/A; Fixed 
voltage

500 34.5 2 N/A; So-
larEdge 
power 

optimiz-
ers 

perform 
module-

level 
MPPT

11.4 47.5 240 59.3 to 60.5 98 97.5 < 4 -25 to 60 12 to 25 88.4

SE9kUS Recommended 
Max. 12.15

N/A; Fixed 
voltage

250 DC to 
Gnd

26.5 2 N/A; So-
larEdge 
power 

optimiz-
ers 

perform 
module-

level 
MPPT

9 25 208 L-L 59.3 to 60.5 96.5 < 3 -40 to 60 12 to 25 79.7

SE14.4kUS Recommended 
Max. 19.4

N/A; Fixed 
voltage

300 DC to 
Grid

38 3 (fused) N/A; So-
larEdge 
power 

optimiz-
ers 

perform 
module-

level 
MPPT

14.4 40 208 L-L 59.3 to 60.5 97 < 3 -40 to 60 12 to 25 79.7

SE10kUS Recommended 
Max. 13.5

N/A; Fixed 
voltage

490 DC to 
Gnd

13.5 2 N/A; So-
larEdge 
power 

optimiz-
ers 

perform 
module-

level 
MPPT

10 12 480 L-L 59.3 to 60.5 98 < 3 -40 to 60 12 to 25 79.7

 
Yaskawa 

- Solectria 
Solar

PVI 3800TL 120 to 550 200 to 500 600 20 A 1 yes 3.8 208 - 15.8 / 240 
- 15.8

208 or 240 60 98.3 97.5 < 1  -25 to +50 10 43

www.solectria.com PVI 5200TL 120 to 550 200 to 500 600 15 A per 
MPPT (30 

A)

2 yes 5.2 208 - 25 / 240 
- 21.6

208 or 240 60 98.3 97.5 < 1  -25 to +50 10 65

PVI 6600TL 120 to 550 200 to 500 600 18 A per 
MPPT (36 

A)

2 yes 6.6 208 - 31.7 / 240 
- 27.5

208 or 240 60 98.3 97.5 < 1  -25 to +50 10 65

String Inverters
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Input Characteristics, String Inverters (DC) Output Characteristics (AC)                           Output Characteristics (AC) Efficiency General Information

Manufacturer Model
PV 

Array Power 
Range (kWp)

Voltage 
Range 
MPPT

Max 
Voltage 

DC

Max 
Current 

(A)

Number Of DC 
Inputs MPPT

Rated Power 
(kW)

Max Current 
(A@V)

Rated 
Voltages 

(V)

Frequency 
(Hz) Peak % 

CEC wtd 
%

Consumption 
Day (W)

Consumption 
Night (W)

Operating 
Temperature 
Range (°C)

Warranty 
(Yrs) Weight (lb)

SolarEdge
(continued)

SE10000A-US Recommended 
Max. 13.5

N/A; Fixed 
voltage

500 33.0 @ 
208V / 30.5 

@ 240V

2 N/A; So-
larEdge 
power 

optimiz-
ers 

perform 
module-

level 
MPPT

10.0 48 @ 208V / 42 
@ 240V

208 & 240 59.3 to 60.5 98 97 @ 208V 
/ 97.5 @ 

240V

< 4 -25 to 60 12 to 25 88.4

www.solaredge.
com

SE11400A-US Recommended 
Max. 15.35

N/A; Fixed 
voltage

500 34.5 2 N/A; So-
larEdge 
power 

optimiz-
ers 

perform 
module-

level 
MPPT

11.4 47.5 240 59.3 to 60.5 98 97.5 < 4 -25 to 60 12 to 25 88.4

SE9kUS Recommended 
Max. 12.15

N/A; Fixed 
voltage

250 DC to 
Gnd

26.5 2 N/A; So-
larEdge 
power 

optimiz-
ers 

perform 
module-

level 
MPPT

9 25 208 L-L 59.3 to 60.5 96.5 < 3 -40 to 60 12 to 25 79.7

SE14.4kUS Recommended 
Max. 19.4

N/A; Fixed 
voltage

300 DC to 
Grid

38 3 (fused) N/A; So-
larEdge 
power 

optimiz-
ers 

perform 
module-

level 
MPPT

14.4 40 208 L-L 59.3 to 60.5 97 < 3 -40 to 60 12 to 25 79.7

SE10kUS Recommended 
Max. 13.5

N/A; Fixed 
voltage

490 DC to 
Gnd

13.5 2 N/A; So-
larEdge 
power 

optimiz-
ers 

perform 
module-

level 
MPPT

10 12 480 L-L 59.3 to 60.5 98 < 3 -40 to 60 12 to 25 79.7

 
Yaskawa 

- Solectria 
Solar

PVI 3800TL 120 to 550 200 to 500 600 20 A 1 yes 3.8 208 - 15.8 / 240 
- 15.8

208 or 240 60 98.3 97.5 < 1  -25 to +50 10 43

www.solectria.com PVI 5200TL 120 to 550 200 to 500 600 15 A per 
MPPT (30 

A)

2 yes 5.2 208 - 25 / 240 
- 21.6

208 or 240 60 98.3 97.5 < 1  -25 to +50 10 65

PVI 6600TL 120 to 550 200 to 500 600 18 A per 
MPPT (36 

A)

2 yes 6.6 208 - 31.7 / 240 
- 27.5

208 or 240 60 98.3 97.5 < 1  -25 to +50 10 65

WWW.FRONIUS.COM
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Input Characteristics, String Inverters (DC) Output Characteristics (AC)                           Output Characteristics (AC) Efficiency General Information

Manufacturer Model
PV 

Array Power 
Range (kWp)

Voltage 
Range 
MPPT

Max 
Voltage 

DC

Max 
Current 

(A)

Number Of DC 
Inputs MPPT

Rated Power 
(kW)

Max Current 
(A@V)

Rated 
Voltages 

(V)

Frequency 
(Hz) Peak % 

CEC wtd 
%

Consumption 
Day (W)

Consumption 
Night (W)

Operating 
Temperature 
Range (°C)

Warranty 
(Yrs) Weight (lb)

  
Yaskawa 

- Solectria 
Solar

(continued)

PVI 7600TL 120 to 550 200 to 500 600 20 A per 
MPPT (40 

A)

2 yes 7.6 208 - 31.7 / 240 
- 31.7

208 or 240 60 98.3 97.5 < 1  -25 to +50 10 65

www.solectria.com PVI 14TL 180 to 580 300 to 540 600 25 A per 
MPPT (50 A)

8 (4 per MPPT) yes 14 39 208 60 96.9 96.0 < 3  -25 to +60 10 to 20 141

PVI 20TL 260 to 580 300 to 550 600 35 A per 
MPPT (70 A)

8 (4 per MPPT) yes 20 25.5 480 / 277 60 97.4 97.0 < 3  -25 to +60 10 to 20 132

PVI 23TL 300 to 900 480 to 800 1000 25 A per 
MPPT (50 A)

8 (4 per MPPT) yes 23 27.7 480 / 277 60 98.6 98.0 < 3  -25 to +60 10 to 20 104

PVI 28TL 300 to 900 500 to 800 1000 29 A per 
MPPT (58 A)

8 (4 per MPPT) yes 28 33.7 480 / 277 60 98.6 98.0 < 3  -25 to +60 10 to 20 104

PVI 36TL 200 to 950 540 to 800 1000 35 A per 
MPPT (70 A)

8 (4 per MPPT) yes 36 43.5 480 60 98.4 98 < 3  -25 to +60 10 to 20 121

Tabuchi 
Electric

EHW-S55P3B-
PNUS

5.5kWp 80-450V 450V 10.3A 3 3 5.5 22.9A 240V 60Hz 92.5 91.5 40 40 -20 to +45C 10 151

www.
tabuchiamerica.

com

EPW-T250P6-
US

25kWp 500-800V 1000V 10A 6 6 25 31A 480V 60Hz 98 97.5 50 50 -20 to +50 10 190

String Inverters

Manufacturer Model
Input Voltage 

(V) DC
Input Current 
(Charger) AC 

(A)

Rated 
Power 
(25° C)

Output Current 
(Charger 25° C)

Output 
Voltage (+/- 

5%)

Output 
Frequency 
(+/- 0.1 Hz)

Charger 
Efficiency

Search 
Mode No Load

Operating 
Temperature Warranty Weight (lb)

1 msec 
(A) AC

100 msec (A) 
AC 5 sec (real W) Power Factor # AC Inputs

OutBack 
Power 

FX2012T-
Sealed

12VDC 60 amps AC 0°C to 50°C 17 amps AC 2% 60Hz 90% 6 W 20W -40 to 60 C 5 to 10 62 lbs 56 amps AC 40 amps AC 4000VA -1 to 1 1

www.outbackpower.
com

FX2524T-
Sealed

24VDC 60 amps AC 0°C to 50°C 20.8 amps AC 2% 60Hz 92% 6 W 23W -40 to 60 C 5 to 10 62 lbs 70 amps AC 50 amps AC 4800VA -1 to 1 1

FX3048T-
Sealed

48VDC 60 amps AC 0°C to 50°C 25 amps AC 2% 60Hz 93% 6 W 23W -40 to 60 C 5 to 10 62 lbs 70 amps AC 50 amps AC 4800VA -1 to 1 1

VFX2812-
Vented

12VDC 60 amps AC 0°C to 50°C 23.3 amps AC 2% 60Hz 90% 6 W 20W -40 to 60 C 5 to 10 61 lbs 56 amps AC 40 amps AC 4000VA -1 to 1 1

VFX3524-
Vented

24VDC 60 amps AC 0°C to 50°C 29.2 amps AC 2% 60Hz 92% 6 W 23W -40 to 60 C 5 to 10 61 lbs 70 amps AC 50 amps AC 5000VA -1 to 1 1

VFX3648-
Vented

48VDC 60 amps AC 0°C to 50°C 30 amps AC 2% 60Hz 93% 6 W 23W -40 to 60 C 5 to 10 61 lbs 70 amps AC 50 amps AC 5000VA -1 to 1 1

GS8048, 
Radian

48VDC 50 amps AC 0°C to 50°C 33.3 amps at 
240VAC

2% 60Hz 93% 10W 30W -20 to 50 C 5 to 10 125 lbs 100 amps AC 
at 240VAC     

200 amps AC 
at 120VAC

70.7 amps AC at 
240VAC

12kVA -1 to 1 2

GS8048A, 
Radian

48VDC 50 amps AC 0°C to 50°C 33.3 amps at 
240VAC

2% 60Hz 93% 10W 34W -20 to 50 C 5 to 10 125 lbs 100 amps AC 
at 240VAC     

200 amps AC 
at 120VAC

70.7 amps AC at 
240VAC

12kVA -1 to 1 2

GS4048A, 
Radian

48VDC 50 amps AC 0°C to 50°C 33.3 amps at 
240VAC

2% 60Hz 93% 10W 34W -20 to 50 C 5 to 10 82 lbs 100 amps AC 
at 240VAC     

200 amps AC 
at 120VAC

70.7 amps AC at 
240VAC

12kVA -1 to 1 2

Off-Grid Inverters
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Input Characteristics, String Inverters (DC) Output Characteristics (AC)                           Output Characteristics (AC) Efficiency General Information

Manufacturer Model
PV 

Array Power 
Range (kWp)

Voltage 
Range 
MPPT

Max 
Voltage 

DC

Max 
Current 

(A)

Number Of DC 
Inputs MPPT

Rated Power 
(kW)

Max Current 
(A@V)

Rated 
Voltages 

(V)

Frequency 
(Hz) Peak % 

CEC wtd 
%

Consumption 
Day (W)

Consumption 
Night (W)

Operating 
Temperature 
Range (°C)

Warranty 
(Yrs) Weight (lb)

  
Yaskawa 

- Solectria 
Solar

(continued)

PVI 7600TL 120 to 550 200 to 500 600 20 A per 
MPPT (40 

A)

2 yes 7.6 208 - 31.7 / 240 
- 31.7

208 or 240 60 98.3 97.5 < 1  -25 to +50 10 65

www.solectria.com PVI 14TL 180 to 580 300 to 540 600 25 A per 
MPPT (50 A)

8 (4 per MPPT) yes 14 39 208 60 96.9 96.0 < 3  -25 to +60 10 to 20 141

PVI 20TL 260 to 580 300 to 550 600 35 A per 
MPPT (70 A)

8 (4 per MPPT) yes 20 25.5 480 / 277 60 97.4 97.0 < 3  -25 to +60 10 to 20 132

PVI 23TL 300 to 900 480 to 800 1000 25 A per 
MPPT (50 A)

8 (4 per MPPT) yes 23 27.7 480 / 277 60 98.6 98.0 < 3  -25 to +60 10 to 20 104

PVI 28TL 300 to 900 500 to 800 1000 29 A per 
MPPT (58 A)

8 (4 per MPPT) yes 28 33.7 480 / 277 60 98.6 98.0 < 3  -25 to +60 10 to 20 104

PVI 36TL 200 to 950 540 to 800 1000 35 A per 
MPPT (70 A)

8 (4 per MPPT) yes 36 43.5 480 60 98.4 98 < 3  -25 to +60 10 to 20 121

Tabuchi 
Electric

EHW-S55P3B-
PNUS

5.5kWp 80-450V 450V 10.3A 3 3 5.5 22.9A 240V 60Hz 92.5 91.5 40 40 -20 to +45C 10 151

www.
tabuchiamerica.

com

EPW-T250P6-
US

25kWp 500-800V 1000V 10A 6 6 25 31A 480V 60Hz 98 97.5 50 50 -20 to +50 10 190

Manufacturer Model
Input Voltage 

(V) DC
Input Current 
(Charger) AC 

(A)

Rated 
Power 
(25° C)

Output Current 
(Charger 25° C)

Output 
Voltage (+/- 

5%)

Output 
Frequency 
(+/- 0.1 Hz)

Charger 
Efficiency

Search 
Mode No Load

Operating 
Temperature Warranty Weight (lb)

1 msec 
(A) AC

100 msec (A) 
AC 5 sec (real W) Power Factor # AC Inputs

OutBack 
Power 

FX2012T-
Sealed

12VDC 60 amps AC 0°C to 50°C 17 amps AC 2% 60Hz 90% 6 W 20W -40 to 60 C 5 to 10 62 lbs 56 amps AC 40 amps AC 4000VA -1 to 1 1

www.outbackpower.
com

FX2524T-
Sealed

24VDC 60 amps AC 0°C to 50°C 20.8 amps AC 2% 60Hz 92% 6 W 23W -40 to 60 C 5 to 10 62 lbs 70 amps AC 50 amps AC 4800VA -1 to 1 1

FX3048T-
Sealed

48VDC 60 amps AC 0°C to 50°C 25 amps AC 2% 60Hz 93% 6 W 23W -40 to 60 C 5 to 10 62 lbs 70 amps AC 50 amps AC 4800VA -1 to 1 1

VFX2812-
Vented

12VDC 60 amps AC 0°C to 50°C 23.3 amps AC 2% 60Hz 90% 6 W 20W -40 to 60 C 5 to 10 61 lbs 56 amps AC 40 amps AC 4000VA -1 to 1 1

VFX3524-
Vented

24VDC 60 amps AC 0°C to 50°C 29.2 amps AC 2% 60Hz 92% 6 W 23W -40 to 60 C 5 to 10 61 lbs 70 amps AC 50 amps AC 5000VA -1 to 1 1

VFX3648-
Vented

48VDC 60 amps AC 0°C to 50°C 30 amps AC 2% 60Hz 93% 6 W 23W -40 to 60 C 5 to 10 61 lbs 70 amps AC 50 amps AC 5000VA -1 to 1 1

GS8048, 
Radian

48VDC 50 amps AC 0°C to 50°C 33.3 amps at 
240VAC

2% 60Hz 93% 10W 30W -20 to 50 C 5 to 10 125 lbs 100 amps AC 
at 240VAC     

200 amps AC 
at 120VAC

70.7 amps AC at 
240VAC

12kVA -1 to 1 2

GS8048A, 
Radian

48VDC 50 amps AC 0°C to 50°C 33.3 amps at 
240VAC

2% 60Hz 93% 10W 34W -20 to 50 C 5 to 10 125 lbs 100 amps AC 
at 240VAC     

200 amps AC 
at 120VAC

70.7 amps AC at 
240VAC

12kVA -1 to 1 2

GS4048A, 
Radian

48VDC 50 amps AC 0°C to 50°C 33.3 amps at 
240VAC

2% 60Hz 93% 10W 34W -20 to 50 C 5 to 10 82 lbs 100 amps AC 
at 240VAC     

200 amps AC 
at 120VAC

70.7 amps AC at 
240VAC

12kVA -1 to 1 2
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Manufacturer Model
Input Voltage 

(V) DC
Input Current 
(Charger) AC 

(A)

Rated 
Power 
(25° C)

Output Current 
(Charger 25° C)

Output 
Voltage (+/- 

5%)

Output 
Frequency 
(+/- 0.1 Hz)

Charger 
Efficiency

Search 
Mode No Load

Operating 
Temperature Warranty Weight (lb)

1 msec 
(A) AC

100 msec (A) 
AC 5 sec (real W) Power Factor # AC Inputs

Princeton 
Power 

Systems

Grid Tied In-
verter (2 Port) 

- GTIB-30

DC Voltage (Bat-
tery) 280-600 vdc 

standard 
DC Voltage (PV) 

