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We’re SolarWorld – America’s Authority on Solar™

At SolarWorld we believe our energy is different because we’re 
different. And it’s not just because we’ve been powering American 
homes and businesses for over 35 years.

We have a true commitment to making solar work in America. In fact, we’re leading the charge to keep 

solar manufacturing strong here. Last October, we decided to take a stand against illegal trade practices 

that resulted in many American manufacturers closing their doors. And even though we had some strong 

opposition, we stood up to a foreign government creating unfair advantages in the global marketplace. Today, 

we continue to fight the battle, and we’re winning. Solar energy started here. Let’s work together to keep it 

here. You can learn how to join or support us at AmericanSolarManufacturing.org .

ALL SOLAR ENERGY  
IS NOT CREATED EQUAL



The SunWize 
EPC+ Value Chain

The Means To Make It Happen
Delivering sustainable energy solutions to leading public and private organizations for over 20 years, 
SunWize is a global:

• Engineering, Procurement, and Construction company
• Premier Distributor of sustainable energy products
• Developer of engineered solutions for mission-critical projects

By leveraging Mitsui’s $66B global network both upstream and downstream, we provide businesses, 
government agencies and our dealers with the resources they need to execute sustainable energy 
projects on time and within budget. 

www.sunwize.com | 1.800.81.SOLAR  (1.800.817.6527)



Planning or bidding commercial projects?
Install Big Jobs Faster

Call SnapNrack for the most innovative, 
cost effective solar racking system.

(805) 540-6999    
info@snapNrack.com
www.snapnrack.com

 eyond equipment 
savings, SnapNrack 350 Series 
also saves valuable man-hours 

 during installation.
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Get Tested Products from  
a Leading Distributor
When you buy from AEE Solar, you  
can be confident you are getting the  
best products the industry has to offer.  
With 30 years of solar experience, we  
know which products deliver the best  
value for your money.

Plug Your Business into  
30 Years of Solar Expertise

I’m Plugged  
into AEE Solar

KURT GEWECKE
KG Solar and Renewable  Energy

 ”AEE Solar is more than a supplier, they 
are a partner in business, having helped 
us launch our Solar division over 3 years 
ago.  AEE Solar’s quality products and 
outstanding service make them an 
indispensible asset to my business.” 

The Only Wholesale  
Distributor You’ll Ever Need

800-777-6609
www.aeesolar.com
sales@aeesolar.com

       2011 PHOTON MODULE

TEST WINNER

Proud Distributor of:



DuraTrack™HZ

sales@arraytechinc.com     855.TRACKPV (872.2578)     +1.505.881.7567     arraytechinc.com   

When it comes to PV arrays, it’s time for fixed-rack systems to wake up and smell the coffee. 
The DuraTrack HZ single axis tracking system adds hours of sunlight thanks to a horizontal axis that follows the sun, 
and backtracking that eliminates shading to deliver maximum production in the early morning and late afternoon.  
But don’t let the elegant design of the DuraTrack HZ system lull you into thinking it doesn’t have the brawn to 
deliver year after year. It’s all about less down-time and more sunshine, and that means a fast ROI for you and your 
customers. Get the tracker that outperforms fixed-rack systems like they’re, well, standing still. 
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22  Central Inverters for  
  Utility-Scale Applications

The US solar industry has reached a crossroads:  
The utility sector is starting to eclipse the traditionally 
dominant nonresidential sector. This article presents 
some of the innovative architectures and controls 
employed in central inverters for utility-scale PV 
applications. This specific class of PV inverter serves 
an important market segment throughout the world, 
one in which very large, unshaded PV arrays are 
directly interconnected with utility distribution or 
transmission grids.
BY RICK HOLZ, PE 

46  2013 Central Inverter  
  Specifications: 1,000 Vdc Models

For 2013, we developed two central inverter 
specifications datasets. The first covers models with 
dc input voltages of more than 600 Vdc with rated 
power outputs of 500 kWac and greater. 
DATA AGGREGATION BY JOE SCHWARTZ  

AND DOUG PUFFER 

58  Basics of Medium-Voltage Wiring 
Medium-voltage wiring is typically used for ac 
collection systems in utility-scale PV power plants. 
Depending upon the project capacity and site 
complexity, it can also be a useful design option 
in commercial-scale applications. We provide an 
introduction to some common components used 
in medium-voltage circuits, including distribution 
transformers, overhead and underground feeders, 
pad-mounted switchgear, and metal-enclosed  
and metal-clad switchgear, and discuss basic design 
considerations for their application in PV systems.
BY DAN SIMPSON, PE 

82  2013 Central Inverter  
  Specifications: 600 Vdc Models 

This second dataset includes products with dc  
input voltages of up to 600 Vdc with rated power 
outputs of 30 kWac and greater.
DATA AGGREGATION BY JOE SCHWARTZ  

AND DOUG PUFFER 
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Not just for sunny days

R

A HILTI GROUP COMPANY

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

www.unirac.com
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f  O n  t h e  C O v e r  
Cupertino Electric’s Energy Alternatives Division was selected as 

the design/build electrical contractor for Pacific Gas and Electric 

Company’s 20 MW PV plant located in Huron, California. The project 

is part of PG&E’s 5-year clean energy initiative, which includes up  

to 250 MW of utility-owned solar generation.

Photo by Michael Crawley, Cupertino Electric
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DESIGNED BY INSTALLERS FOR INSTALLERS
877 301 3582   www.lumossolar.com

XFlash
Adjustable design that saves you time and money

XFlash Components

Made in the USA
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SS EDPM Bonded Washers
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Featuring EcoFasten
Simple Seal Gaskets

3/8”-16 SS Flange Locknut
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XTrack
6” Vertical Track
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Dual axis alignment

(2) Self-drilling GRKs 

Black powdercoat finish
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Quicker installation
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Increased durability
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The PV150 SolarlinkTM Test Kit contains more than simply the tools to meet all the commissioning
test requirements of NABCEP and other international standards. It holds the secret to making
it more efficient, easier and safer.

SolarlinkTM connectivity between the PV150 tester and Solar Survey 200R irradiance meter,
allows irradiance, module and ambient temperature results from the 200R to be transmitted
over a wireless link and be recorded in real time in the PV150. This is the only PV installation
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speed and traceability by downloading all results via USB. 

The solution to gaining the competitive edge? It’s in the bag.

Available now, contact us for full details 813-886-2775
www.seawardsolar.com/solarpro or email enquiry@seawardsolar.com SOLAR

Faster, safer, traceable solar PV testing. 
It’s in the bag.

Visit seawardsolar.com/solarpro
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Distinguish Yourself

Find out how you can become a NABCEP certified professional and go to:  
www.nabcep.org

Jessica Baldwin, Certified NABCEP Solar Heating Installer, NYC

“The extreme value of the NABCEP certification is that it sets you apart from others in 
the field. From a business perspective I am more likely to get the job over someone without
the NABCEP certification. More job requests now call for NABCEP certification up front.”

  

    Attain the Highest Level of

    SOLAR Certification 
         

NABCEP CERTIFIES: PV TECHNICAL SALES PROFESSIONALS, PV INSTALLERS, AND SOLAR HEATING INSTALLERS 
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Most people in the industry have 
heard of the “six-handle rule.” The 

source of this rule is found in Section 
230.71(A) of the NEC, which indicates 
that in general “each service” or “set of 
service entrance conductors” shall have 
“not more than six switches and sets 
of circuit breakers.” The requirement 
to group these service disconnects is 
found in Section 230.72. 

What many individuals, including 
plan checkers and inspectors, have not 
fully considered is how this rule applies 
to PV system disconnecting means. 
For example, what if you want to add 
a supply-side–connected PV system 
at a facility that already has six service 
disconnects? You might encounter this 
scenario at a multifamily dwelling unit 
or a commercial building with multiple 
tenants. If the AHJ treats the PV system 
disconnecting means as a service 
disconnect in addition to the existing 
six disconnects, then the PV system 
cannot be added without violating 
the six-handle rule. However, a careful 
reading of the Code does not support 
this interpretation.

Typical Multiunit Service 
A representative multiunit service 
is shown in Figure 1. This is the type 
of service you might find supplying 
a five-unit multifamily dwelling or a 
five-tenant office building, where each 
occupant has its own service discon-
nect and meter. The sixth meter and 
service disconnect is dedicated to  
house loads, which are loads associ-
ated with public or common areas, like 
landscape or stairway lighting. Most 
of the time, tenants are responsible for 
paying for their own electricity usage, 
whereas the facility owner pays for 
the energy used by the house loads. 
Therefore, when you are installing PV 
on a building with multiple units or 
tenants, your goal will typically be to 

interconnect the system in a manner 
that offsets these house loads on behalf 
of the facility owner. 

While Article 230 of the NEC covers 
installation and equipment require-
ments for services, many of the terms 
used in Article 230 are defined in 
Article 100. For example, a service is 
defined as “the conductors and equip-
ment for delivering electric energy 
from the serving utility to the wiring 
system of the premises served.” There 
are at least ten additional definitions 
in Article 100 related to services. 
Several of these terms are identified 
in Figure 1, which is an example of a 
service for a five-tenant office building 
with house loads.

Looking at Figure 1, you can see 
that the service drop conductors, 
shown in blue, terminate at the service 
point, which is located overhead and 
outside the building. The overhead 
system service-entrance conductors 
run between the service point and 
the service equipment, which consists 
of six individual disconnects that are 
grouped together. Each disconnect is 

supplied by a set of service-entrance 
conductors tapped off the service-
entrance conductors in the auxiliary 
gutter box.

We can show that the service in 
Figure 1 is Code-compliant. A single 
service serves the building, which the 
NEC generally requires (see Section 
230.2). The Code also generally requires 
that each service drop “supply only one 
set of service-entrance conductors” (see 
Section 230.40). However, Exception 
No. 2 to Section 230.40 states, “Where 
two to six service disconnecting means 
in separate enclosures are grouped 
at one location and supply separate 
loads from one service drop … one set 
of service entrance conductors shall 
be permitted to supply each or several 
such service equipment enclosures.” 
This exception applies to our example, 
since each disconnect is dedicated 
either to a different tenant or to the 
house loads. As shown, the service also 
complies with the six-handle rule in 
Section 230.71 and the service equip-
ment grouping requirements in Section 
230.72.  c o n t i n u e d  o n  pa g e  1 6

QA Quality assurance
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Figure 1  An over-
head service typical 
of a five-unit multi- 
family dwelling 
or a five-tenant 
office building is 
shown here. All of 
the equipment is 
located outside  
the building.



Engineered to Quick Mount PV’s industry-leading standards for code-compliant mounting systems, 
Quick Hook USA™ is the � rst tile hook complete with preformed � ashing right out of the box. 

✔ Faster, more cost-e� ective installation 

✔ No need to cut a hole in the tile = fewer broken 
tiles and less dust and mess

✔ Better aesthetics with no visible � ashing

✔ Sliding base-hook attachment makes it easy 
to hit the rafter and match the hook to the
valley of the tile

✔ Quick Hook USA™ models for both
curved and � at tile roofs

Quick Hook USA™

Mounting Solar on Tile 
Just Got a Whole Lot Easier

Mounting PV with tile hooks 
has never been easier, stronger, 
and more waterproof!

THE INDUSTRY’S FIRST FLASHED TILE HOOK MOUNT

products@quickmountpv.com   ■    www.quickmountpv.com    ■   925-478-8269 

Learn more at www.quickmountpv.com/quickhookusa

Introducing...

Made in USA
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QA

PV System Interconnection 
There are several ways to interconnect 
a PV system that will offset the house 
loads in Figure 1 or will provide a net 
financial benefit to the facility owner. 
While I focus on the Code implications 
of making a supply-side interconnec-
tion, other options include making a 
load-side interconnection or adding a 
new service.

Load-side interconnection. Code Sec-
tion 705.12(D) allows for a load-side 
interconnection, provided that certain 
requirements are met. One benefit of a 
load-side connection is that there is no 
need to add a seventh disconnect for 
the PV system. However, the load-side 
connection is subject to the 120% rule 
found in Section 705.12(D)(2).

New service. Another option is to 
have the utility supply another service 
to the building and separately meter 
PV production. While Section 230.2 
generally allows only one service per 
building, more services are permitted 
in accordance with Sections 230.2(A) 
through (D). According to Section 
230.2(A)(5), the existence of parallel 
power production systems 
is one of the special condi-
tions under which addi-
tional services to a building 
are allowed. While this 
approach is not commonly 
used, it is allowed according 
to Code. 

Supply-side intercon-
nection. A final option is to 
interconnect the PV system 
between the service equip-
ment and utility meter asso-
ciated with the house loads, 
as shown in Figure 2. In this 
scenario, the 120% rule does 
not apply. Instead, the rating 
of the service limits PV sys-
tem capacity, according to 
Section 705.12(A). Therefore, 
the benefit of a supply-side 
interconnection is that in 
most situations it allows for 
the installation of more PV 

capacity as compared to a load-side 
interconnection.

PV Disconnect Interpretation 
If you propose to interconnect a PV 
system like the one shown in Figure 2, 
then you need to be prepared to have 
a conversation with the AHJ. You must 
be able to explain to an inquisitive plan 
checker or inspector precisely why the 
proposed equipment configuration 
does not violate the six-handle rule. 
This is a situation in which the high 
degree of specificity found in the Code 
is helpful.

To justify the addition of the PV 
disconnect as shown, you must first 
refer to Section 230.40 Exception No. 
5, which reads, “One set of service-
entrance conductors connected to the 
supply side of the normal service dis-
connecting means shall be permitted to 
supply each or several systems covered 
by 230.82(5) or 230.82(6).” If you then 
refer to Section 230.82 in general and to 
Section 230.82(6) in particular, you can 
show that “solar photovoltaic systems” 
or “interconnected power production 

sources” are “permitted to be con-
nected to the supply side of a service 
disconnecting means.” 

Following this logic, Exception No. 5 
to Section 230.40 allows for the instal-
lation of an additional set of service-
entrance conductors, shown in brown 
in Figure 2, on the supply side of the 
service equipment associated with the 
house loads. You now have one set of 
service-entrance conductors supplying 
five occupancies and one house loads 
panel. In addition, you have a second 
set of service entrance conductors sup-
plying the PV system. 

Note that from the Code perspec-
tive—see Section 230.71(A)—there are 
two sets of service-entrance conduc-
tors in Figure 2. This is a key distinction 
to make in your conversations with 
plan checkers and inspectors. Not only 
is the configuration of equipment in 
Figure 2 Code-compliant, but Sec-
tion 230.71(A) also allows for up to six 
“service disconnecting means … for 
each set of service-entrance conductors 
permitted by 230.40, Exception No. 1, 
3, 4 or 5.” Therefore, the interconnected 

M M M M M M

M

Utility
meters

Weatherhead

Auxiliary gutter

Service
equipment

Unit 1 House
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system
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Figure 2  While the PV system disconnect appears to violate the six-handle rule, this con-
figuration of equipment is allowed according to Exception No. 5 to Code Section 230.40 and 
Section 230.82(6).
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PV system could have as many as six 
disconnects supplied from the new 
service-entrance conductors and still 
comply with the NEC.  

PV disconnect grouping. If you 
propose installing multiple PV system 
disconnects, Section 230.72 requires 
that you group these together since 
they are associated with the same 
set of service-entrance conductors. 
Best practice is to locate the new 
group of PV disconnects in the same 
general area as the existing group of 
service disconnects. (In an emergency 
situation, it is important that all first 
responders can locate and open the 
service disconnects quickly.) However, 
it is not always possible or practical 
to group both sets of disconnects, 
and the Code requires only that the 
disconnects associated with each set 
of service-entrance conductors be 
grouped together. 

Unless the AHJ says otherwise, 
the PV disconnects can be grouped 
together and located away from the 
service disconnects. If the PV system 
disconnects are not grouped with exist-
ing service equipment, Section 705.10 
requires that “a permanent plaque or 
directory, denoting all electric power 
sources on or in the premises, shall be 
installed at each service equipment 
location and at locations of all electric 
power production sources capable of 
being interconnected.” 

It is very important to keep in 
mind that local requirements may 
exceed those found in the Code. Util-
ity requirements often dictate where 
the PV system disconnect has to be 
located and what kind of disconnect 
can be used. If the AHJ requires that 
the PV system disconnect be located 
at an interior location with the exist-
ing service disconnect and the utility 

requires a visible and lockable discon-
nect at an exterior location, then the 
integrator will have to provide two 
disconnects in series to satisfy all the 
requirements. To reduce the possibility 
of last-minute surprises, always check 
with the AHJ and the utility in advance 
to verify their PV disconnect location 
and equipment requirements. 

editor’s note: For additional recom-
mendations about making supply-side 
pV connections, please refer to NEC 
Section 705.12 and “utility interconnec-
tions” (december/January 2012, SolarPro 
magazine) by nationally recognized Code 
expert Mike Holt. 

—Marvin Hamon, PE / Hamon  
Engineering / Alameda, CA /  
hamonengineering.com  
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the Wire Industry Currents

Yingli Launches UL-Certified 
1,000 Vdc Modules 
[San Francisco]    Yingli Green Energy has released its YGE-U 72 Cell line of modules designed for 
utility-scale installations in the North American market. The 72-cell multicrystalline modules are UL 
listed for a maximum system voltage of 1,000 Vdc. The product line includes modules ranging from 
280 to 300 W–rated output with a +5/-0% power tolerance value and PV Wire leads with Amphe-
nol connectors that are rated for use with nonisolated, transformerless inverters. Each module 
frame has six grounding locations. Yingli offers a 25-year linear power output warranty in addition to 
a limited 10-year product workmanship warranty on the YGE-U 72 Cell module line.

Yingli Solar / 888.686.8820 / yinglisolar.com

Clean Power FinanCe DeveloPing 
Permitting Database 
[San Francisco]    The ongoing development of the National Solar Permit-
ting Database (solarpermit.org) is supported by a $3M grant from the 
US Department of Energy’s SunShot Initiative. The free online database 

allows individu-
als to search 
quickly for spe-
cific permitting 
requirements 
for jurisdictions 
across the coun-
try. The data-
base enables 
direct input 
from integrators 
and jurisdiction 
representatives 
to increase the 
number of juris-

dictions covered and the validity of the information presented. The poten-
tial time savings and associated economic benefits for both integrators 
and jurisdictions are motivating a wide range of entities to participate 
with Clean Power Finance in database development. Several national 
integrators were already participating in populating the database when 
Clean Power launched the beta version at the Solar Power International 
conference in September.

Clean Power Finance / 866.525.2123 / cleanpowerfinance.com

SolarWorld Announces  
270 W Sunmodule 
[Camarillo, CA]    The newest module from 
SolarWorld, the Sunmodule 270 W mono, 
will be available at the end of Q4 2012.  
Citing advances in 
materials, process 
and design, Solar-
World increased 
the output from 
its 60-cell mono 
product from 250 W 
to the current 270 W 
rating in less than 12 
months. The mod-
ule is packaged in a 
frame that can utilize 
either top-down or 
bottom-up mount-
ing configurations, 
includes eight EGC locations and offers 
extended cable lengths. Electrical specifica-
tions are 8.42 Imp, 32.1 Vmp, 8.90 Isc and 
38.3 Voc. As with other SolarWorld modules, 
the 270 W mono product includes a 25-year 
linear power warranty and a 10-year prod-
uct workmanship warranty.

SolarWorld / 805.388.6590 / solarworld-usa.com
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the Wire

Helios Launches Fully Integrated AC Module 

[Milwaukee, WI]    Helios Solar Works has announced the listing and availability of its 
SolSimple ac module. The product couples Helios Solar’s 60-cell 6T monocrystalline mod-
ule with an Exeltech microinverter. Intertek tested and listed the ac module to UL 1703 
and UL 1741 standards. The product features full module/inverter integration, with the 
microinverter replacing the module junction box and eliminating exposed dc cabling. The 
SolSimple solution has an output power rating of 212 W at 50°C. Output voltage is 120 Vac. 
Helios and Exeltech are currently developing the Elements monitoring platform, which is 
expected to launch in January 2013. The new monitoring system will feature an enhanced 
user interface and increased functionality compared to the current HeliosSentry monitor-
ing platform. The SolSimple ac module carries a 25-year performance and 10-year work-
manship warranty and can be specified to meet ARRA compliance requirements.

Helios Solar Works / 877.443.5467 / heliossolarworks.com

Eltek THEIA HE-t Inverters 
Achieve UL Certification 
[Richardson, TX]    A new four-
model line of isolated inverters 
manufactured by Eltek has been 
listed to UL 1741. The THEIA 
HE-t UL series includes products 
with rated outputs of 2.0, 2.9, 3.8 
and 4.4 kW at 240/208 Vac. The 
inverters utilize a high-frequency 
transformer topology and offer 
CEC-weighted efficiencies of 
96.8% or 97%, depending on 
the model. The inverters’ MPPT 
voltage range is 230–500 Vdc. The 
units are field selectable for nega-
tive or positive grounding and 
include dc disconnects and three 
fused string inputs. Each inverter 
has an integrated web server and 
color screen for configuration, 
monitoring and communica-
tions. In installations using multiple inverters, one inverter 
can be designated as the central monitoring hub for single-
point communications access. Installers can also use the 
master-programming feature, which allows a single inverter to 
automatically transfer settings to multiple inverters. All of the 
THEIA HE-t UL inverters utilize a NEMA 4X enclosure. Eltek 
offers warranties of 5, 10, 15 and 20 years on the product line.

Eltek / 469.330.9100 / eltek.com

outbaCk introDuCes  
FleXmaX eXtreme

[Arlington, WA]   OutBack Power 
has announced the release of an 
environmentally sealed, outdoor-
rated MPPT charge controller 
with a NEMA 3R enclosure. The 
new FLEXmax Extreme has a 
passively cooled design, allowing 
full-power operation from -20°C 
to 40°C while supporting 12, 24, 
36, 48 and 60 Vdc battery banks. 
The controller features a PV 
open-circuit voltage of 150 Vdc, a 
maximum current rating of 80 A  
at 40°C, and enables negative, 
positive or floating array ground-
ing. The enclosure includes ample 
wire-bending space and increased 
terminal size to accommodate 
large-gauge conductors. The 

FLEXmax Extreme can be networked with other OutBack 
Power products through the company’s FLEXnet platform. 
An optional AXS Card Modbus/TCP interface is available for 
remote system status monitoring, command and control. 
Expected availability for the FLEXmax Extreme is Q4 2012.

OutBack Power / 360.435.6030 / outbackpower.com
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CHOOSE THE NEW SUNNY CENTRAL CP-US

The UL-listed Sunny Central CP-US series is the most cost-effective, efficient inverter line of its kind, offering superior 
performance and a lower overall cost of PV-generated electricity. With a maximum DC input of 1,000 V and a 
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he US solar industry has reached a crossroads: 
The utility sector is starting to eclipse the 
traditionally dominant nonresidential sec-
tor. Over the past decade, the nonresidential 
sector—government buildings, retail stores 
and military installations—was the largest 

PV market sector in the US. This general trend is evident in 
Figure 1, which originally appeared in IREC’s annual report, 
“US Solar Market Trends 2011” (see Resources). The report’s 
author, Larry Sherwood, president of Sherwood Associates, 
also notes: “Utility-sector PV installations more than doubled 
in 2011 compared to 2010.” While the annual installed PV 
capacity in the utility sector did not exceed that of the nonres-
idential sector in 2011, it almost certainly did in 2012. Accord-
ing to the most recent “US Solar Market Insight Report” from 
SEIA and GTM Research (see Resources), “Q2 2012 was the 
largest quarter ever for utility PV installations, as more than 
20 projects were completed, totaling 447 MW.” 

Given the robust nonresidential and utility sectors, it 
should come as no surprise that market analysis by IMS 
Research indicates that the largest grid-connected PV 
inverter market in the world today is the market for central 

Central Inverters 
for Utility-Scale Applications

A Designer’s 

Perspective 

on Product 

Selection and 

Specification

By Rick Holz, PE
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Figure 1  This chart from IREC’s “US Solar Market Trends 
2011” report shows the grid-interactive PV capacity installed 
annually by market sector in the US over the past decade. 
While the nonresidential market sector has traditionally 
accounted for the majority of the installed PV capacity, the 
utility sector is poised to drive market growth in the future. 
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inverters. As shown in Figure 2, 
IMS Research expects this trend 
to continue. According to Cormac 
Gilligan, a PV market analyst at 
IMS Research, “Standard central 
inverters will continue to be the 
most widely used inverter type in 
2016 due to the growing demand 
for large commercial and utility-
scale projects, particularly in 
China, India, North America and 
other emerging markets.” Gilli-
gan also notes that demand for 
turnkey substations is forecast to 
grow quickly in emerging markets, 
since these products “help speed 
up installation times or simplify 
designs for large projects.”

In this article, I discuss some 
of the innovative architectures 
and controls employed in central 
inverters for utility-scale PV appli-
cations. Since high dc utilization 
voltages are characteristic of these 
applications, I look only at inverters intended for use with 
1,000 Vdc PV arrays. I also limit my discussion to inverters 
with a rated capacity of 500 kW or larger that employ both 
centralized maximum power point tracking and power con-
version. This specific class of PV inverter serves an impor-
tant market segment throughout the world, one in which 
very large, unshaded PV arrays are directly interconnected 
with utility distribution or transmission grids.

As a system designer, there are four questions I ask myself 
when I specify central inverters for utility-scale applications:

1. Does the inverter meet all of the project-specific objec-
tives, now and for the duration of its warranty?

2. Are the inverter and its manufacturer bankable, and 
does the product have a documented track record of success?

3. Has the manufacturer supplied me with everything I need 
to fully assess the cost, functionality, safety and performance of 
the inverter and the associated balance of system components?

4. Does using this inverter result in the lowest levelized 
cost of energy (LCOE) for the entire PV system, compared to 
my other inverter choices?

While I do not discuss bankability in this article, I touch on 
each of the other considerations. Keep in mind that the first 
three questions are prerequisites to answering the last, and 
that it is essential to look beyond the information provided in 
product specification sheets. You cannot appreciate all of the 
innovation happening in this important inverter space—let 

alone put it to use—if you are simply comparing the peak 
efficiency of inverter A to inverter B. You need to understand 
what accounts for differences in specifications and ratings, 
and what this might mean in terms of a PV system’s overall 
functionality, reliability and profitability. 

Inverter Topology 101 
The power train of a central inverter is where all of the electri-
cal transformations take place. The term topology describes 
the arrangement and control of the devices that make up the 
inverter power train. Central inverter topology is very com-
plex, and in this article I am just scratching the surface of 
the topic. As a system designer, I am primarily interested in 
understanding how it relates to product cost, performance 
and reliability. 

Table 1 (p. 26) describes 14 attributes of central inverters 
used in large-scale PV applications, broken into seven cat-
egories: switching device type, dc source type, ac waveform 
control, switching bridge topology, conversion stages, modu-
larity and galvanic isolation. In addition to describing these 
attributes, the table provides a brief summary of the pros and 
cons associated with each. Lastly, I have indicated whether 
the attribute is common in utility-scale PV inverters. 

Switching device type. PV inverters fall into a general 
category of solid-state electronics called a switched-mode 
power supply (SMPS). An SMPS uses semiconducting transis-
tors that amplify and switch electronic  C o n t I n u E d  o n  pa g E  2 6 
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Figure 2  Standard central inverters are currently the most widely used inverter type in 
the world, and IMS Research expects this to remain the case. The company also fore-
casts increasing demand for turnkey substations. 
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signals, either IGBTs (insulated-gate bipolar transistors) or 
MOSFETs (metal-oxide–semiconductor field-effect transis-
tors). Most PV inverters use these devices because they are 
self-commutated, meaning you can switch them on and off 
with electronically generated commands. Self-commutation 
allows for very precise control of the output ac waveforms, 
which in turn enables excellent power-factor control and har-
monic current suppression. By contrast, once you switch on a 

line-commutated device, such as a thyristor, you need the zero 
crossing of a line-frequency ac source to switch it off. There are 
very high-power applications—generally on the order of hun-
dreds of megawatts—for line-commutated inverters, but they 
are not typically used in PV systems.