280-580 VDC

AC Voltage (Grid) 
208 VAC +10%, 
-12%, 3-phase 

3/4 wire
 480 VAC +10%, 
-12%, 3-phase 

3/4 wire 
AC Voltage 

(Loads) 480 VAC 
+10%, -12%, 

3-phase 3/4 wire 

 32kW 0° to 50°C w/derat-
ing above 40°C

650 lbs Greater than 0.95

http://
princetonpower.

com/products/grid-
tied-inverter-2-port/

gtib-30.html

Grid Tied In-
verter (2 Port) 
— GTIB-100

DC Voltage (Bat-
tery) 290-800VDC 
DC Voltage (PV) 

290-800 VDC

AC Voltage (Grid) 
480 VAC +10%, 
-12%, 3-phase 
3/4 wire with 

transformer option 
AC Voltage 

(Loads) 480 VAC 
+ 10%, -12%, 

3-phase 3/4 wire 
with transformer 

option

100kW 0 to 50°C 1020 lbs Greater than 0.95

Battery Inte-
grated Inverter 

(3 Port) — 
BIGI-250

DC Voltage (Bat-
tery) 415-600 vdc 
DC Voltage (PV) 

415-600 VDC

AC Voltage (Grid) 
480 VAC +10%, 
-12%, 3-phase 

3/4 wire

250 kW 0 to 30°C 2500 0 to 1 leading and 
lagging (adjust-

able

Demand Re-
sponse In-

verter (4 Port) 
— DRI-10

DC Voltage (Bat-
tery) 250-600 vdc 
DC Voltage (PV) 

280-580 VDC

AC Voltage (Grid) 
240 VAC +10%, 
-12% split phase
 208 VAC +10%, 

-12% 2 phase 
AC Voltage 

(Loads) 240 VAC 
+10%, -12% split 

phase
 208 VAC +10%, 

-12% 2 phase

10 kW 0 to 40°C 500 lbs 0 - 1.00 leading 
or lagging (adjust-

able)

Demand Re-
sponse In-

verter (4 Port) 
— DRI-100

DC Voltage (Bat-
tery) 280-600 vdc 
standard / 36-600 

vdc optional 
DC Voltage (PV) 

280-580 VDC

AC Voltage (Grid) 
480 VAC +10%, 
-12%, 3-phase, 

3-wire 
AC Voltage 

(Loads) 480 VAC 
+10%, -12%, 

3-phase, 3-wire/ 
450 VDC

100kW 0 to 50°C 3,600 lbs 0- 1.00 leading or 
lagging (adjust-

able)

Schneider 
Electric

Conext SW 
2524 NA

20 - 34 Vdc 9.0 A 2400 W 65 A 120 / 240 Vac 50 / 60 Hz 
Selectable

90.0% Yes Minus 20°C to 60°C 2 to 5 49 4000 W >0.98 1

http://solar.
schneider-electric.

com/

Conext SW 
4024 NA

20 - 34 Vdc 13.0 A 3400 W 90 A 120 / 240 Vac 50 / 60 Hz 
Selectable

90.0% Yes Minus 20°C to 60°C 2 to 5 62 7000 W >0.98 1

Conext SW 
4048 NA

40 - 68 Vdc 13.0 A 3800 W 45 A 120 / 240 Vac 50 / 60 Hz 
Selectable

90.0% Yes Minus 20°C to 60°C 2 to 5 62 7000 W >0.98 1

Off-Grid Inverters
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Manufacturer Model
Input Voltage 

(V) DC
Input Current 
(Charger) AC 

(A)

Rated 
Power 
(25° C)

Output Current 
(Charger 25° C)

Output 
Voltage (+/- 

5%)

Output 
Frequency 
(+/- 0.1 Hz)

Charger 
Efficiency

Search 
Mode No Load

Operating 
Temperature Warranty Weight (lb)

1 msec 
(A) AC

100 msec (A) 
AC 5 sec (real W) Power Factor # AC Inputs

Princeton 
Power 

Systems

Grid Tied In-
verter (2 Port) 

- GTIB-30

DC Voltage (Bat-
tery) 280-600 vdc 

standard 
DC Voltage (PV) 

280-580 VDC

AC Voltage (Grid) 
208 VAC +10%, 
-12%, 3-phase 

3/4 wire
 480 VAC +10%, 
-12%, 3-phase 

3/4 wire 
AC Voltage 

(Loads) 480 VAC 
+10%, -12%, 

3-phase 3/4 wire 

 32kW 0° to 50°C w/derat-
ing above 40°C

650 lbs Greater than 0.95

http://
princetonpower.

com/products/grid-
tied-inverter-2-port/

gtib-30.html

Grid Tied In-
verter (2 Port) 
— GTIB-100

DC Voltage (Bat-
tery) 290-800VDC 
DC Voltage (PV) 

290-800 VDC

AC Voltage (Grid) 
480 VAC +10%, 
-12%, 3-phase 
3/4 wire with 

transformer option 
AC Voltage 

(Loads) 480 VAC 
+ 10%, -12%, 

3-phase 3/4 wire 
with transformer 

option

100kW 0 to 50°C 1020 lbs Greater than 0.95

Battery Inte-
grated Inverter 

(3 Port) — 
BIGI-250

DC Voltage (Bat-
tery) 415-600 vdc 
DC Voltage (PV) 

415-600 VDC

AC Voltage (Grid) 
480 VAC +10%, 
-12%, 3-phase 

3/4 wire

250 kW 0 to 30°C 2500 0 to 1 leading and 
lagging (adjust-

able

Demand Re-
sponse In-

verter (4 Port) 
— DRI-10

DC Voltage (Bat-
tery) 250-600 vdc 
DC Voltage (PV) 

280-580 VDC

AC Voltage (Grid) 
240 VAC +10%, 
-12% split phase
 208 VAC +10%, 

-12% 2 phase 
AC Voltage 

(Loads) 240 VAC 
+10%, -12% split 

phase
 208 VAC +10%, 

-12% 2 phase

10 kW 0 to 40°C 500 lbs 0 - 1.00 leading 
or lagging (adjust-

able)

Demand Re-
sponse In-

verter (4 Port) 
— DRI-100

DC Voltage (Bat-
tery) 280-600 vdc 
standard / 36-600 

vdc optional 
DC Voltage (PV) 

280-580 VDC

AC Voltage (Grid) 
480 VAC +10%, 
-12%, 3-phase, 

3-wire 
AC Voltage 

(Loads) 480 VAC 
+10%, -12%, 

3-phase, 3-wire/ 
450 VDC

100kW 0 to 50°C 3,600 lbs 0- 1.00 leading or 
lagging (adjust-

able)

Schneider 
Electric

Conext SW 
2524 NA

20 - 34 Vdc 9.0 A 2400 W 65 A 120 / 240 Vac 50 / 60 Hz 
Selectable

90.0% Yes Minus 20°C to 60°C 2 to 5 49 4000 W >0.98 1

http://solar.
schneider-electric.

com/

Conext SW 
4024 NA

20 - 34 Vdc 13.0 A 3400 W 90 A 120 / 240 Vac 50 / 60 Hz 
Selectable

90.0% Yes Minus 20°C to 60°C 2 to 5 62 7000 W >0.98 1

Conext SW 
4048 NA

40 - 68 Vdc 13.0 A 3800 W 45 A 120 / 240 Vac 50 / 60 Hz 
Selectable

90.0% Yes Minus 20°C to 60°C 2 to 5 62 7000 W >0.98 1
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Manufacturer Model
Input Voltage 

(V) DC
Input Current 
(Charger) AC 

(A)

Rated 
Power 
(25° C)

Output Current 
(Charger 25° C)

Output 
Voltage (+/- 

5%)

Output 
Frequency 
(+/- 0.1 Hz)

Charger 
Efficiency

Search 
Mode No Load

Operating 
Temperature Warranty Weight (lb)

1 msec 
(A) AC

100 msec (A) 
AC 5 sec (real W) Power Factor # AC Inputs

Schneider 
Electric
(continued)

Conext XW+ 
5548 NA

42 to 60 V (48 V 
Nominal)

3 - 60 A (60 A 
Default)

5500 W 110 A L-N : 120V
L-L : 240V

50 / 60 Hz 
Selectable

95.7% Yes Minus 25°C to 70°C 2 to 5 118 0.98 2

http://solar.
schneider-electric.

com/

Conext XW+ 
6848 NA

42 to 60 V (48 V 
Nominal)

3 - 60 A (60 A 
Default)

6800 W 140 A L-N : 120V
L-L : 240V

50 / 60 Hz 
Selectable

95.7% Yes Minus 25°C to 70°C 2 to 5 121.7 0.98 2

SMA America Sunny Island 
4548-US

48 56 4500 180 120 60 96% N/A 25W negitive 13 F to 
140 F

5 139 N/A N/A N/A -1 to +1 1

www.sma-america.
com

Sunny Island 
6048-US

48 56 5750 180 120 60 96% N/A 25W negitive 13 F to 
140 F

5 139 N/A N/A N/A -1 to +1 1

Off-Grid Inverters

Microinverter Input Characteristics Output Characteristics (AC)                                                                                       Output Characteristics (AC) Efficiency General Information

Manufacturer Model
Max PV 

STC 
Power 

(W)

Max PV 
Power (W)

Max PV 
Voltage 

(V)
Operating 
range (V)

MPPT 
Range 

(V)

Min, Max 
Start-Up 

(V)

Max PV 
Current 

(A)

Max PV 
Source Short 

Circuit 
Current (A)

Max 
Power 

(W)

Nominal V, 
or Range

Nominal 
Current 

(A)

Nominal 
freq. range 

(Hz)

Max units 
per xA 
string

Max Fault 
Current 

(A)

Maximum 
%,  CEC 

(%)

Night 
Consumption 

(mW)

Operating 
Temperature 
Range (°C)

Weight (lb) Warranty 
(Yrs)

APsystems YC500A - 240V 310W (2 
panels)

n/a 55V 16 to 55V 22 to 45 22 12A x2 n/a 500 211-264V 2.08A 60Hz (59.3-
60.5Hz)

7 per 20A @ 
240V

Peak 54.8A, 
RMS 4.85A

95.0% 120mW - 40 to +65 5.5 lbs 10 to 25

APsystems.com YC500A - 208V 310W (2 
panels)

n/a 55V 16 to 55V 22 to 45 22 12A x2 n/a 500 183-229V 2.4A 60Hz (59.3-
60.5Hz)

6 per 20A @ 
208V

Peak 33.4A, 
RMS 2.79A

95.0% 120mW - 40 to +65 5.5 lbs 10 to 25

YC1000-
3Ph-208V 
(208Y/120)

310W (4 
panels); 
360W (3 
panels)

n/a 60V 16 to 55V 16-55V 22 14.8A x 4 n/a 900 105.2-132V 2.50A x 3 60Hz (59.3- 
60.5)

4 per 15A x3 Peak 
124.23A; 

RMS 4.97A

94.5% 300mW - 40 to +65 8.4 lbs 10 to 25

YC1000-
3Ph-480V 
(480Y/277)

310W (4 
panels); 
360W (3 
panels)

n/a 60V 16 to 55V 16-55V 22 14.8A x 4 n/a 900 243.8-304.7V 1.08A x 3 60Hz (59.3- 
60.5)

11 per 15A 
x3

Peak 83.73A; 
RMS 2.81A

94.5% 300mW - 40 to +65 8.4 lbs 10 to 25

Chilicon 
Power

CP-250 285 300 44 18-38.5 18-38.5 22-40 12 21 250 211-264; 183-
229

1.04/1.20 59.3-60.5;49.4-
50.5

15 1.6A > 10% of 
cycle

96.09 40 -40 +65 3.4 25

www.chiliconpower.
com

CyboEnergy CIM-1000A 1200 1500 48 15-48 15-48 15 9 1150 240 4 60 4 97% 14mW -40 to 65 14.25 10 to 20
www.cyboenergy.

com
CIM-1000N 1200 1500 48 15-48 15-48 15 9 1150 120 8 60 2 97% 14 -40 to 65 14.25 3 to 10
CIM-1000Y 1200 1500 48 15-48 15-48 15 9 1150 240 4 60 4 97% 14 -40 to 65 14.25 3 to 10
CIM-1200H 1200 1500 48 15-48 15-48 15 9 1150 100-240 8 60 2 97% 14 -40 to 65 14.25 3 to 10

CIM-1200A/N 1200 1500 48 15-48 15-48 15 9 1150 240/120 4 60 4 97% 14 -40 to 65 14.25 5 to 15
CIM-1200A/Y 1200 1500 48 15-48 15-48 15 9 1150 240/240 4 60 2 97% 14 -40 to 65 14.25 5 to 15
CIM-1200A/H 1200 1500 48 15-48 15-48 15 9 1150 240/100V-240 4 60 4 97% 14 -40 to 65 14.25 5 to 15
CIM-1200H/N 1200 1500 48 15-48 15-48 15 9 1150 100-240V/120V 8 60 2 97% 14 -40 to 65 14.25 3 to 10
CIM-1200H/Y 1200 1500 48 15-48 15-48 15 9 1150 100-240V/240V 8 60 2 97% 14 -40 to 65 14.25 3 to 10
CIM-1200N/Y 1200 1500 48 15-48 15-48 15 9 1150 120V/240V 8 60 2 97% 14 -40 to 65 14.25 3 to 10

Microinverters
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Manufacturer Model
Input Voltage 

(V) DC
Input Current 
(Charger) AC 

(A)

Rated 
Power 
(25° C)

Output Current 
(Charger 25° C)

Output 
Voltage (+/- 

5%)

Output 
Frequency 
(+/- 0.1 Hz)

Charger 
Efficiency

Search 
Mode No Load

Operating 
Temperature Warranty Weight (lb)

1 msec 
(A) AC

100 msec (A) 
AC 5 sec (real W) Power Factor # AC Inputs

Schneider 
Electric
(continued)

Conext XW+ 
5548 NA

42 to 60 V (48 V 
Nominal)

3 - 60 A (60 A 
Default)

5500 W 110 A L-N : 120V
L-L : 240V

50 / 60 Hz 
Selectable

95.7% Yes Minus 25°C to 70°C 2 to 5 118 0.98 2

http://solar.
schneider-electric.

com/

Conext XW+ 
6848 NA

42 to 60 V (48 V 
Nominal)

3 - 60 A (60 A 
Default)

6800 W 140 A L-N : 120V
L-L : 240V

50 / 60 Hz 
Selectable

95.7% Yes Minus 25°C to 70°C 2 to 5 121.7 0.98 2

SMA America Sunny Island 
4548-US

48 56 4500 180 120 60 96% N/A 25W negitive 13 F to 
140 F

5 139 N/A N/A N/A -1 to +1 1

www.sma-america.
com

Sunny Island 
6048-US

48 56 5750 180 120 60 96% N/A 25W negitive 13 F to 
140 F

5 139 N/A N/A N/A -1 to +1 1

Microinverter Input Characteristics Output Characteristics (AC)                                                                                       Output Characteristics (AC) Efficiency General Information

Manufacturer Model
Max PV 

STC 
Power 

(W)

Max PV 
Power (W)

Max PV 
Voltage 

(V)
Operating 
range (V)

MPPT 
Range 

(V)

Min, Max 
Start-Up 

(V)

Max PV 
Current 

(A)

Max PV 
Source Short 

Circuit 
Current (A)

Max 
Power 

(W)

Nominal V, 
or Range

Nominal 
Current 

(A)

Nominal 
freq. range 

(Hz)

Max units 
per xA 
string

Max Fault 
Current 

(A)

Maximum 
%,  CEC 

(%)

Night 
Consumption 

(mW)

Operating 
Temperature 
Range (°C)

Weight (lb) Warranty 
(Yrs)

APsystems YC500A - 240V 310W (2 
panels)

n/a 55V 16 to 55V 22 to 45 22 12A x2 n/a 500 211-264V 2.08A 60Hz (59.3-
60.5Hz)

7 per 20A @ 
240V

Peak 54.8A, 
RMS 4.85A

95.0% 120mW - 40 to +65 5.5 lbs 10 to 25

APsystems.com YC500A - 208V 310W (2 
panels)

n/a 55V 16 to 55V 22 to 45 22 12A x2 n/a 500 183-229V 2.4A 60Hz (59.3-
60.5Hz)

6 per 20A @ 
208V

Peak 33.4A, 
RMS 2.79A

95.0% 120mW - 40 to +65 5.5 lbs 10 to 25

YC1000-
3Ph-208V 
(208Y/120)

310W (4 
panels); 
360W (3 
panels)

n/a 60V 16 to 55V 16-55V 22 14.8A x 4 n/a 900 105.2-132V 2.50A x 3 60Hz (59.3- 
60.5)

4 per 15A x3 Peak 
124.23A; 

RMS 4.97A

94.5% 300mW - 40 to +65 8.4 lbs 10 to 25

YC1000-
3Ph-480V 
(480Y/277)

310W (4 
panels); 
360W (3 
panels)

n/a 60V 16 to 55V 16-55V 22 14.8A x 4 n/a 900 243.8-304.7V 1.08A x 3 60Hz (59.3- 
60.5)

11 per 15A 
x3

Peak 83.73A; 
RMS 2.81A

94.5% 300mW - 40 to +65 8.4 lbs 10 to 25

Chilicon 
Power

CP-250 285 300 44 18-38.5 18-38.5 22-40 12 21 250 211-264; 183-
229

1.04/1.20 59.3-60.5;49.4-
50.5

15 1.6A > 10% of 
cycle

96.09 40 -40 +65 3.4 25

www.chiliconpower.
com

CyboEnergy CIM-1000A 1200 1500 48 15-48 15-48 15 9 1150 240 4 60 4 97% 14mW -40 to 65 14.25 10 to 20
www.cyboenergy.