DC source type. PV inverters are either dc voltage source or 
dc current source devices. In a voltage source inverter, a large 
capacitor or capacitor bank stabilizes the  C o n t I n u E d  o n  pa g E  2 8 
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Category Typical Attribute Description Advantages/Disadvantages
Common in  

Utility-Scale Inverters?
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 T
yp

e Line-commutated thyristors
Can only be switched on electronically, 

requires line to switch off
Limited control of ac voltage and current waveforms no

Self-commutated IGBT or MOSFET
Can be switched on and off  

electronically
Full control of ac voltage and current waveforms, adjustable 

power factor, harmonic current suppression
yes

DC
 S

ou
rc

e 
 

Ty
pe

DC current source
DC current from PV array is maintained  

by large inductor in dc link
Rugged, heavy harmonic loading, used for  
high-voltage/high-power dc applications

no

DC voltage source
DC voltage from PV array is maintained  

by large capacitor in dc link
Desirable for lower-power systems, good for PF control yes

AC
 W

av
ef

or
m

 
Co

nt
ro

l AC voltage control
AC voltage is used as PWM  

waveform reference

Less PF control, less low-order harmonic content, high 
fault current, can support grid-interactive and stand-alone 

operation
no

AC current control
AC current is used as PWM  

waveform reference
Better PF control, low fault current, can support  

only grid-interactive operation
yes

Sw
itc

hi
ng

 
Br

id
ge

 
To

po
lo

gy

Two level
Switches operate over two  

dc voltage levels
Low parts count, less complex control, lower efficiency,  

higher stresses on switching devices
yes

Multilevel (three or four level)
Switches operate over three or  

more dc voltage levels
High efficiency, higher parts count, more complex control 

necessary, lower stresses on switching devices
yes

Co
nv

er
si

on
 

St
ag

es

Single stage, dc-ac
DC source voltage is directly input  

to conversion stage
Limited dc input range yes

Two stage, dc-dc and dc-ac
DC source and dc-ac conversion stage 

are decoupled via a dc-dc converter
Expanded dc input range, lower conversion efficiency,  

higher ac output voltages possible
yes

 M
od

ul
ar

ity

Monolithic One power train
Lower energy harvest, simpler control system,  

lower parts count
yes

Modular
Two or more power trains connected  

in parallel on the ac side and  
possibly the dc side

Better energy harvest, greater control complexity,  
higher parts count

yes

Ga
lv

an
ic

 
Is

ol
at

io
n Isolated, transformer

Isolation transformer is placed in the 
power train to provide galvanic isolation

No noise transfer between ac and dc sides, independent ac 
and dc grounds, heavyweight, lower efficiency

no

Non-isolated, transformerless
No galvanic isolation anywhere  

in the inverter
Possible noise transfer between ac and dc sides, either ac or 

dc side grounded, lightweight, higher efficiency
yes

Table 1: Inverter Topology Identifiers

Table 1  Inverters can be described based on the categories and attributes listed in this table. In general, most central invert-
ers used in utility-scale applications are voltage source devices with a dc link capacitor that use self-commutated switching 
devices, like IGBTs or MOSFETs. Where they will tend to differ is with regard to switching bridge topology, number of conver-
sion stages and power train modularity. 
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dc input voltage. In a dc current source device, a large induc-
tor stabilizes dc input current.  

Figure 3 shows a simple schematic of a 3-phase, single-
stage inverter. The switching bridge of the inverter chops up 
the dc signal and converts it into an ac waveform. In addi-
tion to showing the switching bridge, Figure 3 also displays 
the dc source (the PV array), the dc link (the capacitor bank) 
and the passive ac filter (an RLC circuit). The purpose of the 
dc link capacitor is to maintain the voltage to the switching 
bridge, as well as to smooth the ripple current that switch-
ing causes.

Most PV inverters are dc voltage type devices. The dc link 
capacitor is therefore a critical reliability component, one 
that defines overall inverter life expectancy. 

AC waveform control. The predominant switching con-
trol method used in PV inverters is a technique known as 
pulse width modulation (PWM). In a PWM inverter, a high-
frequency triangular wave is compared to a sinusoidal refer-
ence waveform, the source of which is the utility grid. When 
the reference signal is higher than the triangular wave, one of 
the upper switches in the bridge turns on and applies posi-
tive voltage until the two waves cross. Then the upper switch 
turns off and the lower switch turns on, applying negative 
voltage. The longer a switch is turned on, the more current is 
conducted into the circuit. 

As indicated in Table 2 (p. 38), the sinusoidal reference 
waveform that the PWM inverter uses can be either an ac volt-
age waveform or an ac current waveform. In practice, most 
grid-interactive PV inverters reference the ac current wave-
form. One of the benefits of ac current control schemes is that 
they are well suited for providing power factor (PF) control.

Switching bridge topology. The simple two-level bridge cir-
cuit in Figure 3 oscillates between full positive and full nega-
tive voltage of the dc source. Hard switching between these 
two voltage extremes produces high losses and harmonics. It 
also puts considerable stress on the switching elements, and 
that stress is a wear-out mechanism that eventually causes 
the device to fail. 

Inverter designers can reduce the voltage across any one 
switch by placing additional levels of switching devices in the 
bridge circuit. Reducing the voltage across the switch in turn 
reduces losses, harmonics and wear-out stress. As a result, 
many central inverter manufacturers now employ multilevel 
bridge topologies. Besides improving switching efficiency, these 
topologies allow for the use of smaller filtering components. The 
inverter designer also has the choice of either providing more 
voltage headroom for the IGBTs or using IGBTs with a lower 
voltage class. The trade-offs associated with using a multilevel 
bridge topology include a higher parts count and more control-
system complexity compared to a standard two-level bridge.

Conversion stages. Single-stage inverter topologies, like 
the one shown in Figure 3, require that the dc source volt-
age be higher than the peak ac output voltage, calculated by  
multiplying the nominal RMS (root mean square) voltage 
by the square root of two. For example, for a single-stage 
inverter to produce an ac voltage waveform with a magni-
tude of 480 VRMS, the dc source voltage must be at least 680 
Vdc (480 VRMS × √2). Since the maximum allowable open- 
circuit voltage is 1,000 Vdc, the effective MPPT window in 
this scenario is quite narrow.

In practice, polycrystalline silicon PV arrays located in 
hot climates require an MPPT voltage range that goes to 550 
Vdc or even as low as 500 Vdc. Under the latter conditions, 
a single-stage inverter outputs no more than 350 Vac. From 
a system perspective, a lower ac output voltage necessitates 
larger and more costly conductors between the inverter and 
the medium-voltage (MV) transformer. 

The alternative to a single-stage topology is a two-stage 
topology, which adds a dc-to-dc boost stage prior to the dc-
to-ac conversion stage. Because the dc input is decoupled 
from the ac output, a two-stage inverter can have expanded 
dc input and MPPT voltage ranges compared to a single-stage 
inverter, as well as a higher ac output voltage. The additional 
stage trade-off is lower conversion efficiency.

Modularity. Whereas a monolithic inverter has just one 
power train, a modular inverter has two or more. Modular 
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Figure 3  For many years the 
full-bridge topology shown here 
was the standard switching bridge 
arrangement used in 3-phase 
inverters. As switching technology 
has improved, many manufactur-
ers have started to deploy multi-
level bridge topologies, which can 
lower inverter cost and improve 
performance and reliability.
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inverter power trains are connected in parallel on the ac side 
of the inverter—see “Common Mode Noise and Paralleling 
Capability” (p. 32)—and often on the dc side as well. 

When coupled with special control strategies, inverter 
modularity offers two potential advantages: improved effi-
ciency in low irradiance conditions, and redundancy. The 
first relates to the fact that the standby and auxiliary power 
losses in a monolithic inverter are relatively large compared 
to the inverter output power in low-light conditions. By 
comparison, a modular inverter with a master-slave con-
trol system can turn off unneeded power trains when array 
power is low, boosting efficiency at low power, as shown in 
Figure 4 (p. 30). The second potential advantage relates to 
the fact that if one 500 kW power train in a 1.5 MW inverter 
fails and the other two power trains are unaffected, the sys-
tem continues to operate, albeit with some power clipping. 
As shown in Figure 5 (p. 30), the power losses in this sce-
nario are lower than those associated with the loss of one 
out of three 500 kW monolithic inverters. 

Modular inverter designs also have some potential down-
sides. Because this approach increases parts count and control-
system complexity, it may adversely impact inverter cost and 
reliability. Stray ground currents may also be more of a concern. 

Galvanic isolation. This category simply refers to whether 
the central inverter power train includes an isolation trans-
former. An isolated inverter includes a transformer; a non-
isolated inverter does not. While the central inverters used in 
many commercial applications include an integral or external 
low-voltage isolation transformer, the central inverters used 
in utility applications are generally non-isolated. Since utility-
class inverters are always connected to a dedicated step-up 
transformer, it is pointless to incur the cost, efficiency and 
footprint penalties of a second transformer.

Meeting Project Objectives 
Anyone who has ever designed a PV system understands that 
what constitutes the best technical solution is invariably proj-
ect specific. Site location influences system design in terms 
of both physical limitations and geographical characteristics 
(especially climate). The regulatory environment is another 
consideration, as utility requirements for interconnection vary 
considerably. Last but not least, the project developer or finan-
cier often dictates certain parameters to the design team. 

As a system designer, I have the job of identifying the tech-
nical solutions that are the best fit for a given application, 
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and I have many interesting products to consider and choose 
from. For example, “2013 Central Inverter Specifications: 
1,000 Vdc Models” (pp. 46–52) includes comprehensive prod-
uct specifications for more than 80 products from 17 manu-
facturers. This table includes North American, European and 
Asian manufacturers. Some of these products evolved within 
the context of the North American regulatory environment 
and geography; other products were first developed for and 
deployed in European applications and subsequently brought 
to North America, either as sold in Europe or revised for the 
North American market. 

Engineers can deploy any of these products safely and 
effectively in behind-the-fence PV applications in North 
America, provided they perform all the necessary design due 
diligence. I developed Table 2 (p. 38) as an example of what 
this due diligence process can entail. Though it is beyond 

the scope of this article to discuss all of the potential design 
drivers and project objectives you are likely to come across, I 
provide examples of some unique application considerations 
below and relate these back to Table 2. 

ARRAY-TO-INVERTER SIZING RATIO  
Deploying utility-scale PV systems is an exercise in optimizing 
LCOE. In recent years, falling module prices and increasingly 
competitive market conditions have pushed dc-to-ac ratios to 
previously unseen levels. 

Brian McCurdy, a power-marketing manager at Sun- 
Edison, points out: “Increasing the dc-to-ac ratio for a project 
can lower the relative costs on a dollar-per-watt basis. This 
change is roughly linear and can make the project more com-
petitive or valuable. However, changing the dc-to-ac ratio does 
not have a linear impact on production  C o n t I n u E d  o n  pa g E  3 2  
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yield. Therefore, there is an ideal dc-to-ac ratio 
for every system whereby the project achieves 
an ideal LCOE and maximizes its value to own-
ers, off-takers and investors. It is not uncommon 
to see optimal dc-to-ac ratios that are in the 1.2 
to 1.5 range.”

Often the project developer determines the 
optimal dc-to-ac ratio with input from the finan-
cier, and it is then up to the system designer to 
determine how to achieve this. It is important 
to keep in mind that the concern with high  
dc-to-ac power ratios is not that you are going 
to cause immediate harm to the inverter, as 
protective functions within the inverter pre-
vent excessive dc or ac power. The real concern 
relates to long-term reliability—whether ele-
vated output power levels cause heat stresses, 
which may in turn cause certain components 
to wear out sooner. 

Mike Fife is the director of reliability and 
product quality for the solar energy business 
unit at Advanced Energy. Fife has been study-
ing the effects of elevated dc-to-ac ratios and 
notes that there are two main causes for con-
cern: “First, inverters with higher dc-to-ac 
ratios operate at peak power for longer peri-
ods of time. Second, most inverters curtail 
power by pushing voltage higher. Both of these factors put 
additional thermal stress on power transistors. Inverter 
heat-management systems must be designed for higher dc-
to-ac ratios, or there will be significantly reduced compo-
nent lifetimes.”  

Another thing to keep in mind is that the dc-to-ac ratio 
is a function of project-specific conditions. For example, 
all else being equal, it is possible to design for higher  
dc-to-ac ratios in a hot climate than in a cold climate, sim-
ply based on the relative number of modules allowable per 
source circuit. (Note that I am not saying it is appropriate 
from an LCOE perspective to use higher dc-to-ac ratios in 
a hot climate.)

Apart from LCOE, there are four important things to check 
with regard to inverter hardware limitations before finalizing 
the dc-to-ac ratio:

1. Manufacturer-imposed capacity limits written into  
  the inverter warranty;
2.  Maximum dc input current allowed by the   
  manufacturer;
3.  Number and current rating of fused dc inputs provided  
  by the manufacturer; and
4.  Maximum conductor size accommodated in the  
  inverter.

The dc-to-ac ratio limits reported in Table 2 (p. 38) are the 
lower value of the first two checks above, based on a specific 
set of reference conditions. To calculate the maximum dc-to-
ac ratio based on the dc input-current limit to the inverter, 
I have assumed a relatively hot climate, typical of the South-
west. The reference module is a standard 72-cell multicrystal-
line silicon PV module rated at 295 W (35.8 Vmp, 8.3 Imp, 44.5 
Voc, 8.7 Isc). Under these circumstances, 20-module source 
circuits are typical. 

The equation used to calculate the maximum dc-to-ac 
ratio, MAXdc-to-ac, based on the dc input-current limit to the 
inverter, is shown in Equation 1:

MaXdc-to-ac = (nMaX_StRIngS × n SERIES × Wp) ÷ p aC            (1)

where NMAX_STRINGS is the maximum number of PV source circuits, 
NSERIES is the number of modules per source circuit, WP is the 
module nameplate power rating and PAC is the rated inverter 
output power. Note that you calculate NMAX_STRINGS by dividing 
the maximum dc input current to the inverter, IDC_MAX, by the 
maximum power current of the module, IMP, as shown in Equa-
tion 2, and rounding the result down to the nearest integer.

nMaX_StRIngS = IdC_MaX ÷ IMp                     (2)
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One of the unavoidable consequences of using semiconductor 
switching devices is that the dc and ac voltages and currents 

become commingled in ways that can be harmful inside and outside the 
inverter. as a result, they can generate radiated or conducted noise at 
relatively high frequencies (up to 100 MHz). Radiated noise can interfere 
with communications. Conducted noise can put harmful harmonics on ac 
circuits or ripple on the dc circuits. 

noise relative to ground is called common mode noise because it is 
common to all phases. Since common mode noise can cause leakage 
or ground currents—which in turn may cause pV modules, inverters and 
transformers to operate improperly—it requires attenuation. grounding, 
passive filters, inverter topology and control strategy all play a role in the 
abatement of common mode noise. 

Some inverters are more successful than others at common mode 
noise attenuation. one potential advantage of reducing common mode 
noise to very low levels is that it may then be possible to connect invert-
ers in parallel without galvanic isolation. this paralleling capability is 
important because it can facilitate modular inverter designs or increased 
inverter station capacities.  {

Common Mode Noise and 
Paralleling Capability
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Based on the two equations above, the maximum dc-to-ac 
ratio for the GE Brilliance Solar Inverter as reported in Table 2 
(p. 38) is calculated as follows:

MaXdc-to-ac  = ((2,400 a ÷ 8.3 a) × 20 x 295 W) ÷ 1,000,000 W 
    = (289 × 20 x 295 W) ÷ 1,000,000 W 
    = 1.71

In a colder climate that only allows for 18 modules per 
source circuit, the maximum dc-to-ac ratio for the same 
equipment drops:

MaXdc-to-ac = (289 × 18 × 295 W) ÷ 1,000,000 W 
    = 1.53

GROUND REFERENCE AND GROUND-FAULT PROTECTION
One inverter feature that designers sometimes overlook 
is the ability to accommodate different array ground ref-
erence schemes. The most commonly used ground refer-
ence approaches are: negatively grounded monopolar, 
positively grounded monopolar, center grounded bipolar and 
ungrounded (no ground reference). Because IGBTs and MOS-
FETs do not provide galvanic isolation, ground can be refer-
enced on either the dc or the ac side of an inverter that does not 
have an internal isolation transformer. For example, when an 
Advanced Energy AE 500NX-1kV inverter is processing power, 
its center grounded bipolar array is referenced to ground via 
the star-point ground on the ac distribution system.

Determining which array reference scheme is appro-
priate depends on a number of things, including: building-
code grounding requirements, the inverter’s ground-fault 
protection scheme, the inverter’s isolation requirements 
and the PV module’s susceptibility 
to ground current leakage and sur-
face polarization. The magnitude of 
the phase-to-ground impedance is 
nearly as important as the location 
of the ground reference. This imped-
ance varies from a few ohms on sol-
idly grounded systems to millions of 
ohms in ungrounded systems. Resis-
tive grounds fall in between these two 
extremes.

Ground-fault protection (GFP) is 
one of the core protective functions 
of central PV inverters and is closely 
tied to the array ground reference 
scheme. The simplest form of GFP—
one that is very common in North 
America—places a fuse between one 
of the dc phases and the ground bus. 
In this scenario, current is used as the 

ground-fault detection basis. Another approach to ground-
fault protection is to continuously monitor phase-to-ground 
impedance. Some inverters use both approaches to accom-
modate multiple-array ground reference schemes. As an 
example, three of the inverters in Table 2 exclusively use cur-
rent as the ground-fault detection basis, whereas the other 
three use both current and impedance.

There are some potential advantages associated with an 
impedance-based GFP scheme. For example, impedance-
based GFP does not have a neutral conductor “blind spot,” 
meaning that it offers improved detection of grounded con-
ductor faults compared to a current-based GFP scheme. Fur-
thermore, ungrounded arrays require an impedance-based 
approach because a current-based approach is ineffective in 
this situation. Of course, an impedance-based GFP scheme 
is a higher-cost solution, one that requires additional com-
ponents and a more complex control system compared to a 
current-based approach.

MV TRANSFORMERS 
All central inverters for utility-scale applications connect to 
dedicated MV step-up transformers, meaning that the MV 
transformer only serves the PV system and is not part of a 
private distribution network. While this certainly simplifies 
things for the system designer, it does not eliminate all of the 
potential pitfalls. Not only do PV inverters have very specific 
requirements with regard to MV transformers, but the inter-
connected utility may as well. 

Adam Peterson is an applications engineer at Cooper 
Power Systems, a division of Cooper Industries. He advises PV 
system designers to avoid the misconception that there are 
off-the-shelf MV transformers suitable for use in PV systems. 

According to Peterson, “Inverter 
manufacturers need to write or at 
least approve MV transformer speci-
fications for PV applications.”  

The list of possible transformer 
specifications is long and includes: 
kVA rating, voltage ratings, volt-
age and time gradients, frequency, 
efficiency, impedance, electro-
static shielding, and winding con-
figurations, including phasing and 
grounding. All of these items have 
cost and performance implications, 
some more meaningful than others. 
Peterson notes, “On the one hand, 
a 0.2% increase in efficiency can 
increase the cost of a transformer by 
up to  20%. On the other, an electro-
static shield to protect against high-
frequency noise C o n t I n u E d  o n  pa g E  3 6 
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from the inverter also increases transformer cost, but not to 
the point of being a deal breaker.”  

Once interconnected, inverters are part of a much larger 
electrical system, extending all the way to power lines and 
substations, which can be far from the PV project site. Faults 
occurring inside or outside the PV system can cause harm-
ful overvoltage conditions within the PV system or outside 
it. As a result, electrical grid operators have developed many 
different protection schemes to deal with every imaginable 
fault scenario. These utility-specific schemes can sometimes 
put requirements on the PV inverter that conflict with its 
topology and ac output wiring requirements. 

As an example, some utilities require the use of grounded-
wye–to–grounded-wye MV transformers. This is problematic 
as non-isolated inverters can only be grounded on the dc side 
or the ac side. If both sides are grounded, then there will be cir-
culating ground currents. When these inverters have to face a 
grounded wye winding and the PV array must be grounded, 
then expensive remedies may be required. Three examples of 
possible remedies are to:

1. Install a special zig-zig grounding transformer;
2. Use a grounded-wye transformer with a grounding  

   reactor between the neutral point and ground; or
3. Use a zero-sequence ground-fault detection scheme  
   on the MV system.

Of course, this example generally applies to PV systems 
that interconnect directly to a utility’s distribution network. 
The good news is that many large-scale PV power plants now 
interconnect through dedicated substation feeders, which 
allows for the use of wye-to-delta–type transformers and a 
more economical 3-wire connection to the inverter.

GRID SUPPORT
Another way that electric utilities and transmission system 
operators impact both inverter design and product selection 
relates to dynamic grid support. While interactive inverters 
used in distributed PV applications are required to operate 
with a unity power factor and to shut down in the event of a 
grid disturbance, these power quality and UL 1741 anti-island-
ing safety features can be a liability as PV power plant capaci-
ties and grid penetration levels increase. From a grid stability 
perspective, the last thing a grid operator wants in the event 
of a grid disturbance is for all of the utility-scale PV assets to 
go offline, potentially exacerbating the original problem.

Central  Inverters
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In the article “Central Inverter Trends in Power Plant 
Applications,” October/November 2010, SolarPro magazine, 
Greg Ball observes, “As PV power plants get larger, utili-
ties expect them to abide by the same operating and ancil-
lary service requirements as those of large-scale wind and 
conventional fuel-based technologies.” Therefore, utilities 
may require that PV inverters in utility-scale applications be 
capable of providing grid-support features such as low-voltage 
ride-through, over- and under-frequency ride-through, reactive 
power control and ramp rate control. 

I want to point out the importance of coordinating the 
utility requirements and the inverter capabilities, especially 
in relation to product listing. Some utilities require the use of 
UL-listed equipment in behind-the-fence applications. How-
ever, the requirement to use listed equipment can conflict 
with grid-support capabilities. Also, these capabilities vary by 
product and manufacturer.

“It is a bit confusing for developers,” notes Rudy Wodrich, 
vice president of Schneider Electric’s solar business unit in 
the Americas, “because the interconnection agreement may 
require things that are in direct contravention of UL.” He elab-
orates, “If low voltage ride-through is a requirement of your 
interconnection, you could get a UL-listed inverter. But as 

soon as you energize that feature, it’s no longer a UL inverter, 
and to call it one is a bit of a misnomer. What you should really 
be doing is going back to the AHJ and saying, ‘Look, my inter-
connection agreement requires me to have this feature, and 
therefore I can’t give you a UL inverter.’” 

Inverter manufacturers may be able to provide some 
types of grid support within the context of UL 1741. “We 
have implemented a UL 1741 device that has the flexibility 
to enable and adjust ride-through capability without violat-
ing our UL 1741 listing,” says Anthony Galbraith, technology 
program manager at GE Energy. He explains: “Voltage ride-
through does not necessarily conflict with the anti-island-
ing capability of the GE Brilliance Solar Inverter. In general, 
UL 1741 and IEEE 1547 allow for adjustability of abnor-
mal voltage and frequency trip points. While the extent of 
this adjustability is not limited, UL certification tests are 
required across the entire range of adjustment. Since volt-
age ride-through is independent of GE’s anti-islanding algo-
rithm, the abnormal voltage trip limits can be opened up to 
the limits of our ride-through capability.” 

This adjustability will not necessarily enable all of 
the grid-support functions an interconnected utility may 
require. Galbraith provides an example:   C o n t I n u E d  o n  pa g E  4 0 
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Table 2: Properties of Six Representative Inverters for Utility-Scale Projects
Manufacturer Advanced Energy Eaton GE Power-One SMA TMEIC

Model AE 500NX-1kV Power Xpert 1650 kW 1 MW Brilliance Aurora Ultra 1500 SC 800CP-US Solar Ware 630

Ra
tin

gs

Max open-circuit voltage (Vdc) 1,000 1,000 1,000 1,000 1 1,000 1,000

Rated continuous power (kW) 500 1,650 1,000 1,560 800 630

Max apparent power (kVA) 509 1,815 1,010 1,560 832 756

PF range at full power ± 0.98 ± 0.91  ± 0.99 1.00 ± 0.97 ± 0.83

Max kVAR support at any PF or kW (kVAR) ± 164 ± 1,500 ± 1,010 ± 1,560 ± 384 ± 454

NRTL-listed to UL 1741 pending pending yes pending yes pending

Pe
rf

or
m

an
ce

Maximum efficiency (%) 98.2 98.2 98.0 98.6 98.7 98.6

European weighted efficiency (%) DNR 98.0 98.0 98.2 98.4 98.3

CEC weighted efficiency (%) 97.5 98.0 (prelim) 97.5 98.0 98.5 98.5

CEC weighted efficiency (%) @ Vdc 1 DNR pending 97.0 @ 430 Vdc 97.8 @ 600 Vdc 98.5 @ 570 Vdc 98.5 @ 550 Vdc

CEC weighted efficiency (%) @ Vdc 2 DNR pending 97.7 @ 700 Vdc 98.2 @ 760 Vdc 98.4 @ 633 Vdc 98.2 @ 650 Vdc

CEC weighted efficiency (%) @ Vdc 3 DNR pending 97.6 @ 800 Vdc 98.3 @ 800 Vdc 98.0 @ 820 Vdc 98.0 @ 750 Vdc

 P
ow

er
 T

ra
in

DC source (voltage or current) voltage voltage voltage voltage voltage voltage

DC link type (capacitor or inductor) capacitor capacitor capacitor capacitor capacitor capacitor

Bridge topology 2-level 2-level 2-level 4-level; NPC 3 2-level 3-level; NPS 3

Conversion stages 2 1-stage 1-stage 2-stage 2-stage 1-stage 1-stage

Galvanic isolation (while operating) no no no no no no

Modular design no yes (3 x 550 kW) no yes (4 x 390 kW) no no

Gating control PWM PWM PWM PWM PWM PWM

Switching frequency 4 high DNR mid mid mid mid

DC link capacitor type film film electrolytic film electrolytic electrolytic

Power train cooling method liquid liquid liquid liquid air air

Co
nt

ro
l

AC output control (voltage or current) 5 current current current current current current

MPPT algorithm perturb & observe DNR dual sampling combined DNR perturb & observe

Common mode noise cancellation passive active none active active & passive none

Modular master-slave operation no yes no yes no no

Adjustable max power up to kVA limit yes yes yes yes yes yes

Dynamic active power control yes yes yes yes yes yes

Dynamic reactive power control yes yes yes yes yes yes

Voltage ride-through yes yes yes yes yes yes

Frequency ride-through yes yes yes yes yes yes

Ramp rate control yes yes yes yes yes yes

DC
 In

pu
t

Manual load-break dc disconnect yes yes yes yes no 6 no 6

MPPT range for full capacity (Vdc) 600–1,000 550–1,000 420–850 585–850 570–820 550–950

Max number of fused dc inputs 10 24 as required 20 9 16

DC current limit (A) 850 3,100 2,400 2,920 1,600 1,403

DC:AC ratio based on dc current limit 7, 8 DNR 1.34 1.71 1.34 1.42 1.58

Array ground reference position(s) bipolar, center ref. ungrounded or unipolar ungrounded or unipolar ungrounded or unipolar ungrounded or unipolar ungrounded or unipolar

Array ground reference impedance solid low impedance r & s 9 low impedance fused low impedance r & s 9 low impedance r & s 9 low impedance r & s 9

Ground fault detection basis current current & impedance current current & impedance current & impedance current 

AC
 In

pu
t

Manual ac disconnect option yes yes yes yes option

Parallelable without galvanic isolation 10 yes no no yes no no

Nominal 3-phase output voltage (Vac) 420 352 480 690 360 380

AC output wiring 3-wire, no neutral 3-wire, no neutral 3-wire, no neutral 3-wire, no neutral 3-wire, no neutral 3-wire, no neutral

Ungrounded delta or wye connection special requirements direct connection OK direct connection OK direct connection OK direct connection OK direct connection OK

Grounded wye connection method direct connection OK special requirements special requirements special requirements special requirements special requirements

Transformer shielding required? 11 no no yes no yes yes

En
cl

os
ur

e

Enclosure type (NEMA rating) outdoor (3R) outdoor (3R) outdoor (3R) outdoor (4X) outdoor (3R) indoor (1)

Power density by size (kVA per sq. ft.) 13.89 32.70 21.24 22.05 31.14 52.76

Power density by weight (kVA per lb.) 0.1414 0.1510 0.1115 0.1069 0.2075 0.2643

Floor loading (pounds per sq. ft.) 98.22 216.56 190.49 206.36 150.08 199.60

Enclosure cooling liquid-to-air HX liquid-to-air HX liquid-to-air HX liquid-to-air HX air air

1 1,100 Vdc option available
2  1-stage = dc-to-ac; 2-stage = dc-to-dc boost +  
 dc-to-ac
3  NPC = neutral point clamped; NPS = neutral point  
 switched
4  High = >10 kHz; mid = 1−10 kHz; low = <1 kHz 

5  Waveform controlled by PWM
6  Optional
7  Calculated per Equation 1 (p. 32) based on 20-module  
 reference string (295 Wp mc-Si, 8.3 Imp)
8 Consult applications group as higher ratios may  
 be possible

9  r & s = resistive & solid
10 Can multiple inverters be connected to a  
 single winding?
11 Dry-type transformers do not need shielding  
 if designed correctly
DNR = did not report

Footnote Key
Always verify values with manufacturer. Information may vary with time, different reference conditions or optional inverter features. Reference conditions 
(used where necessary): Southwest US; 1,000 W/m2; 40°C ambient; 2,300 ft. elevation; 60 Hz; 600 Vdc (unless otherwise indicated)





40 S o l a r Pr o   |   December/January 2013

“Frequency ride-through is coupled to our anti-islanding 
algorithm. So when anti-islanding is enabled, the adjustability 
of our frequency ride-through settings is limited.” 

Since it is unlikely that the US will ever have a national 
interconnection standard, Wodrich at Schneider Electric is 
of the opinion that the UL standard needs to be split: “Let’s 
have a safety standard for equipment, which is one thing, 
and let’s have a grid interactive functionality standard for 
equipment, which is completely different. Things like ramp 
control, frequency control and low voltage ride-through 
during a sag need to be separate and distinct from the safety 
standard for equipment, which is really about ensuring that 
the personnel who work on or near the equipment are as 
safe as possible.”

Assessing Cost and Performance
As long as developers use feed-in tariffs and power purchase 
agreements as the basis of project financing, LCOE will be the 
dominant metric for assessing and optimizing PV power plant 
designs. Other metrics, such as lowest initial cost, may be more 
important on a per-project basis. However, developers use 
LCOE to evaluate the economic feasibility of utility-scale PV 
systems in general, as well as to identify the optimal design 
alternatives. (See “Levelized Cost of Energy,” April/May 2012, 
SolarPro magazine.)

That being the case, it is worth reviewing the basic math-
ematical equation for LCOE in Equation 3:

LCoE = (CapEX + opEXnpV) ÷ KWHnpV            (3)

where CAPEX is the capital expense or installed cost, OPEXNPV  
is the net present value of future operating expenses and 
KWHNPV is the net present value of future energy yields. This 
equation is a reminder to designers that they need to evalu-
ate inverter characteristics in terms of their impact on these 
three variables.

CAPITAL EXPENSES 
Perhaps the most important thing to keep in mind with regard 
to initial capital expense is that the lowest-cost inverter does 
not necessarily result in the lowest-cost system. Inverter 
selection is a major design driver on both the dc and ac sides 
of a PV power plant. Different inverters require a different 
balance of system component configurations. These design 
differences translate to cost differences. Because any missed 
or hidden costs result in inaccurate LCOE calculations, it is 
incumbent on the designer to identify these cost differences. 
I have mentioned some of these hidden costs already and will 
provide some additional examples.

The dc input characteristics of the inverter are an important 
design driver with considerable cost implications. If the num-
ber of fused inputs to a large central inverter is less than the 

number of string combiners in the array field, that may require 
an expensive external recombiner or subarray combiner. While 
the spec sheets for many central inverters often call out a spe-
cific number and size for the dc inputs, manufacturers may be 
able to support other configurations. Designers should always 
check to see if the manufacturer can provide the dc input con-
figuration that best accommodates their PV array design. 

Tobin Booth and Matthew Seitzler discuss a variety of 
approaches to optimizing dc collection systems in the arti-
cle “PV Array Electrical Aggregation Strategies,” April/May 
2012, SolarPro magazine. On the other side of the inverter, 
designers should look out for hidden costs in the ac collec-
tion system. 

An inverter station consists of one or more central 
inverters and a single MV step-up transformer. One way 
that system designers may be able to reduce system costs 
and increase system efficiency is by increasing the capac-
ity of each of these stations. To accomplish this, the system 
designer increases the capacity of the MV transformer and 
connects the output of multiple inverters in parallel on the 
low-voltage side of the transformer. While the use of higher-
capacity inverter stations may increase dc wiring costs, 
trenching and wiring cost savings in the MV collection sys-
tem offset these amounts.  C o n t I n u E d  o n  pa g E  4 2
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Indoor installation only  Inverters with NEMA 1 enclosures, 
like this TMEIC Solar Ware 630, must be installed indoors, 
and system designers need to pay attention to the thermal 
behavior of the building.
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The caveat is that to achieve the desired cost savings, you 
typically must be able to connect multiple inverters in paral-
lel on the same transformer winding. While transformers are 
available with multiple galvanically isolated low-voltage wind-
ings, these multi-winding transformers are typically 30% more 
expensive than their two-winding counterparts. This varies by 
product and manufacturer: For example, two of the six invert-
ers in Table 2 (p. 38) can be connected in parallel without 
galvanic isolation. Designers must also check that they can 
increase inverter station capacity without increasing BOS costs 
elsewhere in the system. Some inverters may require the use 
of ungrounded arrays on the dc side to accommodate parallel 
connections on the ac side. If ungrounded arrays are required, 
then BOS costs must increase to meet the requirements found 
in NEC Section 690.35. 

OPERATING EXPENSES  
Inverter serviceability and reliability both factor into PV 
plant operating expenses. Unfortunately, it is difficult to 
obtain meaningful reliability data from inverter manufac-
turers. This makes it hard to design for reliability, on the 
one hand, and to determine whether extended warranties 
make sense, on the other. Having said that, the more design-
ers know about the inner workings of and design principals 
behind specific inverter products, the better they will be able 
to estimate the reliability associated with those products in 
different field applications. 

One thing designers know for cer-
tain is that heat is a wear-out mecha-
nism. Inverter heat management is 
always important, but in some appli-
cations—such as an inverter in a hot 
climate with a high dc-to-ac power 
ratio—it is even more important. In 
applications where heat manage-
ment is critical, designers may want 
to consider using inverters with liq-
uid-cooled power trains as a means of 
improving design reliability. Similarly, 
some enclosure and shelter solutions 
may be more appropriate in certain 
environments than others.

Other design decisions—such as  
whether to specify an optional  
manual load-break–rated dc discon-
nect with the inverter—potentially 
improve inverter serviceability and 
safety. While this may decrease oper-
ation and maintenance costs over 
the long term, designers must weigh 
these benefits against higher up-front 
costs. Note that many manufacturers 

use dc circuit breakers to provide the load-break–rated dis-
connect option, which has the added benefit of providing 
overcurrent protection. While this feature is not always avail-
able as an option, it is worth exploring when it is.

ENERGY YIELD 
Given the critical importance of energy yield predictions in 
LCOE analysis, system designers should have a good under-
standing of what makes an inverter waste energy, as well as how 
their performance simulation software is modeling inverter 
performance. Inverter efficiency varies depending upon output 
power levels and dc input voltage. Designers can improve their 
production modeling results by using the most appropriate 
inverter efficiency curves and considering array voltage effects. 
Designers should also consider internal temperature effects 
and non-unity power factor losses.

Inverter efficiency. While everyone is familiar with typical 
inverter efficiency curves, looking at these curves does not 
tell you where the inverter losses come from. Heat generated 
inside the inverter power train due to switching and cur-
rent conduction is wasted energy that cannot be recaptured. 
Inverter efficiency is largely a measure of this lost heat, but 
also of any power the inverter uses to support its own opera-
tion and control. Equation 4 shows a basic mathematical 
expression for power loss, PLOSS, in an inverter:

pLoSS = kStandBY + (kSWItCH × paC) + (kConduCtIon × paC
2)          (4)
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Figure 6 The relative power levels and weighting factors used to report CEC-weighted 
efficiency and Euro-weighted efficiency are shown here. The differences reflect the 
higher irradiance levels encountered in California as compared to Northern Europe.
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where kSTANDBY is the inverter standby losses, kSWITCH is the switch-
ing losses, kCONDUCTION is the current-dependent or I2R losses, and 
PAC is the output power level. When viewed mathematically, it 
becomes evident that standby losses in an inverter are domi-
nant at low power levels, whereas conduction losses are domi-
nant at high power levels. Switching losses are more dominant 
across the middle of the output power range.

CEC vs. Euro efficiency. While peak inverter efficiency is an 
interesting point of reference for system designers, weighted 
inverter efficiency is more useful. There are two different types 
of weighted inverter efficiencies: California Energy Commis-
sion (CEC) efficiency and European (Euro) efficiency. Invert-
ers intended for distributed PV applications in the US are 
third-party tested according to standards developed for the 
CEC. These results appear in the accompanying “2013 Central 
Inverter Specifications: 1,000 Vdc Models” in the CEC-rated 
weighted efficiency column. A similar protocol is used to deter-
mine weighted inverter efficiencies for applications in Europe.

The document “Performance Test Protocol for Evaluat-
ing Inverters Used in Grid-Connected Photovoltaic Systems,” 
developed by Ward Bower and others, describes the process 
of determining CEC values for weighted inverter efficiency 
(see Resources). Essentially, each inverter is tested at seven 

With fiberglass-reinforced enclosures from Allied Moulded 
Products, you’ll get outstanding protection from the elements  
even while you are harnessing their power. Made with our exclusive 
Ultraguard® formulation that withstands the harshest extremes 
in temperature and UV radiation—it’s the right solution in any 
environment. Now backed by the industry’s most comprehensive 
warranty, other alternatives simply don’t compare.   

Allied 
for Your 

Needs

222 North Union Street
Bryan, Ohio 43506

(419) 636.4217 
(419) 636.2450 FAX 
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Your ProtectioN iN 
solAr Power 

To learn more, visit alliedmoulded.com.
*Results confirmed by independent lab tests of leading enclosure manufacturers.

Ultraguard® resists yellowing,  
changes in gloss, and discoloration*.

ALLM064 Solar Ad_Solar Pro_Dec-Jan2012_7.125x4.625.indd   1 9/19/12   11:50 AM

Monolithic inverter  The SMA Sunny Central 800CP-US 
is a monolithic single-stage inverter that uses a two-level 
bridge topology.
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input power levels, from 5% to 100% 
of rated power, and at three dc input 
voltages. Before the results are aver-
aged, they are weighted to reflect the 
amount of time that an inverter typi-
cally operates at each power level.

Figure 6 (p. 42) illustrates the 
different weighting factors used 
to calculate CEC- versus Euro-
weighted inverter efficiencies. The 
CEC test protocol assumes higher 
insolation levels than the European 
test protocol, and therefore puts the 
greatest emphasis on inverter performance at 75% of full 
rated power. By comparison, Euro efficiency emphasizes 
inverter performance at 50% of full rated power. When 
designers have access to both CEC- and Euro-weighted effi-
ciencies, they can choose which is best to use based on the 
solar resource regime or expected inverter loading profile. 
Since the CEC website does not typically include third-party 
test results for utility-scale inverters, system designers  
need to request these efficiency curves directly from the 
product manufacturer.

Voltage dependency. Designers may be able to improve 
their production modeling results by accounting for the 
relationship between inverter efficiency and dc input volt-
age. While this relationship varies by topology, it is also 
product specific. 

Figure 7 shows the relationship between dc input 
voltage and inverter efficiency for four of the invert-
ers described in detail in Table 2 (p. 38). There is a direct 
relationship between dc input voltage and inverter effi-
ciency for two of the inverters—the GE Brilliance Solar 
Inverter and the Power-One Aurora Ultra—meaning that 
inverter efficiency increases as dc input voltage increases. 
The other two inverters—the SMA Sunny Central and the 
TMEIC Solar Ware—show an inverse relationship between 
dc input voltage and inverter efficiency, which means they 
are more efficient at lower input voltages. 

Referring to Table 2, you can see that the inverters with 
a direct relationship between dc input voltage and efficiency 
are two-stage inverters, whereas the inverters with an indirect 
relationship are single-stage inverters. The variations in effi-
ciency are not trivial. They range from 0.5% on the low end to 
1.3% on the high end. For best performance-modeling results, 

designers should make use of at least three different efficiency 
curves in their simulations, and the three efficiency curves 
should cover the inverter’s entire MPPT range. This capability 
is available in PVsyst version 5.21 and later.

Temperature dependency. Inverter continuous power ratings 
depend on ambient temperature. As defined in the CEC test 
protocol, power fold-back is “an operational function whereby 
the [inverter] reduces its output power in response to high 
temperature, excessive input power, or other conditions.” 
Typically, inverters accomplish this by moving the array off its 
maximum power point. 

Many central inverters control power fold-back by inter-
nally monitoring the temperatures of certain critical reli-
ability components; others use ambient temperature and 
instantaneous power-level measurements to predict com-
ponent temperatures. The inverter control system regulates 
these component temperature values, whether measured or 
calculated, to ensure that overheating does not compromise 
the lifetime of critical reliability components, such as IGBTs or 
dc link capacitors. 

Most outdoor-rated central inverters do not engage in 
power fold-back until the outdoor temperature hits 50°C 
(122°F), which covers the severest high-temperature condi-
tions found in North America. However, many indoor-rated 
inverters may initiate power fold-back at lower ambient tem-
peratures. In this scenario, it is important for designers to 
account for the inevitable parasitic or power fold-back losses 
that occur once the indoor air temperature reaches the power 
fold-back threshold.

My cooling load simulations show that when these 
inverter housings are fan cooled and the array is operating 
at peak power conditions, the indoor air  C o n t I n u E d  o n  pa g E  5 4  
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2013 Central Inverter Specifications: 1,000 Vdc Models

Manufacturer Model

Rated 
continious 
power (kW) 

at °C

Input Data (dc) Output Data (ac) Performance Mechanical Disconnects & Subcombiners 

Max. Voc 
(Vdc)

# MPPT 
circuits

MPPT  
range  
(Vdc)

PV start 
voltage 
(Vdc)

Max. dc 
input 

current 
(Adc)

Min. dc power 
throughput 

(kW)

Nominal 
output 
voltage 
(Vac)

AC output 
wiring

Max. output 
current       
(Aac)

Max. OCPD 
rating  
(Aac)

Max. 
efficiency 

(%)

CEC-weighted 
efficiency  

(%)

European-weighted 
efficiency 

(%)

Nighttime  
standby loss 

(W)

Dimensions  
H x W x D  

(in.) Enclosure

Operating 
temp. range  

(°F)
Cooling 
method

Noise level (dB) 
at distance 

(m)

Max. operating 
altitude 

(m)1

Load-break 
rated dc 
disco.

Load-break 
rated ac  
disco. Subcombiner

ABB PVS800-57-0500kW-A 500 @ 40 1,000 1 450–825 600 3 1,145 DNR 300 3-wire 965 1,000 98.6 98.1 98.2 < 70 103.5 x 83.8 x 25.4 indoor 5–122 air < 75 @ 3 2,000 yes yes option, fuses

ABB PVS800-57-0630kW-B 630 @ 45 1,000 1 525–825 600 3 1,240 DNR 350 3-wire 1,040 1,000 98.6 98.5 98.4 < 70 103.5 x 83.8 x 25.4 indoor 5–131 air < 75 @ 3 2,000 yes yes option, fuses

Advanced Energy AE 500NX-1kV 500 @ 50 1,000 1 600–1,000 700 850 DNR 420 3-wire 700 600 98.2 97.5 N/A < 100 83.1 x 89.5 x 39.9 outdoor -4–122 air/liquid < 65 @ 3 1,829 yes option yes, fuses

AEG PROTECT PV.500-UL 510 @ 45 1,000 1 500–820 400 1,060 7.7 283 3-wire 1,142 1,200 98.4 98.2 98.2 100 107 x 80 x 24 indoor 14–113 air < 79 @ 1 3,000 no yes yes, fuses

AEG PROTECT PV.630 630 @ 50 1,000 1 550–820 470 1,170 9.0 345 3-wire 1,154 1,200 98.4 98.2 98.2 100 107 x 80 x 24 indoor 14–122 air < 79 @ 1 3,000 no yes yes, fuses

AETI ISIS 1.0 MW 15 kV 1,000 @ 48 1,100 1 610–1,100 610 1,700 DNR 410 3-wire 1,410 1,763 98.0 96.5 98.2 < 300 170 x 438 x 144 outdoor -4–131 air/liquid < 40 @ 3 2,500 yes option yes

AETI ISIS 1.0 MW 38 kV 1,000 @ 48 1,100 1 610–1,100 610 1,700 DNR 410 3-wire 1,410 1,763 98.0 96.5 98.2 < 300 170 x 438 x 144 outdoor -4–131 air/liquid < 40 @ 3 2,500 yes option yes

AETI ISIS 1.5 MW 15 kV 1,500 @ 48 1,100 1 610–1,100 610 2,550 DNR 410 3-wire 2,115 2,644 98.0 96.5 98.2 < 300 170 x 438 x 144 outdoor -4–131 air/liquid < 40 @ 3 2,500 yes option yes

AETI ISIS 1.5 MW 38 kV 1,500 @ 48 1,100 1 610–1,100 610 2,550 DNR 410 3-wire 2,115 2,644 98.0 96.5 98.2 < 300 170 x 438 x 144 outdoor -4–131 air/liquid < 40 @ 3 2,500 yes option yes

Bonfiglioli RPS TL-UL 0501 MS 4 500 @ 50 1,000 1 500–875 450 3 950 1.0 330 3-wire 875 1,200 98.6 98.0 98.4 60  82.7 x 118 x 31.5 indoor -4–131 air DNR 1,000 yes yes yes

Bonfiglioli RPS TL-UL 0550 MS 550 @ 50 1,000 1 500–875 450 3 1,050 1.0 330 3-wire 960 1,200 98.6 98.0 98.4 60  82.7 x 118 x 31.5 indoor -4–131 air DNR 1,000 yes yes yes

Bonfiglioli RPS TL-UL 0733 MS 733 @ 50 1,000 1 500–875 450 3 1,400 1.0 330 3-wire 1,280 1,600 98.6 98.0 98.4 80  82.7 x 149.6 x 31.5 indoor -4–131 air DNR 1,000 yes yes yes

Bonfiglioli RPS TL-UL 0500 MS 500 @ 50 1,000 1 550–875 450 3 950 1.0 360 3-wire 800 1,200 98.6 98.0 98.4 60  82.7 x 118 x 31.5 indoor -4–131 air DNR 1,000 yes yes yes

Bonfiglioli RPS TL-UL 0600 MS 600 @ 50 1,000 1 550–875 450 3 1,050 1.0 360 3-wire 960 1,200 98.6 98.0 98.4 60  82.7 x 118 x 31.5 indoor -4–131 air DNR 1,000 yes yes yes

Bonfiglioli RPS TL-UL 0750 MS 750 @ 50 1,000 1 550–875 450 3 1,300 1.0 360 3-wire 1,200 1,600 98.6 98.0 98.4 80  82.7 x 149.6 x 31.5 indoor -4–131 air DNR 1,000 yes yes yes

Bonfiglioli RPS TL-UL 0800 MS 800 @ 50 1,000 1 550–875 450 3 1,400 1.0 360 3-wire 1,280 1,600 98.6 98.0 98.4 80  82.7 x 149.6 x 31.5 indoor -4–131 air DNR 1,000 yes yes yes

Bonfiglioli RPS TL-UL 0501 MM 5 500 @ 50 1,000 3 500–875 450 3 950 3.0 330 3-wire 875 1,200 98.6 98.0 98.4 60  82.7 x 94.5 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 0550 MM 550 @ 50 1,000 3 500–875 450 3 1,050 3.0 330 3-wire 960 1,200 98.6 98.0 98.4 60  82.7 x 94.5 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 0733 MM 733 @ 50 1,000 4 500–875 450 3 1,400 4.0 330 3-wire 1,280 1,600 98.6 98.0 98.4 80  82.7 x 118 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 0917 MM 917 @ 50 1,000 5 500–875 450 3 1,750 5.0 330 3-wire 1,600 2,000 98.6 98.0 98.4 100  82.7 x 149.6 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 1001 MM 1,000 @ 50 1,000 6 500–875 450 3 1,950 6.0 330 3-wire 1,750 2,000 98.6 98.0 98.4 120  82.7 x 173.2 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 1100 MM 1,100 @ 50 1,000 6 500–875 450 3 2,100 6.0 330 3-wire 1,920 2,500 98.6 98.0 98.4 120  82.7 x 173.2 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 1283 MM 1,283 @ 50 1,000 7 500–875 450 3 2,450 7.0 330 3-wire 2,240 2,500 98.6 98.0 98.4 140  82.7 x 197 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 0500 MM 500 @ 50 1,000 3 550–875 450 3 950 3.0 360 3-wire 800 1,200 98.6 98.0 98.4 60  82.7 x 94.5 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 0600 MM 600 @ 50 1,000 3 550–875 450 3 1,050 3.0 360 3-wire 960 1,200 98.6 98.0 98.4 60  82.7 x 94.5 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 0750 MM 750 @ 50 1,000 4 550–875 450 3 1,300 4.0 360 3-wire 1,200 1,600 98.6 98.0 98.4 80  82.7 x 118 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 0800 MM 800 @ 50 1,000 4 550–875 450 3 1,400 4.0 360 3-wire 1,280 1,600 98.6 98.0 98.4 80  82.7 x 118 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 1000 MM 1,000 @ 50 1,000 5 550–875 450 3 1,750 5.0 360 3-wire 1,600 2,000 98.6 98.0 98.4 100  82.7 x 149.6 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 1200 MM 1,200 @ 50 1,000 6 550–875 450 3 2,100 6.0 360 3-wire 1,920 2,500 98.6 98.0 98.4 120  82.7 x 173.2 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 1400 MM 1,400 @ 50 1,000 7 550–875 450 3 2,450 7.0 360 3-wire 2,240 2,500 98.6 98.0 98.4 140  82.7 x 197 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Chint Power CPS SC500KLT-H 500 @ DNR 1,000 1 450–820 470 1,200 3.5 270 3-wire 1,176 DNR 98.5 N/A 98.3 < 100 82.7 x 110.2 x 31.7 indoor -4–140 air DNR 1,000 yes yes no

Eaton Power Xpert Solar 1500KW 1,500 @ 50 1,000 1 500–1,000 550 3 3,100 7.5 320 3-wire 3,000 3,200 98.2 98.0 98.0 300 92.3 x 130.8 x 61.1 outdoor -4–122 8 air/liquid < 80 @ 1 1,000 yes yes yes, fuses

Eaton Power Xpert Solar 1650KW 1,650 @ 50 1,000 1 550–1,000 550 3 3,100 7.5 352 3-wire 3,000 3,200 98.2 98.0 98.0 300 92.3 x 130.8 x 61.1 outdoor -4–122 8 air/liquid < 81 @ 1 1,000 yes yes yes, fuses

GE Energy 1 MW Brilliance (60 Hz) 1,000 @ 50 1,000 1 420–850 125 3 2,400 10.0 480 3-wire 1,215 1,350 98.0 97.5 98.0 < 250 92.5 x 133.9 x 51.2 outdoor -22–140 air/liquid DNR 3,300 yes yes option

Ingeteam 6 500T U X480 Outdoor 500 @ 50 1,000 1 350–820 DNR 1,560 DNR 480 3-wire 7 600 DNR 98.4 98.0 DNR < 5 79.9 x 191 x 32.7 outdoor -4–150 air DNR 3,000 yes yes option

Ingeteam 500TL U X208 Outdoor 500 @ 50 1,000 1 350–820 DNR 1,560 DNR 208 3-wire 1,388 DNR 98.4 97.5 DNR < 5 79.9 x 141.7 x 32.7 outdoor -4–150 air DNR 3,000 yes yes option

Ingeteam 500TL U X275 Outdoor 500 @ 50 1,000 1 460–820 DNR 1,170 DNR 275 3-wire 1,041 DNR 98.6 98.0 DNR < 5 79.9 x 118.1 x 32.7 outdoor -4–150 air DNR 3,000 yes yes option

Ingeteam 660TL U X275 Outdoor 660 @ 50 1,000 1 460–820 DNR 1,560 DNR 275 3-wire 1,388 DNR 98.6 98.0 DNR < 5 79.9 x 141.7 x 32.7 outdoor -4–150 air DNR 3,000 yes yes option

Ingeteam  600TL U X330 Outdoor 600 @ 50 1,000 1 555–820 DNR 1,170 DNR 330 3-wire 1,050 DNR 98.7 98.5 DNR < 5 79.9 x 141.7 x 32.7 outdoor -4–150 air DNR 3,000 yes yes option

Ingeteam 800TL U X330 Outdoor 800 @ 50 1,000 1 555–820 DNR 1,560 DNR 330 3-wire 1,400 DNR 98.7 98.5 DNR < 5 79.9 x 141.7 x 32.7 outdoor -4–150 air DNR 3,000 yes yes option

Ingeteam 660TL U X360 Outdoor 660 @ 50 1,000 1 606–820 DNR 1,170 DNR 360 3-wire 1,060 DNR 98.7 98.5 DNR < 5 79.9 x 141.7 x 32.7 outdoor -4–150 air DNR 3,000 yes yes option

Ingeteam 880TL U X360 Outdoor 880 @ 50 1,000 1 606–820 DNR 1,560 DNR 360 3-wire 1,412 DNR 98.7 98.5 DNR < 5 79.9 x 141.7 x 32.7 outdoor -4–150 air DNR 3,000 yes yes option
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Manufacturer Model

Rated 
continious 
power (kW) 

at °C

Input Data (dc) Output Data (ac) Performance Mechanical Disconnects & Subcombiners 

Max. Voc 
(Vdc)

# MPPT 
circuits

MPPT  
range  
(Vdc)

PV start 
voltage 
(Vdc)

Max. dc 
input 

current 
(Adc)

Min. dc power 
throughput 

(kW)
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output 
voltage 
(Vac)

AC output 
wiring

Max. output 
current       
(Aac)

Max. OCPD 
rating  
(Aac)

Max. 
efficiency 

(%)

CEC-weighted 
efficiency  

(%)

European-weighted 
efficiency 

(%)

Nighttime  
standby loss 

(W)
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H x W x D  

(in.) Enclosure

Operating 
temp. range  

(°F)
Cooling 
method

Noise level (dB) 
at distance 

(m)

Max. operating 
altitude 

(m)1

Load-break 
rated dc 
disco.