com
CIM-1000N 1200 1500 48 15-48 15-48 15 9 1150 120 8 60 2 97% 14 -40 to 65 14.25 3 to 10
CIM-1000Y 1200 1500 48 15-48 15-48 15 9 1150 240 4 60 4 97% 14 -40 to 65 14.25 3 to 10
CIM-1200H 1200 1500 48 15-48 15-48 15 9 1150 100-240 8 60 2 97% 14 -40 to 65 14.25 3 to 10

CIM-1200A/N 1200 1500 48 15-48 15-48 15 9 1150 240/120 4 60 4 97% 14 -40 to 65 14.25 5 to 15
CIM-1200A/Y 1200 1500 48 15-48 15-48 15 9 1150 240/240 4 60 2 97% 14 -40 to 65 14.25 5 to 15
CIM-1200A/H 1200 1500 48 15-48 15-48 15 9 1150 240/100V-240 4 60 4 97% 14 -40 to 65 14.25 5 to 15
CIM-1200H/N 1200 1500 48 15-48 15-48 15 9 1150 100-240V/120V 8 60 2 97% 14 -40 to 65 14.25 3 to 10
CIM-1200H/Y 1200 1500 48 15-48 15-48 15 9 1150 100-240V/240V 8 60 2 97% 14 -40 to 65 14.25 3 to 10
CIM-1200N/Y 1200 1500 48 15-48 15-48 15 9 1150 120V/240V 8 60 2 97% 14 -40 to 65 14.25 3 to 10

Solar Power Inverter Chart_12-15_Vs4.indd   101 12/15/15   9:43 AM



U.S. Inverter Models2016 RENEWABLE ENERGY HANDBOOK

1 0 2     SOLAR POWER WORLD             www.solarpowerworldonline.com

Microinverter Input Characteristics Output Characteristics (AC)                                                                                       Output Characteristics (AC) Efficiency General Information

Manufacturer Model
Max PV 

STC 
Power 

(W)

Max PV 
Power (W)

Max PV 
Voltage 

(V)
Operating 
range (V)

MPPT 
Range 

(V)

Min, Max 
Start-Up 

(V)

Max PV 
Current 

(A)

Max PV 
Source Short 

Circuit 
Current (A)

Max 
Power 

(W)

Nominal V, 
or Range

Nominal 
Current 

(A)

Nominal 
freq. range 

(Hz)

Max units 
per xA 
string

Max Fault 
Current 

(A)

Maximum 
%,  CEC 

(%)

Night 
Consumption 

(mW)

Operating 
Temperature 
Range (°C)

Weight (lb) Warranty 
(Yrs)

Darfon MIG300 300 330 60 24 to 60 24 to 40 24 12 12 260 250 1.04 60 23 units per 
30A circuit

68.77 @ 100 
~ 500ms

95.8%,95% 89 -40 to 85 5.5 10 to 25

www.darfonsolar.
com

MIG320 320 350 60 22 to 60 24 to 60 24 12 12 270 270 1.13 60 21 units per 
30A circuit

63 96%,95.5% 20 -40 to 85 2.6 10 to 25

MIG660 330 x2 350 60 22 to 60 24 to 60 24 12 12 560 560 2.33 60 10 units per 
30A circuit

60 96%,95.5% 40 -40 to 85 4.4 10 to 25

Enphase 
Energy

M250 210 to 310 Up to 310 48 16 to 48 27-39 22, 48 15 15 250 183-229 
(208Vac)
211-264 
(240Vac)

1.15A (208), 
1.0A (240)

57-61 24 @ 
208Vac 
(three 

phase); 16 
@ 208Vac 

(single 
phase) per 
20A branch

850mA RMS 
for 6 cycles

96.5 65mW (-40) to 65 3.4 25

enphase.com C250 210 to 350 Up to 350 60 16 to 60 27-48 22, 60 15 15 253 220-248 1.0A 57-65 48 per 20A 
branch

590mA RMS 
for 6 cycles

96.5 76mW (-40) to 65 3.65 10 to 20

SMA America Sunny Boy 
240-US

250 60 Cell 45 23 to 45 23 to 39 23, 40 8.5 A 12 A 240 W 211 to 264 V 1 A 59.3 to 60.5 1 Series, 12 
Parallel

241 A, for 
3.18 ms

96%, 96% < 300 −40°C to +45°C 1.65 10, +5 or +10 
year extension 
to maximum of 

20 years
www.sma-america.

com

Microinverters

Input Characteristcs (DC) Power Optimizers Output Characteristics (DC)                                    Output Characteristics (DC) Efficiency General Information

Manufacturer Model
PV Array 

Power Range 
(kWp)

Voltage 
Range MMP Max Vdc

Max 
current (A)

Number of 
DC Inputs MPPT

Rated 
Power (kW) Max Current (A)

Rated 
Voltages

Frequency 
(Hz) Maximum % CEC wtd %

Consumption (W) day/
night

Operating °C 
range

Warranty 
(Yrs) Weight (lb)

SolarEdge P300 300 8 to 48V 48V 10.0 1 1 na 15A DC 60V DC na 99.5 98.8 na na -40 to +85 25 1.7
www.solaredge.com P320 320 8 to 48V 48V 11.0 1 1 na 15A DC 60V DC na 99.5 98.8 na na -40 to +85 25 1.7

P400 400 8 to 80V 80V 10.0 1 1 na 15A DC 60V DC na 99.5 98.8 na na -40 to +85 25 2.05
P405 405 12.5 to 105V 125V 10.0 1 1 na 15A DC 85V DC na 99.5 98.8 na na -40 to +85 25 2.05
P600 600 12.5 to 80V 96V 10.0 1 1 na 15A DC 85V DC na 99.5 98.6 na na -40 to +85 25 2.05
P700 700 12.5 to 105V 125V 10.0 1 1 na 15A DC 85V DC na 99.5 98.6 na na -40 to +85 25 2.05

Power Optimizers
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Microinverter Input Characteristics Output Characteristics (AC)                                                                                       Output Characteristics (AC) Efficiency General Information

Manufacturer Model
Max PV 

STC 
Power 

(W)

Max PV 
Power (W)

Max PV 
Voltage 

(V)
Operating 
range (V)

MPPT 
Range 

(V)

Min, Max 
Start-Up 

(V)

Max PV 
Current 

(A)

Max PV 
Source Short 

Circuit 
Current (A)

Max 
Power 

(W)

Nominal V, 
or Range

Nominal 
Current 

(A)

Nominal 
freq. range 

(Hz)

Max units 
per xA 
string

Max Fault 
Current 

(A)

Maximum 
%,  CEC 

(%)

Night 
Consumption 

(mW)

Operating 
Temperature 
Range (°C)

Weight (lb) Warranty 
(Yrs)

Darfon MIG300 300 330 60 24 to 60 24 to 40 24 12 12 260 250 1.04 60 23 units per 
30A circuit

68.77 @ 100 
~ 500ms

95.8%,95% 89 -40 to 85 5.5 10 to 25

www.darfonsolar.
com

MIG320 320 350 60 22 to 60 24 to 60 24 12 12 270 270 1.13 60 21 units per 
30A circuit

63 96%,95.5% 20 -40 to 85 2.6 10 to 25

MIG660 330 x2 350 60 22 to 60 24 to 60 24 12 12 560 560 2.33 60 10 units per 
30A circuit

60 96%,95.5% 40 -40 to 85 4.4 10 to 25

Enphase 
Energy

M250 210 to 310 Up to 310 48 16 to 48 27-39 22, 48 15 15 250 183-229 
(208Vac)
211-264 
(240Vac)

1.15A (208), 
1.0A (240)

57-61 24 @ 
208Vac 
(three 

phase); 16 
@ 208Vac 

(single 
phase) per 
20A branch

850mA RMS 
for 6 cycles

96.5 65mW (-40) to 65 3.4 25

enphase.com C250 210 to 350 Up to 350 60 16 to 60 27-48 22, 60 15 15 253 220-248 1.0A 57-65 48 per 20A 
branch

590mA RMS 
for 6 cycles

96.5 76mW (-40) to 65 3.65 10 to 20

SMA America Sunny Boy 
240-US

250 60 Cell 45 23 to 45 23 to 39 23, 40 8.5 A 12 A 240 W 211 to 264 V 1 A 59.3 to 60.5 1 Series, 12 
Parallel

241 A, for 
3.18 ms

96%, 96% < 300 −40°C to +45°C 1.65 10, +5 or +10 
year extension 
to maximum of 

20 years
www.sma-america.

com * m
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Input Characteristcs (DC) Power Optimizers Output Characteristics (DC)                                    Output Characteristics (DC) Efficiency General Information

Manufacturer Model
PV Array 

Power Range 
(kWp)

Voltage 
Range MMP Max Vdc

Max 
current (A)

Number of 
DC Inputs MPPT

Rated 
Power (kW) Max Current (A)

Rated 
Voltages

Frequency 
(Hz) Maximum % CEC wtd %

Consumption (W) day/
night

Operating °C 
range

Warranty 
(Yrs) Weight (lb)

SolarEdge P300 300 8 to 48V 48V 10.0 1 1 na 15A DC 60V DC na 99.5 98.8 na na -40 to +85 25 1.7
www.solaredge.com P320 320 8 to 48V 48V 11.0 1 1 na 15A DC 60V DC na 99.5 98.8 na na -40 to +85 25 1.7

P400 400 8 to 80V 80V 10.0 1 1 na 15A DC 60V DC na 99.5 98.8 na na -40 to +85 25 2.05
P405 405 12.5 to 105V 125V 10.0 1 1 na 15A DC 85V DC na 99.5 98.8 na na -40 to +85 25 2.05
P600 600 12.5 to 80V 96V 10.0 1 1 na 15A DC 85V DC na 99.5 98.6 na na -40 to +85 25 2.05
P700 700 12.5 to 105V 125V 10.0 1 1 na 15A DC 85V DC na 99.5 98.6 na na -40 to +85 25 2.05
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The rising demand for solar power 
is fueling advances in research and 
development of solar PV technology; 
however, in many ways, fundamental 
solar energy generating technology 
hasn’t changed much since the 
introduction of the monocrystalline solar 
panel in the 1950s. It’s only gotten better, 
as improvements in efficiency, quality 
and versatility continue to develop.

“The monocrystalline panel may be 
the original solar PV technology, but it’s 
being challenged by both established 
and emerging new technology on 
factors like price, efficiency and 
versatility,” said Sam Lipman, executive 
vice president of business development 
at Vasari Energy. “Solar PV modules 
made from polycrystalline silicon or thin-
film technology are giving residential, 
commercial, industrial and utility clients 
a variety of options to fulfill their solar 
energy production requirements.”

Monocrystalline silicon solar PV: most 
efficient
Monocrystalline solar is made by 
growing a single crystal. Because 
these crystals are usually an oval shape, 
monocrystalline panels are cut into the 
distinctive patterns that give them their 
recognizable appearance: the sliced 
silicon cells expose the missing corners 
in the grid-like structure. The crystal 
framework in a monocrystalline is even, 
producing a steady blue color and no 
grain marks, giving it the best purity and 
highest efficiency levels. 

“Generally, monocrystalline silicon 
solar PV is the best technology to deliver 
efficiency, as measured by wattage 
output related to the panel’s size, but 
this efficiency can come with costs,” 
Lipman said. “The best value in solar 
PV technology is polycrystalline silicon, 

Generation technologies

What’s the best type of solar module?
offering efficiency levels close to 
monocrystalline panels, but at 
half the costs in some cases.”

Polycrystalline silicon solar PV: 
best value
Polycrystalline solar is made by 
pouring molten silicon into a 
cast. However, because of this 
construction method, the crystal 
structure will form imperfectly, 
creating boundaries where 
the crystal formation breaks. 
This gives the polycrystalline 
silicon its distinctive, grainy 
appearance, as the gemstone 
type pattern highlights the 
boundaries in the crystal.

“Because of the impurities 
in the crystal, polycrystalline 
silicon is less efficient when 
compared with monocrystalline,” 
Lipman said. “However, this 
manufacturing process uses less 
energy and materials, giving it a 
significant cost advantage over 
monocrystalline silicon.” 

Thin-film solar PV: portable and 
light weight
Thin-film panels can be 
constructed from a variety of 
materials, with the main options 
being amorphous silicon (a-Si), the 
most prevalent type, cadmium 
telluride (CdTe) and copper indium 
gallium selenide (CIS/CIGS). As a 
technology that’s still emerging, 
thin-film cells have the potential 
to be less expensive. Thin-film 
could be a driver in the consumer 
market, where price considerations 
could make it more competitive. 

“Thin-film has the lowest 
market share, but it is a good 
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option for projects with lesser power 
requirements and needs for lighter 
weight and portability,” Lipman said. 

“Thin-film technologies have produced a 
maximum efficiency of 20.3%, with the 
most common material (a-Si) at 12.5%.”

Axitec, LLC
75 Twinbridge Drive, Suite E
Pennsauken, NJ 08110
United States
http://www.axitecsolar.com

Trina Solar
100 Century Center Court
Suite 500
San Jose, CA 95112
United States
http://www.trinasolar.
com/us/index.html

Festo Corporation
395 Moreland Road
Hauppauge, NY  11788
United States
http://www.festo.com

Arkema Inc
900 1st Ave,
King of Prussia, PA 19406
United States
http://www.arkema-americas.com
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The Future is Now
German engineered 

Solar Panels

The leading smart module solution!

AXITEC, LLC, 75 Twinbridge Drive, Suite E, 
Pennsauken, NJ 08110, Phone 856-813-9386, info@axitecsolar.com

HIGH-PERFORMANCE MODULE
- PLUS more power from each module
- PLUS constraint-free design
- PLUS cost saving maintenance
- PLUS superior safety

The First of its Kind

AXIplus

Which one is best?
According to the U.S. 
Department of Energy, 
polycrystalline silicon 
is leading the market 
share with 55% of PV 

technology shipments in 2013, compared with 36% 
for monocrystalline. So far, research has produced 
polycrystalline cells with a maximum efficiency of 
20.4% with monocrystalline technology pushing 
the boundaries at 25%.

Whether it’s the rooftop of a home or a solar farm 
for a grid-connected utility, space and area are often a 
key component of any solar power project, which often 
makes module efficiency a critical element for project 
developers. Most solar panels range in efficiencies of 
13 to 16%, though some high-end model modules can 
reach percentages as high as 20%.

“For most applications, a mono- or 
polycrystalline solar PV solution is usually the 
best option, as these established technologies 
generally provide the right balance of price, 
efficiency and reliability,” Lipman said. “For most 
commercial and industrial use, the crystalline 
silicon is still the standard and stands to be for 
years to come.”

By Kelly Pickerel, SPW editor
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IHS reports the United States continues to be 
the biggest market for microinverters and power 
optimizers, due to its booming residential and 
commercial markets. IHS forecasts U.S. market will 
increase by 76%, reaching just under 1.8 GW in 2015.

Solar modules in an array are connected in 
a series, like batteries. The array is producing 
optimally when all modules are performing the 
same. But what happens when temperature changes, 
or fall leaves, winter snow or shade covers part of a 
module, causing it to underperform? The module 
not only outputs less energy, it can also heat up and 
drag down the performance of the other modules 
by constricting the flow of energy through the array. 
This can cause the array to lose power. However, this 
is where power optimizers can help. 

Power optimizers are DC/DC converters 
attached at the module level. Installers can connect 
optimizers on-site, or manufacturers can connect 
them to the module in the factory, replacing the 
traditional junction box. Power optimizers can correct 
for module “mismatch” by allowing each module to 
function at its maximum power point (MPP) and then 
converting the energy to the optimal voltage and 
current for the array. This enables the entire array to 
harvest more energy.

“Optimizers increase the maximum power point 
tracking (MPPT) of inverters,” Mark Kanjorski of Ampt 
told Solar Power World in a podcast. Optimizers 
constantly monitor the array voltage and current and 
work to mitigate mismatch effects so that each module 
can operate at its maximum power level. This results 
in optimal energy harvest. “Higher MPPT resolution or 
granularity helps the system recover more energy that 
would otherwise be lost from electrical imbalances due 
to environmental mismatches. This results in greater 
energy production.” 

Traditional inverters monitor the AC output side 
of the array and in some cases may provide string 
level data. However, they do not provide enough 
data to detect problems at the module level and 

Power optimizers

How do power optimizers 
help harvest more energy 
from solar projects?

maintain production levels. This 
can lead to energy losses that 
are invisible to system owners 
and difficulties in diagnostics for 
maintenance personnel. Power 
optimizers, in combination with a 
monitoring system, can provide 
greater transparency into system 
performance, pinpointing any issues 
from a remote location. This enables 
more efficient maintenance and 
higher system uptime.

“Power optimizers perform 
monitoring at the module level so 
you can see the performance of 
each individual module,” said Peter 
Mathews, North America General 
Manager at SolarEdge. 

Power optimizers in 
combination with a fixed string 
voltage inverter also enable more 

flexible system design with fewer 
components. 

“Power optimizers only deploy 
minimal electronics on the rooftop 
to handle the MPPT and DC to DC 
conversion, leveraging a centrally 
located inverter at the end of the 
string,” said Mathews. “This allows 
installers to reduce hardware, 
improve reliability, and slash costs. 
By eliminating any string-design 
constraints that would decrease 
the size of a PV system, power 
optimizers also allow designers 
to install more modules on the 
rooftop. For installers, this means 
increased revenues. For end-users, 
the added system output equates 
to lower electricity bills.” 
 