Load-break 
rated ac  
disco. Subcombiner

ABB PVS800-57-0500kW-A 500 @ 40 1,000 1 450–825 600 3 1,145 DNR 300 3-wire 965 1,000 98.6 98.1 98.2 < 70 103.5 x 83.8 x 25.4 indoor 5–122 air < 75 @ 3 2,000 yes yes option, fuses

ABB PVS800-57-0630kW-B 630 @ 45 1,000 1 525–825 600 3 1,240 DNR 350 3-wire 1,040 1,000 98.6 98.5 98.4 < 70 103.5 x 83.8 x 25.4 indoor 5–131 air < 75 @ 3 2,000 yes yes option, fuses

Advanced Energy AE 500NX-1kV 500 @ 50 1,000 1 600–1,000 700 850 DNR 420 3-wire 700 600 98.2 97.5 N/A < 100 83.1 x 89.5 x 39.9 outdoor -4–122 air/liquid < 65 @ 3 1,829 yes option yes, fuses

AEG PROTECT PV.500-UL 510 @ 45 1,000 1 500–820 400 1,060 7.7 283 3-wire 1,142 1,200 98.4 98.2 98.2 100 107 x 80 x 24 indoor 14–113 air < 79 @ 1 3,000 no yes yes, fuses

AEG PROTECT PV.630 630 @ 50 1,000 1 550–820 470 1,170 9.0 345 3-wire 1,154 1,200 98.4 98.2 98.2 100 107 x 80 x 24 indoor 14–122 air < 79 @ 1 3,000 no yes yes, fuses

AETI ISIS 1.0 MW 15 kV 1,000 @ 48 1,100 1 610–1,100 610 1,700 DNR 410 3-wire 1,410 1,763 98.0 96.5 98.2 < 300 170 x 438 x 144 outdoor -4–131 air/liquid < 40 @ 3 2,500 yes option yes

AETI ISIS 1.0 MW 38 kV 1,000 @ 48 1,100 1 610–1,100 610 1,700 DNR 410 3-wire 1,410 1,763 98.0 96.5 98.2 < 300 170 x 438 x 144 outdoor -4–131 air/liquid < 40 @ 3 2,500 yes option yes

AETI ISIS 1.5 MW 15 kV 1,500 @ 48 1,100 1 610–1,100 610 2,550 DNR 410 3-wire 2,115 2,644 98.0 96.5 98.2 < 300 170 x 438 x 144 outdoor -4–131 air/liquid < 40 @ 3 2,500 yes option yes

AETI ISIS 1.5 MW 38 kV 1,500 @ 48 1,100 1 610–1,100 610 2,550 DNR 410 3-wire 2,115 2,644 98.0 96.5 98.2 < 300 170 x 438 x 144 outdoor -4–131 air/liquid < 40 @ 3 2,500 yes option yes

Bonfiglioli RPS TL-UL 0501 MS 4 500 @ 50 1,000 1 500–875 450 3 950 1.0 330 3-wire 875 1,200 98.6 98.0 98.4 60  82.7 x 118 x 31.5 indoor -4–131 air DNR 1,000 yes yes yes

Bonfiglioli RPS TL-UL 0550 MS 550 @ 50 1,000 1 500–875 450 3 1,050 1.0 330 3-wire 960 1,200 98.6 98.0 98.4 60  82.7 x 118 x 31.5 indoor -4–131 air DNR 1,000 yes yes yes

Bonfiglioli RPS TL-UL 0733 MS 733 @ 50 1,000 1 500–875 450 3 1,400 1.0 330 3-wire 1,280 1,600 98.6 98.0 98.4 80  82.7 x 149.6 x 31.5 indoor -4–131 air DNR 1,000 yes yes yes

Bonfiglioli RPS TL-UL 0500 MS 500 @ 50 1,000 1 550–875 450 3 950 1.0 360 3-wire 800 1,200 98.6 98.0 98.4 60  82.7 x 118 x 31.5 indoor -4–131 air DNR 1,000 yes yes yes

Bonfiglioli RPS TL-UL 0600 MS 600 @ 50 1,000 1 550–875 450 3 1,050 1.0 360 3-wire 960 1,200 98.6 98.0 98.4 60  82.7 x 118 x 31.5 indoor -4–131 air DNR 1,000 yes yes yes

Bonfiglioli RPS TL-UL 0750 MS 750 @ 50 1,000 1 550–875 450 3 1,300 1.0 360 3-wire 1,200 1,600 98.6 98.0 98.4 80  82.7 x 149.6 x 31.5 indoor -4–131 air DNR 1,000 yes yes yes

Bonfiglioli RPS TL-UL 0800 MS 800 @ 50 1,000 1 550–875 450 3 1,400 1.0 360 3-wire 1,280 1,600 98.6 98.0 98.4 80  82.7 x 149.6 x 31.5 indoor -4–131 air DNR 1,000 yes yes yes

Bonfiglioli RPS TL-UL 0501 MM 5 500 @ 50 1,000 3 500–875 450 3 950 3.0 330 3-wire 875 1,200 98.6 98.0 98.4 60  82.7 x 94.5 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 0550 MM 550 @ 50 1,000 3 500–875 450 3 1,050 3.0 330 3-wire 960 1,200 98.6 98.0 98.4 60  82.7 x 94.5 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 0733 MM 733 @ 50 1,000 4 500–875 450 3 1,400 4.0 330 3-wire 1,280 1,600 98.6 98.0 98.4 80  82.7 x 118 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 0917 MM 917 @ 50 1,000 5 500–875 450 3 1,750 5.0 330 3-wire 1,600 2,000 98.6 98.0 98.4 100  82.7 x 149.6 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 1001 MM 1,000 @ 50 1,000 6 500–875 450 3 1,950 6.0 330 3-wire 1,750 2,000 98.6 98.0 98.4 120  82.7 x 173.2 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 1100 MM 1,100 @ 50 1,000 6 500–875 450 3 2,100 6.0 330 3-wire 1,920 2,500 98.6 98.0 98.4 120  82.7 x 173.2 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 1283 MM 1,283 @ 50 1,000 7 500–875 450 3 2,450 7.0 330 3-wire 2,240 2,500 98.6 98.0 98.4 140  82.7 x 197 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 0500 MM 500 @ 50 1,000 3 550–875 450 3 950 3.0 360 3-wire 800 1,200 98.6 98.0 98.4 60  82.7 x 94.5 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 0600 MM 600 @ 50 1,000 3 550–875 450 3 1,050 3.0 360 3-wire 960 1,200 98.6 98.0 98.4 60  82.7 x 94.5 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 0750 MM 750 @ 50 1,000 4 550–875 450 3 1,300 4.0 360 3-wire 1,200 1,600 98.6 98.0 98.4 80  82.7 x 118 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 0800 MM 800 @ 50 1,000 4 550–875 450 3 1,400 4.0 360 3-wire 1,280 1,600 98.6 98.0 98.4 80  82.7 x 118 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 1000 MM 1,000 @ 50 1,000 5 550–875 450 3 1,750 5.0 360 3-wire 1,600 2,000 98.6 98.0 98.4 100  82.7 x 149.6 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 1200 MM 1,200 @ 50 1,000 6 550–875 450 3 2,100 6.0 360 3-wire 1,920 2,500 98.6 98.0 98.4 120  82.7 x 173.2 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Bonfiglioli RPS TL-UL 1400 MM 1,400 @ 50 1,000 7 550–875 450 3 2,450 7.0 360 3-wire 2,240 2,500 98.6 98.0 98.4 140  82.7 x 197 x 31.5 indoor -4–131 air DNR 1,000 yes yes option

Chint Power CPS SC500KLT-H 500 @ DNR 1,000 1 450–820 470 1,200 3.5 270 3-wire 1,176 DNR 98.5 N/A 98.3 < 100 82.7 x 110.2 x 31.7 indoor -4–140 air DNR 1,000 yes yes no

Eaton Power Xpert Solar 1500KW 1,500 @ 50 1,000 1 500–1,000 550 3 3,100 7.5 320 3-wire 3,000 3,200 98.2 98.0 98.0 300 92.3 x 130.8 x 61.1 outdoor -4–122 8 air/liquid < 80 @ 1 1,000 yes yes yes, fuses

Eaton Power Xpert Solar 1650KW 1,650 @ 50 1,000 1 550–1,000 550 3 3,100 7.5 352 3-wire 3,000 3,200 98.2 98.0 98.0 300 92.3 x 130.8 x 61.1 outdoor -4–122 8 air/liquid < 81 @ 1 1,000 yes yes yes, fuses

GE Energy 1 MW Brilliance (60 Hz) 1,000 @ 50 1,000 1 420–850 125 3 2,400 10.0 480 3-wire 1,215 1,350 98.0 97.5 98.0 < 250 92.5 x 133.9 x 51.2 outdoor -22–140 air/liquid DNR 3,300 yes yes option

Ingeteam 6 500T U X480 Outdoor 500 @ 50 1,000 1 350–820 DNR 1,560 DNR 480 3-wire 7 600 DNR 98.4 98.0 DNR < 5 79.9 x 191 x 32.7 outdoor -4–150 air DNR 3,000 yes yes option

Ingeteam 500TL U X208 Outdoor 500 @ 50 1,000 1 350–820 DNR 1,560 DNR 208 3-wire 1,388 DNR 98.4 97.5 DNR < 5 79.9 x 141.7 x 32.7 outdoor -4–150 air DNR 3,000 yes yes option

Ingeteam 500TL U X275 Outdoor 500 @ 50 1,000 1 460–820 DNR 1,170 DNR 275 3-wire 1,041 DNR 98.6 98.0 DNR < 5 79.9 x 118.1 x 32.7 outdoor -4–150 air DNR 3,000 yes yes option

Ingeteam 660TL U X275 Outdoor 660 @ 50 1,000 1 460–820 DNR 1,560 DNR 275 3-wire 1,388 DNR 98.6 98.0 DNR < 5 79.9 x 141.7 x 32.7 outdoor -4–150 air DNR 3,000 yes yes option

Ingeteam  600TL U X330 Outdoor 600 @ 50 1,000 1 555–820 DNR 1,170 DNR 330 3-wire 1,050 DNR 98.7 98.5 DNR < 5 79.9 x 141.7 x 32.7 outdoor -4–150 air DNR 3,000 yes yes option

Ingeteam 800TL U X330 Outdoor 800 @ 50 1,000 1 555–820 DNR 1,560 DNR 330 3-wire 1,400 DNR 98.7 98.5 DNR < 5 79.9 x 141.7 x 32.7 outdoor -4–150 air DNR 3,000 yes yes option

Ingeteam 660TL U X360 Outdoor 660 @ 50 1,000 1 606–820 DNR 1,170 DNR 360 3-wire 1,060 DNR 98.7 98.5 DNR < 5 79.9 x 141.7 x 32.7 outdoor -4–150 air DNR 3,000 yes yes option

Ingeteam 880TL U X360 Outdoor 880 @ 50 1,000 1 606–820 DNR 1,560 DNR 360 3-wire 1,412 DNR 98.7 98.5 DNR < 5 79.9 x 141.7 x 32.7 outdoor -4–150 air DNR 3,000 yes yes option

Footnote Key
1  Before derating occurs
2  Comp = compression screw terminal
3  Adjustable
4  MS = Master-Slave
5  MM = Multi-MPPT
6  All listed Ingeteam models are part  

 of the INGECON SUN product line
7  3-wire with neutral
8  -40–140 option
9  Plus direct-coupling/throat connection
10  DC contactor
11  No handle

12  Circuit breaker
13  32 with Optiprotect sting string-failure  
 protection
14  Option screw compression terminal blocks
DNR = did not report
N/A = not applicable
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2013 Central Inverter Specifications: 1,000 Vdc Models

Manufacturer Model

Termination Specifications Transportation Listing Warranty

# dc 
terminals

dc 
terminal 

type 2

# ac 
terminals 

(per 
phase)

ac 
terminal 

type 2
# GEC 

terminals

GEC 
terminal 

type 2
Weight      
(lbs.)

Lifting 
provisions

Listing 
agency

CEC 
eligible

Standard 
(yr.)

Extended 
(yr.)

PM or 
service 
contract 
available

ABB PVS800-57-0500kW-A 4, 8, 12 thru hole 3 thru hole DNR DNR 3,968 eyebolts N/A no 2 3, 5, 10 yes

ABB PVS800-57-0630kW-B 4, 8, 12 thru hole 3 thru hole DNR DNR 3,968 eyebolts N/A no 2 3, 5, 10 yes

Advanced Energy AE 500NX-1kV 10 M8 stud 4 thru hole 10 M10 stud 3,600 forklift, eyebolts pending yes 5 20 yes

AEG PROTECT PV.500-UL 8 thru hole 4 stud 8 thru hole 3,750 forklift, eyebolts TUV pending 5 20 yes

AEG PROTECT PV.630 8 thru hole 4 stud 8 thru hole 3,750 forklift, eyebolts pending no 5 20 yes

AETI ISIS 1.0 MW 15 kV 14 thru hole 8 thru hole 3 thru hole 22,600 forklift TUV yes 5 10, 15, 20 yes

AETI ISIS 1.0 MW 38 kV 14 thru hole 8 thru hole 3 thru hole 22,600 forklift TUV yes 5 10, 15, 20 yes

AETI ISIS 1.5 MW 15 kV 20 thru hole 8 thru hole 3 thru hole 28,800 forklift TUV yes 5 10, 15, 20 yes

AETI ISIS 1.5 MW 38 kV 20 thru hole 8 thru hole 3 thru hole 28,800 forklift TUV yes 5 10, 15, 20 yes

Bonfiglioli RPS TL-UL 0501 MS 4 12 M10 bolt 4 comp 1 M10 bolt 4,750 forklift, eyebolts UL no 5 25 yes

Bonfiglioli RPS TL-UL 0550 MS 12 M10 bolt 4 comp 1 M10 bolt 4,750 forklift, eyebolts UL no 5 25 yes

Bonfiglioli RPS TL-UL 0733 MS 16 M10 bolt 6 M16 bolt 1 M16 bolt 5,960 forklift, eyebolts UL no 5 25 yes

Bonfiglioli RPS TL-UL 0500 MS 12 M10 bolt 4 comp 1 M10 bolt 4,750 forklift, eyebolts UL no 5 25 yes

Bonfiglioli RPS TL-UL 0600 MS 12 M10 bolt 4 comp 1 M10 bolt 4,750 forklift, eyebolts UL no 5 25 yes

Bonfiglioli RPS TL-UL 0750 MS 16 M10 bolt 6 M16 bolt 1 M16 bolt 5,960 forklift, eyebolts UL no 5 25 yes

Bonfiglioli RPS TL-UL 0800 MS 16 M10 bolt 6 M16 bolt 1 M16 bolt 5,960 forklift, eyebolts UL no 5 25 yes

Bonfiglioli RPS TL-UL 0501 MM 5 6 comp 4 comp 1 M10 bolt 4,070 forklift, eyebolts UL no 5 25 yes

Bonfiglioli RPS TL-UL 0550 MM 6 comp 4 comp 1 M10 bolt 4,070 forklift, eyebolts UL no 5 25 yes

Bonfiglioli RPS TL-UL 0733 MM 8 comp 6 M16 bolt 1 M16 bolt 5,390 forklift, eyebolts UL no 5 25 yes

Bonfiglioli RPS TL-UL 0917 MM 10 comp 6 M16 bolt 1 M16 bolt 6,600 forklift, eyebolts UL no 5 25 yes

Bonfiglioli RPS TL-UL 1001 MM 12 comp 6 M16 bolt 1 M16 bolt 6,600 forklift, eyebolts UL no 5 25 yes

Bonfiglioli RPS TL-UL 1100 MM 12 comp 6 M16 bolt 1 M16 bolt 7,810 forklift, eyebolts UL no 5 25 yes

Bonfiglioli RPS TL-UL 1283 MM 14 comp 6 M16 bolt 1 M16 bolt 9,020 forklift, eyebolts UL no 5 25 yes

Bonfiglioli RPS TL-UL 0500 MM 6 comp 4 comp 1 M10 bolt 4,070 forklift, eyebolts UL no 5 25 yes

Bonfiglioli RPS TL-UL 0600 MM 6 comp 4 comp 1 M10 bolt 4,070 forklift, eyebolts UL no 5 25 yes

Bonfiglioli RPS TL-UL 0750 MM 8 comp 6 M16 bolt 1 M16 bolt 5,390 forklift, eyebolts UL no 5 25 yes

Bonfiglioli RPS TL-UL 0800 MM 8 comp 6 M16 bolt 1 M16 bolt 5,390 forklift, eyebolts UL no 5 25 yes

Bonfiglioli RPS TL-UL 1000 MM 10 comp 6 M16 bolt 1 M16 bolt 6,600 forklift, eyebolts UL no 5 25 yes

Bonfiglioli RPS TL-UL 1200 MM 12 comp 6 M16 bolt 1 M16 bolt 7,810 forklift, eyebolts UL no 5 25 yes

Bonfiglioli RPS TL-UL 1400 MM 14 comp 6 M16 bolt 1 M16 bolt 9,020 forklift, eyebolts UL no 5 25 yes

Chint Power CPS SC500KLT-H 16 thru hole 1 thru hole 1 thru hole 3,968 forklift N/A no 5 20 DNR

Eaton Power Xpert Solar 1500KW 24 thru hole 1 thru hole 9 3 thru hole 12,000 forklift, crane ETL yes 5 10 yes

Eaton Power Xpert Solar 1650KW 24 thru hole 1 thru hole 9 3 thru hole 12,000 forklift, crane ETL yes 5 10 yes

GE Energy 1 MW Brilliance (60 Hz) as req. thru hole 1 thru hole DNR DNR 9,056 forklift, crane CSA no 5 10 yes

Ingeteam 6 500T U X480 Outdoor 16 stud DNR stud DNR thru hole 9,477 forklift, eyebolts ETL pending 5 20 yes

Ingeteam 500TL U X208 Outdoor 16 stud DNR stud DNR thru hole 5,950 forklift, eyebolts ETL pending 5 20 yes

Ingeteam 500TL U X275 Outdoor 12 stud DNR stud DNR thru hole 4,520 forklift, eyebolts ETL pending 5 20 yes

Ingeteam 660TL U X275 Outdoor 16 stud DNR stud DNR thru hole 5,950 forklift, eyebolts ETL pending 5 20 yes

Ingeteam  600TL U X330 Outdoor 12 stud DNR stud DNR thru hole 4,520 forklift, eyebolts ETL pending 5 20 yes

Ingeteam 800TL U X330 Outdoor 16 stud DNR stud DNR thru hole 5,950 forklift, eyebolts ETL pending 5 20 yes

Ingeteam 660TL U X360 Outdoor 12 stud DNR stud DNR thru hole 4,520 forklift, eyebolts ETL pending 5 20 yes

Ingeteam 880TL U X360 Outdoor 16 stud DNR stud DNR thru hole 5,950 forklift, eyebolts ETL pending 5 20 yes

Central  Inverters
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Looking for a competitive distributor 
who offers design services, marketing
support, and lead generation?
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4840 Pan American Frontage Rd N | Albuquerque, NM 87109 | USA

See what Mellow at Sunspot Energy 
has to say about us.

“The service and support we received during the 
past 3 years from Affordable Solar has been crucial 
to the success of our company. In this increasingly 
competitive solar market, Affordable Solar 
continues to give us the winning edge we need
to succeed.” - Mellow Honek, sunspotenergy.com

*Curious to who those other “competitors” are? Give us a call!

We’ll let the results
speak for themselves.
Canadian Solar products are manufactured 

with uncompromising quality, durability, per-

formance and value. Their meticulous 

design and production techniques, combined 

with rigorous quality control, in-house testing 

and adherence to strict international quality 

standards, ensure a high return on invest-

ment. Canadian Solar products feature 

plus-only power tolerances for high reliability 

and output. 

Not only is their performance superb, but so 

is their warranty. An industry-leading 10 year 

product warranty followed by a 25 year 

power warranty that is insured by A.M. Best 

rated insurance companies gives you double 

the protection on your solar investment.

Pictured: 102kW commercial system designed and supplied by Affordable Solar using Canadian Solar modules

Why do we love Canadian Solar? 
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Manufacturer Model
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Load-break 
rated dc 
disco.

Load-break 
rated ac  
disco. Subcombiner

Ingeteam 500 X275 Indoor 519 @ 40 1,000 1 460–820 DNR 1,200 DNR 275 3-wire 1,104 DNR 98.5 98.3 DNR < 5 76.4 x 121.1 x 32.7 indoor -4–150 air DNR 3,000 yes yes option

Ingeteam 550 X320 Indoor 605 @ 40 1,000 1 540–820 DNR 1,200 DNR 320 3-wire 1,104 DNR 98.7 98.5 DNR < 5 76.4 x 121.1 x 32.7 indoor -4–150 air DNR 3,000 yes yes option

Ingeteam 600 X345 Indoor 660 @ 40 1,000 1 580–820 DNR 1,200 DNR 345 3-wire 1,104 DNR 98.8 98.6 DNR < 5 76.4 x 121.1 x 32.7 indoor -4–150 air DNR 3,000 yes yes option

Ingeteam 630 X360 Indoor 688 @ 40 1,000 1 606–820 DNR 1,200 DNR 360 3-wire 1,104 DNR 98.8 98.7 DNR < 5 76.4 x 121.1 x 32.7 indoor -4–150 air DNR 3,000 yes yes option

Ingeteam 730 X320 Indoor 803 @ 40 1,000 1 540–820 DNR 1,600 DNR 320 3-wire 1,472 DNR 98.7 98.5 DNR < 5 76.4 x 145.7 x 32.7 indoor -4–150 air DNR 3,000 yes yes option

Ingeteam 800 X345 Indoor 800 @ 40 1,000 1 580–820 DNR 1,600 DNR 345 3-wire 1,472 DNR 98.8 98.6 DNR < 5 76.4 x 145.7 x 32.7 indoor -4–150 air DNR 3,000 yes yes option

Ingeteam  840 X360 Indoor 917 @ 40 1,000 1 606–820 DNR 1,600 DNR 360 3-wire 1,472 DNR 98.8 98.7 DNR < 5 76.4 x 145.7 x 32.7 indoor -4–150 air DNR 3,000 yes yes option

Ingeteam 1000 M400 Indoor 1,019 @ 40 1,000 4 606–820 DNR 1,600 DNR 360 3-wire 1,472 DNR 98.8 98.7 DNR < 5 76.4 x 145.7 x 32.7 indoor -4–150 air DNR 3,000 yes yes option

KACO new energy XP550-OD-TL 550 @ 50 1,000 1 550–830 700 1,200 5.5 370 3-wire 858 1,200 98.7 98.3 N/A < 110 89 x 103 x 34 outdoor -4–122 air < 70 @ 3 2,000 option yes yes, fuses

Nextronex Ray-Max PI 600 600 @ 45 1,000 1 300–850 350 960 0.7 480 field 960 1,400 98.0 95.0 N/A 20 4x 27 x 82 x 47 outdoor -13–113 air  < 65 @ 1 3,218 yes yes yes, CBs

Nextronex Ray-Max PI 750 750 @ 45 1,000 1 300–850 350 1,200 0.7 480 field 1,200 1,750 98.0 95.0 N/A 20 5x 27 x 82 x 47 outdoor -13–113 air  < 65 @ 1 3,218 yes yes yes, CBs

Nextronex Ray-Max PI 900 900 @ 45 1,000 1 300–850 350 1,440 0.7 480 field 1,440 2,100 98.0 95.0 N/A 20 6x 27 x 82 x 47 outdoor -13–113 air  < 65 @ 1 3,218 yes yes yes, CBs

Nextronex Ray-Max PI 1050 1,050 @ 45 1,000 1 300–850 350 1,680 0.7 480 field 1,680 2,450 98.0 95.0 N/A 20 7x 27 x 82 x 47 outdoor -13–113 air  < 65 @ 1 3,218 yes yes yes, CBs

Nextronex Ray-Max PI 1200 1,200 @ 45 1,000 1 300–850 350 1,920 0.7 480 field 1,920 2,800 98.0 95.0 N/A 20 8x 27 x 82 x 47 outdoor -13–113 air  < 65 @ 1 3,218 yes yes yes, CBs

Nextronex Ray-Max PI 1350 1,350 @ 45 1,000 1 300–850 350 2,160 0.7 480 field 2,160 3,150 98.0 95.0 N/A 20 9x 27 x 82 x 47 outdoor -13–113 air  < 65 @ 1 3,218 yes yes yes, CBs

Nextronex Ray-Max PI 1500 1,500 @ 45 1,000 1 300–850 350 2,400 0.7 480 field 2,400 3,500 98.0 95.0 N/A 20 10x 27 x 82 x 47 outdoor -13–113 air  < 65 @ 1 3,218 yes yes yes, CBs

Nextronex Ray-Max PI 1650 1,650 @ 45 1,000 1 300–850 350 2,640 0.7 480 field 2,640 3,850 98.0 95.0 N/A 20 11x 27 x 82 x 47 outdoor -13–113 air  < 65 @ 1 3,218 yes yes yes, CBs

Nextronex Ray-Max PI 1800 1,800 @ 45 1,000 1 300–850 350 2,880 0.7 480 field 2,880 4,200 98.0 95.0 N/A 20 12x 27 x 82 x 47 outdoor -13–113 air  < 65 @ 1 3,218 yes yes yes, CBs

Power-One Aurora Ultra 750-TL-OUTD 780 @ 50 1,000 2 470–900 470 1,460 15.0 690 3-wire 650 800 98.6 98.0 98.2 < 90 124 x 119 x 58.5 outdoor -4–140 air/liquid < 78 @ 1 2,000 option yes yes, fuses

Power-One Aurora Ultra 1100-TL-OUTD 1,170 @ 50 1,000 3 470–900 470 2,190 22.5 690 3-wire 975 1,000 98.6 97.5 98.2 < 110 124 x 146.6 x 58.5 outdoor -4–140 air/liquid < 78 @ 1 2,000 option yes yes, fuses

Power-One Aurora Ultra 1500-TL-OUTD 1,560 @ 50 1,000 4 470–900 470 2,920 30.0 690 3-wire 1,300 1,600 98.6 98.0 98.2  <180 124 x 174.1 x 58.5 outdoor -4–140 air/liquid < 78 @ 1 2,000 option yes yes, fuses

REFUsol  REFUsol 500K 500 @ 25 950 1 460–850 DNR 1,000 5.0 315 3-wire 920 DNR 98.1 N/A 97.6 0 79 x 110 x 24 outdoor -4–122 air/liquid DNR 1,000 no no yes, fuses

REFUsol  REFUsol 630K 630 @ 25 950 1 460–850 DNR 1,300 5.0 315 3-wire 1,220 DNR 98.1 N/A 97.6 0 86 x 110 x 24 outdoor -4–113 air/liquid DNR 1,000 no no yes, fuses

Santerno TG 760 1000V TL-NA OUT 760 @ 50 1,000 1 550–820 550 1,600 6.0 360 3-wire 1,300 1,600 98.5 98.0 98.1 < 45 102.6 x 82.7 x 31.7 outdoor -13–122 air < 75 @ 1 1,000 yes yes yes

Santerno TG 760 1000V TL-NA IND 760 @ 50 1,000 1 550–820 550 1,600 6.0 360 3-wire 1,300 1,600 98.5 98.0 98.1 < 45 108.9 x 90.7 x 39.6 indoor -13–122 air < 75 @ 1 1,000 yes yes yes

Satcon EQX-0625-US 625 @ DNR 1,000 1 525–850 525 1,240 0.5 320 3-wire 1,127 1,359 DNR 98.5 DNR 170 83 x 178 x 33 outdoor -4–122 DNR DNR 3,000 no no yes, fuses

Satcon PVS-1000 1,000 @ DNR 900 1 420–850 420 2,442 0.5 265 3-wire 2,178 2,614 DNR 96.0 DNR 396 93 x 139 x 71 outdoor -4–122 DNR DNR 3,000 no no option, fuses

SMA America Sunny Central 500CP-US 500 @ 50 1,000 1 430–850 500 1,250 5.0 270 3-wire 1,176 1,500 98.5 98.0 98.3 < 100 101 x 90 x 38 outdoor -13–144 air < 60 @ 10 2,000 no 10 yes 12 option, fuses

SMA America Sunny Central 500CP-XT 500 @ 50 1,000 1 436–850 500 1,250 5.0 270 3-wire 1,176 1,500 98.6 98.5 98.4 < 100 101 x 90 x 38 outdoor -13–144 air < 60 @ 10 2,000 no 10 yes 12 yes, fuses

SMA America Sunny Central 630CP-US 630 @ 50 1,000 1 500–850 610 1,350 5.0 315 3-wire 1,283 1,650 98.5 98.0 98.3 < 100 101 x 90 x 38 outdoor -13–144 air < 60 @ 10 2,000 no 10 yes 12 option, fuses

SMA America Sunny Central 630CP-XT 630 @ 50 1,000 1 505–850 610 1,350 5.0 315 3-wire 1,283 1,650 98.7 98.5 98.5 < 100 101 x 90 x 38 outdoor -13–144 air < 60 @ 10 2,000 no 10 yes 12 yes, fuses

SMA America Sunny Central 720CP-US 720 @ 50 1,000 1 525–850 675 1,600 5.0 324 3-wire 1,600 1,800 98.6 98.0 98.4 < 100 101 x 90 x 38 outdoor -13–144 air < 60 @ 10 2,000 no 10 yes 12 option, fuses

SMA America Sunny Central  720CP-XT 720 @ 50 1,000 1 525–850 675 1,400 5.0 324 3-wire 1,411 1,800 98.6 98.5 98.4 < 100 101 x 90 x 38 outdoor -13–144 air < 60 @ 10 2,000 no 10 yes 12 yes, fuses

SMA America Sunny Central 750CP-US 760 @ 50 1,000 1 545–850 715 1,600 5.0 342 3-wire 1,600 1,800 98.6 98.0 98.4 < 100 101 x 90 x 38 outdoor -13–144 air < 60 @ 10 2,000 no 10 yes 12 option, fuses

SMA America Sunny Central 760CP-XT 760 @ 50 1,000 1 554–850 715 1,400 5.0 342 3-wire 1,411 1,800 98.6 98.5 98.4 < 100 101 x 90 x 38 outdoor -13–144 air < 60 @ 10 2,000 no 10 yes 12 yes, fuses

SMA America Sunny Central 800CP-US 800 @ 50 1,000 1 570–850 760 1,600 5.0 360 3-wire 1,600 1,800 98.7 98.5 98.4 < 100 101 x 90 x 38 outdoor -13–144 air < 61 @ 10 2,000 no 10 yes 12 option, fuses

SMA America Sunny Central 800CP-XT 800 @ 50 1,000 1 583–850 760 1,400 5.0 360 3-wire 1,411 1,800 98.6 98.5 98.4 < 100 101 x 90 x 38 outdoor -13–144 air < 61 @ 10 2,000 no 10 yes 12 yes, fuses

SMA America Sunny Central 850CP-XT 850 @ 50 1,000 1 620–850 760 1,400 5.0 386 3-wire 1,411 1,800 98.6 98.5 98.4 < 100 101 x 90 x 38 outdoor -13–144 air < 61 @ 10 2,000 no 10 yes 12 yes, fuses

SMA America Sunny Central 900CP-XT 900 @ 50 1,000 1 656–850 770 1,400 5.0 405 3-wire 1,411 1,800 98.6 98.5 98.4 < 100 101 x 90 x 38 outdoor -13–144 air < 61 @ 10 2,000 no 10 yes 12 yes, fuses

TMEIC Solar Ware 500 500 @ 50 1,000 1 450–950 440 1,155 DNR 300 3-wire 962 DNR 98.5 98.5 98.3 75 81.7 x 74.8 x 27.6 indoor -4–122 air < 75 @ 3 2,000 yes 11 yes 11 option

TMEIC Solar Ware 630 630 @ 50 1,000 1 550–950 540 1,403 DNR 380 3-wire 957 DNR 98.6 98.5 98.3 70 81.7 x 74.8 x 27.6 indoor -4–122 air < 75 @ 3 2,000 yes 11 yes 11 option

Central  Inverters
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Manufacturer Model

Rated 
continious 
power (kW) 

at °C

Input Data (dc) Output Data (ac) Performance Mechanical Disconnects & Subcombiners 

Max. Voc 
(Vdc)

# MPPT 
circuits

MPPT  
range  
(Vdc)

PV start 
voltage 
(Vdc)

Max. dc 
input 

current 
(Adc)

Min. dc power 
throughput 

(kW)

Nominal 
output 
voltage 
(Vac)

AC output 
wiring

Max. output 
current       
(Aac)

Max. OCPD 
rating  
(Aac)

Max. 
efficiency 

(%)

CEC-weighted 
efficiency  

(%)

European-
weighted 
efficiency 

(%)

Nighttime  
standby loss 

(W)

Dimensions  
H x W x D  

(in.) Enclosure

Operating 
temp. range  

(°F)
Cooling 
method

Noise level (dB) 
at distance 

(m)

Max. operating 
altitude 

(m)1

Load-break 
rated dc 
disco.

Load-break 
rated ac  
disco. Subcombiner

Ingeteam 500 X275 Indoor 519 @ 40 1,000 1 460–820 DNR 1,200 DNR 275 3-wire 1,104 DNR 98.5 98.3 DNR < 5 76.4 x 121.1 x 32.7 indoor -4–150 air DNR 3,000 yes yes option

Ingeteam 550 X320 Indoor 605 @ 40 1,000 1 540–820 DNR 1,200 DNR 320 3-wire 1,104 DNR 98.7 98.5 DNR < 5 76.4 x 121.1 x 32.7 indoor -4–150 air DNR 3,000 yes yes option

Ingeteam 600 X345 Indoor 660 @ 40 1,000 1 580–820 DNR 1,200 DNR 345 3-wire 1,104 DNR 98.8 98.6 DNR < 5 76.4 x 121.1 x 32.7 indoor -4–150 air DNR 3,000 yes yes option

Ingeteam 630 X360 Indoor 688 @ 40 1,000 1 606–820 DNR 1,200 DNR 360 3-wire 1,104 DNR 98.8 98.7 DNR < 5 76.4 x 121.1 x 32.7 indoor -4–150 air DNR 3,000 yes yes option

Ingeteam 730 X320 Indoor 803 @ 40 1,000 1 540–820 DNR 1,600 DNR 320 3-wire 1,472 DNR 98.7 98.5 DNR < 5 76.4 x 145.7 x 32.7 indoor -4–150 air DNR 3,000 yes yes option

Ingeteam 800 X345 Indoor 800 @ 40 1,000 1 580–820 DNR 1,600 DNR 345 3-wire 1,472 DNR 98.8 98.6 DNR < 5 76.4 x 145.7 x 32.7 indoor -4–150 air DNR 3,000 yes yes option

Ingeteam  840 X360 Indoor 917 @ 40 1,000 1 606–820 DNR 1,600 DNR 360 3-wire 1,472 DNR 98.8 98.7 DNR < 5 76.4 x 145.7 x 32.7 indoor -4–150 air DNR 3,000 yes yes option

Ingeteam 1000 M400 Indoor 1,019 @ 40 1,000 4 606–820 DNR 1,600 DNR 360 3-wire 1,472 DNR 98.8 98.7 DNR < 5 76.4 x 145.7 x 32.7 indoor -4–150 air DNR 3,000 yes yes option

KACO new energy XP550-OD-TL 550 @ 50 1,000 1 550–830 700 1,200 5.5 370 3-wire 858 1,200 98.7 98.3 N/A < 110 89 x 103 x 34 outdoor -4–122 air < 70 @ 3 2,000 option yes yes, fuses

Nextronex Ray-Max PI 600 600 @ 45 1,000 1 300–850 350 960 0.7 480 field 960 1,400 98.0 95.0 N/A 20 4x 27 x 82 x 47 outdoor -13–113 air  < 65 @ 1 3,218 yes yes yes, CBs

Nextronex Ray-Max PI 750 750 @ 45 1,000 1 300–850 350 1,200 0.7 480 field 1,200 1,750 98.0 95.0 N/A 20 5x 27 x 82 x 47 outdoor -13–113 air  < 65 @ 1 3,218 yes yes yes, CBs

Nextronex Ray-Max PI 900 900 @ 45 1,000 1 300–850 350 1,440 0.7 480 field 1,440 2,100 98.0 95.0 N/A 20 6x 27 x 82 x 47 outdoor -13–113 air  < 65 @ 1 3,218 yes yes yes, CBs

Nextronex Ray-Max PI 1050 1,050 @ 45 1,000 1 300–850 350 1,680 0.7 480 field 1,680 2,450 98.0 95.0 N/A 20 7x 27 x 82 x 47 outdoor -13–113 air  < 65 @ 1 3,218 yes yes yes, CBs

Nextronex Ray-Max PI 1200 1,200 @ 45 1,000 1 300–850 350 1,920 0.7 480 field 1,920 2,800 98.0 95.0 N/A 20 8x 27 x 82 x 47 outdoor -13–113 air  < 65 @ 1 3,218 yes yes yes, CBs

Nextronex Ray-Max PI 1350 1,350 @ 45 1,000 1 300–850 350 2,160 0.7 480 field 2,160 3,150 98.0 95.0 N/A 20 9x 27 x 82 x 47 outdoor -13–113 air  < 65 @ 1 3,218 yes yes yes, CBs

Nextronex Ray-Max PI 1500 1,500 @ 45 1,000 1 300–850 350 2,400 0.7 480 field 2,400 3,500 98.0 95.0 N/A 20 10x 27 x 82 x 47 outdoor -13–113 air  < 65 @ 1 3,218 yes yes yes, CBs

Nextronex Ray-Max PI 1650 1,650 @ 45 1,000 1 300–850 350 2,640 0.7 480 field 2,640 3,850 98.0 95.0 N/A 20 11x 27 x 82 x 47 outdoor -13–113 air  < 65 @ 1 3,218 yes yes yes, CBs

Nextronex Ray-Max PI 1800 1,800 @ 45 1,000 1 300–850 350 2,880 0.7 480 field 2,880 4,200 98.0 95.0 N/A 20 12x 27 x 82 x 47 outdoor -13–113 air  < 65 @ 1 3,218 yes yes yes, CBs

Power-One Aurora Ultra 750-TL-OUTD 780 @ 50 1,000 2 470–900 470 1,460 15.0 690 3-wire 650 800 98.6 98.0 98.2 < 90 124 x 119 x 58.5 outdoor -4–140 air/liquid < 78 @ 1 2,000 option yes yes, fuses

Power-One Aurora Ultra 1100-TL-OUTD 1,170 @ 50 1,000 3 470–900 470 2,190 22.5 690 3-wire 975 1,000 98.6 97.5 98.2 < 110 124 x 146.6 x 58.5 outdoor -4–140 air/liquid < 78 @ 1 2,000 option yes yes, fuses

Power-One Aurora Ultra 1500-TL-OUTD 1,560 @ 50 1,000 4 470–900 470 2,920 30.0 690 3-wire 1,300 1,600 98.6 98.0 98.2  <180 124 x 174.1 x 58.5 outdoor -4–140 air/liquid < 78 @ 1 2,000 option yes yes, fuses

REFUsol  REFUsol 500K 500 @ 25 950 1 460–850 DNR 1,000 5.0 315 3-wire 920 DNR 98.1 N/A 97.6 0 79 x 110 x 24 outdoor -4–122 air/liquid DNR 1,000 no no yes, fuses

REFUsol  REFUsol 630K 630 @ 25 950 1 460–850 DNR 1,300 5.0 315 3-wire 1,220 DNR 98.1 N/A 97.6 0 86 x 110 x 24 outdoor -4–113 air/liquid DNR 1,000 no no yes, fuses

Santerno TG 760 1000V TL-NA OUT 760 @ 50 1,000 1 550–820 550 1,600 6.0 360 3-wire 1,300 1,600 98.5 98.0 98.1 < 45 102.6 x 82.7 x 31.7 outdoor -13–122 air < 75 @ 1 1,000 yes yes yes

Santerno TG 760 1000V TL-NA IND 760 @ 50 1,000 1 550–820 550 1,600 6.0 360 3-wire 1,300 1,600 98.5 98.0 98.1 < 45 108.9 x 90.7 x 39.6 indoor -13–122 air < 75 @ 1 1,000 yes yes yes

Satcon EQX-0625-US 625 @ DNR 1,000 1 525–850 525 1,240 0.5 320 3-wire 1,127 1,359 DNR 98.5 DNR 170 83 x 178 x 33 outdoor -4–122 DNR DNR 3,000 no no yes, fuses

Satcon PVS-1000 1,000 @ DNR 900 1 420–850 420 2,442 0.5 265 3-wire 2,178 2,614 DNR 96.0 DNR 396 93 x 139 x 71 outdoor -4–122 DNR DNR 3,000 no no option, fuses

SMA America Sunny Central 500CP-US 500 @ 50 1,000 1 430–850 500 1,250 5.0 270 3-wire 1,176 1,500 98.5 98.0 98.3 < 100 101 x 90 x 38 outdoor -13–144 air < 60 @ 10 2,000 no 10 yes 12 option, fuses

SMA America Sunny Central 500CP-XT 500 @ 50 1,000 1 436–850 500 1,250 5.0 270 3-wire 1,176 1,500 98.6 98.5 98.4 < 100 101 x 90 x 38 outdoor -13–144 air < 60 @ 10 2,000 no 10 yes 12 yes, fuses

SMA America Sunny Central 630CP-US 630 @ 50 1,000 1 500–850 610 1,350 5.0 315 3-wire 1,283 1,650 98.5 98.0 98.3 < 100 101 x 90 x 38 outdoor -13–144 air < 60 @ 10 2,000 no 10 yes 12 option, fuses

SMA America Sunny Central 630CP-XT 630 @ 50 1,000 1 505–850 610 1,350 5.0 315 3-wire 1,283 1,650 98.7 98.5 98.5 < 100 101 x 90 x 38 outdoor -13–144 air < 60 @ 10 2,000 no 10 yes 12 yes, fuses

SMA America Sunny Central 720CP-US 720 @ 50 1,000 1 525–850 675 1,600 5.0 324 3-wire 1,600 1,800 98.6 98.0 98.4 < 100 101 x 90 x 38 outdoor -13–144 air < 60 @ 10 2,000 no 10 yes 12 option, fuses

SMA America Sunny Central  720CP-XT 720 @ 50 1,000 1 525–850 675 1,400 5.0 324 3-wire 1,411 1,800 98.6 98.5 98.4 < 100 101 x 90 x 38 outdoor -13–144 air < 60 @ 10 2,000 no 10 yes 12 yes, fuses

SMA America Sunny Central 750CP-US 760 @ 50 1,000 1 545–850 715 1,600 5.0 342 3-wire 1,600 1,800 98.6 98.0 98.4 < 100 101 x 90 x 38 outdoor -13–144 air < 60 @ 10 2,000 no 10 yes 12 option, fuses

SMA America Sunny Central 760CP-XT 760 @ 50 1,000 1 554–850 715 1,400 5.0 342 3-wire 1,411 1,800 98.6 98.5 98.4 < 100 101 x 90 x 38 outdoor -13–144 air < 60 @ 10 2,000 no 10 yes 12 yes, fuses

SMA America Sunny Central 800CP-US 800 @ 50 1,000 1 570–850 760 1,600 5.0 360 3-wire 1,600 1,800 98.7 98.5 98.4 < 100 101 x 90 x 38 outdoor -13–144 air < 61 @ 10 2,000 no 10 yes 12 option, fuses

SMA America Sunny Central 800CP-XT 800 @ 50 1,000 1 583–850 760 1,400 5.0 360 3-wire 1,411 1,800 98.6 98.5 98.4 < 100 101 x 90 x 38 outdoor -13–144 air < 61 @ 10 2,000 no 10 yes 12 yes, fuses

SMA America Sunny Central 850CP-XT 850 @ 50 1,000 1 620–850 760 1,400 5.0 386 3-wire 1,411 1,800 98.6 98.5 98.4 < 100 101 x 90 x 38 outdoor -13–144 air < 61 @ 10 2,000 no 10 yes 12 yes, fuses

SMA America Sunny Central 900CP-XT 900 @ 50 1,000 1 656–850 770 1,400 5.0 405 3-wire 1,411 1,800 98.6 98.5 98.4 < 100 101 x 90 x 38 outdoor -13–144 air < 61 @ 10 2,000 no 10 yes 12 yes, fuses

TMEIC Solar Ware 500 500 @ 50 1,000 1 450–950 440 1,155 DNR 300 3-wire 962 DNR 98.5 98.5 98.3 75 81.7 x 74.8 x 27.6 indoor -4–122 air < 75 @ 3 2,000 yes 11 yes 11 option

TMEIC Solar Ware 630 630 @ 50 1,000 1 550–950 540 1,403 DNR 380 3-wire 957 DNR 98.6 98.5 98.3 70 81.7 x 74.8 x 27.6 indoor -4–122 air < 75 @ 3 2,000 yes 11 yes 11 option

Footnote Key
1  Before derating occurs
2  Comp = compression screw terminal
3  Adjustable
4  MS = Master-Slave
5  MM = Multi-MPPT
6  All listed Ingeteam models are part  

 of the INGECON SUN product line
7  3-wire with neutral
8  -40–140 option
9  Plus direct-coupling/throat connection
10  DC contactor
11  No handle

12  Circuit breaker
13  32 with Optiprotect sting string-failure  
 protection
14  Option screw compression terminal blocks
DNR = did not report
N/A = not applicable
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2013 Central Inverter Specifications: 1,000 Vdc Models

Manufacturer Model

Termination Specifications Transportation Listing Warranty

# dc 
terminals

dc 
terminal 

type 2

# ac 
terminals 

(per 
phase)

ac 
terminal 

type 2
# GEC 

terminals

GEC 
terminal 

type 2
Weight      
(lbs.)

Lifting 
provisions

Listing 
agency

CEC 
eligible

Standard 
(yr.)

Extended  
(yr.)

PM or 
service 
contract 
available

Ingeteam 500 X275 Indoor 12 stud DNR stud DNR thru hole 4,189 forklift, eyebolts N/A no 5 25 yes

Ingeteam 550 X320 Indoor 12 stud DNR stud DNR thru hole 4,189 forklift, eyebolts N/A no 5 25 yes

Ingeteam 600 X345 Indoor 12 stud DNR stud DNR thru hole 4,189 forklift, eyebolts N/A no 5 25 yes

Ingeteam 630 X360 Indoor 12 stud DNR stud DNR thru hole 4,189 forklift, eyebolts N/A no 5 25 yes

Ingeteam 730 X320 Indoor 16 stud DNR stud DNR thru hole 5,512 forklift, eyebolts N/A no 5 25 yes

Ingeteam 800 X345 Indoor 16 stud DNR stud DNR thru hole 5,512 forklift, eyebolts N/A no 5 25 yes

Ingeteam  840 X360 Indoor 16 stud DNR stud DNR thru hole 5,512 forklift, eyebolts N/A no 5 25 yes

Ingeteam 1000 M400 Indoor 16 stud DNR stud DNR thru hole 5,512 forklift, eyebolts N/A no 5 25 yes

KACO new energy XP550-OD-TL 6 thru hole 2 thru hole 8 thru hole 4,880 forklift, crane ETL no 5 10, 15, 20 yes 

Nextronex Ray-Max PI 600 126 comp 4 stud 12 stud 4x 939 forklift ETL no 10 20 yes

Nextronex Ray-Max PI 750 144 comp 5 stud 15 stud 5x 939 forklift ETL no 10 20 yes

Nextronex Ray-Max PI 900 180 comp 6 stud 18 stud 6x 939 forklift ETL no 10 20 yes

Nextronex Ray-Max PI 1050 216 comp 7 stud 21 stud 7x 939 forklift ETL no 10 20 yes

Nextronex Ray-Max PI 1200 234 comp 8 stud 24 stud 8x 939 forklift ETL no 10 20 yes

Nextronex Ray-Max PI 1350 270 comp 9 stud 27 stud 10x 939 forklift ETL no 10 20 yes

Nextronex Ray-Max PI 1500 288 comp 10 stud 30 stud 11x 939 forklift ETL no 10 20 yes

Nextronex Ray-Max PI 1650 324 comp 11 stud 33 stud 12x 939 forklift ETL no 10 20 yes

Nextronex Ray-Max PI 1800 360 comp 12 stud 36 stud 13x 939 forklift ETL no 10 20 yes

Power-One Aurora Ultra 750-TL-OUTD 10 stud 3 thru hole 24 thru hole 9,018 forklift, crane CSA pending 5 10, 15, 20 yes

Power-One Aurora Ultra 1100-TL-OUTD 15 stud 3 thru hole 24 thru hole 12,274 forklift, crane CSA pending 5 10, 15, 20 yes

Power-One Aurora Ultra 1500-TL-OUTD 20 stud 3 thru hole 24 thru hole 14,598 forklift, crane CSA pending 5 10, 15, 20 yes

REFUsol REFUsol 500K 12 thru hole 1 thru hole 1 thru hole 3,970 crane IEC no 5 20 yes

REFUsol REFUsol 630K 16 thru hole 1 thru hole 1 thru hole 4,850 crane IEC no 5 20 yes

Santerno TG 760 1000V TL-NA OUT 24 thru hole 4 thru hole 2 thru hole 4,850 option N/A no 5 20 yes

Santerno TG 760 1000V TL-NA IND 24 thru hole 4 thru hole 2 thru hole 4,629 option N/A no 5 20 yes

Satcon EQX-0625-US 24 thru hole 18 DNR 1 DNR 6,950 eyebolts CSA DNR 5 10, 15, 20 DNR

Satcon PVS-1000 40 thru hole 10 DNR DNR DNR 12,000 eyebolts CSA DNR 5 10, 15, 20 DNR

SMA America Sunny Central 500CP-US 6–9 thru hole 14 6 thru hole 14 1
thru 

hole 14 4,000 forklift, eyebolts UL yes 5 10, 15, 20, 25 yes

SMA America Sunny Central 500CP-XT 6-9 13 thru hole 6 thru hole 1 thru hole 4,000 forklift, eyebolts CE no 5 10, 15, 20, 25 yes

SMA America Sunny Central 630CP-US 6–9 thru hole 6 thru hole 1 thru hole 4,000 forklift, eyebolts UL yes 5 10, 15, 20, 25 yes

SMA America Sunny Central 630CP-XT 6-9 13 thru hole 6 thru hole 1 thru hole 4,000 forklift, eyebolts CE no 5 10, 15, 20, 25 yes

SMA America Sunny Central 720CP-US 6–9 thru hole 6 thru hole 1 thru hole 4,000 forklift, eyebolts UL yes 5 10, 15, 20, 25 yes

SMA America Sunny Central  720CP-XT 6-9 13 thru hole 6 thru hole 1 thru hole 4,000 forklift, eyebolts CE no 5 10, 15, 20, 25 yes

SMA America Sunny Central 750CP-US 6–9 thru hole 6 thru hole 1 thru hole 4,000 forklift, eyebolts UL yes 5 10, 15, 20, 25 yes

SMA America Sunny Central 760CP-XT 6-9 13 thru hole 6 thru hole 1 thru hole 4,000 forklift, eyebolts CE no 5 10, 15, 20, 25 yes

SMA America Sunny Central 800CP-US 6–9 thru hole 6 thru hole 1 thru hole 4,000 forklift, eyebolts UL yes 5 10, 15, 20, 25 yes

SMA America Sunny Central 800CP-XT 6-9 13 thru hole 6 thru hole 1 thru hole 4,000 forklift, eyebolts CE no 5 10, 15, 20, 25 yes

SMA America Sunny Central 850CP-XT 6-9 13 thru hole 6 thru hole 1 thru hole 4,000 forklift, eyebolts CE no 5 10, 15, 20, 25 yes

SMA America Sunny Central 900CP-XT 6-9 13 thru hole 6 thru hole 1 thru hole 4,000 forklift, eyebolts CE no 5 10, 15, 20, 25 yes

TMEIC Solar Ware 500 16 thru hole 4 thru hole DNR DNR 2,866 DNR TUV no 5 20 yes

TMEIC Solar Ware 630 16 thru hole 4 thru hole DNR DNR 2,866 DNR TUV no 5 20 yes

Central  Inverters
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Central  Inverters

temperature can run at least 10°C 
higher than the outdoor ambient 
temperature. Consequently, the 
design trade-off for indoor-rated 
inverters is as follows: Either main-
tain the indoor environment below 
the power fold-back temperature, in 
which case there are losses associ-
ated with powering fans or air con-
ditioners, or allow the indoor air 
temperature to rise above the power 
fold-back temperature and take the 
power fold-back losses.  

Figure 8 shows a graphic illustra-
tion of where power fold-back losses 
occur, assuming that an indoor-rated 
inverter is used in a system with a 1.3 
dc-to-ac ratio. The blue line describes 
the inverter dc input power as a per-
centage of its maximum ac output 
power (based on inverter efficiency), 
which is 103% of nameplate for tem-
peratures up to 40°C, and then drops 
to 80% at 50°C and to 0% at 60°C. The three descending paral-
lel lines describe the expected array output power based on 
ambient temperature (-20°C–60°C) at three different irradi-
ance levels (1,000 W/m2, 900 W/m2 and 700 W/m2) after factor-
ing in typical dc system derates like module mismatch, soiling, 
voltage drop and so on. 

The green shaded areas in Figure 8 are problem areas 
where the available array power exceeds the inverter through-
put capacity. The shaded area in the upper left of the figure 
shows the losses associated with power clipping at low ambi-
ent temperatures, a phenomenon that designers well under-
stand and that performance simulation programs like PVsyst 
can capture. Meanwhile, the shaded area in the lower right 
is associated with power fold-back losses, which PVsyst does 
not capture.

According to Dr. André Mermoud, the founder and devel-
oper of PVsyst, “Accounting for power fold-back in PVsyst 
is not a simple problem, as the procedures and specifica-
tions are not harmonized between inverter manufacturers. 
If manufacturers specified a relationship between ambient 
temperature and maximum inverter output power, then it  
is theoretically possible to take this into account, but only 
for inverters installed outdoors. If a relationship is given 
with respect to device temperature or the indoor tempera-
ture around an inverter, which depends on the whole ther-
mal behavior of the building, then this is inherently out of 
the scope of the software.”

Non-unity power factor. Another cause of energy loss that 
most performance simulation software generally does not 

capture stems from reactive power flow in an inverter, which 
occurs at non-unity power factors. Equation 5 shows the rela-
tionship between active, reactive and apparent power:

S2 = P2 + Q2              (5)

where S is the apparent power in kVA, P is the active power in 
kW and Q is the reactive power in kVAR. Power factor, mean-
while, is calculated by dividing active power by apparent power 
(PF = P ÷ S), and is at unity when it equals 1.0. 

To understand how this power loss works, we must go 
back to Equation 4 (p. 42). Data have shown that this equa-
tion for active power loss in an inverter can also be written in 
terms of apparent power, as the equation is independent of 
power factor. Therefore, it is possible to compare the power 
loss for two scenarios with different power factors, assum-
ing the same active power but different apparent power. By 
substituting apparent power for active power in Equation 4, 
you can account for the reactive power losses at non-unity 
power factors. You can get very similar results by using the 
efficiency curve as a function of apparent power instead of 
active power. 

I tested these two methods on a 1,000 kVA central inverter 
running at 900 kW with a power factor of 0.9 versus 1.0. The 
equation method gave me a loss of 9.25 watts per kVAR, and 
the efficiency curve method was within 5% of this result. The 
reactive power component in the non-unity scenario is found 
by rearranging Equation 5 to solve for reactive power, Q, as 
shown on Equation 6:  c o n t i n u e d  o n  Pa g e  5 6 

Figure 8  While PVsyst can model the power clipping losses associated with low ambi-
ent temperatures, it cannot model the power fold-back losses that occur at high ambient 
temperatures.
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Q = √(S2 − P2)                (6)
    = √(1,0002 − 9002)
    = 436 kVaR

Based on this reactive power component, the inverter 
running with a 0.9 power factor will lose an additional 4,033 
watts (436 kVAR x 9.25 watts/kVAR) compared to the same 
inverter running at 900 kW with a unity power factor (PF = 
1.0). This is certainly not something you want to overlook in 
energy models.

Fast-Forward
Given the growth in the utility sector, there is obviously a 
strong incentive for both incremental product improvement 
and potentially disruptive new technologies. In terms of incre-
mental improvements, existing manufacturers are continually 
looking for ways to improve reliability and efficiency or to allow 
for a wider operating envelope. At the same time, new mar-
ket entrants are rethinking the fundamental design principals 
behind utility-scale PV systems and inverters.

According to Eric Seymour, a technical fellow and inverter 
designer at Advanced Energy, “As central PV inverter designs 
evolve—particularly in the area of multistage and multilevel 
designs—we will see dramatic performance improvements in 
terms of the operational envelope, fault tolerance and cost.” He 
continues, “The greatest long-term promise is that afforded 
by advanced switching devices presently in development by 
device manufacturers. While we have already benefited from 
substantial improvements in switching frequency through 
the use of topological techniques, switching frequencies will 
go even further with the debut of these devices, allowing for 
even better grid-interactive filter designs and stability.”   

Meanwhile, Alencon Systems, which received a $3M award 
through the US Department of Energy’s SunShot initiative, is 
developing a completely new inverter technology to address 
the need for high modularity and scalability in 10 to 100 
MW PV power plants. “There’s only so far PWM technology 
can go to minimize installation cost,” explains Kent Sheldon, 
Alencon’s director of sales and marketing. “Instead, we are 
developing a revolutionary inverter based upon the proven 
power-conversion technologies used in the induction metal-
melting industry.”

The Alencon inverter system combines a network of 
bipolar 2,500 Vdc string-level optimizers with four 2.5 MW 
inverters to support 10 MW PV arrays. These inverters are low-
frequency switched and phase shifted by a common ac trans-
former to minimize harmonics, which significantly reduces 
switching loses, minimizes costly filtering components and 
keeps the inverter package very small compared to tradi-
tional PWM technologies. The high-dc input voltage is esti-
mated to reduce PV wiring and BOS cost by at least 50%. The 

inverter topology is a voltage-controlled true current source, 
and allows for 100% VAR control and 100% low-voltage ride-
through. Rather than relying on electrolytic capacitors, the 
inverter uses an inductor for energy storage in the dc link.

Since the inverter is also the brain center of a PV system, cen-
tral inverters will undoubtedly benefit from continued innova-
tion in the area of monitoring and control, providing improved 
energy harvest and better integration with an increasingly con-
gested utility grid. Real-time, two-way communication with the 
utility grid operator seems to be right around the corner. Simi-
larly, central inverters capable of performing I-V curve tracing 
on the entire array will improve operations and maintenance 
activities. Given the technological improvements available to 
inverter designers and manufacturers today, the possibilities 
for innovation seem almost endless.

Central  Inverters

g C O N T A C T

Rick Holz, PE / Bechtel Power / rholz@bechtel.com / bechtel.com

Resources

“Performance Test Protocol for Evaluating Inverters Used in Grid-

Connected Photovoltaic Systems,” W. Bower, C. Whitaker, W. Erdman, M. 