By Kathie Zipp, SPW editor

SolarEdge Technologies, Inc.
47505 Seabridge Dr.
Fremont, CA 94538
United States
http://www.solaredge.us

Axitec, LLC
75 Twinbridge Drive, Suite E
Pennsauken, NJ 08110
United States
http://www.axitecsolar.com
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Editor’s Note: This article is an abridged ver-
sion of Modeling Microinverters and DC Power 
Optimizers in PVWatts written by Sara MacAl-
pine and Chris Deline of National Renewable 
Energy Laboratory. Full article is available at: 
http://www.nrel.gov/docs/fy15osti/63463.pdf

NREL’s PVWatts calculator performs 
simplified PV system performance 
calculations using information about the 

Microinverters

What are some recommendations for modeling 
microinverters in PVWatts?

array’s geographic location, orientation and a 
set of user-input loss factors. PVWatts’ default 
values and recommendations for these loss 
factors are designed for a PV system with a 
central inverter, and do not account for use 
of microinverters or DC power optimizers. 
The following sections provide guidelines for 
choosing reasonable values to use in PVWatts 
to model systems with microinverter.

While all of PVWatts’ loss factors can be 

tailored to represent individual 
system characteristics, a subset 
are particularly affected by use 
of distributed power electronics. 
Note that this document 
specifically addresses system 
losses used in PVWatts 
Version 5, which was updated 
in September 2014 and has 
changed slightly from previous 
versions of the tool.

Inverter: Version 5 of PVWatts 
allows the user to enter a 
nominal inverter efficiency. 
For microinverters, this 
factor should simply be the 
California Energy Commission 
(CEC) weighted efficiency; 
this is no different from a 
system with a central or string 
inverter. Efficiency is assumed 
to include the device’s 
effectiveness of maximum 
power point tracking. 

Mismatch: All module 
level power electronics 
are expected to eliminate 
mismatch losses caused 
by performance variation 
between modules. This 
loss factor should be 0% for 
all distributed electronics 
technologies. 

Wiring: In a PV system 
with microinverters, DC 
wiring losses are effectively 
eliminated. However, AC 
wiring losses will increase 
since there are more and 
longer AC wiring routes. A 

 System Loss Type PV Watts Distributed Power Electronics Notes
  Default Recommended Value

     Soiling often mostly uniform, but 

 Soiling  2% No Change	 may	have	regional	differences	at
		 	 	 	 some	sites.	In	these	cases	some
     losses may be mitigated.

    For	near	obstacles	(not	horizon	blocking) If shade loss % assumed to vary
 Shading	 	 3%	 Shade	Loss	%	*	(1-SMF) linearly with area of array shaded,
    Default	SMF=0.33	 SMF=0.
		 	 	 	 Else	SMF	range	=	0.25-0.4

 Snow	 	 0%	 No	Change

	Mismatch	 	 2%	 0%

		 	 	 	 2%	value	for	microinverters
	Wiring	 	 2%	 No	Change	 accounts	for	increased	AC	and
		 	 	 	 decreased	DC	losses.

	Diodes	and	Connections	 0.5%	 No	Change

	Light	Induced	Degradation	 1.5%	 No	Change

	Nameplate	Rating	 1%	 No	Change	 See	manufacturer’s	datasheet

		 	 	 	 Microinverters	and	power

	Age	 	 0%	 No	Change	 optimizers	may	mitigate	age-
		 	 	 	 related	losses	caused	by	increased
		 	 	 	 mismatch.

     If system repair is performed
	System	Availability	 3%	 No	Change	 promptly	for	any	failures,	losses
		 	 	 	 may	be	reduced	to	1-2%.

		 	 	 Microinverters:	use	CEC	efficiency	 If	no	CEC	efficiency	available	for
	Inverter	Efficiency	 96%	 DC	Power	Optimizers:	multiply	CEC	 power	optimizer,	use	0.99	for	2012
		 	 	 efficiencies	(optimizer	*	cell	inverter)	 and	newer,	else	0.975.

PVWatts system losses and inverter efficiency

Recommended PVWatts system 
losses and inverter efficiency 
with microinverters or power 
optimizers. -NREL
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recommended guideline for 
the wiring loss term is 2% for 
the entire system. 

System Availability: Due to 
improved system monitoring 
capabilities, distributed power 
electronics may decrease 
PV system downtime, with 
published reports indicating 
that there may be potential to 
increase availability by a total 
of 1 to 2%. While module-
level conversion mitigates 
losses associated with point 
failures in a PV system, it 
may also result in longer 
time to fix these failures, as 
their individual impact on 
system performance may 
be too small to justify the 
expense of service calls. 
Without concrete evidence to 
support increased PV system 
availability, it is recommended 
that this category of 
losses remain unchanged, 
particularly if PVWatts is being 
used to model the first year of 
a PV system’s operation when 
equipment failures are less 
likely. 

Shading: Microinverters have 
the potential to recover some 
of the power that is lost in 
partially shaded PV systems 
with central inverters, when 
obstacles block the sun’s 
incident beam radiation. The 
fraction of the losses recovered 
are referred to as the Shade 
Mitigation Factor (SMF). This 
value represents the annual 
percentage of shading 
losses that can be recovered 
through the use of distributed 
electronics in partially shaded 

PV systems. The SMF can be used to calculate 
an updated shade loss term by the following 
equation: 

Shade Loss (new) = Shade Loss % * (1 − SMF)

Independent research indicates that a 
reasonable range for distributed electronics’ 
SMF is 0.25 to 0.4, with an individual array’s 
SMF depending on shade distribution and 
extent, as well as the array configuration. The 
shade benefit of distributed electronics can 
vary with the size of the PV system, and the 
type of shading. A default SMF value of 0.33 is 
recommended here as an average value. 

Soiling: Soiling is generally uniform on PV 
systems, so it is not anticipated that distributed 
power electronics would appreciably affect 
most arrays’ soiling losses. However, in very 
large arrays with regional soiling differences, 
or in arrays made up of modules with different 
orientations or tilts from one another, there 
may be an opportunity for some fraction of the 
losses to be mitigated, similar in form to the 
Shade Mitigation Factor.

This article includes references from IEEE 
documents, and technical papers from Tigo 
Energy, Enphase Energy and Solar Edge. Full 
reference list is available at nrel.gov. This 
work was supported by the U.S. Department 
of Energy under Contract No. DE-AC36-
08GO28308 with NREL.
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String inverters can have a number of 
advantages over central inverters in 
commercial, industrial and small utility 
projects. This is especially true with the 
introduction of high-power 1,000Vdc, 
3-phase 480Vac string inverters.  

“1000Vdc arrays have significant wire 
and labor savings compared to 600-Vdc 
arrays of the same size,” explained Eric 
Every, senior applications engineer at 
Yaskawa – Solectria Solar. “Because the 
voltage is higher, the current is lower. 
Current drives cost because more current 
requires larger conductors. Therefore, 
3-phase, 480Vac is an extremely common 
service voltage in the U.S. Anything else is 

String inverters

What are the advantages of using string inverters in 
commercial and small utility projects?

perceived as special use and may have a 
higher cost and longer lead time.”

“Now that more 1000Vac-rated 
equipment—such as modules and BOS 
components—is available, inverters with 
an input voltage that can use those longer 
strings are needed,” added  Brian Lydic,  
Standards & Technology Integration engineer 
at Fronius.  “This reduces wiring cost and 
can increase the efficiency when converting 
to 480Vac. Most commercial and industrial 
buildings use 480-Vac service, so it’s a typical 
low voltage configuration available from 
distribution transformers. The rapid shutdown 
requirement of NEC 2014 can also drive 
adoption of distributed string inverters for 

rooftops, where they can be placed 
within the 10-ft array boundary.”

String inverters also offer cost 
benefits when commissioning, 
operating and servicing commercial 
and small utility projects. 

“The initial capital cost for 
central inverters is lower,” said 
Chavonne Yee, director of product 
management for ABB North 
America. “However, the cost of 
transportation and installation, 
including site preparation, must be 
factored in to the cost.  Many string 
inverters are able to mount on the 
module racking with no added cost 
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for site preparation. The commissioning time for string inverters is also less, as 
much smaller blocks of power are brought on. String inverters by design are 
smaller blocks of power that, in case of failure, have a much smaller effect on 
lost energy production.”

Martin Beran, head of system support in Fronius’s Solar Energy 
Division added that string inverters can have communication benefits, 
outweighing those of central.  “Centralized communication and grid 
features control has been an advantage for centralized topologies, but 
enhanced network capabilities of string inverters now mitigate that benefit.” 

Getting the most benefits from string inverters also depends on 
design. Lydic encouraged developers to consider placement of the 
inverters within the array to easily facilitate operations and maintenance, 
such as proximity to access pathways and grouping of inverter banks. “Pay 
attention to minimizing AC voltage rise in your conductor runs to the 
transformers,” he said. “Repeatability of the string and subarray design 
and location will help minimize installation effort.  

String inverters are also well suited to be sited with central inverters 
when a site’s power requirements are in between integers of central inverters, 
allowing for power production without investing in a central inverter that will 
be under capacity.

“Central inverters still prove their spot in the PV industry, but string 
inverter applications proved their advantages in pretty much all type of 
installations up to 10MW,” concluded Beran.  By Kathie Zipp, SPW editor
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Using high-capacity string inverters for small 
utility scale projects (less than 50 MW) has 
become a recent trend. However, there are 
still advantages to using central inverters for 
these projects.

Commissioning and maintenance: 
Commissioning and maintenance time and 
cost generally increase with the number of 
inverters .Because small utility projects usually 
require less units when using central inverters 
rather than string, commissioning can take less 
time for projects with central inverters. “During 
commissioning, every inverter needs DC input 
and AC output voltages verified, terminal 
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Central inverters

What are some benefits of a centralized 
approach in small utility solar projects?

torques confirmed and Modbus communications 
ID set,” said Eric Every, senior applications 
engineer at Yaskawa—Solectria Solar. 

“Additional time is necessary if there are specific 
voltage and frequency, or power factor settings 
required in the interconnection agreement.”

 “Commissioning and preventative 
maintenance costs can increase significantly 
when there is a factor of ten more inverters in 
the PV plant,” Every continued. “If the string 
inverters have the same failure rate as central 
inverters, there will be ten times the number 
of service visits.”

Traditional central inverters require such 
onsite technician visits to order replacement 

parts and perform repair. 
But some new models have 
modular power converters 
that allow field replacement 
from those with little training, 
which minimizes lost energy 
production due to downtime.

“Economy of scale still 
comes into play in large 
utility scale projects when 
it comes to central inverter 
applications,” said Martin 
Beran, head of system 
support in Fronius’s Solar 
Energy Division. “Multi-watt 

Central Inverters_2016_Vs4.indd   118 12/14/15   2:59 PM



/ Perfect Welding / Solar Energy / Perfect Charging

Check out all the SnapINverters 

as we proudly sponsor SPI 2015!

OUTSIDE AND BOOTH 3700!

 RESIDENTIAL SOLUTIONS THAT LAST.
THE FRONIUS PRIMO.

/ 3.8 - 8.2 kW power class selection from a company with a 70 year history in innovative power electronics

/ Design flexibility with dual MPP tracking, wide voltage window and many mounting options.

/ NEC 2014 690.12 compliant with the Fronius Rapid Shutdown Box.

/ Built-in features include Wi-Fi & SunSpec Modbus, free lifetime monitoring, AFCI, String Combiner & DC disconnect.

/ Ready for anything: Plug-in PC board technology allows for verstility in future innovations and field service. 

www.fronius-usa.com    •    Follow us @FroniusUSASolar on Twitter!

Fronius 9-15_Vs1.indd   119 12/14/15   4:20 PM



CENTRAL INVERTERS SOLARPOWER5

120 SOLAR POWER WORLD — 2016 RENEWABLE ENERGY HANDBOOK solarpowerworldonline.com

Methode Electronics Inc.
1700 Hicks Road
Rolling Meadows, IL 60008
United States
http://www.methode.com

Solectria (Yaskawa - Solectria Solar)
360 Merrimack Street
Lawrence, Massachusetts 01843
United States
http://www.solectria.com

installations create vast 
distances for the crews to 
cover to keep the system in 
good operating condition. 
Usually pathways are well 
developed and trucks can pull 
up right to the inverter pad. 
Therefore, bigger components 
and crews needed for 
servicing are not such an issue 
as on smaller sites. Difficult 
ground conditions, such as 
soft, muddy soil, might favor 
centralized power conversion 
from an O&M point of view. 
Also, a failing unit does not 
create such tremendous 
impact on energy production 
in large scale systems 
compared to single-digit-
megawatt PV plants.”

Projects with long circuit 
runs: If circuit length exceeds 
about 250 ft Every noted it’s 
more cost effective to install 
DC circuits over AC circuits. 
Since the AC conductors 
operate at 480V they require 
larger conductors to achieve 
1% voltage drop. “Keeping 
voltage drop low is important 
because voltage drop equates 
to system energy loss,” he 
said. “For utility-scale PV 
plants that require long runs, 
lower conductor costs make 
centralized solutions with 
combiner boxes much more 
attractive.”  

System control and anti-
islanding coordination: 
There are significantly less 
inverters to monitor and 
control when using central 
inverters. “These projects will 
typically use a plant master 

controller to provide a single communication 
interface with the utility,” Every explained. 

“That controller then distributes commands to 
all of the inverters. System control becomes 
more complicated and costly as the number 
of inverters increases. Also, anti-islanding 
coordination is more difficult with a higher 
inverter count.” Anti-islanding refers to 
detecting islanding—times when a distributed 
generator continues to power a location even 
when the electrical grid power from the utility is 
not present—and stopping power production 
since this can be dangerous to utility workers. 
 
By Kathie Zipp, SPW editor
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Hybrid flat-roof solar mounting systems offers 
advantages in areas with seismic conditions 
or high wind loads. Hurricane-prone areas, 
buildings more than 60-ft tall and island 
installations are examples of these areas. Hybrid 
systems prevent loading the roof down with high 
amounts of ballast, which many roof structures 
cannot support. A mixture of attachments and 
ballast can be used to keep roof weights low.

“In California and other places of high 
seismic activity we use a hybrid system,” said 

Elie Rothschild, sales manager at Sollega. “The other time we use a hybrid system 
is when the ballast requirements for wind uplift exceed the available structural 
reserve of the roof.  We can replace ballast with anchors where necessary.”  

In addition, hybrid systems can reduce the labor and material costs 
associated with installing a conventional raised racking system requiring a lot of 
roof attachments. Roof attachments can be expensive and typically need to be 
installed and flashed by a roofer to maintain a roof warranty, Rothschild said. 

Mounting manufacturer Unirac supplied a hybrid system for the 6.2-MW 
installation at Mandalay Bay resort and casino in Las Vegas. Attachments were 
used to keep the roof weight low on buildings that were over 100-ft tall and had 
extreme wind loading conditions. 

Flat roof racking & mounting

When should contractors use a hybrid—ballasted and 
attached—flat-roof mounting system?
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Unirac product manager Bill Vaught 
said contractors should consider these 
questions when deciding whether to use a 
hybrid system:

1. What additional roof weight can the 
building structurally handle?

2. Is there a non-penetrating system that 
can meet this weight requirement 
with the design wind load, roof height 
and exposure category of the project?

3. What roof type does the project 
have? 
a. If the project has a  
 membrane roof, how is it  
 attached?

4. How many attachments does the 
project need? The racking supplier 
should be able to provide this   
information.

5. What kind of attachment should I 
use?

If contractors decide to use a 
hybrid system, attachments to flat-roof 
systems must be handled with care 
by an experienced installer. The best 
way to avoid leaks and issues with 
roof warranties is to use a reputable 
attachment manufacturer that has 
done testing in collaboration with 
roofing manufacturers, and to install per 
manufacturer guidelines. 

“We typically recommend a ‘heat-
welded’ type attachment for the majority 
of roofs, such as those provided by Anchor 
Products and OMG Roofing Products,” 
Vaught said.

And as is always the case with any 
type of solar installation, it’s important to 
ensure the roof is sound before installing 
solar. It’s much more difficult to repair 
or track the source of leaks after a solar 
array is installed.  

“We recommend to all 
our clients that they follow the 
guidelines established by the roofing 
manufacturers—and each have their 
own—to maintain the roof warranty,” 
Rothschild said. 

By Steven Bushong, SPW editor
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Shared-rail mounting systems share one rail between two 
rows of solar panels. Manufacturers note that shared-rail 
systems require fewer 
roof penetrations than 
other systems, and 
gap-free rows offer 
superior aesthetics. 
They also note that 
because shared rail 
systems connect with 
an entire side of a 
panel, the panel frame 
becomes “bonded” to 
the rails, making for a 
stronger installation. 
 
By Steven Bushong, SPW editor

The majority of sloped asphalt shingle roofs use one of three types 
of mounting systems: railed, rail-less or shared-rail. All systems 
attach to the roof with bolts into either rafters or roof sheathing, 
depending on system type and loading requirements. Flashing is 
installed above the attachment point, directing water away from 
holes in the roof. Once the attachments are in place, contractors 
can decide between the three types of mounting systems, which 
usually connect to the attachments with an L-foot or proprietary rail-
less mounting design.  

Railed mounting systems are the traditional method for 
mounting solar panels on sloped roofs. Most rails use mid and 
end clamps to secure panels. Strong rails allow for long spans 
without attachment, meaning fewer roof penetrations. The inherent 
strength of railed systems are ideal for areas where significant 
loading is to be expected, although other mounting methods are 
capable of withstanding heavy loads, too. Railed systems allow for 
some flexibility in attachment points and often offer built-in wire 
management and integrated grounding. 

Rail-less mounting systems use the frame of a module as the rail. 
These systems eliminate large components, which improve shipping 
costs and on-site logistics. These benefits have spurred significant 
interest in this relatively new type of mounting, and numerous 
mounting manufacturers have responded with products. Suppliers 
note that with an organized installation process, and using systems 
that feature positioning adjustability, rail-less racking can cut 
time on the roof for solar installers.  Two notable considerations 
for rail-less mounting include loading on modules frames and 

wire management. 
Installers should 
ensure that the rail-
less system they use 
is endorsed by their 
preferred module 
manufacturer, and 
they should follow 
instruction for proper 
wire management.

Sloped roof racking & mounting

What are the different types of 
sloped-roof solar mounting systems?

Railed mounting system

Rail-less mounting system

Shared-rail 
mounting 

system
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R&M SLOPED ROOF7

Mounting Systems
820 Riverside Parkway
West Sacramento, California 95605
United States
http://www.mounting-systems.us

SolarRoofHook.com
5830 Las Positas Road
Livermore, CA 94551
United States
https://www.solarroofhook.com

SunModo Corp.
1905 E 5th Street
Vancouver WA, Washington 98661
United States
http://www.sunmodo.com

Unirac, Inc.
1411 Broadway Blvd NE
Albuquerque, NM 87102-1545
United States
http://www.unirac.com

S-5! Attachment Solutions
8655 Table Butte Road
Colorado Springs, CO  80908
United States
http://www.s-5.com

Sabre Industries, Inc.
8653 E. Highway 67
Alvarado, TX  76009
United States
http://www.sabreindustries.comTOYS“R”US DIDN’T 

PLAY AROUND.

WHEN IT CAME TO 
SECURELY ATTACHING 

5.38 MW OF SOLAR 
PANELS TO THEIR ROOF,

American made S-5-PV kits and clamps 
are the industry standard in metal roof 

mounting hardware. That’s why the 
biggest names in business rely on our 

solar mounting solutions. They know that 
it’s only secure, if it’s S-5! secure. 

Learn more at www.S-5.com or call 888-825-3432.   
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The solar industry has been under constant 
pressure to lower the installed cost of solar 
systems. Savings can come from reducing 
soft costs, such as the finance and permitting 
processes, and hard costs, which include solar 
equipment. Modules have just about flat-lined 
in cost, and inverters are nearing that point, too. 
As such, racking and mounting has been the 
most-recent focus for cost-reduction measures.  

“Rail-less systems are the natural next step 
for racking in achieving cost reductions,” said 
Mike Coulson, marketing manager at SnapNrack. 

“Racking companies can always improve on 
installation efficiency which is why we focus on 
the snap-in features, pre-assembled parts, and 
built-in features with every product we release. 
Yet, the easiest way to remove production costs 
is to remove some parts.”  

By removing rails, suppliers are cutting 
manufacturing and shipping costs, and 

“You will still see plenty 
of installers preferring rail 
for those applications that 
need more stability, odd roof 
shapes, or just more difficult 
installs,” Coulson said. “As 
with any kind of industry shift, 
it will take time to educate 
installers and even home 
owners that their solar system 
is just as durable and safe 
without the rails but once 
they see the cost savings, 
reduction in installation 
times and even the aesthetic 
benefits, rail less racking will 
become the new standard.”

Rail-less systems do take 
a bit more planning upfront 
to properly lay out and level 
the mounts. But when done 
correctly, the entire installation 
can be drastically faster and 
easier to install than rail-based 
systems, Lee said.  

Rail-less mounting 
installation differs from railed 
in a few key ways. While 
contractors don’t have to 
put down rails, they do need 
to be more precise with 
your layout to ensure the 
installation goes smoothly. 
Contractors generally install 
from the top down, working 
with gravity, and facing up 
the roof rather than down 
the roof. Installers need to 
spend more time thinking 
about wire management and 
clipping leads to frames as 
they go to ensure a smooth 
installation with good robust 
wire management.

For manufacturers, the 
rail-less revolution has come 
with a few complications. Wire 
management, for instance, 

Rail-less mounts

What is rail-less solar mounting?
installers are limiting time on the roof with fewer 
components to handle and install. The benefits 
and cost reductions have pushed rail-less 
residential mounting system solutions across the 
threshold of acceptance by solar installers.

“Rail systems have just about reached their 
material and manufacturing cost floor including 
integrated grounding,” said Jeff Lee, vice 
president of business development at Pegasus. 

“A well-engineered rail-less system can efficiently 
utilize the solar module frames to meet the AHJ 
and building code requirements.”

Any flush-mount residential project that can 
use a rail-based system is a candidate for a well-
engineered rail-less system, although there will 
always be applications for railed systems, as well 
as personal preferences for traditional mounting. 
But experts, including researchers at GTM, 
predict a shift to rail-less among installers. It could 
even become the dominant form of racking.
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was easy and convenient with 
rails. Rail-less manufacturers 
have worked to address the 
issue. SnapNrack, for instance, 
offers a dedicated junction box 
for transitioning conductors 
from conduit to free air, and the 
company’s wire mounts provide 
a robust solution for running 
home runs across the roof 
before modules are installed.

Also, most module 
manufacturers are accustomed 
to certifying their modules 
for installation on rails, so 
removing the rails from the 
system presents a relatively 
new situation for them in 
terms of module performance 
and warranty. Module 
manufacturers are getting 
up to speed quickly as many 
companies are rolling out 

rail-less solutions. Testing is a huge undertaking, 
according to Greg McPheeters, senior engineering 
manager at SnapNrack, but provides the module 
manufacturers with the data they need to 
determine the viability of a new mounting solution.

And then there was the foundation of rail-
less mounting: understanding how the module 
frame could act as the rail.

“Thoroughly understanding the loading 
characteristics and strength of module frames is a 
fundamental requirement,” Lee said. “This is not 
a trivial engineering challenge, and designing a 
robust mounting system around the module frames 
is an even greater challenge.”   

To create an elegant solution, the 
manufacturer must design a system that has easy 
and fast array alignment and leveling, minimum 
tool and parts count, portrait and landscape with 
terracing, composition or tile roof compatibility, 
and attention to user-friendly installation—all while 
meeting engineering requirements. 

By Steven Bushong, SPW editor

EcoFasten Solar
289 Harrel Street
Morrisville, Vermont 05661
United States
http://www.ecofastensolar.com

Magerack Corporation
4453 Enterprise Street
Fremont, CA 94538
United States
http://www.magerack.com

Unirac, Inc.
1411 Broadway Blvd NE
Albuquerque, NM 87102-1545
United States
http://www.unirac.com
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Trackers

How does solar backtracking make projects more productive?

Solar backtracking is a tracking control 
program that aims to minimize PV panel-
on-panel shading, thus avoiding production 
losses. When a tracker, or a linked tracker row, 
is used near another, it shades the adjacent 
tracker during early morning and late 
afternoon hours. 

The backtracking algorithm is 
implemented to drive the panels’ position 
during these periods of low solar height, said 
Laurent Sarrade, Global Product Manager at 
Exosun. 

Though the angle of the panels is not 
optimal, the loss from the off-angle is typically 
less than the loss that would result from 
shading the panels, added John Williamson, 

Director of Engineering at Array Technologies. 
When a single cell in a crystalline module is 

shaded, it affects the power production of the 
entire module. 

“For example, if half of a single cell is 
shaded, the panel will reduce in power output 
by about 50%. By backtracking, losses due 
to shading are eliminated, optimizing the 
amount of power that the panels can produce,” 
Williamson explained.

This increase in power production widens 
the “shoulders” of the power production curve 
for any given day, and results in a better LCOE.

There are no additional costs to enable 
backtracking. Williamson acknowledged an up-
front cost for the development of the product, 

but it’s small in comparison 
to the benefits gained from 
shade prevention. 

The amount of 
backtracking performed on 
average should be minimized 
for a site to produce the 
maximum amount of power, 
however. When laying out a 
site, it’s important to keep the 
field density to a minimum 
to allow for greater spacing 
between rows, which means 
less backtracking.

Sarrade asserted that 
any serious tracking system 
provider should be able to 
propose a basic backtracking 
program, citing Exosun’s 
patented tracking process 
SMARTracking. 

“If the system is simply 
based on a light sensor 
and feedback system, it 
is much more difficult to 
make backtracking function 
properly,” Williamson 
explained. “Most astronomical 
algorithm-based control 
systems can be programmed 
with backtracking.”
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When a tracker is 
stand-alone and doesn’t 
have adjacent trackers or 
tracker rows, backtracking 
is not typically required. 
Some PV panels are not 
as sensitive to shading, 
and some thin film 
modules do not decrease 
power output if a single 
cell is shaded. However, 
running simulation 
software to determine 
whether backtracking 
is needed is suggested. 
Backtracking is never 
completely unnecessary, 
Sarrade said.

By Joshua Smalley, SPW 
research assistant

Array Technologies, Inc.
3901 Midway Place NE
Albuquerque, New Mexico 87109
United States
http://arraytechinc.com

Dunkermotoren USA Inc.
1500 Bishop Court
Mt. Prospect, IL  60056
United States
http://www.dunkermotor.com
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any other tracker
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* Levelized Cost Of Energy

Exosun Inc.
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Suite 526
South San Francisco, California 94080
United States
http://www.exosun.net

SunLink
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United States
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The short answer is: it depends.
Ground-mounted arrays penetrate the 

ground-surface to stabilize the rack structure 
and have a variety of foundation types. Soil 
composition, local climate conditions, module 
size, array tilt and other features of the 
proposed site and array influence what makes 
a ground-mount foundation the right fit for an 
individual solar project.

“Arrays may be mounted on driven beams, 
anchor systems, ballasts or hybrid racking 
systems,” said Bill Taylor, CEO of DCE Solar.

Driven beams are support beams, usually 
made of steel, that are driven into the ground at 
a pre-determined depth. The superstructure of the 
rack and panels is then attached to those beams. 
The size and the length of the beam are determined 
by site conditions and array configurations, according 
to John Klinkman, Vice President of Engineering at AET. 
Driven beams are inexpensive, and may be constructed 
more quickly and simply than other foundation methods. 
However, unpredictable subterranean conditions can cause 
issues and impact performance.

In locations where soil is not well-suited for driven beams, an anchor system may be 
used instead. Examples include helical piles, expanding anchors and ground screws. “This 
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Ground mounts

What is the best foundation for a ground-mounted solar array?

type of system allows for an improvement in 
the ground mount’s ability to handle vertical 
loads at relatively shallow depth,” Klinkman 
said. “However, anchor systems are more 
expensive and take longer to build.”

A ballast system uses a man-made 
foundation to hold the rack and panel in place. 

Ballasts are most often used 
in commercial installations 
where ground penetration is 
not advised or permitted. A 
ballasted system usually has 
two vertical posts connected 
to a single concrete block 
approximately 2 ft x 2 ft x 8 
ft, whereas a driven system 
would only require a single 
post. While completely 
controllable, ballasts can 
be expensive and are not 
typically suitable for smaller 
installations. Precast pavers 
are less expensive, can save 
on labor costs and install more 
quickly, according to Taylor.

A hybrid system is 
an absolute “must” when 
dealing with multiple 
support methods, variable 
site conditions or unknown 
soil issues, said Taylor. These 
systems are comprised of a 
mix of ground-mount types, 
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including driven beams, anchor systems and 
ballasts. Hybrid systems are used to address 
the specific needs of an installation with more 
than one type of terrain.

Ground-mounted systems can be installed 
on almost any type of land or soil, Klinkman said. 
North American examples include bedrock, clay, 
sand and even cobblestone. The most popular 
land types for installations are farm fields, empty 
lots, commercial parking lots, landfills and 
simple open spaces with minimal shading.

“The best way for a contractor to 
determine the ideal foundation for a given soil 
type would be to conduct a proper subsurface 
investigation,” said Klinkman.

“A qualified geotechnical firm is a good 
method to evaluate the existing soil types on 
any site,” said Taylor. “A detailed report will 
include prevailing soil types present on the 
property, as well as any obstructions, rock 
formations, drainage considerations and other 
challenges present on the site.”

Knowing the results of a proper 
geotechnical investigation will allow 
contractors and installers to select the most 
appropriate mounting approach, as well as 
the type of racking necessary to work with the 
mounting system.

Other considerations a contractor should 
be aware of are installation costs and time, rack 
maintenance requirements, quality of the racking 
system, site accessibility, weight restrictions and 
classification and history of the property.

“The goal is to spend the correct amount 
of resources at the beginning of the project to 
properly understand the site conditions and 
constraints. The foresight produces the most 
effective foundation design,” said Klinkman.

“Like all construction projects, the right 
answer is usually a mix of considerations that 
vary depending on the individual client and 
project,” Taylor added.

By Joshua Smalley, SPW research assistant

Array Technologies, Inc.
3901 Midway Place NE
Albuquerque, New Mexico 87109
United States
http://arraytechinc.com

Baja Construction Co. Inc.
223 Foster St.
Martinez, California 94553
United States
http://www.bajacarports.com
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Made in the U.S.A.
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The second generation Power Peak™ GS is a cost effective, utility scale mounting system 
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and code compliant, the Power Peak GS promises long term reliability    

DPW Solar is a major manufacturer of PV Solar mounting solutions since 1993. Professional 
installers from coast to coast rely on our POWER-FAB® product line of high strength and easy 
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The solar carport market is steadily advancing throughout the nation. 
As consumers recognize the financial benefit and environmental 
impact of solar installations, more clients are capitalizing on this 
multipurpose and lucrative investment.

Of course, the best way for an industry to grow is to build upon 
its successes. Failures, on the other hand, can dampen growth. News 
reports have shown the result of failed carports: lengths of steel and 
aluminum, fallen and damaging parked cars below. 

The structural integrity of solar carports can be compromised in 
numerous ways, including acts of nature and people. A couple years 
ago in New Jersey, for example, two carports failed after significant 
snowfall. The reason behind the failures, however, was human: one 
system had incorrect engineering of the steel structure, and the other 
had a flawed foundation design. 

The structural integrity of a carport may also be jeopardized due to 
driver error. A vehicular accident involving a carport can cause failure in 
the structural design and support of a structure.

“The failure rate of solar canopies is minuscule,” said David 
Froelich, director of business development at Solaire Generation. 

“That being said, the fact that canopies are built to be above people 
and vehicles demands strict attention be paid to local conditions, in 
particular snow, wind and seismic loads.”

Canopies differ in many ways, including width and spacing between 
columns, and these factors must be analyzed with respect to the various 
loads.  In addition, particular attention should be paid to soil conditions 
so foundations are designed appropriately. In addition, all code 
considerations must be met and approved. 
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“Make sure you are comfortable with the company 
who is stamping the drawings—both the structural and 
foundation designs,” Froelich said.

The annual installed capacity of carports tripled 
from just shy of 50 MW in 2010 to 157 MW in 2013, 
according to GTM Research, and is expected to hit 318 
MW in 2016. The growth is in line with the rest of the 
solar industry. And while solar canopies and carports are 
more expensive – the increased material, engineering 
and labor adding to the bottom line–they possess a 
distinct advantage over rooftop systems that drives their 
success: people can see them.

Just make sure they don’t see them fall. 
“The key to any successful design-build project is 

due diligence,” said Robert Hayworth, CEO of Baja 
Construction. “Make sure that all of the information 
needed to successfully evaluate and execute a design is 
available to the design team and is vetted for accuracy.” 
 
By Steven Bushong, SPW editor

Carports

How can contractors build fail-safe 
solar carports?

Baja Construction Co. Inc.
223 Foster St.
Martinez, California 94553
United States
http://www.bajacarports.com

DPW Solar
4000 Vassar Drive
Albuquerque, NM 87107
United States
http://www.dpwsolar.com

RBI Solar
5513 Vine Street
Cincinnati, OH  45217
United States
http://www.rbisolar.com

SolarEdge Technologies, Inc.
47505 Seabridge Dr.
Fremont, CA 94538
United States
http://www.solaredge.us
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Planning for solar array wiring is a 
detailed process with timing and 
financial implications. The variety of 
solar cables available, the specific 
uses for each and the supply chain 
are reasons why solar cabling 
should never be an afterthought.

“The best advice is to 
spend the proper time on the 
development of the project and 
have experienced installation 
personnel,” said Hanss Bruss, 
key account manager for solar 
at Helukabel. “It’s important to 
understand the latest changes 
in codes and to be aware of the 
features of quality cable that will 
last in the severe environment 
that solar panels are exposed to, 
and have experienced people 
planning the installation.”

Oftentimes, contractors will 
order cable for a project months 
ahead of construction. Project 
size can impact lead-time, with 
larger projects requiring additional 
oversight due to the cost of materials. 

“Establishing an early, upfront 
relationship with a cabling 
manufacturer can help ensure the 
right cable for the job, as well 
as guarantee product availability 
and seamless logistics once the 
project commences,” said Karen 
Wilkinson, director of marketing 
communications at General Cable.

When ordering cables, the 
project’s engineering firm (EPC) 
analyzes the specifics of the 

Cables

What do contractors need to know 
about ordering cable for solar 
projects?

project and sets the required 
cable specifications. To ensure 
the right cable is procured, the 
EPC provides a Bill of Laden to 
the contractor or information such 
as ampacity requirements, soil 
conditions, project size, voltage 
and temperature considerations.