Behnke, M. Fitzgerald, gosolarcalifornia.com, October 2004

 “US Solar Market Insight Report: 2011 Year-in-Review,” SEIA and GTM 

Research, seia.org, March 2012

 “US Solar Market Trends 2011,” Interstate Renewable Energy Council 

(IREC), irecusa.org, August 2012

Manufacturers

ABB / 262.785.8592 / abb.com

Advanced Energy / 800.446.9167 / advanced-energy.com

AEG Power Solutions / 877.315.4584 / aegps.com

Alencon Systems / 484.436.0035 / alenconsystems.com

American Electric Technologies / 713.644.8182 / aeti.com

Bonfiglioli USA / 859.334.3333 / bonfiglioliusa.com

Chint Power / 972.761.3992 / chintpower.com

Eaton / 855.386.7657 / eaton.com

GE Energy / ge-energy.com

Ingeteam / 408.524.2929 / ingeteam.com

KACO new energy / 415.931.2046 / kaco-newenergy.com

Nextronex Energy Systems / 419.838.7889 / nextronex.com

Power-One / 877.261.1374 / power-one.com

REFUsol / 866.774.6643 / refusol.com

Santerno / 415.293.8272 / santerno.com

Satcon Technology / 888.728.2664 / satcon.com

SMA America / 916.625.0870 / sma-america.com

TMEIC / 540.283.2000 / tmeic.com





   Basics of  
Medium-Voltage Wiring
for PV Power Plant AC Collection Systems

By Dan Simpson, PE



   Basics of  
Medium-Voltage Wiring
for PV Power Plant AC Collection Systems

 solarprofessional.com  |  S o l a r Pr o                 59

T
he ac collection system in a utility-interactive PV 
system includes all of the wiring and components 
from the inverter output circuit(s) to the intercon-
nection point with the utility. Commercial-scale 
PV plants are generally interconnected to the 

utility via building wiring systems at common building utili-
zation voltages, such as 208 Vac or 480 Vac. However, as the 
rated capacity of these interactive systems increases, so does 
the physical footprint of the PV power plant and the distances 
between wiring points. Based on the site layout, the desired 
PV generating capacity and other project-specific variables, 
system designers working on commercial-scale projects may 
find a practical need to use medium-voltage (MV) wiring for 
ac collection systems. 

In this article, I provide an introduction to some common 
components used in MV circuits in PV systems and discuss 
basic design considerations for their application. I cover MV 
components for use in ac collection systems, including dis-
tribution transformers, overhead and underground feeders, 
pad-mounted switchgear, and metal-enclosed and metal-
clad switchgear. I also provide example single-line diagrams 
(see p. 71) showing three representative uses of MV wiring 
methods and components in commercial- and utility-scale 
PV systems. 

SyStEm VoltagE ClaSSES anD WorkEr SafEty 
I use the term MV here to describe electrical system compo-
nents rated between 5 kV and 38 kV. This definition corre-
sponds to common US utility-distribution voltages. 

In practice, voltage class definitions are somewhat tricky 
to pin down. They vary from industry to industry and from 
one set of codes or product standards to another. On one 
hand, The Authoritative Dictionary of IEEE Standards Terms 
(IEEE 100) defines medium voltage as “a class of nominal sys-
tem voltages greater than 1,000 V but less than 100,000 V.” On 
the other, Article 490 of the National Electrical Code defines 
high voltage as “more than 600 volts, nominal.” While the 
NEC does not include a stand-alone definition of medium 
voltage, Article 328 details the Code requirements related to 
medium-voltage or Type MV cable. As described in NEC Sec-
tions 328.2 and 328.10, MV cable is rated at “2001 volts or 
higher” and is “permitted for use on power systems rated up 
to and including 35,000 volts, nominal.” 

While the exact definition of MV may vary by context, the 
implications for worker safety are indisputable. The voltage 
and potential fault energy levels of MV wiring systems pose 
significant safety hazards. In addition to electric shock and 
arc-flash burn hazards, blunt force and projectile injuries 
are also possible due to arc-blast hazard. While it is beyond 
the scope of this article to go into the details of MV elec-
trical safety, personnel must always be trained to recognize 
the particular hazards associated with the specific class of C
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Medium-voltage wiring is typically used 
for ac collection systems in utility-scale 

PV power plants. Depending upon  
project capacity and site complexity,  

it can also be a useful design option in 
commercial-scale PV applications. 
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system voltage they will be working with and understand 
how to mitigate those hazards through safe work practices. 
Workers must have the proper tools and PPE, and be trained 
in their use. 

In addition to applicable city, state and county require-
ments, work in PV power plants may fall under one or both of 
the following OSHA standards: 

• CFR 1910.269—Electrical Power Generation, Transmis- 
 sion and Distribution

• CFR 1910 Subpart S—Electrical

gEnEral DESign ConSiDErationS
The design goals for a MV ac collection system are essentially 
the same as those for other power distribution systems—or 
any electrical system, for that matter. According to Eaton Cor-
poration’s Consulting Application Guide (see Resources), “The 
best distribution system is one that will, cost-effectively and 
safely, supply adequate electric service to both present and 
future probable loads.” The only distinction is that the MV 
wiring in a utility-interactive PV application does not supply 
loads, but rather is designed to supply adequate service to 
interconnected electric power production sources. 

The Consulting Application Guide goes on to list seven elec-
trical distribution design goals, the most important of which 
is a safe installation that does not present any electrical haz-
ards to people or equipment. The other six design goals can be 
summarized as follows:

• Minimize initial investment
• Maximize service continuity
• Maximize flexibility and expandability
• Maximize electrical efficiency and minimize  

 operating costs
• Minimize maintenance costs
• Maximize power quality

These objectives are not only laudable, but also famil-
iar to anyone who spends time optimizing PV power plant 
designs according to levelized cost of energy, initial cost or 
some other metric. Based on these general goals, an engi-
neer can create a list of tangible project requirements, and 
then proceed to develop a MV ac collection system design 
that meets those requirements. One additional design con-
sideration that I find often applies to PV systems is the need 
to identify a design that can be constructed within the allot-
ted project time frame. 

In the interest of safety, most PV projects are required 
by law to comply with the requirements found in the locally 
adopted version of the National Electrical Code. The follow-
ing is a partial list of NEC content pertinent to the design and 
construction of MV ac collection systems.

• Article 110: Requirements for Electrical Installations,  
 Part III Over 600 Volts, Nominal

• Article 240: Overcurrent Protection, Part IX  
 Overcurrent Protection Over 600 Volts, Nominal

Medium-Voltage Wiring
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Eaton 1.5 MW 
Power Xpert Solar
utility-scale inverter 

Inverter output to
low-voltage windings

of pad-mounted transformer

Cooper Power Systems
1.5 MVA loop-feed,
pad-mounted transformer 

12.47kV loop-feed
ac collection circuit
to next inverter skid

12.47 kV collection circuit 
to plant MV switchgear

15 kV metal-clad 
main plant switchgear

Pole riser

12.47 kV plant 
main output 
feeder circuit

Fused
cutout

12.47 kV overhead plant output feeder

Collection system components  This SketchUp diagram shows the major MV components and wiring methods used in a 
PV power plant’s ac collection system. 
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• Article 300: Wiring Methods and Materials,  
 Part II Requirements for Over 600 Volts, Nominal

• Section 310.60: Conductors for General Wiring,  
 Conductors Rated 2,001 to 35,000 Volts

• Article 314: Outlet, Device, Pull and Junction Boxes,  
 Part IV Systems over 600 Volts, Nominal

• Article 328: Medium Voltage Cable, Type MV
• Article 399: Outdoor Overhead Conductors over  

 600 Volts
• Article 490: Equipment, Over 600 Volts, Nominal

Designers can identify other NEC sections that may apply 
specifically to MV wiring by referring to the entries under the 
term Over 600 volts in the index for the NEC. 

When reviewing NEC requirements, remember that the 
Code outlines minimum requirements for an electrical system 
that is free of hazards. According to Section 90.1(B), NEC com-
pliance is no guarantee of adequacy. As explained in Section 
90.1(B), a hazard-free installation may not be “efficient, conve-
nient, or adequate for good service.”

Don Wagner, vice president of engineering at Delta 
Diversified Enterprises, a full-service electrical contractor 
serving the Western US, provides a relevant example. He 

points out that simply meeting Code-minimum working 
clearance requirements for MV equipment does not neces-
sarily ensure constructability. Wagner advises: “To provide 
sufficient space for installation and maintenance, it is often 
necessary to provide more working space than is required 
in the NEC.”

DiStriBution tranSformErS 
A step-up transformer is required in a MV ac collection system 
to match the source voltage (the inverter output voltage) to 
the 3-phase distribution voltage. Ideally, the ac output voltage 
is in its native form, meaning direct from the semiconductor 
switching devices prior to any isolation transformer. Note that 
many inverters in the “2013 Central Inverter Specifications: 
600 Vdc Models” (pp. 84–90) are matched to common 3-phase 
utilization voltages—such as 208 Vac, 240 Vac, 480 Vac or 600 
Vac—generally by means of an internal or external isolation 
transformer sold with the inverter. Meanwhile, the ac output 
voltages for products in the “2013 Central Inverter Specifica-
tions: 1,000 Vdc Models” (pp. 46–52) are in the same general 
voltage range (300 Vac to 700 Vac), but do not necessarily match 
common utilization voltages. That is because the latter are 
native inverter ac output voltages. C o n t i n u E d  o n  Pa g E  6 4
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Pad-mounted, 3-phase distribution transformers—here-
after referred to simply as PM transformers—are typically 
used in the MV ac collection system of a PV power plant. 
This type of transformer is commonplace. It is used wher-
ever 3-phase building loads are served by an underground 
MV distribution system. 

Transformer location often varies based on system capac-
ity. In commercial-scale PV systems that are interconnected 
using a single inverter—typically in the 100 kW to 500 kW 
range—a transformer is usually installed at each inverter 
location. On larger commercial- and utility-scale systems, 
integrators normally install one to four inverters on a com-
mon skid or within an enclosure along with a MV transformer. 
These integrated inverter blocks often carry nameplate rat-
ings in the 500 kW to 2 MW range. 

When these packaged systems are specified, the inverter 
manufacturer usually provides a step-up transformer for each 
block of inverters that matches the rated power output of the 
inverter skid. One benefit of these packaged solutions is that 
the low-voltage wiring between the inverter outputs and the 
low-voltage bushings on the transformer is factory installed, 
which reduces construction labor costs. Another benefit is that 
the specified step-up transformer should work optimally with 

the inverters as a system. Since ensuring proper performance 
is critical, I recommend having the inverter manufacturer pro-
vide the MV step-up transformer as part of its inverter package 
whenever possible.  C o n t i n u E d  o n  Pa g E  6 6 

Dead-front MV 
termination  The 
electrical connec-
tions to the high-
voltage bushings 
inside this dis-
tribution trans-
former are made 
with 15 kV class 
fused load-break 
elbow connectors. 
Separable connec-
tors like these are 
common in under-
ground distribution 
systems. 
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While it is beyond the scope of this article to detail all of the 
considerations applicable to the selection and specification of 
a MV distribution transformer for a MV ac collection system, 
some of the main criteria include:

• Power rating
• Primary and secondary voltage ratings
• Winding configuration
• Dielectric fluid class
• High-voltage connection type
• Number of high-voltage bushings per phase
• Optional accessories

Power rating. The unit of measurement used to identify the 
power rating of a transformer is the kilovolt-ampere (kVA). 
The PM transformers used in a PV plant’s MV ac collection 
system are commonly rated at 500 kVA, 750 kVA, 1,000 kVA, 
1,500 kVA, 2,000 kVA or 2,500 kVA. 

According to Kleber Facchini, solar inverter product man-
ager at Eaton, “Transformers are usually sized at the same 
power rating as the inverters.” However, there are other consid-
erations. He continues: “Be sure to let the transformer supplier 
know that the end use is an inverter application, as it is impor-
tant to understand the inverter harmonics. Site temperature is 
another important consideration, since the supplier needs to 
size the transformer so that the transformer winding hot spot 
does not exceed ANSI limits. While transformers are usually 
designed to operate 24 hours per day and 7 days per week in 
solar applications they typically operate 12 hours per day and 7 
days per week. This load profile is one more reason to match the 
transformer capacity to the inverter nameplate power rating.”

Voltage ratings. By definition, the primary winding of a 
transformer is the winding that power is applied to, and the 
secondary winding is the winding that voltage is induced on. 
In the case of a MV ac collection system, the inverter applies 
power to the low-voltage side of the transformer, and MV is 
induced on the high-voltage side of the transformer. How-
ever, in practice, it is conventional to refer to the high-voltage 
windings as the primary and the low-voltage windings as the 
secondary. Both on the equipment itself and in electrical sche-
matics, low-voltage connections to the transformer are often 
labeled X1, X2, X3 and so on, whereas high-voltage connections 
are labeled H1, H2, H3 and so on. 

The ratio of the number of primary winding turns to sec-
ondary winding turns is known as the turns ratio, which is 
proportional to the ratio of the primary voltage to the sec-
ondary voltage. A transformer used in a MV ac collection 
system is referred to as a step-up transformer, indicating 
that in this application there are more turns in the high-
voltage winding than in the low-voltage winding, result-
ing in, for example, a 1:10 or 1:30 turns ratio. Note that in 
a conventional power distribution application—in which a 

MV utility-distribution network supplies 3-phase power to 
a commercial facility—the same device could be used as a 
step-down transformer. 

Standard PM transformers are manufactured with turns 
ratios matched to common distribution and utilization volt-
age combinations, such as 13.8 kV to 480 V. While these stan-
dard winding configurations may work in some PV power 
plant applications, native inverter output voltages do not nec-
essarily match common utilization voltages. Therefore, cus-
tom turns ratios are often specified for PM transformers used 
in utility-scale MV collection systems. 

Winding configuration. While the system engineer may 
have a design preference with regard to transformer wind-
ing configuration, in practice the choice of inverter on the 
one hand, and the utility interconnection requirements on 
the other, significantly impact this decision. Therefore, it 
is important to coordinate carefully with both the inverter 
manufacturer and the AHJ when specifying transformers for 
a MV collection system.

Chris Thompson is the solar business unit manager for 
Eaton. He notes that three types of MV transformers are used 
in solar applications, depending upon the inverter manufac-
turer’s requirements. Thompson elaborates: “Some inverter 
manufacturers use the transformer like an inductor to provide 
filtering and therefore require a special PWM-capable trans-
former, one that is designed to operate with a pulsed inverter. 
Then there are multi-winding transformers, which have mul-
tiple isolated low-voltage windings and are used for inverters 
that cannot be connected in parallel. As an example, a 3 MW 
multi-winding transformer might have two separate 1.5 MW 
low-voltage windings, each of which would be dedicated to a 
separate 1.5 MW inverter. The third type of transformer used 
in solar applications is the simplest solution, with one low-
voltage winding and one medium-voltage winding.”

Transformer manufacturers can provide both low- and 
high-voltage windings in either a delta or a wye configuration. 
In PV applications, it is common to use a wye configuration 
for low-voltage windings—either grounded or ungrounded, as 
directed by the inverter manufacturer—and a delta configura-
tion for high-voltage windings. 

Dielectric fluid. Liquid-type PM transformers are often 
used in PV power plant applications. These are also referred 
to as liquid-filled or liquid-immersion transformers because 
the steel enclosure is filled with a dielectric fluid, a fluid that 
is not conductive under normal circumstances. The primary 
and secondary windings are installed around a common 
core and immersed within this fluid. In addition to electri-
cally insulating the internal components, the dielectric fluid 
helps keep them cool. As waste heat is generated in the core 
and windings, the dielectric fluid circulates via natural con-
vection within the transformer tank, facilitating heat trans-
fer to the environment. 

Medium-Voltage Wiring
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Engineers specifying liquid-type PM transformers for MV 
collection systems typically have two basic dielectric fluid 
options: mineral oil or vegetable oil. Mineral oil has been 
used as a dielectric fluid for many decades and is a proven 
and cost-effective option. Vegetable-based dielectric fluids 
are less flammable than mineral oil and more environmen-
tally friendly. Vegetable oil not only is biodegradable, simpli-
fying disposal, but also is made from a renewable resource. 
Examples of vegetable-based dielectric fluids include Enviro-
temp FR3, which Cargill recently acquired from Cooper Power 
Systems, and BIOTEMP, which ABB developed. Both of these 
vegetable-based dielectric fluids are available from major 
transformer manufacturers.

Adam Peterson is an applications engineer at Cooper 
Power Systems who specializes in solar energy applications. 
According to Peterson, seed oil–based Envirotemp FR3 dielec-
tric fluid is broadly specified in renewable energy generation 
projects for several reasons: “It has been specifically formu-
lated to be biodegradable and nontoxic; it has an extremely 
high flash point; and because of its thermal characteristics, 
the transformer can be design-optimized to the solar load 
profile in terms of cost, footprint and insulation life.” 

High-voltage connection type. Engineers effectively deter-
mine the type of high-voltage connection based on the trans-
former construction type they specify. A live-front transformer 
uses electrically exposed high-voltage connections, such as 
porcelain bushings with eyebolts or spade terminals. Alterna-
tively, a dead-front transformer provides electrically insulated 
and shielded high-voltage connection points. Applications 
engineers typically recommend dead-front transformers and 
connectors for PV power plants. Dead-front construction 
provides an additional level of safety in comparison to live-
front construction, and the vast majority of PM transformers 
employ it.

The epoxy bushings in the high-voltage transformer com-
partment in Figure 1 are typical dead-front transformer ter-
mination points. This is where installers make connections 
to the MV ac collections system wiring. In the opposite com-
partment, inverter output conductors can be connected to 
the low-voltage bushings of a PM transformer using standard 
compression-type spade connectors with NEMA hole patterns. 

Number of high-voltage bushings per phase. Depending upon 
the application, PM transformers can be specified with either 
one or two high-voltage bushings per phase. A radial feed 
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Figure 1  The major features inside a 3-phase, pad-mounted compartmental distribution transformer are labeled above. 
The two sets of high-voltage bushings indicate that this is a loop-feed transformer.
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transformer has one bushing per phase; a loop-feed transformer 
has two high-voltage bushings per phase. The transformer in 
Figure 1 is a loop-feed transformer.  C O N T I N U E D  O N  PA G E  7 0

According to Peterson at Cooper Power Systems, loop-feed 
transformer configurations are popular in PV power plant 
applications because they allow several transformers to be 
paralleled together on a common MV collection circuit. How-
ever, increasing the capacity connected to the collection cir-
cuit means that the engineer must account for higher design 
currents. Peterson cautions, “Whenever multiple transformers 
are paralleled on a single collection circuit, the engineer must 
consider the effect this has on the required ratings for the trans-
former bushings and cable terminations—for example, 600 A 
bushings may be required in lieu of 200 A bushings based on the 
total connected kVA.” 

Optional accessories. I recommend that engineers specify-
ing PM transformers for collection circuits include the follow-
ing items, which are typically available from the manufacturer 
as optional accessories: tap changer, overcurrent protection, 
load-break–rated switch and surge protection.

Tap changer: As explained in the Cooper Power Systems 
document S210-12-1, “Three-Phase Pad-Mounted Compart-
mental Type Installation and Maintenance Instructions” (see 

Resources), “Transformers equipped with a tap changer can 
be changed from one operating voltage to another.” To safely 
use the tap changer, a worker first needs to de-energize and 
ground the transformer. An electrician can then operate the 
tap-changer handle with a hot stick, an insulated pole that 
electric utility workers use as a standard service tool. 

A hot-stick–operable five-position tap-changer switch is 
shown inside the high-voltage transformer compartment in 
Figure 1 (p. 68). The available operating voltages are indicated 
to the right of the switch. Based on the location of the lock 
screw, the tap changer in this photo is set to position C, which 
in this case corresponds to 24,320 volts. If this transformer  
were used in a PV application, the four additional tap settings—
ranging from 25,570 to 23,070 volts—would provide the plant 
operator with some flexibility for dealing with inverter-input–
voltage tolerance issues that might arise. 

Overcurrent protection: If multiple transformers are con-
nected in parallel on a common circuit, then overcurrent pro-
tection is likely required. Since a variety of schemes can provide 
the necessary protection, I recommend consulting an applica-
tions engineer to get advice for your specific project. 

In a PM transformer, Bay-O-Net fuse assemblies are used. 
Three Bay-O-Net fuse housings are 
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EXAMPLE 1: MV Wiring Used for  
Long-Distance Interconnection 
This is a single-line diagram of a 300 kW PV sys-
tem installed at an agricultural site. The array and 
inverter are located approximately 2,000 feet from 
the 3-phase 240 Vac premises wiring. Because 
of the long distance and the low interconnec-
tion voltage, MV wiring is used in the inverter 
output circuit. The inverter produces a 480 Vac 
output, which is stepped up to 12.47 kV via a 
pad-mounted distribution transformer. A 12.47 
kV feeder is run underground via MV cable to the 
interconnect point, where it is stepped down via a 
second pad-mounted distribution transformer to 
the interconnect voltage of 240 Vac. 

EXAMPLE 2: Simple MV AC Collection System 
This is a single-line diagram for a 2 MW PV sys-
tem at a university campus. A pad-mounted 
transformer is installed adjacent to each of the 
six inverters to step the inverter output voltage 
up to 12.47 kV. Two MV collection circuits are 
used, each with three loop-feed transformers. The 
feeder circuits are collected at a lineup of 12.47 
kV metal-enclosed switchgear that provides fused 
disconnecting means for the collection circuits and 
energy metering for the PV power plant. A single 
PV plant output feeder is routed from the switch-
gear to the point of common coupling, which 
in this case is the campus’s primary metered 
12.47 kV distribution system.

EXAMPLE 3: Utility-Scale MV  
AC Collection System 
This is a theoretical example of a MV collec-
tion system for a 20 MW utility-scale PV power 
plant. Twenty 1 MW inverter skids are distrib-
uted throughout the array field, each with a MV 
distribution transformer that steps the inverter 
output voltage up to 34.5 kV. Three ac collec-
tion circuits are routed back to the MV metal- 
clad switchgear. A single output feeder is routed 
to a substation transformer that steps the inter-
connection voltage up to 69 kV. {
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visible above the drip shield in Figure 1. A 
hot stick can be used according to the trans-
former manufacturer’s instructions to safely 
install or remove these fuse assemblies.

Load-break–rated switch: If a load-break–
rated switch is included in a PM transformer, 
then it is possible to use a hot stick to manu-
ally open or close the connection between 
the loop-feed conductors and the primary 
transformer windings. This option is useful 
whenever service needs to be performed 
on the low-voltage side of the device. The 
PM transformer in Figure 1 includes a two- 
position load-break–rated switch.

Surge protection: The purpose of surge 
arresters in a PM transformer application is 
to protect against overvoltage surges due to 
lightning or other transients. Consult a prod-
uct applications engineer for help selecting 
the proper surge arrester for your application.

Other considerations. While some basic 
requirements can be self-evident, like trans-
former capacity and voltage ratings, more-
nuanced design decisions require careful consultation with 
applications engineers. For example, Peterson points out, 
“Transformer impedance needs to be matched with that of 
the associated inverters, as specified by the inverter manu-
facturer.” He continues, “There are harmonic and shielding 
requirements to consider, as well as gauge package options 
to specify.”

MV WIRING 
MV wiring is necessary to carry PV plant power from the 
PM transformers to the point of common coupling, where 
the power production equipment connects to the utility dis-
tribution network. The MV wiring components utilized in 
PV plants are essentially the same as those found in power 
company distribution systems and in industrial power sys-
tems. The two basic categories of MV wiring are overhead 
and underground.

Overhead wiring. Uninsulated conductors attached to 
wood or steel poles via porcelain insulators are represen-
tative of overhead MV wiring methods. Installers place 
anchored guy wires in specific locations as required to off-
set lateral forces on the structures. Where overhead wiring 
transitions to underground wiring, a MV cable riser extends 
up the pole and terminates there. Fused cutouts at the MV 
cable termination point provide overcurrent protection. In 
addition, installers often place surge arrestors at the over-
head-to-underground transition point. Figure 2 identifies 
the components used to transition between underground 
and overhead MV wiring systems.

In MV collection systems, overhead wiring methods are 
less common than underground methods. This is due in part 

to the fact that pole-mounted overhead wiring is problem-
atic when crossing an array field, since shading can adversely 
impact PV performance. Nevertheless, in some instances 
overhead wiring methods provide an opportunity for cost sav-
ings. One example is when a PV plant’s main output feeder 
needs to run for some distance to a remote interconnection 
point. Overhead wiring will likely prove more cost effective 
than underground wiring in this situation. 

Underground wiring. Type MV cable, in one of its many 
forms, is used in underground MV wiring applications. Type 
MV cable is available in both single-conductor (single-core) 
and three-conductor (three-core) variations. 

As shown in Figure 3 (p. 74), six distinct layers, each per-
forming a unique function, are used in the construction of a 
single-conductor Type MV cable. Moving from the inside to 
the outside, these layers are: conductor, strand shield, insula-
tion, insulation shield, metallic shield and cable jacket. 

Conductor: This layer can be made of copper or aluminum 
and carries current. Aluminum conductors are commonly 
used in utility-distribution applications, whereas copper con-
ductors are commonly used in industrial applications. While 
either material is acceptable in PV plant installations, alumi-
num is generally more cost effective.

Strand shield: Made of a semiconducting material, this 
layer separates the conductor and the insulation. Its function 
is to shield the insulation from air pockets between the con-
ductor and insulator. Without the strand shield, this air would 
ionize and cause partial discharges that could deteriorate the 
insulation and lead to cable failure. 

Insulation: This layer contains the voltage within the cable. 
Common MV cable insulation materials  C O N T I N U E D  O N  PA G E  7 4 
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Figure 2  The major components used at the transition between underground 
and overhead MV wiring methods are identified here.
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include water-tree retardant, cross-linked polyethylene  
(TR-XLPE) and ethylene propylene rubber (EPR). MV cables are 
typically available with two basic insulation thickness options: 
100% level or the thicker 133% level. According to the Engineer-
ing Handbook published by electrical cable manufacturer the 
Okonite Company (see Resources), 100% level cables are gener-
ally intended for applications in which ground faults are cleared 
within 1 minute or less; 133% level cables should be applied 
when fault clearing times in the 1 minute to 1 hour range are 
expected, or when increased insulation strength is desired.

Insulation shield: Made of a semiconductor material, the 
function of this layer is similar to that of the strand shield. 
The insulation shield protects the insulation  from air pockets 
between the metallic shield and insulator material. 

Metallic shield: This layer serves several purposes. It con-
fines the cable’s electric field, equalizes electrical stress within 
the cable, limits radio interference and reduces shock hazard. 
Various types are available, including tape shield, wire shield 
and concentric neutral shield. 

Cable jacket: The jacket layer provides mechanical protec-
tion for the cable. PVC is commonly used as a jacket material, 
but some Type MV cable is available with PVC-jacketed alu-
minum armor for enhanced mechanical protection. 

MV cable terminations. MV cables must be properly termi-
nated for reliable service. In addition to facilitating the cable’s 
electrical connection, MV cable terminations perform several 
other important functions, such as relieving voltage stress 
that would otherwise build up at the insulation shield termi-
nation point; sealing the termination against moisture and 

environmental contaminates; and preventing electrical tree-
ing or tracking at the termination point.

Various materials and methods are available for MV cable 
terminations, including separable insulated connectors, cold 
shrink, heat shrink, tape and porcelain. Separable insulated 
connectors, also known as elbows, are typically used where 
separable dead-front construction is desired. Common sepa-
rable elbows include 200 A load-break and 600 A dead-break 
connectors. Load-break elbow connectors with a 200 A rating 
can be removed with a hot stick, whereas 600 A dead-break 
elbows are bolted connectors. Where non-elbow–type con-
nectors are used, molded-rubber cold-shrink terminations 
are generally preferred because they require less technical 
skill to install than tape terminations and they do not require 
a torch. Porcelain bushings are commonly used where MV 
cables transition to overhead wiring.

Properly terminating MV cables requires specialized 
skills and tools. It is essential that installers receive product-
specific training and follow the manufacturer’s instructions. 
Since MV cable termination methods and procedures vary 
by manufacturer, the best resource for installers is always the 
specific product manufacturer.

mV SWitChgEar  
In a PV plant with a MV collection system, it is often necessary 
to use MV switchgear to collect the various MV feeder circuits. 
In addition, the MV switchgear often serves as the demarcation 
point between the PV power plant and the utility distribution 
system. The switchgear serves multiple purposes. It provides 
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Figure 3  The six layers that make up a single-conductor Type MV cable are shown here in cross-section and side views.
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both disconnecting means and overcurrent protection for the 
MV feeders that make up the collection system. In addition, it 
provides a location for the utility and the facility owner to mea-
sure the total energy output of the PV plant. In some cases, the 
switchgear also provides the utility with remote supervisory 
and control capabilities. 