Furthermore, the National 
Electric Code (NEC) designates 
the requirements for cable used 
in solar systems. The conductor 
size is determined by the ampacity 
and voltage of the system. The 
local jurisdiction can provide input 
on cabling. And there are some 
options that are not specified 
by the NEC, such as LSZH/Zero 
Halogen requirements, flame 
retardant and materials.

Contractors purchase a variety 
of low-voltage power and control 
cables, as well as medium-voltage 
distribution cable.  Cables that 
connect the solar panels together 
transfer the dc power generated 
to the inverter. Other cables take 
the ramped up ac power from the 
inverter to the transformer where 
it is then transferred into the grid 
or used by the local application. 
Communication and control 
cables are found throughout the 
installation. They can provide 
performance data and power 
tracker motors. 

“Given the often extreme 
installation environment for solar 
power systems, coupled with the 
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need to save time and ensure reliability, pre-connectorized cable 
solutions are a consideration,” Wilkinson said.

Ideal for utility scale generation systems, pre-connectorized 
solutions enable fast, easy connections, simplifying installation 
while removing the inconsistencies associated with field 
termination. 

Along those same lines, DC feeder cables for connecting 
combiner boxes to inverters are now offered as all-in-one metal-
clad cables that increase reliability and eliminate the need to 
install conduit. PV cables are also being engineered in colors to 
easily identify source, output and inverter circuits without the 
need for time-consuming marking tape or tagging cables. 

With project cost being a key consideration, ordering extra cable 
should be minimized. A good working relationship between the 
project engineer and cable provider can prevent buying more cable 
than necessary, although every project should include extra cable 
to cover normal usage and scrap considerations on a project. Cable 
manufacturers can help determine how much extra cable is prudent 
based on experience and the overall scope of the project, giving 
contractors peace of mind that they will not waste money or be left 
having to store and manage excess inventory that they may never be 
able to use.  

“These cables can get pretty big and copper is expensive 
so the less scrap is better, but no one wants to have contractors 
sitting idle when you run out of material,” said Neal Allen, key 
account and industry manager at Helukabel.  
 
By Steven Bushong, SPW editor
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Any system with energy storage needs a way to regulate 
the flow of energy into the batteries. Philip Undercuffler, 
director of strategic platforms at OutBack Power, said that 
regulation prevents the batteries from overcharging and 
potentially receiving damage. 

“Charge controllers regulate the energy flowing from 
the PV array and transfer it directly to the batteries as 
a DC-coupled system, which is the most efficient and 
effective manner,” he said. Giving batteries as long of a life 
as possible is an important function of a charge controller. 

Two different types of charge controllers exist for solar 
systems. The first, which Undercuffler simply referred to 
as the “standard,” is usually small and commonly features 

Charge controllers

What is a charge controller’s function?

pulse-width modulation (PWM). “The PWM 
controllers are old school and not very 
efficient,” said Bob Gudgel and Kim Silva of 
MidNite Solar. PWM technology sends out 
short controlling pulses to the batteries and 
is not particularly agile. It lacks the ability to 
optimize an entire array based on differences 
between panels, for example. PWM is 
adequate in places with constant, steady and 
strong solar radiation and in systems that are 
cost-sensitive, according to Undercuffler. 

The second and most common type of 
controller has maximum power point tracking (MPPT) technology. These 
units are often found in larger systems and offer higher performance 
through their ability to extract all available power from the panels, 
Undercuffler explained. MPPT charge controllers increase a solar array’s 
effectiveness 30%, making it the preferred technology in all but the most 
basic systems. The MPPT controllers also connect strings of panels in a 
series for higher voltages, keeping amperage low and wire size smaller, 
especially for long wire runs to the PV array, said Gudgel and Silva.

Charge controllers have taken on several new features in the 
market lately, including increased capacity as they reach higher 
operating voltages to accommodate larger systems. Undercuffler also 
cited better flexibility, with more controllers using improved weather-
resistant designs that operate under greater environmental extremes 
with less maintenance. “This is very important as charge controllers 
have often been the Achilles’ heel of PV systems and usually contain 
its only moving parts,” he said. Newer designs with superior thermal 
management will enable designers to bring solar to more demanding 
areas that require electricity, including research stations, remote 
telecommunications sites and mining and energy operations.

Energy storage is growing and advancing, causing charge 
controllers to become more prevalent. Charge controlling is a 
prerequisite to storing surplus electricity in batteries, according to 
Undercuffler. “With increasing diversity in battery technology—from 
the resurgence of ‘Edison’ iron types to 
lithium-ion, and aqueous to advanced 
lead-acid—the need for smarter, flexible 
and reliable charge controllers can 
only grow with the demand for clean 
electricity,” he said.

By Joshua Smalley, SPW research 
assistant
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Combiner boxes

What is a combiner box?
The combiner box’s role is to 
bring the output of several solar 
strings together. Daniel Sherwood, 
director of product management 
at SolarBOS, explained that each 
string conductor lands on a fuse 
terminal and the output of the fused 
inputs are combined onto a single 
conductor that connects the box 
to the inverter. “This is a combiner 
box at its most basic, but once you 
have one in your solar project, there 
are additional features typically 
integrated into the box,” he said. 
Disconnect switches, monitoring 
equipment and remote rapid 
shutdown devices are examples of 
additional equipment. 

Solar combiner boxes also 
consolidate incoming power into 
one main feed that distributes to a 
solar inverter, added Patrick Kane, 
product manager at Eaton. This 
saves labor and material costs 
through wire reductions. “Solar 
combiner boxes are engineered to 
provide overcurrent and overvoltage 
protection to enhance inverter 
protection and reliability,” he said.

“If a project only has two or 
three strings, like a typical home, a 
combiner box isn’t required. Rather, 
you’ll attach the string directly to an 

for combiner boxes. “The environment and 
frequency of use should determine the levels of 
maintenance,” Kane explained. “It is a good idea 
to inspect them periodically for leaks or loose 
connections, but if a combiner box is installed 
properly it should continue to function for the 
lifetime of the solar project,” Sherwood added.

The quality of the combiner box is the most 
important consideration when selecting one, 
especially since it’s the first piece of equipment 
connected to the output of the solar modules. 

“Combiner boxes are not expensive compared to 
other equipment in a solar project, but a faulty 
combiner box can fail in a dramatic way, involving 
shooting flames and smoke,” Sherwood warned. “All 
should be third-party certified to conform to UL1741, 
the relevant standard for this type of equipment,” 
Sherwood said. Also be sure to pick a combiner box 
that meets the technical requirements for your project.

A new trend is the incorporation of a whip: 
a length of wire with a solar connector on the 
end. “Rather than a contractor drilling holes in the 
combiner box and installing fittings in the field, we 
install whips at the factory that allow the installer 
to simply connect the output conductors to the 
box using a mating solar connector,” Sherwood 
explained. “It’s as easy as plugging in a toaster.”

This year arc-fault protection and remote rapid 
shutdown devices are more popular than ever, due 
to recent changes in the National Electrical Code 
that require them in many solar applications. “New 
technologies and components are driven by the 
NEC changes, as well as the desire for enhanced 
energy efficiency and reduction of labor costs,” 
Kane said. Some of these new components include: 
higher voltage components, integral mounting 
hardware and custom grounding options.

By Joshua Smalley, SPW research assistant

inverter,” Sherwood said. “It is only 
for larger projects, anywhere from 
four to 4,000 strings that combiner 
boxes become necessary.” However, 
combiner boxes can have advantages 
in projects of all sizes. In residential 
applications, combiner boxes can 
bring a small number of strings to a 
central location for easy installation, 
disconnect and maintenance. In 
commercial applications, differently 
sized combiner boxes are often used 
to capture power from unorthodox 
layouts of varying building types. For 
utility-scale projects, combiner boxes 
allow site designers to maximize 
power and reduce material and labor 
costs by distributing the combined 
connections.

The combiner box should reside 
between the solar modules and 
inverter. When optimally positioned 
in the array, it can limit power loss. 
Position can also be important to 
price. “Location is highly important 
because a combiner in a non-
optimal location may potentially 
increase DC BOS costs from losses 
in voltage and power,” Kane 
explained. “It only constitutes a few 
cents per watt, but it’s important to 
get right,” Sherwood agreed. 

Little maintenance is required 

Solectria (Yaskawa - Solectria Solar)
360 Merrimack Street
Lawrence, Massachusetts 01843
United States
http://www.solectria.com
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A solar array is all about connections—panels 
need to be connected to each other, and to 
inverters. Connectors attach solar components 
together to produce a successful flow of electricity. 

On DC-based projects, panels must be 
connected into strings. Usually the connectors 
are installed on the panels at the factory, but they 
can be field-installed. End-panels have to then be 
connected to an inverter or combiner box, and 
those connections are often done in the field. 

On AC/microinverter projects, connections 
are made between the panel and the 
microinverter. These connections are usually pre-
installed with cabling, especially on plug-and-
play integrated solar modules. 

“Beyond their role in aiding electrical 
connections in PV solar arrays, connectors must 
meet the voltage and current requirements for 
their service while providing a low resistance 
point of contact,” said Daniel Sylawa, business 
development manager of renewable energy at 
Phoenix Contact USA. “They also must endure 
temperature extreme and thermal cycling, resist 
mechanical events and prevent disconnection for 
lifetime of the array.”

Connectors look especially simple, but 
they are very important. They require adequate 
engineering consideration to meet the 
requirements of a project. In addition to surviving 
extreme swings in outside temperatures, direct 
sun, snow and rain, connectors have to support 
increasing voltages. One of the biggest issues 
that prevents connectors from moving electricity 
from Point A to Point B is that not all of them 
mate together nicely. 

“For both DC and AC project connector and 
cabling systems, no industry standards exist,” 
Sylawa said. “For DC systems, commonly a ‘MC4 
connector’ is used. The MC4 design is a specific 
manufacturer which does not recommend mating 
with connectors of different manufacturers. 
The lack of an industry standard means that 
compatibly of the connection cannot be assured, 

Connectors

What is a connector’s role on a solar project?

especially over the 20- to 30-year lifetime 
of the array.”

Sylawa said a better practice is to use 
connectors from a single manufacturer 
to avoid complications. Most connectors, 
Phoenix Contact’s included, are designed 
to only mate with themselves. 

Proper training is also a must when 
it comes to handling connectors, even 
though the act of connecting solar 
components together seems easy.

“DC PV connectors can have crimp 
style or tool-less spring style connectors 
for the wire connections,” Sylawa said. 

“Crimp style connectors are usually 
installed in a factory environment where 
proper tooling and trained installers 
are available. In the field, they can be 
problematic as often they are installed 
without proper tooling or training.” Tool-
less spring connectors, therefore, offer 
an advantage as they have a self-intuitive 
installation procedure. 

Connectors are one of the final 
pieces to a solar puzzle, and they’re just 
as important as the panels themselves. 
These small components shouldn’t be 
ignored; they’re essential to a successful 
project.

By Kelly Pickerel, SPW editor
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Choosing the right panels and inverters 
might seem like the most important factor 
in assembling a great solar project. But 
equal attention should be paid to the 
enclosure housing all the important electrical 
components. If they’re not protected from the 
elements, then the solar project won’t function. 

“Because solar controls can be the second 
or third largest cost of the solar system, it is in 
the best interest of the specifier to choose the 
enclosure best suited for the environment in 
order to prevent costly downtime,” said Roger 
Schroder, engineering manager for Stahlin 
Non-Metallic Enclosures. 

Enclosures can be made of metal or 
nonmetallic materials (like thermoplastics and 
composites). While metal enclosures have 
been in the industry the longest, nonmetallic 
enclosures are making strides at market 
dominance. Metallic enclosures aren’t ideal for 
every outdoor application (stainless steel can 
rust, and aluminum can easily break down), but 
nonmetallic materials offer several advantages 
for almost any environment. 

“Thermoplastics—such as polycarbonate, 

Enclosures

How important is an enclosure on a solar project?

polyester, ABS and PVC—offer a degree of 
corrosion protection but are more susceptible 
to UV exposure and weathering degradation 
over time,” Schroder said. “Certain UV 
stabilizers are now added to extend the life of 
the thermoplastic enclosure.”

Thermosets/composites are typically made 
with reinforced fiberglass. These are corrosion 
resistant and can withstand harsh environments—
like the extreme temperature fluctuations of the 
desert (where most of the U.S. multi-megawatt 
projects have found homes).

“Thermoplastics typically meet requirements 
for withstanding extreme temperatures and 
rain sleet, while protecting against external ice 
formation,” Schroder said. “Some enclosures can 
withstand temperatures ranging from -76° F to 274° 
F and are equipped with a rain shield to ensure 
that water on top of the cabinet does not fall into 
the enclosure whenever the door is opened.”

When deciding what enclosure to choose 
for a solar project, it’s important to take into 
consideration all environmental impacts and 
not just go with the cheapest price. Nonmetallic 
enclosures may initially have a higher cost, but 

their lack of maintenance to 
prevent rusting saves money 
in the long run. Enclosure 
specification sheets list what 
the unit is made of, how it’s 
mounted, its temperature 
range, flammability rating and 
chemical resistance. 

“It is important to 
know the environment 
and the application where 
the enclosure will be 
used because there are 
documented cases where 
the material selected for 
the application did not 
provide sufficient protection 
for the controls,” Schroder 
said. “Education on the pros 
and cons of each of these 
enclosure materials will aid 
specifiers in selecting the best 
choice for the solar controls.”

By Kelly Pickerel, SPW editor
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The National Electrical Code (NEC) requires 
bonding electrically conductive materials and 
equipment to establish an effective ground-
fault current path. 

In general, bonding a piece of equipment 
means connecting it to an equipment 
grounding conductor (EGC) that is bonded to 
the overall grounding electrode system. The 
goal is to take all of the metal in a system 
that could become energized during a fault 
(besides the current-carrying conductors) and 
connect them together so they are effectively 
one piece of metal. That “one” piece of 
metal is then connected, by EGCs, back to 
the source of power, completing a circuit for 
any fault current. Bonding prevents a host of 
possible risks and dangers.

Grounding

What is the process of grounding and bonding 
a solar PV array?

“Imagine: the insulation on a PV source 
circuit wire becomes damaged, and the current-
carrying part of the conductor makes contact 
with a frame or rail,” said Brian Mehalic, PV 
Curriculum Developer and Instructor at Solar 
Energy International. “Now that metal, which 
is not normally part of the circuit, has potential 
voltage relative to whichever pole in the DC 
circuit is not faulted, and may even be carrying 
current during system operation. This is a 
dangerous situation, because there is now the 
possibility of a fire, as well as a shock hazard.”

Regardless of system voltage, equipment 
grounding is required on all PV systems. 
Appropriate bonding and equipment 
grounding limits the voltage imposed 
on a system by lightning, line surges and 

unintentional contact with 
higher-voltage lines. It also 
limits the voltage-to-ground 
that can occur on normally 
non-current-carrying metal 
components, ranging from 
frames and rails to conduit 
and enclosures.

“Bonding and grounding 
PV systems ensures public 
safety, as well as the safety 
of PV installers and field 
electricians,” said Andy 
Zwit, Codes and Standards 
Manager at ILSCO.

Excluding modules, the 
majority of components in PV 
systems are bonded like any 
other electrical system. For 
example, grounding busbars 
are connected to the metal 
chassis of enclosures, such as 
disconnect switches, combiner 
boxes and inverters, and then 
an equipment grounding 
conductor (EGC) is connected 
to the busbar, Mehalic 
explained.

Using approved 
mechanical connectors 
and bonding washers 
are two popular bonding 
and grounding methods. 
Mechanical connectors can 
be mounted to a module 
or racking frame with lay-
in features which accept a 
copper wire that bonds and 
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grounds components, said 
Zwit. Bonding washers are 
used in conjunction with 
hold-down clamps and 
bolted joints on the racking 
system. The washer fits 
over the bolt, and when 
tightened to the prescribed 
torque value, pierces through 
oxidized or coated surfaces, 
providing a solid bond 
between metal parts.

A number of factors make 
the grounding and bonding 
of a PV system difficult. PV 
systems are exposed to 
the elements, which can 
result in atypical situations 
where the usual practices for 
bonding may not perform as 
intended. For example, many 
listed grounding lugs are 
not designed to be installed 
outdoors; using a lug that is 
not rated for outdoor use can 
lead to premature failures 
in the intended path for 
fault current, hampering the 
functionality of overcurrent 
and ground-fault protection 
devices, said Mehalic.

Expansion and 
contraction from thermal 
cycling, as well as different 
expansion rates for different 
materials – such as steel, 
aluminum, copper and 
PVC – can result in loose 
connections over time, even 
when the equipment was 
initially installed properly, 
Mehalic explained. Proper 
installation isn’t a given, 
though. The anodized coating 
on module frames and 
racks requires appropriate 
connections and hardware 
to penetrate the anodization, 

also preventing corrosion where the bare 
aluminum has been exposed.

Additional difficulty in grounding PV 
systems results from the interactions of 
dissimilar metals used for racking structures, 
module frames and grounding devices, he 
added. When combined with moisture, these 
interactions can lead to corrosion and failure.

How do you know if a system has been 
properly bonded? From a manufacturer’s point 
of view, the testing done to comply with UL 
and CSA standards ensures products meet 
requirements for safety, repeatability and 
longevity, said Zwit. 

“In the field, an installer should follow the 
manufacturer’s installation instructions for PV 
system components and the guidelines set 
forth in the NFPA-70 NEC Handbook, as well 
any requirement dictated by the local AHJ,” 
he said. “Following installation, but before 
energizing a system, there are several methods 
that can be used to test and ensure a system is 
properly bonded and grounded.”