The concepts that govern the use of MV switchgear are simi-
lar to those governing the use of equivalent 600 V–rated devices. 
MV switchgear is specified according to basic parameters such 
as voltage class, continuous current rating, momentary cur-
rent rating, interrupting rating and enclosure type (indoor or 
outdoor). To properly use MV switchgear in an ac collection 
system, the engineer must consider specific PV power plant 
parameters and information about the interconnecting utility 
grid, such as the available fault current. 

MV switchgear differs considerably from 600 V–rated 
devices in its construction. In PV applications, three different 
types of MV switchgear construction are common: metal clad, 
metal enclosed and pad mounted. In many cases, the design 
engineer tasked with specifying the MV switchgear can choose 
between MV circuit breakers or MV fused switches to provide 
the required disconnecting and overcurrent protection means.

Metal-clad and metal-enclosed switchgear. Historically, 
metal-clad and metal-enclosed switchgear are used primarily 
in large commercial, institutional and industrial applications. 
However, in PV plants with MV ac collection circuits, a single 
lineup of metal-clad or metal-enclosed equipment is often 
used as the plant’s primary switchgear. 

Metal-clad switchgear is built to ANSI Standard C37.20.2 
and uses draw-out circuit-breaker devices. Metal-enclosed 
switchgear is built to ANSI Standard C37.20.3 and can 

accommodate draw-out circuit breakers, fixed-mounted cir-
cuit breakers or load-break switches and fuses. By the nature 
of its construction, metal-clad switchgear offers superior fault 
isolation properties compared to the metal-enclosed type; 
however, it costs significantly more. 

Scott Brady, a district applications engineer for Eaton, 
describes the differences in construction between metal-clad 
and metal-enclosed switchgear: “Metal-clad switchgear is con-
structed using draw-out overcurrent devices only and insu-
lated primary bus connections; it is available with voltages up 
to 38 kV, high fault-current ratings and automatic shutters that 
close when draw-out devices are removed. In contrast, metal-
enclosed switchgear can use fixed-mounted devices, such as 
vacuum breakers or fuses; live parts are not individually iso-
lated; and bus connections can be uninsulated. Metal-enclosed 
switchgear is voltage range limited to 15 kV with vacuum break-
ers or to 38 kV with fused switches. Since the breakers or fuses 
are front accessible only, shutters are not required.”

While the type of MV switchgear used in PV applications 
varies according to system size, Brady notes that the intercon-
nection voltage and utility requirements also drives this choice. 
“For the main interconnect switchgear,” says Brady, “if the dis-
tribution voltage is 15 kV and below, metal-enclosed switch 
and breaker switchgear typically provides the best value for 
the project. This type of switchgear incorporates a switch and 
fixed breaker in a single structure and can be provided with the 
type of metering compartments required by Western utilities. 
The switch portion of the switchgear provides a visible means 
of disconnect, which utilities sometimes require, while the 
vacuum circuit breaker incorporates adjustable 3-phase over-
current protection, remote operation if required, and arc-flash 
reduction safety features not available with a fuse. If the dis-
tribution voltage is above 15 kV, then metal-clad switchgear is 
typically required to meet utility interconnection requirements. 
Metal-enclosed fused switches do not provide the relay protec-
tion required to coordinate with the utility protective devices, 
and remote operation is complex with switches versus stored-
energy vacuum circuit breakers.”

Pad-mounted switchgear. Electric utilities commonly use pad-
mounted switchgear in their distribution systems throughout 
cities and neighborhoods. It has the advantage of being much 
more compact than metal-clad or metal-enclosed switchgear, 
with the trade-off of providing fewer features. Unlike metal-
clad or metal-enclosed switchgear, pad-mounted switchgear is 
typically limited to three distribution circuits. Fused switching 
means are generally for circuit protection and isolation; how-
ever, other design options are available. Pad-mounted switch-
gear is typically hot-stick operated and is available in live-front 
and dead-front construction.

The simplest form of a PV plant MV ac collection system 
involves one or more collection feeder circuits extending from 
loop-feed transformers directly back to the plant’s primary 
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Live-front MV termination  The MV bus (top left) inside this 
GE substation is insulated using porcelain bushings. The MV 
cables bolted to this bus are terminated with compression-
type spade connectors and molded-rubber cold-shrink seal-
ing assemblies.
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MV switchgear. However, in larger PV plants, pad-mounted 
switchgear is sometimes used in the array field to further sec-
tionalize MV feeder collection circuits. In this scenario, MV 
ac collection circuits extend from the plant’s main switchgear 
to one or more pad-mounted switch locations, at which point 
they separate into several smaller collection feeder circuits. 
When used this way, pad-mounted switchgear can reduce the 
number of main ac collection feeder circuits and therefore cut 
down on the number of distribution cubicles required in the 
main MV switchgear. 

The use of pad-mounted switchgear in strategic loca-
tions in the array field offers reliability and maintenance 
benefits by allowing the main ac collection circuits to be 
broken into smaller radial circuits that can be individually 
fused and switched. This practice also allows for the use of 
smaller feeder conductors downstream from the switch loca-
tions. Disadvantages associated with the use of pad-mounted 
switchgear include increased ac collection system complex-
ity, higher cost for the pad-mounted switches and additional 
space requirements for the switches. 

MV circuit breakers. MV circuit breaker systems consist of 
two parts: the circuit breaker and one or more relays. The cir-
cuit breaker component is essentially a set of contacts that 
open or close the circuit. The primary difference between 
the various MV circuit breaker technologies available is the 
medium used to extinguish the arc that develops when the 
breaker is operated under load. Depending on the design of 
the MV circuit breaker, the insulation medium could be air, 
oil, SF6 gas or vacuum. Modern vacuum circuit breakers are 
the most common choice for new installations.

MV circuit breakers are available for either draw-out 
mounting or fixed mounting. A draw-out breaker consists of 
two parts: the base, which is bolted to the MV cubicle frame, 
and the actual breaker itself. This two-part construction 
allows the breaker to be racked in or racked out of the cubicle 
for maintenance or replacement. In addition to being easier 
to service than fixed breakers, draw-out breakers have the 
advantage of providing visual confirmation whenever a cir-
cuit is disconnected from the switchgear.

Since most circuit breakers do not contain any internal 
operational logic, a separate relay is required to operate the 
breaker. This relay senses the circuit-fault condition and 
sends a signal to the MV breaker that causes it to open. His-
torically, relays were electromechanical devices that each 
performed only one protective function. If a single circuit 
breaker required multiple circuit-protection features, that 
also necessitated several electromechanical relays. In mod-
ern circuit breakers, solid-state relays, which provide mul-
tiple circuit-protection functions in a single package, have 
replaced electromechanical relays. 

Each of the circuit-protection functions available in 
a solid-state relay has a unique ANSI device number. For 

example, Schweitzer Engineering Laboratories’ SEL-351, 
which is commonly used as a feeder-protection relay in util-
ity and industrial electrical systems, includes the following  
circuit-protection functions: overcurrent (ANSI device num-
bers 50 and 51), undervoltage (27), overvoltage (59) and 
frequency (81). The relays sense voltage and current using 
instrument transformers. If circuit breaker switching is 
required during a power outage, then battery-backup systems 
can provide control power to the relays. 

In addition to facilitating many modes of circuit protec-
tion, solid-state relays also offer flexibility with regard to 
selective coordination, which refers to the ability to localize 
the effects of an outage. The 2008 cycle of revisions added 
this concept of coordination to the NEC; see the definition in 
Article 100. As described in the explanatory text in the NEC 
Handbook, “The main goal of selective coordination is to iso-
late the faulted portion of the electrical circuit quickly while 
at the same time maintaining power to the remainder of the 
electrical system.”

MV switches and fuses. The switches used in MV gear 
for load-break switching operations are classified as load- 
interrupter switches. These switches are gang operated and 
can be fused or nonfused. They are  C o n t i n u E d  o n  Pa g E  7 8 
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Metal-enclosed switchgear  Two separate 15 kV rated, 
1,200 A metal-enclosed switchgear assemblies, manufac-
tured by Myers Power Products, are delivered to PG&E’s 15 
MWac solar farm in Five Points, CA. Blue Oak Energy pro-
vided engineering and construction management services on 
the project to the EPC contractor, SOLON USA.
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generally provided with viewing windows that allow operators 
to verify switch blade position without exposure to live parts.

MV fuses utilized in MV switchgear are broadly classi-
fied as either the expulsion type or the current-limiting type. 
Expulsion fuses are vented and use hot gases to facilitate 
the mechanical interruption of the circuit. Current-limiting 
fuses are sealed and do not expel heated gas during opera-
tion. As the name implies, current-limiting fuses limit the 
magnitude of the fault current, and do so within a quarter 
of a cycle provided that the impedance of the fault is low 
enough. Expulsion fuses are generally available with higher 
voltage ratings than current-limiting fuses, while current-
limiting fuses are generally available with higher interrupt-
ing ratings than expulsion fuses.

Circuit breakers vs. fused switches. MV circuit breakers and MV 
fused switches each have their unique advantages. The advan-
tages of MV fused switches include lower cost, simplicity and the 
possibility of providing current-limiting circuit protection. The 
advantages of MV circuit breakers include higher available con-
tinuous current ratings, the ability to relatively easily incorpo-
rate remote switching, and the benefits associated with the use 
of solid-state relays, which include multiple circuit-protection 
functions and selective coordination.  C o n t i n u E d  o n  Pa g E  8 0
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MV cable pull  Workers at PG&E’s Five Points solar farm 
use an electric winch to pull MV cables into one of the site’s 
metal-enclosed switchgear assemblies. The distribution volt-
age around the 100-acre site is 12.47 kV.
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Configurable Options:

- 1000VDC or 600VDC
- # Input Strings
- Fuse Rating (or Isc)
- Enclosure Style
- Disconnect & TVSS
- PVobserver™ String
  Current Monitoring
- Condensation Vent
- StraightShot™ for Large
  Conductors

TEALsolar™ Combiner Box

Reliable &
Configurable

UL 1741 1000VDC listed configurable product family
Reliable combiner designs for your PV plant
Focused on commercial and utility scale PV BOS
Industry leading customer service, quality & flexibilty

tmTEAL Electronics - We Power Technology
Contact TEAL today for your BOS needs !

Backwoods
 Solar

We Don’t Just Sell the Products in Our 
Catalog- We Live With Them.

If you are currently a reseller or installer of renewable 
energy equipment and are looking to expand into off-grid 
or battery based grid-tie systems, let our 30-plus years of 
expertise help you. Our technical sales staff live in homes 
powered by the wind, water and sun, using the products 
we carry. Special wholesaler pricing is available to those 

that resell or install renewable energy systems. 
Qualification is simple, call us today.

America’s most trusted off-grid supplier 

backwoodssolar.com    208-263-4290
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Planning for SuCCESS 
Given the considerable expense 
and long lead times associated with 
PM transformers and MV switch-
gear, it is critical to ensure that the 
products specified meet everyone’s 
criteria. This includes the owner’s 
specifications, the technical needs 
of the project, the inverter manufac-
turer’s guidelines, the terms of the 
utility interconnection agreement 
and the AHJ’s requirements. 

Bryan Grogan, senior project 
superintendent for Delta Diversified 
Enterprises, notes, “Effective coor-
dination with the interconnecting 
utility company will reduce costly 
delays and equipment changes.” 
He explains: “This communication 
needs to happen at various stages 
of the project—including design, 
construction and acceptance phases. During the design phase, 
it is important to verify the utility company’s requirements for 
metering and distribution equipment, as each utility typically 
has its own specific requirements.  You need to understand 
what is important to that utility and to make sure this is incor-
porated early in the design process. To smooth the final utility 
acceptance process, it is advisable to submit equipment shop 
drawings for approval before ordering any equipment and to 
request a courtesy inspection of the metering equipment when 
it arrives on-site.”

Until there is greater equipment standardization, the most 
effective way of dealing with long product lead times is to 
determine the application requirements as soon as possible 
and order the equipment as early as possible. Grogan warns: 
“The long lead times required for MV switchgear often prove 
challenging during construction.” 

These logistical challenges are not limited to PM trans-
formers and MV switchgear. Jeff Schilling, Phoenix district 
office sales manager for Okonite, observes, “Renewable proj-
ects go at lightning speed compared to industrial or utility 
construction projects, which makes component delivery a 
critical issue.” Strategic design decisions can ameliorate some 
of these issues. Schilling encourages designers to specify cable 
sizes that are commonly stocked (2 AWG, 1/0 AWG, 4/0 AWG, 
350-kcmil, 500-kcmil, 750-kcmil and 1,000-kcmil), and notes 
that 15 kV cables are commonly available with 133% level 
insulation, whereas 35 kV cable is typically available with 
100% level insulation. 

When product lead times do not fit within the project con-
struction schedule, the specifying engineer can consider mak-
ing substitutions. According to Schilling: “While aluminum 

conductor cables with a tape shield are 
commonly requested for a solar proj-
ect, they are not a commonly stocked 
item and may not be available in time 
to meet the project’s schedule. In these 
instances, higher-cost copper cables 
with tape shield or aluminum conduc-
tors with concentric neutral, which are 
commonly used by electric utilities, 
can be considered as a substitute to 
meet scheduling requirements.”

Schilling continues: “While direct-
burial jacketed cable is commonly used 
in solar field applications, armored 
cable and jacketed cable installed in 
conduit are other options to consider. 
Cable installed in conduit has the ben-
efit of being relatively easy to replace 
should a fault occur. However, there 
are cost and reliability trade-offs asso-
ciated with each approach.”

For Grogan at Delta Diversified Enterprises, the higher 
up-front costs associated with cable in conduit are not neces-
sarily a deal breaker. He explains: “We generally prefer cable 
installed in conduit as opposed to direct-bury installations. The 
use of conduit eliminates many of the concerns associated with 
direct-bury cable. This approach can even cost less than direct-
bury cable, in some cases, if it can eliminate the need for sifting 
or importing trench bedding material to the site.”

Medium-Voltage Wiring

g C O N T A C T

Dan Simpson / taylor rymar / tempe, aZ /  

 dsimpson@tr-corp.com / tr-corp.com

Manufacturers

Cooper Power Systems / 877.277.4636 / cooperindustries.com

Eaton / 855.386.7657 / eaton.com

myers Power Products / 866.696.9377 / myerspowerproducts.com

the okonite Company / 201.825.0300 / okonite.com

Schneider Electric / 888.778.2733 / schneider-electric.com

Schweitzer Engineering laboratories / 509.332.7990 / selinc.com

Resources

Consulting Application Guide, Eaton Corp., 15th edition, June 2012

Engineering Handbook: Engineering Data for Copper and Aluminum 

Conductor Electrical Cables, the okonite Company, 2010

 “three-Phase Pad-mounted Compartmental type installation and 

maintenance instructions,” Cooper Power Systems, Service information 

S210-12-1, august 2012

Draw-out breaker  A Square D metal-clad 
draw-out vacuum circuit breaker from Schnei-
der Electric is shown here. Typical breakers 
in this equipment class weigh in at 350–480 
pounds and are rated for up to 15 kV and 
1,200–3,000 A.
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www.solren.com    |    inverters@solren.com    |    978.683.9700      

INDUSTRY LEADING 98% EFFICIENCY
UTILITY-SCALE INVERTERS

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

FEATURES
• 98% CEC efficiency
• External transformer
• Built-in redundancy
• Subcombiner options
• 600 VDC
• 208 VAC
• MODBUS communications
• User-interactive LCD

OPTIONS
• Uptime guarantee
• Stainless steel enclosure
• Web-based monitoring

OPTIONS FOR UTILITIES
• Real power curtailment
• Reactive power control
• Voltage ride-through
• Frequency ride-through

SmARTgRId 500xT
NEW
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Central
600 Vdc  

Products  
for the  
North  

American  
Market

Courtesy W i l l  Thompson, Nexamp
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F
or this issue of SolarPro, we developed two 
central inverter specifications datasets 
that include more than 160 models avail-
able to integrators working in the US or 
Canadian solar markets. Due to the expan-

sion of manufacturers’ 1,000 Vdc inverter product 
lines for the utility-scale market, we have assembled 
two separate groups of specifications. The first data-
set, included in the “Central Inverters for Utility-Scale 
Applications” article on page 22 of this issue, lists 
specifications for 83 inverter models with dc input 
voltages of more than 600 Vdc with rated power out-
puts of 500 kWac or greater. Because many 
of these models are deployed in utility-
owned behind-the-fence projects, listing 
to the UL 1741 standard was not a require-
ment for inclusion.

The aggregated specifications in the 
following table cover 81 models from 17 
manufacturers. The included products 
have dc input voltages of up to 600 Vdc 
with rated power outputs of 30 kWac or 
greater. Listing to the UL 1741 standard 
was required for inclusion in this dataset. 
In addition, with a few noted exceptions, 
the products contained in this table are 
listed as eligible for the California Solar 
Initiative incentive program per SB1 
guidelines as of September 1, 2012. The 
majority of the products in the 600 Vdc 
dataset have been developed for small to 
large commercial installations, but sev-
eral units with rated power outputs of 
500 kWac are well suited for utility-scale 
PV projects that require the inverters to 
be listed to the UL 1741 standard.

This year’s 600 Vdc inverter specifica-
tions dataset includes six manufacturers 
that were not active in the North Ameri-
can small or large commercial markets 
when we aggregated data for our previous 
central inverter specifications dataset (see 

December/January 2012, SolarPro magazine). These 
manufacturers are Chint Power, GE Energy, Ideal 
Power Converters, SanRex, Santerno and TMEIC. 
Additionally, several manufacturers with an estab-
lished presence in the US and Canadian markets have 
expanded their product lines with new offerings.

The specifications published here are also avail-
able in Microsoft Excel format at solarprofessional.
com. SolarPro permits and encourages the integra-
tion of this Excel-based data with databases your 
company has developed for system design or inter-
nal product-tracking activities. 

Data Compiled by           Joe Schwartz and Doug Puffer

Joe Schwartz / SolarPro magazine / Ashland, OR / 

 joe.schwartz@solarprofessional.com / solarprofessional.com

Doug Puffer / SolarPro magazine / Ashland, OR / 

 doug.puffer@solarprofessional.com / solarprofessional.com

Manufacturers

Advanced Energy / 800.446.9167 / advanced-energy.com

Chint Power / 972.761.3992 / chintpower.com

Eaton / 855.386.7657 / eaton.com

Fronius USA / 877.376.6487 / fronius.com 

GE Energy / ge-energy.com

Ideal Power Converters / 512.264.1542 / idealpowerconverters.com

Ingeteam / 408.524.2929 / ingeteam.com

KACO new energy / 415.931.2046 / kaco-newenergy.com

Power-One / 877.261.1374 / power-one.com

SanRex / 516.625.1313 / sanrex.com

Santerno / 415.293.8272 / santerno.com

Satcon Technology / 888.728.2664 / satcon.com

Schneider Electric / 888.778.2733 / schneider-electric.com

SMA America / 916.625.0870 / sma-america.com

Solectria Renewables / 978.683.9700 / solren.com 

Sungrow Power Supply / 905.760.8618 / sungrowpower.com

TMEIC / 540.283.2000 / tmeic.com

g C O N T A C T
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2013 Central Inverter Specifications: 600 Vdc Models

600 Vdc Central  Inverters

Manufacturer Model Topology

Rated 
continuous 
power (kW) 

at °C

Input Data (dc) Output Data (ac) Performance Mechanical Disconnects & Subcombiners 

Max. Voc 
(Vdc)

# MPPT 
circuits

MPPT 
range 
(Vdc)

PV start 
voltage 
(Vdc)

Max. dc 
input 

current 
(Adc)

Min. dc 
power 

throughput 
(W)

Nominal output 
voltage 
(Vac)

AC output 
wiring

Max. output  
current 
(Aac)

Max. OCPD  
rating  
(Aac)

CEC-weighted 
efficiency 

(%)

Nighttime 
standby loss  

(W)

Dimensions  
H x W x D 

(in.) Enclosure

Operating 
temp. range 

(°F)
Cooling 
method

Noise level (dB) 
at distance 

(m)

Max. 
operating 
altitude 

(m) 1

Load-break 
rated  

dc disco.

Load-break 
rated ac 
disco. Subcombiner

Advanced Energy AE 35TX isolated 35 @ 50 600 1 295–595 330 125 DNR 208 | 480 | 600 3-wire, no neut 100 | 43 | 35 150 | 60 | 50 95.5 | 96 | 95.5 < 33 67 x 48.8 x 29.5 outdoor -22–122 air < 57 @ 1 1,828 yes yes option, fuses

Advanced Energy AE 50TX isolated 50 @ 50 600 1 295–595 330 178 DNR 208 | 480 | 600 3-wire, no neut 141 | 61 | 49 200 | 80 | 70 96 < 33 73.6 x 48.8 x 34.5 outdoor -22–122 air < 57 @ 1 1,828 yes yes option, fuses

Advanced Energy AE 75TX isolated 75 @ 50 600 1 295–595 330 267 DNR 208 | 480 | 600 3-wire, no neut 208 | 91 | 72 300 | 125 | 100 95.5 | 95.5 | 96.0 < 42 91.6 x 65.6 x 35 outdoor -22–122 air < 61 @ 1 1,828 yes yes option, fuses

Advanced Energy AE 100TX isolated 100 @ 50 600 1 295–595 330 356 DNR 208 | 480 | 600 3-wire, no neut 278 | 120 | 96 400 | 175 | 125 95.5 | 96.0 | 96.0 < 42 91.6 x 65.6 x 35 outdoor -22–122 air < 61 @ 1 1,828 yes yes yes, fuses

Advanced Energy AE 250TX isolated 250 @ 50 600 1 295–595 330 890 DNR 480 | 600 3-wire, no neut 243 | 304 400 | 350 96.5 | 97 < 90 93.0 x 104.0 x 41.4 outdoor -22–122 air < 65 @ 1 1,828 yes yes option, fuses

Advanced Energy AE 260TX isolated 260 @ 50 600 1 295–595 330 925 DNR 480 3-wire, no neut 316 400 97.0 | 96.5 < 67 93.0 x 104.0 x 41.4 outdoor -22–122 air < 65 @ 1 1,828 yes yes option, fuses

Advanced Energy AE 250NX non-isolated 250 @ 50 ±600 1 ±330–600 425 375 DNR 480 3-wire 3 334 300 97.5 < 100 81.2 x 74.0 x 34.7 outdoor -4–122 air/liquid DNR 6,000 N/A N/A N/A

Advanced Energy AE 333NX non-isolated 333 @ 50 ±600 1 ±330–600 425 500 DNR 480 3-wire 3 445 400 97.5 < 100 81.2 x 74.0 x 34.7 outdoor -4–122 air/liquid DNR 6,000 N/A N/A N/A

Advanced Energy AE 500NX non-isolated 500 @ 50 ±600 1 ±330–600 425 750 DNR 480 3-wire 3 667 600 97.5 < 100 83.1 x 85.4 x 39.9 outdoor -4–122 air/liquid < 65 @ 3 6,000 yes yes option, fuses

Advanced Energy AE 500NX-HE non-isolated 500 @ 50 ±600 1 ±330–600 425 750 DNR 480 3-wire 3 667 600 98 < 100 83.1 x 85.4 x 39.9 outdoor -4–122 air/liquid < 65 @ 3 6,000 yes yes option, fuses

Advanced Energy AE 500TX isolated 500 @ 55 600 1 310–595 330 1,600 DNR 480 3-wire, no neut 608 DNR 97 < 80 99.2 x 119.8 x 48.8 outdoor -22–131 air DNR 6,000 DNR yes yes, CBs

Chint Power CPS SC100KT-O/US-480 isolated 100 @ DNR 600 1 300–600 330 350 700 480 3-wire, no neut 120 DNR 96 < 40 72.8 x 47.1 x 34.6 outdoor -4–140 air DNR 2,000 yes yes yes, fuses

Eaton Power Xpert Solar 250KW isolated 250 @ 50 600 1 300–500 300 4 1,340 800 480 field select 5 312 400 96 70 94 x 93 x 46 | 74 x 65 x 46 outdoor -4–122 air < 70 @ 1 3,300 yes yes option, fuse or CB

Fronius USA CL 33.3 delta isolated 33.3 @ 40 600 1 230–500 260 154 80 208 | 240 3- or 4-wire 93 | 80 125 | 100 94.5 | 95 < 15 76.6 x 43.5 x 31.4 outdoor -13–131 air 75 @ 3 2,000 yes yes option, fuses

Fronius USA CL 36.0 WYE277 isolated 36 @ 40 600 1 230–500 260 167 80 277 same as line 43 60 95.5 < 15 76.6 x 43.5 x 31.4 outdoor -13–131 air 75 @ 3 2,000 yes yes option, fuses

Fronius USA CL 44.4 delta isolated 44.4 @ 40 600 1 230–500 260 205 110 208 | 240 3- or 4-wire 123 | 107 175 | 150 94.5 | 95 < 15 76.6 x 43.5 x 31.4 outdoor -13–131 air 75 @ 3 2,000 yes yes option, fuses

Fronius USA CL 48.0 WYE277 isolated 48 @ 40 600 1 230–500 260 222 110 277 same as line 58 80 95.5 < 15 76.6 x 43.5 x 31.4 outdoor -13–131 air 75 @ 3 2,000 yes yes option, fuses

Fronius USA CL 55.5 delta isolated 55.5 @ 40 600 1 230–500 260 257 125 208 | 240 3- or 4-wire 154 | 134 200 | 175 94.5 | 95 < 15 76.6 x 43.5 x 31.4 outdoor -13–131 air 75 @ 3 2,000 yes yes option, fuses

Fronius USA CL 60.0 WYE277 isolated 60 @ 40 600 1 230–500 260 278 110 277 same as line 72 90 95.5 < 15 76.6 x 43.5 x 31.4 outdoor -13–131 air 75 @ 3 2,000 yes yes option, fuses

GE Energy 700 kW Brilliance non-isolated 6 700 @ 50 600 1 300–600 100 4 2,400 7,000 480 3-wire 842 947 97.1 < 250 92.5 x 133.9 x 51.2 outdoor -22–140 air/liquid DNR 3,300 yes yes option

Ideal Power Converters IPV-30kW-480 isolated 7 30 @ 45 ±600 1 ±300–±450 ±100 50 DNR 480 3-wire, no neut 37 DNR 96.5 10 36.5 x 15 x 10.8 outdoor -13–113 air DNR DNR no no yes, fuses

Ingeteam 100 U isolated 100 @ 45 600 1 300–600 300 350 600 208 | 480 4-wire w/ neut 317 | 137 400 | 200 95 | 95.5 < 1 67.3 x 39.4 x 32.3 indoor 5–113 air 69 @ 1 6,500 yes yes DNR

Ingeteam 125 U Outdoor isolated 125 @ 50 600 8 1 330–820 DNR 390 DNR 208 | 480 3-wire w/ neut 347 | 150 DNR 96.5 1 79.13 x 52.76 x 37.4 outdoor -4–150 air DNR 3,000 yes yes no

Ingeteam 125TL U Outdoor non-isolated 125 @ 50 600 8 1 330–820 DNR 390 DNR 208 3-wire 347 DNR 97.5 1 79.13 x 52.76 x 37.4 outdoor -4–150 air DNR 3,000 yes yes no

Ingeteam 165TL U Outdoor non-isolated 165 @ 50 600 8 1 440–820 DNR 390 DNR 275 3-wire 347 DNR 98 1 79.13 x 52.76 x 37.4 outdoor -4–150 air DNR 3,000 yes yes no

Ingeteam 375T U X480 Outdoor isolated 375 @ 50 600 8 1 350–820 DNR 1,170 DNR 480 3-wire w/ neut 450 DNR 98 1 79.9 x 167.3 x 32.7 outdoor -4–150 air DNR 3,000 yes yes option

KACO new energy XP83-H6 isolated 83 @ DNR 600 1 300–600 350 380 830 600 4-wire w/ neut 80 125 N/A < 100 73 x 68 x 37 outdoor -4–122 air < 65 @ 3 2,000 yes yes yes, fuses

KACO new energy XP90-H6 isolated 90 @ DNR 600 1 300–600 350 380 90 600 4-wire w/ neut 87 125 N/A < 100 73 x 68 x 37 outdoor -4–122 air < 65 @ 3 2,000 yes yes yes, fuses

KACO new energy XP100U-H2 isolated 100 @ DNR 600 1 300–600 350 410 1,000 208 | 480 4-wire w/ neut 278 400 95.5 < 60 73 x 68 x 37 outdoor -5–122 air < 65 @ 3 2,000 yes yes yes, fuses

KACO new energy XP100U-H4 isolated 100 @ DNR 600 1 300–600 350 410 1,000 208 | 480 4-wire w/ neut 120 150 96 < 60 73 x 68 x 37 outdoor -5–122 air < 65 @ 3 2,000 yes yes yes, fuses