“System grounding, as well as equipment 
bonding and grounding, must be addressed in 
detail during the design phase, with equipment 
and connection methods clearly stated,” said 
Mehalic. “Without a proper understanding of 
the intended design, the installer’s job is much 
more difficult. Special attention must be paid 
to the types of connections that are unique to 
PV systems – such as module-to-rack bonding, 
outdoor use of lugs and dissimilar metals in 
close proximity.”

By Joshua Smalley, SPW research assistant
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Solar meters can refer to pyranometers, which 
are used to measure solar radiation flux density 
(W/m2), or devices used to measure the kWh 
production from a PV system. This article is 
about the latter.

Solar meters collect PV yield production 
and local energy consumption to monitor and 
analyze PV plant performance. Solar meters 
often come with a monitoring function to 
alert plant owners of issues with PV plant 
performance, letting them quickly resolve issues 
and maximize return on investment. Plant data 
is transferred to a monitoring platform that 
provides a concise presentation of PV yields, 
monetary savings and plant performance. 

“Solar meters record electricity readings 
using integrated current transformers (CTs),” 
said Anne Nelson, marketing manager at Solar-
Log. “Solar Meters can be cellular enabled, 
which allows for a dependable communication 
from the plant to the monitoring platform, 
where the installer and customer can view 
performance remotely via the web.”

To measure electrical power (kW)—the 
rate of production—two aspects are measured: 
current and voltage, according to John Browne, 
applications engineer at Continental Control 
Systems. The current represents the amount of 
electricity (electrons) flowing through a conductor. 
Voltage represents the pressure pushing the 
electricity through the conductor. Current is 
typically measured by sensing the strength of the 
magnetic field produced when electricity flows 
through a conductor. A current sensor installed 
around a conductor is the current transformer 
(CT). The voltage is measured directly by the 
meter via two or more connections to the 
electrical service. The meter multiplies the current 
by the voltage to calculate apparent power (VA), 
and compares the current and voltage signals to 
calculate power factor (Pf). The apparent power is 
multiplied by the power factor to calculated real 
power (P). Real power is integrated over time to 
calculate real energy (kWh).

Meters

What are solar meters?

Meters, which do the measuring, can be internal or 
external to the inverter. All inverters include an internal 
meter, but frequently these meters are not revenue 
grade. External meters can be installed along the AC 
line between the inverter and the main distribution 
panel. This allows one meter to measure output from 
multiple inverters, which can create significant cost 
savings, as well as a collection of more precise PV yield 
data if the meter is “revenue grade.” Some solar meters 
can connect directly to the inverter through an RS485 
or Ethernet cable, providing additional data for plant 
monitoring and diagnostics, Nelson said.

A revenue grade meter meets the ±2% reporting 
accuracy requirement in accordance with the American 
National Standards Institute (ANSI). Most meters 
embedded in solar inverters do not meet the ANSI 
certification requirements which means that these 
readings are much less accurate. In the U.S. PV market, 
many solar financing or incentive programs require 
revenue grade metering precision.

“In order to reduce field installation labor, the 
industry is heading towards integrating the meter into 
the inverter at the factory,” said Browne.

Even aside from the financing and incentive 
programs that require revenue grade metering, more 
and more, solar meters are becoming a necessary 
component of solar PV plants, Nelson said. Meters allow 
PV plant owners to monitor their plants and ensure the 
plant is performing correctly. Meters also provide the 
production information that is necessary for plant owners 
to calculate a solar PV plant’s return on investment. 
 
By Steven Bushong,  
SPW editor
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Global irradiance is the amount of radiant 
energy (electromagnetic radiation from the 
sun) on a flat surface. It’s important to measure 
irradiance to know how much power a solar 
project could potentially harvest from the Sun. 
The irradiance is measured in watts per square 
meter (W/m2). A pyranometer is designed to 
measure this irradiance from all directions.

Dmytro Podolskyy, business manager of 
pyranometer manufacturer Kipp & Zonen, said 
that irradiance data is crucial at all stages of 
a solar energy project. “Even before building 
a power plant, a pyranometer is advised for 
prospecting to find the optimal location,” he 
said. “Designing a solar energy system with 
optimal performance requires knowing how 
much energy it will receive from the sun.” For 
example, a solar plant with nominal power 
of 1 MW will produce a different amount of 
energy (kWh) depending on the solar resource 
available at the location. Reliable bankable 
solar irradiance data is required by investors 
for feasibility studies and to reduce uncertainty 
of project performance. Therefore, Podolskyy 
explained that monitoring irradiance is 
important for reliable estimation of profitability 
of a solar project. 

Furthermore, irradiance data such as the 
ratio between the direct and diffuse radiation 
on site is also important when choosing 
solar generating technology (i.e. PV, CPV or 
CSP) or racking technologies (i.e. fixed or 
tracking panels). Direct solar irradiance is the 
rate of solar energy arriving at the Earth’s 
surface from the Sun’s direct beam on a 
plane perpendicular to it and is measured by 
a device mounted on a solar tracker called a 
pyrheliometer. The tracker follows the sun to 
make sure the beam is directed into the device. 
Diffuse solar irradiance is the rate of incoming solar energy 
on a horizontal plane at the Earth’s surface as the Sun’s beams are 
scattered by the atmosphere. A pyranometer measures this with its 

Pyranometers

What is a pyranometer?

glass dome shaded from the Sun’s beam. 
At an operational solar plant, a 

pyranometer measures the solar energy that 
is coming into the system while power meter 
measures what electrical power it produces. 
Knowing these two values at all moments 
allows calculating the performance ratio (PR) of 
a solar plant. PR is an important parameter that 
can indicate if the solar plant is operating well 
or if there are issues such as soiling, shading, 
short-circuits or module degradation.

There are two types of pyranometers: 
thermopile pyranometers and semiconductor 
pyranometers. A thermopile pyranometer is 
the “true” pyranometer that actually measures 
the total amount of radiation on a surface, 
according to Podolskyy. It has a thermopile 
detector (a device that converts thermal 
energy into electrical energy) with strongly 
light-absorbing black paint that consumes all 
radiation from the sun equally. This creates 
a temperature difference between the black 
surface of the sensors and the body of the 
instrument and results in a small voltage at the 
sensor that can be measured and translated 
into W/m2. However, a semiconductor or 
silicon pyranometer uses a 
photodiode (a device 
that converts light 
into current) to 
create an 
electrical 

signal from the incoming solar 
radiation. The disadvantage 
of the silicon pyranometer 
is that its spectral sensitivity 
is limited, which means it 
simply does not see the whole 
spectrum of the sun. Not 
surprisingly, this can result in 
errors of measurements.

Thermopile pyranometers 
can be divided into three 
classes defined by the ISO 
9060 standard that indicates 
their precision: Second Class, 
First Class and Secondary 
Standard.  Podolskyy 
said Secondary Class 
pyranometers are the best fit 
for solar. “Secondary Standard 
pyranometers are the most 
precise and are normally used 
for high-quality measurement 
of solar radiation at weather 
stations and solar energy 
projects due to their long 
term stability and low error 
rates,” he said.

A pyranometer provides 
an analogue voltage output, 
but Podolskyy added that 

some pyranometers are 
available with a smart 

interface and offer 
standard 
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industrial output 
(4-20mA and 0-1V) in 
addition to a digital 
Modbus RS485 
output.

A pyranometer 
can be installed on 
its own or as a part 
of a meteorological 
station. “Often 
on a large solar 
plant you will find 
one or several 
meteorological 
stations that measure 
important weather 
parameters such 
as temperature, 
relative humidity, wind speed and direction and solar radiation,” 
Podolskyy said. “You will also find multiple pyranometers 
installed next to and in the same angle as PV panels to locally 
monitor the Global Tilted Irradiance, also called Plane of Array 
(POA) irradiance.” POA irradiance received by tilted PV panels 
partly includes the radiation reflected from the ground as well 
as the radiation from the sun and sky. The measurements taken 
by pyranometers can be compared with models that calculate 
irradiance on the array from the sky under different conditions. 
This step is critical for efficiently modeling the overall 
performance of solar energy projects. 

By Rachel Poling, SPW research assistant
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Batteries in solar applications have to meet the 
demands of unstable grid energy, heavy cycling 
(charging and discharging) and irregular full 
recharging. There’s a variety of battery types 
fitted for these unique requirements. Here’s a 
look at these aspects of each technology. 

Lead acid
Deep-cycle, lead-acid batteries have been 
employed in renewable energy and reliably used 
in off-grid applications globally for decades

Cost: Typical deep-cycle, lead-acid batteries 
cost about half as much as lithium-ion.

Cycling: Valve-regulated lead-acid (VRLA) 
batteries include absorbed glass mat (AGM) and 
gel models. Many AGMs batteries available in 
the market are primarily built for dual-purpose 
or standby applications like emergency backup, 
but not deep cycling. However, new deep-cycle 
AGM designs have increased performance and 
total energy output making them a good choice 
for renewable energy applications at a lower 
price point than gel batteries.

Replacement/maintenance: Many factors 
including initial design and ongoing 
maintenance influence battery life so it’s difficult 
to put a time frame on when the batteries 
will need replacement. Flooded lead-acid 
batteries have to be refilled regularly because 
the electrolyte that fully submerges the battery 
plates evaporates during charging. The battery 
enclosure needs ventilation to keep hydrogen 
gas from accumulating to dangerous levels. 

AGM and gel technologies, however, are 
recombinant, meaning they internally convert 
hydrogen and oxygen into water and do not 
require maintenance. As there is no free acid 
inside these batteries, they can be installed in 
any position other than upside down. Because 

Cost: Deutsche Bank analysts 
estimated lithium-ion 
batteries at about $500/kWh 
at the end of 2014, but one 
manufacturer said it’s closer 
to $750 to $950/kWh. Part of 
this cost comes from needing 
a battery management system 
to monitor the voltage and 
temperature of each cell to 
prevent excessive charging and 
discharging. However, some 
manufacturers note that, if sized 
correctly, lithium-ion cells can 
reduce the cost of peripheral 
devices like charge controllers, 
offsetting its higher initial price 
and lowering cost-of-ownership.

Cycling: Lithium-ion batteries 
can typically deliver more 
cycles in their lifetime than 
lead-acid. This makes them a 
good choice for applications 
when batteries are cycled to 

Batteries & storage

What is the best type of battery for 
solar storage?

solar applications can be in hard-to-reach or 
remote areas, the ability to install the batteries 
and let them operate over long periods without 
maintenance is a benefit. 

Lithium-ion
According to a U.S. Solar Energy Monitor 
report, lithium-ion batteries are the most 
common storage technology, regardless 
of application. There are three types: 
pouches such as in smartphones and tablets, 
cylindrical such as in power tools, and 
prismatic (which come in various shapes) 
such as in electronic vehicles. Prismatic types 
often have corrugated sides, which create air 
gaps between adjacent cells and can aid in 
cooling. The prismatic can have applications 
in solar energy storage, specifically lithium 
iron phosphate (LFP) batteries.
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Lithium-ion  
batteries are still  

the most common  
storage technology  

used in general, 
but other technologies  

such as AGM and vanadium  
are making their way into the 

storage landscape as well.  

Source: U.S. Solar Energy Monitor
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provide ancillary services to 
the grid. The most important 
benefit lithium-ion provides 
for solar is its high charge 
and discharge efficiencies, 
which help harvest more 
energy. Lithium-ion batteries 
also lose less capacity when 
idle, which is useful in solar 
installations where energy is 
only used occasionally. 

Replacement/maintenance: 
Lithium-ion batteries can 
be lighter and more self 
contained than lead-acid 
batteries, so may be easier to 
install and change out. They 
can be wall-mounted and 
located indoors or outdoors. 
They are solid, so don’t 
require refills or maintenance.

Flow batteries
Redox flow batteries are 
emerging as another storage 
option. Lux Research reports 
that falling costs will lead to 
a 360-MWh market in 2020, 
worth $190 million. The 
vanadium redox flow battery 
(VRFB) is the most mature 
technology in this area.

Cost: VRFB developers say that 
sourcing vanadium from flyash (a 
by-product of coal-fired electric 
generating plants) will reduce costs 
from over $500/kWh to $300/kWh 
at scale by 2024. VRFB developers 
are developing ways to boost power 
density, which will further drive down 
costs. Integrated power electronics 
manage the charging and discharging 
processes, providing a low cost-of-
ownership. But the complexity of 
flow battery chemistry often requires 
ancillary equipment such as pumps, 
sensors, control units and secondary 
containment vessels. This infrastructure 
takes up appreciable installation space.  
However, one manufacturer has eased 
the complexity of ancillary equipment 
by including all required components 
within the container itself thereby 
offering a complete built-in solution.

Replacement/maintenance: VRFB 
manufacturers note the vanadium 
electrolyte doesn’t degrade over time, 
so they can last much longer than other 
technologies. With other technologies, 
adding more batteries is the only way 
to increase hours of storage. A benefit 
of VRFB architecture is that you can 
increase battery size by simply adding 
more electrolyte. 

Flow batteries will command a $190 million 
market opportunity by 2024 in the likely case
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Cycling: VRFB developers say the technology has no 
cycling limitations, and batteries can be charged and 
discharged completely without impact on their lifespan. 

This article has been compiled with help from 
VARTA Storage, Lithonics Battery, Imergy and 
Trojan Battery Company.

By Kathie Zipp, SPW editor
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Software
How has design software evolved?
Design software has many different 
uses, touching every aspect of the solar 
development process. Paul Grana, founder 
of Folsom Labs, explained that design 
software may be used in the beginning 
sales process by measuring the size, cost 
and expected energy yield of the array. 

“Then, design software can help engage the 
customer, generating high-quality imagery 
and in some cases even giving the customer 
some input on their system design,” he said.

Rishi Daga, executive vice president of 
EagleView Technologies, added that design 
software may become very powerful when it 

combines high-resolution aerial imagery into 
the process. EagleView’s Pictometry Online, 
for example, allows contractors to perform site 
evaluation and gather basic measurements. 
The software available today may be used 
for value-engineering and even for strategic 
business decision-making and planning.

Solar installers may find, according to 
Daga, that modern software technology 

“virtually eliminates the chances of human 
error when performing calculations and 
obtaining measurements.” Companies 
should use these programs, Grana agreed, 
because they work more efficiently, especially 

compared to the pencil-
and-paper alternatives. 

“Additionally, design software 
helps installers generate 
professional-looking 
proposals, with high-quality 
renders of the potential array 
and powerful analysis of the 
costs and benefits of the 
system,” Grana said.

Over the past decade, 
design software has evolved 
from pencil-and-paper 
sketches, to programs such 
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as AutoCAD, and then more 
recently to those like SketchUp 
for residential layouts, Grana 
explained. However, “none of 
these tools were solar-specific, 
so they ultimately required 
too many steps for the user to 
generate a complete system 
layout,” he continued. 

Modern technologies 
are more precise, reliable 
and accessible. Daga cited 
the evolution of high-speed 
internet as a major contributor 
to the advancement of design 
technology, eliminating the 
need for installation of special 
software or local hosting 
data. The aforementioned 
programs were cumbersome 
and required special training, 
whereas today, “providers are 
simplifying their systems to 
make it easy for users to get up 
to speed quickly,” Daga said.

Advances in mobile 
technology allow software to 
be more accessible. “Users are 
no longer tied to a desktop 
computer that requires a 
lot of memory to run the 
software,” Daga noted. Grana 
was interested particularly 

in the advancing quality of 
contemporary tablets, allowing 
many installers to pull up their 
system designs directly in the 
field, potentially with a customer.

Grana also thought the 
biggest technological trend of 
the last five to 10 years was the 
emergence of the cloud. “It’s a 
cost-effective, secure, reliable 
and powerful way to provide 
software products,” he said. 

Software products can 
employ more powerful 
calculations without requiring 
a supercomputer. Being cloud-
based also enables real-time 
collaboration between different 
engineers, as well as enabling 
installers to access their work 
from multiple devices.

Daga referred to aerial 
image technology as playing a 
large role in design programs. 

“Watch out for the impact that 
drones will make in the industry 
in terms of design, installation 
and the ability to perform 
maintenance inspections in the 
future,” he said.

By Joshua Smalley, SPW 
research assistant
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Most solar installations are grid-tied, but 
this leaves customers without power 
backup. When the power goes out, grid-
tied solar systems are forced to disconnect 
as well. This is for safety reasons; linemen 
working on power lines need to know there 
is no electric source feeding the grid. Grid-
tied systems also can’t control power usage, 
which would be beneficial during peak 
demand time when more power might be 
needed than what’s available on the grid. 

But there are ways to avoid these issues. 
Backup energy storage can be incorporated 
into solar PV systems in two ways: as grid-
hybrid systems or completely off-grid. 

 
Grid-tied system with battery back-up
Grid-hybrid systems, or grid-tied systems 
with battery backup, are ideal for 
customers already on the grid who want 
battery backup. Those prone to power 
outages or those who generally just want 
to be prepared for outages are good 
candidates for a grid-hybrid system. 

With this type of system, customers 
get the best of both worlds because 
they’re still connected to the grid and can 
qualify for state and federal incentives 
while lowering utility bills. If there’s a power 
outage, there’s backup. Battery-based 
grid-tied systems provide power during an 
outage and can store energy for emergency 
use. System owners can back up essential 
loads, like lighting and appliances, when 
the power is out. They can also use energy 
during peak demand times because energy 
is stored in battery banks for later use. 

These systems do have some drawbacks. 
They’re more expensive than basic grid-tied 
systems, and less efficient. There are also 
more components to install. The addition 
of the batteries also requires more products, 
like charge controllers, to protect them. 

Off-grid system
Off-grid systems are great for customers 
who can’t easily connect to the grid. 
Benefits of an off-grid system include 
allowing customers to become energy self-
sufficient and providing power in remote 
places away from the grid. System owners 
also have fixed energy costs and don’t 
have bills for energy use. Off-grid systems 
are modular and can increase capacity as 
energy needs grow. Customers can start 
with a small, budget-conscious system and 
increase its size over time.

Because the system is often the only 
source of power, many off-grid systems 
contain multiple charging sources, such 
as solar, wind and generators. Weather 
and year-round conditions must be 
considered when designing the system. 
Backup generators are also good to 
have on hand just in case renewable 
power sources are not enough at times 
to keep batteries charged. 

Off-grid systems may not qualify 
for some incentive programs. Systems 
also have to be designed to cover 100% 
of the customer’s energy loads, and 

Off-grid

What are the different ways to 
combine solar PV and energy storage?

hopefully even a little bit more. Off-
grid systems have more components 
and are more expensive than a 
standard grid-tied system, as well.

By Elise Murphy, a system designer 
at Washington contractor Fire 
Mountain Solar

Methode Electronics Inc.
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United States
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Solar contractors will often find insurance requirements in 
the contracts they sign with project owners. Failure to obtain 
the proper insurance could leave installers with contractual, 
statutory and financial risk. Insurance agents can conduct 
reviews to ensure a solar contractor is carrying appropriate 
policies without gaps in coverage. But it’s important for 
contractors to have a baseline knowledge about insurance, 
beginning with what type of insurance they may need.  

Depending on the scope of work and what type of coverage 
is required by contract, an installation floater or builders’ risk 
policy can be purchased to cover the materials that are being 
installed at the project site as well as the temporary storage and 
transit of those materials. Builders’ risk is often chosen for larger 
ground-mounted utility-scale projects because it is typically 
required by contract, while an installation floater typically covers 
smaller projects, including residential rooftop installations, where 
one contractor is doing all aspects of the job. 

There are also insurance coverages that all solar installers 
need depending on their individual operation, including, 
but not limited to, general liability, workers compensation, 
business auto, umbrella, professional liability and possibly 
surety coverages. In many instances, particularly with 
commercial projects, project owners will mandate that 
particular coverages be purchased by an installer. This should 
be addressed with the contractor’s insurance agent or broker 
to ensure the insurance requirements are met.  

While many carriers offer the same basic coverages (auto, 
general liability, workers compensation), each applies its own 
set of policy endorsements and exclusions that modify the 
policy terms. It is critical that solar installers engage with their 
insurance agent or broker to fully understand what is or is not 
covered. For example, professional liability is typically limited 
or excluded as part of a general liability policy and needs to 
be covered separately. It is important to ensure the languages 
of the two policies work in concert. For example, contractors 
want to avoid both policies having exclusions for the same 
type of loss, which would cause a coverage gap. 

Not carrying the right insurance coverage, or the right limits 
of coverage, could adversely impact solar installers in several ways. 
If there are contractual requirements specifying types and limits of 
coverage, failing to carry that coverage could place an installer in 
a position where they have breached their contractual obligations. 
In addition, some coverages, like workers compensation are 
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Insurance

What do solar installers need 
to know about insurance?

statutorily required. Failing to 
carry these coverages would 
be a breach of that statutory 
obligation. Finally, an installer 
could leave themselves exposed 
to unnecessary financial risk 
by failing to have coverage 
or limits in place to protect 
against what may have been an 
insurable loss. Failing to have 
the right coverage in place 
does not relieve an installer of 
their potential obligation to pay 
others for damages they are 
found liable for. 

An agent or broker should 
be examining an insurance 
plan annually prior to the 
renewal. As part of an annual 
renewal, an agent or broker 
may ask for information to 
assist them in evaluating 
whether changes need to be 
made to a policy. One thing 
that can be looked at during 
this annual review is a list of 
jobs completed in the past 
year. This can help an agent 
or broker determine whether 
the current limit of insurance 
is adequate to protect an 
installer in the event of a loss.

When it comes to 
insurance cost, premiums 
depends heavily on the type 
of coverage purchased. For 
example, workers compensation 
is rated based on payroll, while 

automobile is priced by vehicle. 
General liability premiums could 
be determined in a variety of 
ways, such as rate times one or 
more of the following factors: 
megawatts installed, revenue, 
payroll or subcontractor costs. 
Premium for property and inland 
marine coverages are typically 
priced on a value of property. 

Given the rapid growth 
in solar, there are a number 
of issues that should be 
considered relative to insurance 
or potential claims. One of 
the biggest concerns includes 
the increased roof load and 
potential structural issues from 
roof-mounted systems. 

Understanding the unique 
exposures of solar installation 
is a critical step in managing 
the potential risk to insurance, 
people and property. Insurance 
is more than coverage and 
limits on a policy. Insurance 
is in place to help protect not 
only a company’s financial 
assets but also its employees, 
by supporting and assisting in 
safe work practices.  

Article information from 
Matthew Burrows, Sr. 
Product Director, Travelers 
Construction; and Scott Foyer, 
National Practice Leader, 
Travelers Inland Marine
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Researching the site conditions of an area for a potential 
solar application is very important for the success and 
health of the project. Which variables should installers pay the 
most attention to?

Solar resource is the most important site condition to have 
reliable information on, according to Matt Perry, manager of 
Renewable Energy Group at Campbell Scientific. High quality 
solar irradiance data is critical for site selection and system 
design, he said, as well as for estimating, validating and 
forecasting power plant performance.

“Solar resource and power production are very tightly 
coupled,” said Gwendalyn Bender, product manager for 
Assessment Services at Vaisala. “Understanding how the 
solar resource has varied for the last 10 or 20 years is a 
substitute for normal performance variation over the 
lifetime of a project.”

Bender added that most sites will not have onsite 
or nearby observational equipment for over 10 years, 
however, satellite-based datasets from companies 
like Vaisala can provide high-quality long-term 
datasets. These datasets can be calibrated with 
local observations for higher accuracy.

Weather parameters also play a large 
role in solar site assessment. Perry cited 
weather as a defining PV-operating 
condition, as it provides a connection 
to historical and satellite data for 
accessing annual solar resource 
variability. He mentioned ambient 
temperature and wind speed as 
two weather variables to consider, 
each affecting the irradiance and 
operational PV-module temperature.

Elaborating on temperature, 
Bender explained that high irradiance usually goes 
hand-in-hand with high temperatures, which lead to 
reduced panel efficiency and energy output. However, 
some locations may have high irradiance with low 
temperatures during the winter or spring months. 

Site Assessment

What site conditions are 
important to consider when 
planning a solar project?
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“If you only have data on irradiance, then you’re 
missing a piece of the puzzle that explains energy output,” 
said Bender. “Knowing the temperature profile of a site 
can also help you choose the best equipment to handle 
weather extremes the system may experience—different 
manufacturers specialize in different temperature conditions.”

The precipitation profile, including snowfall, must also be 
considered for maintenance purposes. The amount and type 
of precipitation at a site affects soiling loss, which applies to 
pre-construction energy estimates and factors into cleaning 
schedules during operation of the solar system, as well.

“Knowing the amount of snow a region receives and 
when it will fall can help developers make pre-construction 
plans for handling snow loads, and aim to control its 
influence on production,” Bender said.

By Joshua Smalley, SPW research assistant

EagleView Technologies
3700 Monte Villa Pkwy, Ste 200
Bothell, Washington 98021
United States
http://www.eagleview.com
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The looming step down of the solar federal 
investment tax credit (ITC) from 30% to 10% for 
larger projects at the end of 2016 is consuming 
the solar industry. There isn’t some cataclysmic 
shift that will happen in 2017; it’s happening 
now. If projects weren’t lined up with a builder 
by the end of 2015, they will likely have serious 
pain points and might not get finished.

At this point, to qualify for the current ITC, 
projects must be operational by Dec. 31, 2016. 
Utility solar project developers have had to 
navigate the market pressures resulting from 
the ITC step down for a while. But now that it’s 
imminent, there is less room for time delays, 
false starts or mistakes. There are three key 
factors defining a project’s success in making 
the ITC cutoff: interconnection timelines, 
access to labor and permitting.

down and spending the 
capital,” said Aaron Halimi, 
director of utility project 
development at Borrego Solar. 

“The decision to authorize the 
utility to do their work is being 
made earlier than usual in an 
effort to make the ITC cut-off.”

In areas of the country 
where hundreds of megawatts 
of solar are being installed, the 
industry is likely to encounter 
testing and commissioning 
delays with the local utility 
or independent system 
operators. For those in the 
business of mitigating their 
ITC deadline risk, targeting 
PTO well in advance of the 
end of 2016 should be done to 
accommodate the likely delays 
from the local utility.

Access to labor
Analyst firm IHS reported in 
June 2015 that U.S. developers 
had a pipeline of 32 GW of 
utility-scale PV to complete 
before the ITC deadline. 
All this activity means that 
companies, public agencies, 
technology providers, 
contractors and financiers will 
be constrained making sure 
they can move these projects 
across the finish line. Access 
to high quality materials 
and qualified manpower will 
be challenging. Choosing 
a dependable EPC with 
technology supply contracts in 
place and solid relationships 
with local subcontractors is a 
key consideration in mitigating 
this risk.

The rebound of the 
broader economy and 

Construction, installation, 
development

How will the ITC reduction affect solar 
construction in 2016?

Interconnection
Interconnection can be a long and drawn-out 
process depending on the utility, study type 
and overall project size. To ensure a project 
reaches permission to operate (PTO) in time to 
make the ITC cut-off, it’s essential the project 
is far enough along in the study process 
to get an interconnection agreement (IA) 
tendered before the end of 2016. In addition, 
once there is an IA in place, the engineering 
and construction timelines associated with 
interconnection facilities need to provide ample 
time for testing and commissioning. 

“This will not only require project owners 
and developers to post capital in the form of 
security deposits that get spent as construction 
moves along, but they’ll also need to release 
the utility to commence construction, drawing 
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increased construction projects is 
another limiting factor. Many solar 
electrical subcontractors and local 
laborers also work on more general 
forms of construction projects, and 
with the economy improving, this 
is bound to become an additional 
constraint on project timelines.

Permitting
Similar to interconnection, permitting 
can be challenging and riddled with 
delays and complications. 

“It’s essential to assume things 
won’t always break your way, so make 
sure to get started with the permitting 
process as early as possible,” Halimi 
said. “Go into the local agency 
offices and sit down with the person 
responsible for the relevant permit 
to discuss any concerns you have up 
front. In many cases establishing a 
basic relationship can help reduce the 
inherent bureaucracy associated with 
this development milestone.”

Looking Ahead
Given all of these top-level 
considerations, the market will begin 
to see more collaboration between 
developers, EPCs and project owners 
with the common goal of getting 
projects built before the end of 2016. 
There is less room for error and many 
developers aren’t proficient in dealing 
with every aspect quickly enough to 
keep the project moving forward at 
the needed pace. Market participants 
will seek out others in the industry 
that have expertise in an area they 
might be lacking to get the project 
over the ITC finish line.

“Stay in front of the curve, put 
your capital to work and don’t take 
a vacation,” Halimi said. “Every day 
from here on out could make or break 
your deal.”

Contributed by Borrego Solar
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Often the lines between operations and 
maintenance (O&M) and asset management 
(AM) are blurred. Operations is engrained 
in O&M, but it’s also a large focus for AM 
providers. So what really is the difference 
between the two service areas?

AM is often looked at as the larger 
umbrella under which O&M is found. Chad 
Sachs, CEO of AM company RadianGEN, 
said asset managers “provide comprehensive 
services to owners to help them run their 
plants optimally, technically and financially.” 

“AM is the broader term. It really 
includes everything at the operation level 
all the way to the financial and investment 
level,” he said. “Traditionally the O&M has 
been more boots on the ground—people 
doing preventative, corrective maintenance. 
When the inverter goes out, an O&M 
provider is usually the one who is called on 
to fix it. AM is really managing on behalf 
of the owner to get the best result for the 
project. They would be overseeing O&M, 
making sure the O&M provider got out 
there in time, is fulfilling their performance 
guarantees and didn’t overcharge for 
corrective maintenance because they didn’t 
do sufficient preventative maintenance.”

you going to have do that? Is 
somebody a few days quicker 
but more expensive? These 
are all financial decisions that 
somebody who manages the 
accounts of the projects can 
determine to generate as much 
cash out of the solar project as 
possible.”

Everyone is looking to cut 
costs, and O&M is the latest 
area to be picked apart. Before, 
someone might hire an O&M 
to do everything—vegetation 
management, washing, 
preventative and corrective 
maintenance, etc. But now they 
may feel comfortable hiring a 
separate vegetation manager 
and a more efficient washer. 
How will all these separate 
services be managed?

“They split out the 
responsibilities to bring costs 
down,” Sachs said. “That 
means, they’ve added 
complexity and a need for 
managing those assets. What 
asset managers can do is help 
with that management at an 
affordable price in a way that 
really gives you the best of 
both worlds.”

By Kelly Pickerel, SPW editor

Asset management

What is the difference between asset management and O&M?

O&M has received the bulk of industry 
focus lately, and Sachs said equal attention 
should be paid to AM. 

“You build the project, you expect it to run 
exactly as planned. That’s a naiveté,” Sachs said. 

“O&M has got an increased emphasis because 
people realize you need to take care of [systems]. 
With proactive asset management, you can avoid 
underperformance and really help the asset 
improve. That’s where a lot of people don’t give 
AM as much credit.”

Edmee Kelsey, CEO of solar asset 
management software provider 3megawatt, sees 
O&M and AM as needing each other equally to 
function properly.

“There are a lot of areas where the asset 
manager works very closely with the O&M 
guys to figure out the best action,” Kelsey said. 

“Sometimes you find that [a broken] panel has to 
be transported from China and shipping costs 
are not included. The decommissioning and 
reinstallation costs are not included. Who are 
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Operations and maintenance (O&M) is a 
growing market within solar. In the early years 
of the industry, O&M was looked at in basic 
terms as fixing a broken inverter or cleaning 
panels—ensuring the project is operating and is 
maintained. As solar installations have took off, so 
too has the need for preventative maintenance to 
guarantee systems are working to their potential. 

“People have not looked at O&M deeply 
enough in their fleets, and they really need to 
think about what that means over 20 years,” 
said Marty Rogers, vice president of global 
service and support for Enphase Energy, which 
recently bought O&M provider Next Phase 
Solar. “If we manage the solar asset and keep 
them performing and as fresh as possible, 
there is an overall savings for the financial 
institute. By doing the proper preventative 
maintenance and O&M, you keep that asset 
fresh and you keep the financial institutes 

Operations & maintenance

How critical is O&M on today’s solar projects?
happy with their asset performance.”

O&M includes everything from 
preventative maintenance tasks (like module 
cleaning or thermal scans of inverters) to 
proactive services (like system monitoring and 
enhanced reporting). 

“Effective O&M is more than just tactical 
duties, such as following a maintenance manual, 
module cleaning or ground maintenance,” said 
Don Buck, director of global service business 
development and service sales for the Americas 
for SMA, an inverter manufacturer and full-
service O&M provider. “O&M must also 
mitigate risk factors by proactively identifying 
potential issues and addressing them before 
they can impact an owner’s bottom line.”

O&M is important across all PV applications 
because it protects power production and 
maximizes ROI. With proper O&M, residential 
customers experience greater power output 

and a reduction of energy 
bills, commercial customers 
benefit from less system 
downtime essential to day-to-
day operations and utility-scale 
customers ensure long-term 
viability and profitability.

Installers and system 
owners are starting to look 
at O&M services more 
proactively. Instead of just 
working with the “break-
fix” model (replacing a 
panel that’s cracked or an 
inverter that isn’t working), 
preventative maintenance is 
making its way into packages. 
In order to have the most 
efficient system, Rogers said 
it’s important now more than 
ever to separate the installer 
from the O&M provider. 

“As people are really 
gearing up to install more solar, 
installation crews are focused 
on being efficient at installation, 
so it’s an opportunity for the 
O&M piece to be very efficient 
with O&M,” he said. “In the 
past, installation crews would 
go off to do maintenance on 
a system, but it would take 
them away from being efficient 
on [installing] new systems. 
We have a large [O&M] fleet 
around the country, and they 
can go manage those systems 
in an efficient way, because 
they’re not trying to do 
something else in between.”

This post-installation 
expertise is really beneficial to 
the end customer. 

“When we go to a site, 
we’re very quick at analyzing 
what the problem is and taking 
corrective action,” Rogers said. 

“If it’s someone who doesn’t do 
that as a day-to-day thing, then 
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they could waste a lot of time trying to 
figure out the problem.”

When everyone in solar is trying to 
cut costs and save time, O&M can help.

“Reducing soft costs is as 
important to PV today as it will be 
tomorrow,” Buck said. “O&M costs 
will decrease as processes become 
more efficient and this market 
segment achieves economies of 
scale. O&M is relatively new and it will 
naturally reduce in cost as it becomes 
more widespread and technology 
improves, much like PV devices 
(such as inverters) have themselves. 
O&M will continue to be a vital 
part of the PV landscape because a 
properly maintained solar system can 
increase yield up to 30%, accelerating 
investment payback.”

By Kelly Pickerel, SPW editor
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