KACO new energy XP100U-H6 isolated 100 @ DNR 600 1 300–600 DNR 476 DNR 600 4-wire w/ neut 96 125 N/A < 100 73 x 68 x 37 outdoor -5–122 air < 65 @ 3 2,000 yes yes yes, fuses

Power-One PVI-CENTRAL-50-US isolated 50 @ 40 600 1 330–600 330 170 5,000 208 | 480 3-wire 139 | 61 180 | 78 95 < 15 50.2 x 66.0 x 33.5 indoor 14–122 air < 62 @ 1 2,000 yes yes yes, fuses

Power-One PVI-CENTRAL-100-US isolated 100 @ 40 600 1 330–600 330 340 5,000 208 | 480 3-wire 278 | 121 360 | 156 95 < 30 50.2 x 66.0 x 33.5 indoor 14–122 air < 62 @ 1 2,000 yes yes yes, fuses

Power-One PVI-CENTRAL-250-US isolated 250 @ 50 600 3 320–550 330 850 5,000 480 | 600 3-wire 315 | 253 408 | 312 97 < 105 84.5 x 115.7 x 49.3 outdoor -13–140 air < 62 @ 1 2,000 yes yes yes, fuses

Power-One PVI-CENTRAL-300-US isolated 300 @ 50 600 3 320–550 330 1,020 5,000 480 | 600 3-wire 378 | 303 480 | 384 97 < 120 84.5 x 115.7 x 49.3 outdoor -13–140 air < 62 @ 1 2,000 yes yes yes, fuses

SanRex 9 PV-250K-48T-13 isolated 250 @ 40 600 1 300–520 DNR 938 2,500 480 3-wire 334 400 95 20 92.52 x 78.74 x 53.15 outdoor -4–104 air 75 @ 1 1,000 yes yes option

SanRex 9 PV-500K-48T-13 isolated 500 @ 40 600 1 300–480 DNR 1,875 5,000 480 3-wire 674 800 97 141 92.52 x 118.1 x 53.15 outdoor -4–104 air 75 @ 1 1,000 yes yes option

Santerno TG 100 NA OUTDOOR isolated 100 @ 50 600 1 315–600 315 381 1,000 208 | 240 | 480 | 600 3- or 4-wire 315 | 273 | 137 | 109 400 | 400 | 250 | 250 96.5 < 29 96.1 x 63 x 39.4 outdoor -13–122 air 70 @ 1 1,000 yes yes yes, fuses

Santerno TG 125 NA OUTDOOR isolated 125 @ 50 600 1 315–600 315 428 1,300 208 | 240 | 480 | 600 3- or 4-wire 347 | 301 | 151 | 121 600 | 400 | 250 | 250 96.5 < 29 96.1 x 63 x 39.4 outdoor -13–122 air 70 @ 1 1,000 yes yes yes, fuses

Satcon Technology PVS-30 isolated 30 @ DNR 600 1 305–600 305 104 500 208 | 240 | 480 3-wire 84 | 72 | 36 100 | 85 | 44 95 76 | 65 | 72 74 x 30 x 27 outdoor -4–122 air < 65 @ 1 3,000 no no option, fuses

Satcon Technology PVS-50 isolated 50 @ DNR 600 1 305–600 305 172 500 208 | 240 | 480 3-wire 139 | 121 | 60 167 | 145 | 72 95.5 76 | 94 | 77  74 x 45 x 27 outdoor -4–122 air < 65 @ 1 3,000 no no option, fuses

Satcon Technology PVS-75 isolated 75 @ DNR 600 1 315–600 315 248 500 208 | 240 | 480 3-wire 208 | 181 | 91 250 | 217 | 109 96 65 | 72 | 70  80 x 57 x 31 outdoor -4–122 air < 65 @ 1 3,000 no no option, fuses
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Manufacturer Model Topology

Rated 
continuous 
power (kW) 

at °C

Input Data (dc) Output Data (ac) Performance Mechanical Disconnects & Subcombiners 

Max. Voc 
(Vdc)

# MPPT 
circuits

MPPT 
range 
(Vdc)

PV start 
voltage 
(Vdc)

Max. dc 
input 

current 
(Adc)

Min. dc 
power 

throughput 
(W)

Nominal output 
voltage 
(Vac)

AC output 
wiring

Max. output  
current 
(Aac)

Max. OCPD  
rating  
(Aac)

CEC-weighted 
efficiency 

(%)

Nighttime 
standby loss  

(W)

Dimensions  
H x W x D 

(in.) Enclosure

Operating 
temp. range 

(°F)
Cooling 
method

Noise level (dB) 
at distance 

(m)

Max. 
operating 
altitude 

(m) 1

Load-break 
rated  

dc disco.

Load-break 
rated ac 
disco. Subcombiner

Advanced Energy AE 35TX isolated 35 @ 50 600 1 295–595 330 125 DNR 208 | 480 | 600 3-wire, no neut 100 | 43 | 35 150 | 60 | 50 95.5 | 96 | 95.5 < 33 67 x 48.8 x 29.5 outdoor -22–122 air < 57 @ 1 1,828 yes yes option, fuses

Advanced Energy AE 50TX isolated 50 @ 50 600 1 295–595 330 178 DNR 208 | 480 | 600 3-wire, no neut 141 | 61 | 49 200 | 80 | 70 96 < 33 73.6 x 48.8 x 34.5 outdoor -22–122 air < 57 @ 1 1,828 yes yes option, fuses

Advanced Energy AE 75TX isolated 75 @ 50 600 1 295–595 330 267 DNR 208 | 480 | 600 3-wire, no neut 208 | 91 | 72 300 | 125 | 100 95.5 | 95.5 | 96.0 < 42 91.6 x 65.6 x 35 outdoor -22–122 air < 61 @ 1 1,828 yes yes option, fuses

Advanced Energy AE 100TX isolated 100 @ 50 600 1 295–595 330 356 DNR 208 | 480 | 600 3-wire, no neut 278 | 120 | 96 400 | 175 | 125 95.5 | 96.0 | 96.0 < 42 91.6 x 65.6 x 35 outdoor -22–122 air < 61 @ 1 1,828 yes yes yes, fuses

Advanced Energy AE 250TX isolated 250 @ 50 600 1 295–595 330 890 DNR 480 | 600 3-wire, no neut 243 | 304 400 | 350 96.5 | 97 < 90 93.0 x 104.0 x 41.4 outdoor -22–122 air < 65 @ 1 1,828 yes yes option, fuses

Advanced Energy AE 260TX isolated 260 @ 50 600 1 295–595 330 925 DNR 480 3-wire, no neut 316 400 97.0 | 96.5 < 67 93.0 x 104.0 x 41.4 outdoor -22–122 air < 65 @ 1 1,828 yes yes option, fuses

Advanced Energy AE 250NX non-isolated 250 @ 50 ±600 1 ±330–600 425 375 DNR 480 3-wire 3 334 300 97.5 < 100 81.2 x 74.0 x 34.7 outdoor -4–122 air/liquid DNR 6,000 N/A N/A N/A

Advanced Energy AE 333NX non-isolated 333 @ 50 ±600 1 ±330–600 425 500 DNR 480 3-wire 3 445 400 97.5 < 100 81.2 x 74.0 x 34.7 outdoor -4–122 air/liquid DNR 6,000 N/A N/A N/A

Advanced Energy AE 500NX non-isolated 500 @ 50 ±600 1 ±330–600 425 750 DNR 480 3-wire 3 667 600 97.5 < 100 83.1 x 85.4 x 39.9 outdoor -4–122 air/liquid < 65 @ 3 6,000 yes yes option, fuses

Advanced Energy AE 500NX-HE non-isolated 500 @ 50 ±600 1 ±330–600 425 750 DNR 480 3-wire 3 667 600 98 < 100 83.1 x 85.4 x 39.9 outdoor -4–122 air/liquid < 65 @ 3 6,000 yes yes option, fuses

Advanced Energy AE 500TX isolated 500 @ 55 600 1 310–595 330 1,600 DNR 480 3-wire, no neut 608 DNR 97 < 80 99.2 x 119.8 x 48.8 outdoor -22–131 air DNR 6,000 DNR yes yes, CBs

Chint Power CPS SC100KT-O/US-480 isolated 100 @ DNR 600 1 300–600 330 350 700 480 3-wire, no neut 120 DNR 96 < 40 72.8 x 47.1 x 34.6 outdoor -4–140 air DNR 2,000 yes yes yes, fuses

Eaton Power Xpert Solar 250KW isolated 250 @ 50 600 1 300–500 300 4 1,340 800 480 field select 5 312 400 96 70 94 x 93 x 46 | 74 x 65 x 46 outdoor -4–122 air < 70 @ 1 3,300 yes yes option, fuse or CB

Fronius USA CL 33.3 delta isolated 33.3 @ 40 600 1 230–500 260 154 80 208 | 240 3- or 4-wire 93 | 80 125 | 100 94.5 | 95 < 15 76.6 x 43.5 x 31.4 outdoor -13–131 air 75 @ 3 2,000 yes yes option, fuses

Fronius USA CL 36.0 WYE277 isolated 36 @ 40 600 1 230–500 260 167 80 277 same as line 43 60 95.5 < 15 76.6 x 43.5 x 31.4 outdoor -13–131 air 75 @ 3 2,000 yes yes option, fuses

Fronius USA CL 44.4 delta isolated 44.4 @ 40 600 1 230–500 260 205 110 208 | 240 3- or 4-wire 123 | 107 175 | 150 94.5 | 95 < 15 76.6 x 43.5 x 31.4 outdoor -13–131 air 75 @ 3 2,000 yes yes option, fuses

Fronius USA CL 48.0 WYE277 isolated 48 @ 40 600 1 230–500 260 222 110 277 same as line 58 80 95.5 < 15 76.6 x 43.5 x 31.4 outdoor -13–131 air 75 @ 3 2,000 yes yes option, fuses

Fronius USA CL 55.5 delta isolated 55.5 @ 40 600 1 230–500 260 257 125 208 | 240 3- or 4-wire 154 | 134 200 | 175 94.5 | 95 < 15 76.6 x 43.5 x 31.4 outdoor -13–131 air 75 @ 3 2,000 yes yes option, fuses

Fronius USA CL 60.0 WYE277 isolated 60 @ 40 600 1 230–500 260 278 110 277 same as line 72 90 95.5 < 15 76.6 x 43.5 x 31.4 outdoor -13–131 air 75 @ 3 2,000 yes yes option, fuses

GE Energy 700 kW Brilliance non-isolated 6 700 @ 50 600 1 300–600 100 4 2,400 7,000 480 3-wire 842 947 97.1 < 250 92.5 x 133.9 x 51.2 outdoor -22–140 air/liquid DNR 3,300 yes yes option

Ideal Power Converters IPV-30kW-480 isolated 7 30 @ 45 ±600 1 ±300–±450 ±100 50 DNR 480 3-wire, no neut 37 DNR 96.5 10 36.5 x 15 x 10.8 outdoor -13–113 air DNR DNR no no yes, fuses

Ingeteam 100 U isolated 100 @ 45 600 1 300–600 300 350 600 208 | 480 4-wire w/ neut 317 | 137 400 | 200 95 | 95.5 < 1 67.3 x 39.4 x 32.3 indoor 5–113 air 69 @ 1 6,500 yes yes DNR

Ingeteam 125 U Outdoor isolated 125 @ 50 600 8 1 330–820 DNR 390 DNR 208 | 480 3-wire w/ neut 347 | 150 DNR 96.5 1 79.13 x 52.76 x 37.4 outdoor -4–150 air DNR 3,000 yes yes no

Ingeteam 125TL U Outdoor non-isolated 125 @ 50 600 8 1 330–820 DNR 390 DNR 208 3-wire 347 DNR 97.5 1 79.13 x 52.76 x 37.4 outdoor -4–150 air DNR 3,000 yes yes no

Ingeteam 165TL U Outdoor non-isolated 165 @ 50 600 8 1 440–820 DNR 390 DNR 275 3-wire 347 DNR 98 1 79.13 x 52.76 x 37.4 outdoor -4–150 air DNR 3,000 yes yes no

Ingeteam 375T U X480 Outdoor isolated 375 @ 50 600 8 1 350–820 DNR 1,170 DNR 480 3-wire w/ neut 450 DNR 98 1 79.9 x 167.3 x 32.7 outdoor -4–150 air DNR 3,000 yes yes option

KACO new energy XP83-H6 isolated 83 @ DNR 600 1 300–600 350 380 830 600 4-wire w/ neut 80 125 N/A < 100 73 x 68 x 37 outdoor -4–122 air < 65 @ 3 2,000 yes yes yes, fuses

KACO new energy XP90-H6 isolated 90 @ DNR 600 1 300–600 350 380 90 600 4-wire w/ neut 87 125 N/A < 100 73 x 68 x 37 outdoor -4–122 air < 65 @ 3 2,000 yes yes yes, fuses

KACO new energy XP100U-H2 isolated 100 @ DNR 600 1 300–600 350 410 1,000 208 | 480 4-wire w/ neut 278 400 95.5 < 60 73 x 68 x 37 outdoor -5–122 air < 65 @ 3 2,000 yes yes yes, fuses

KACO new energy XP100U-H4 isolated 100 @ DNR 600 1 300–600 350 410 1,000 208 | 480 4-wire w/ neut 120 150 96 < 60 73 x 68 x 37 outdoor -5–122 air < 65 @ 3 2,000 yes yes yes, fuses

KACO new energy XP100U-H6 isolated 100 @ DNR 600 1 300–600 DNR 476 DNR 600 4-wire w/ neut 96 125 N/A < 100 73 x 68 x 37 outdoor -5–122 air < 65 @ 3 2,000 yes yes yes, fuses

Power-One PVI-CENTRAL-50-US isolated 50 @ 40 600 1 330–600 330 170 5,000 208 | 480 3-wire 139 | 61 180 | 78 95 < 15 50.2 x 66.0 x 33.5 indoor 14–122 air < 62 @ 1 2,000 yes yes yes, fuses

Power-One PVI-CENTRAL-100-US isolated 100 @ 40 600 1 330–600 330 340 5,000 208 | 480 3-wire 278 | 121 360 | 156 95 < 30 50.2 x 66.0 x 33.5 indoor 14–122 air < 62 @ 1 2,000 yes yes yes, fuses

Power-One PVI-CENTRAL-250-US isolated 250 @ 50 600 3 320–550 330 850 5,000 480 | 600 3-wire 315 | 253 408 | 312 97 < 105 84.5 x 115.7 x 49.3 outdoor -13–140 air < 62 @ 1 2,000 yes yes yes, fuses

Power-One PVI-CENTRAL-300-US isolated 300 @ 50 600 3 320–550 330 1,020 5,000 480 | 600 3-wire 378 | 303 480 | 384 97 < 120 84.5 x 115.7 x 49.3 outdoor -13–140 air < 62 @ 1 2,000 yes yes yes, fuses

SanRex 9 PV-250K-48T-13 isolated 250 @ 40 600 1 300–520 DNR 938 2,500 480 3-wire 334 400 95 20 92.52 x 78.74 x 53.15 outdoor -4–104 air 75 @ 1 1,000 yes yes option

SanRex 9 PV-500K-48T-13 isolated 500 @ 40 600 1 300–480 DNR 1,875 5,000 480 3-wire 674 800 97 141 92.52 x 118.1 x 53.15 outdoor -4–104 air 75 @ 1 1,000 yes yes option

Santerno TG 100 NA OUTDOOR isolated 100 @ 50 600 1 315–600 315 381 1,000 208 | 240 | 480 | 600 3- or 4-wire 315 | 273 | 137 | 109 400 | 400 | 250 | 250 96.5 < 29 96.1 x 63 x 39.4 outdoor -13–122 air 70 @ 1 1,000 yes yes yes, fuses

Santerno TG 125 NA OUTDOOR isolated 125 @ 50 600 1 315–600 315 428 1,300 208 | 240 | 480 | 600 3- or 4-wire 347 | 301 | 151 | 121 600 | 400 | 250 | 250 96.5 < 29 96.1 x 63 x 39.4 outdoor -13–122 air 70 @ 1 1,000 yes yes yes, fuses

Satcon Technology PVS-30 isolated 30 @ DNR 600 1 305–600 305 104 500 208 | 240 | 480 3-wire 84 | 72 | 36 100 | 85 | 44 95 76 | 65 | 72 74 x 30 x 27 outdoor -4–122 air < 65 @ 1 3,000 no no option, fuses

Satcon Technology PVS-50 isolated 50 @ DNR 600 1 305–600 305 172 500 208 | 240 | 480 3-wire 139 | 121 | 60 167 | 145 | 72 95.5 76 | 94 | 77  74 x 45 x 27 outdoor -4–122 air < 65 @ 1 3,000 no no option, fuses

Satcon Technology PVS-75 isolated 75 @ DNR 600 1 315–600 315 248 500 208 | 240 | 480 3-wire 208 | 181 | 91 250 | 217 | 109 96 65 | 72 | 70  80 x 57 x 31 outdoor -4–122 air < 65 @ 1 3,000 no no option, fuses

Footnote Key
1 Before derating occurs
2 Comp = compression screw terminal
3 Grounded Wye connection
4 Adjustable
5 3-wire, no neutral; 4-wire (neutral-sense only); 4-wire, no neutral
6 External transformer required
7 Isolated topology without transformer
8 1,000 Vdc model available
9 Not listed as eligible for CSI financial incentives

10 Low voltage option 296–500 
11 Low voltage option 285–500 
12 Low temperature option -31–113
13 DC contactor
14 Optional compression screw terminal blocks
15 Required option
16 Optional
DNR = did not report
N/A = not applicable
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Manufacturer Model

Termination Specifications Transportation Listing Warranty

# dc  
terminals

dc 
terminal 

type 2

# ac 
terminals 

(per 
phase)

ac 
terminal 

type 2
# GEC 

terminals

GEC 
terminal 

type 2
Weight 
(lbs.)

Lifting 
provisions

Listing 
agency

Standard 
(yr.)

Extended 
(yr.)

PM or 
service 
contract 
available

Advanced Energy AE 35TX 4 thru hole 3 thru hole 5 thru hole 1,200 forklift ETL 10 20 yes

Advanced Energy AE 50TX 4 thru hole 3 thru hole 5 thru hole 1,500 forklift ETL 10 20 yes

Advanced Energy AE 75TX 17 thru hole 8 thru hole 8 thru hole 2,750 forklift ETL 10 20 yes

Advanced Energy AE 100TX 17 thru hole 8 thru hole 8 thru hole 3,000 forklift ETL 10 20 yes

Advanced Energy AE 250TX 32 thru hole 7 thru hole 12 thru hole 5,000 forklift ETL 10 20 yes

Advanced Energy AE 260TX 32 thru hole 7 thru hole 12 thru hole 5,000 forklift ETL 10 20 yes

Advanced Energy AE 250NX 6, 16 comp 4 comp 7 M10 stud 2,045 forklift, eyebolts CSA 5 20 yes

Advanced Energy AE 333NX 4, 6, 16 comp 4 comp 7 M10 stud 2,045 forklift, eyebolts CSA 5 20 yes

Advanced Energy AE 500NX 4, 6, 16 comp 4 comp 8 M10 stud 3,760 forklift, eyebolts CSA 5 20 yes

Advanced Energy AE 500NX-HE 4, 6, 16 comp 4 comp 8 M10 stud 3,760 forklift, eyebolts CSA 5 20 yes

Advanced Energy AE 500TX 36 thru hole 8 thru hole 9 thru hole 8,750 forklift ETL 10 20 yes

Chint Power CPS SC100KT-O/US-480 4 thru hole 1 thru hole 1 thru hole 1,984 forklift, crane CSA 5 20 DNR

Eaton Power Xpert Solar 250KW 4–16 comp 1 comp 16 thru hole 4,000 | 2,850 forklift, eyebolts ETL 5 10 yes

Fronius USA CL 33.3 delta 2 stud 2 stud 6 stud 661 forklift, eyebolts CSA 10 15, 20 no

Fronius USA CL 36.0 WYE277 2 stud 2 stud 6 stud 661 forklift, eyebolts CSA 10 15, 20 no

Fronius USA CL 44.4 delta 2 stud 2 stud 6 stud 721 forklift, eyebolts CSA 10 15, 20 no

Fronius USA CL 48.0 WYE277 2 stud 2 stud 6 stud 721 forklift, eyebolts CSA 10 15, 20 no

Fronius USA CL 55.5 delta 2 stud 2 stud 6 stud 783 forklift, eyebolts CSA 10 15, 20 no

Fronius USA CL 60.0 WYE277 2 stud 2 stud 6 stud 783 forklift, eyebolts CSA 10 15, 20 no

GE Energy 700 kW Brilliance as required thru hole 1 thru hole DNR DNR 8,819 forklift CSA 5 10 yes

Ideal Power Converters IPV-30kW-480 4 stud 1 stud 4 stud 94 hand ETL 10 20 no

Ingeteam 100 U 4 stud 2 stud DNR stud 2,559 forklift, eyebolts CSA 5 20 DNR

Ingeteam 125 U Outdoor 4 stud DNR stud DNR stud 2,645 forklift, eyebolts ETL 5 20 yes

Ingeteam 125TL U Outdoor 4 stud DNR stud DNR stud 1,433 forklift, eyebolts ETL 5 20 yes

Ingeteam 165TL U Outdoor 4 stud DNR stud DNR stud 1,433 forklift, eyebolts ETL 5 20 yes

Ingeteam 375T U X480 Outdoor 12 stud DNR stud DNR stud 8,047 forklift, eyebolts ETL 5 20 yes

KACO new energy XP83-H6 4 thru hole 8 thru hole 3 thru hole 2,425 forklift, crane CAN/CSA 5 10, 15, 20 yes

KACO new energy XP90-H6 4 thru hole 8 thru hole 3 thru hole 2,425 forklift, crane CAN/CSA 5 10, 15, 20 yes

KACO new energy XP100U-H2 4 thru hole DNR DNR DNR DNR 2,646 forklift, crane ETL 5 10, 15, 20 yes

KACO new energy XP100U-H4 4 thru hole DNR DNR DNR DNR 2,425 forklift, crane ETL 5 10, 15, 20 yes

KACO new energy XP100U-H6 4 thru hole DNR DNR DNR DNR 2,425 forklift, crane CAN/CSA 5 10, 15, 20 yes

Power-One PVI-CENTRAL-50-US 2 comp 1 comp 1 thru hole 1,550 forklift CSA 5 10, 15, 20 yes

Power-One PVI-CENTRAL-100-US 4 comp 1 comp 1 thru hole 1,873 forklift CSA 5 10, 15, 20 yes

Power-One PVI-CENTRAL-250-US 5 comp 2 comp 6 thru hole 5,500 forklift, crane CSA 5 10, 15, 20 yes

Power-One PVI-CENTRAL-300-US 6 comp 2 comp 6 thru hole 6,000 forklift, crane CSA 5 10, 15, 20 yes

SanRex 9 PV-250K-48T-13 1 thru hole 1 thru hole 1 thru hole 3,968 eyebolt ETL 5 20 yes

SanRex 9 PV-500K-48T-13 2 thru hole 1 thru hole 1 thru hole 6,123 eyebolt ETL 5 20 yes

Santerno TG 100 NA OUTDOOR 8 thru hole 2 thru hole 2 thru hole 3,090 optional UL/CSA 5 20 yes

Santerno TG 125 NA OUTDOOR 8 thru hole 2 thru hole 2 thru hole 3,310 optional UL/CSA 5 20 yes

Satcon Technology PVS-30 5 thru hole 1 DNR 2 DNR 1,204 forklift CSA 5 available DNR

Satcon Technology PVS-50 5 thru hole 1 DNR 2 DNR 1,732 forklift CSA 5 available DNR

Satcon Technology PVS-75 6 thru hole 1 DNR 2 DNR 2,150 forklift CSA 5 available DNR

2013 Central Inverter Specifications: 600 Vdc Models

600 Vdc Central  Inverters



KACO new energy is a global leader in solar power electronics with over 60 years of 
industrial experience. The first transformerless solar inverters were invented by KACO in 
1999 with immediate benefits for solar electric system performance and economics.  

Transformerless solar inverters offer less complexity for a longer design life, while 
also providing the highest possible energy yields. Our M series offers transformerless 
inverters enhanced design flexibility and energy production advantages through the 
integration of the Tigo Energy® Maximizer™ Management Unit (MMU). 

The newest addition to the blueplanet line of transformerless solar inverters is the 
XP10U-H4 with a 97% CEC efficiency value, and a two channel MPP input. All your 
upcoming commercial projects should harness the enduring power and innovation 
from KACO new energy.

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

KACO new energy’s  
10kW PV inverter, the 

blueplanet XP1OU-H4. 
Ideal for commercial 

installations.

kaco-newenergy.com

We didn’t just perfect 
transformerless solar inverters

We invented them

enduring solar installations
circle in on Kaco new energy

tranformerless inverters

Copyright 2012 KACO new energy Inc.
The Maximizer Management Unit is a registered trademark of Tigo Energy®
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Manufacturer Model Topology

Rated 
continuous 
power (kW) 

at °C

Input Data (dc) Output Data (ac) Performance Mechanical Disconnects & Subcombiners 

Max. Voc 
(Vdc)

# MPPT 
circuits

MPPT 
range 
(Vdc)

PV start 
voltage 
(Vdc)

Max. dc 
input 

current 
(Adc)

Min. dc 
power 

throughput 
(W)

Nominal output 
voltage 
(Vac)

AC output 
wiring

Max. output  
current 
(Aac)

Max. OCPD  
rating  
(Aac)

CEC-weighted 
efficiency 

(%)

Nighttime 
standby loss  

(W)

Dimensions  
H x W x D 

(in.) Enclosure

Operating 
temp. range 

(°F)
Cooling 
method

Noise level 
(dB) at 

distance 
(m)

Max. 
operating 
altitude 

(m) 1

Load-break 
rated  

dc disco.

Load-break 
rated ac 
disco. Subcombiner

Satcon Technology PVS-100 isolated 100 @ DNR 600 1 315–600 315 331 500 208 | 240 | 480 3-wire 278 | 241 | 121 334 | 288 | 145 96 62 | 62 | 66 80 x 57 x 31 outdoor -4–122 air < 65 @ 1 3,000 no no option, fuses

Satcon Technology PVS-110-S isolated 110 @ DNR 600 1 265–600 265 440 500 480 3-wire 132 159 95.5 73 80 x 65 x 30.84 outdoor -4–122 air < 65 @ 1 3,000 no no option, fuses

Satcon Technology PVS-135 isolated 135 @ DNR 600 1 310–600 310 454 500 208 | 240 | 480 3-wire 375 | 325 | 163 450 | 390 | 196 96 63 | 64 | 64 80 x 65 x 31 outdoor -4–122 air < 65 @ 1 3,000 no no option, fuses

Satcon Technology PVS-210-S isolated 210 @ DNR 600 1 265–600 265 830 500 208 | 240 | 480 3-wire 583 | 505 | 253 705 | 608 | 305 95.5 161 | 113 | 190  89.2 x 115.1 x 38.2 outdoor -4–122 air < 65 @ 1 3,000 no no option, fuses

Satcon Technology PVS-250 isolated 250 @ DNR 600 1 320–600 320 814 500 208 | 240 | 480 3-wire 694 | 601 | 301 833 | 723 | 362 96 105 | 100 | 120 89 x 115 x 38 outdoor -4–122 air < 65 @ 1 3,000 no no option, fuses

Satcon Technology PVS-375 isolated 375 @ DNR 600 1 320–600 320 1,227 500 480 3-wire 451 542 95.5 124 89 x 106 x 40 outdoor -4–122 air < 65 @ 1 3,000 no no option, fuses

Satcon Technology PVS-500 isolated 500 @ DNR 600 1 320–600 320 1,628 500 480 3-wire 602 753 96 138 93 x 139 x 43 outdoor -4–122 air < 65 @ 1 3,000 no no option, fuses

Satcon Technology SDMS-0100 isolated 100 @ DNR 600 1 250–575 180 108 500 208 | 240 | 480 3-wire 278 | 241 | 120 334 | 289 | 190 96.5 60 | 62 | 64 68 x 86 x 23 outdoor -4–131 air < 65 @ 1 3,000 no no option, fuses

Satcon Technology SDMS-0500 isolated 500 @ DNR 600 1 550–600 180 905 500 320 | 480 3-wire 903 | 602 1,088 | 725 98 | 97 98 | 110 83 x 142 x 33 outdoor -4–131 air < 65 @ 1 3,000 no no option, fuses

Satcon Technology EQX-0500-US isolated 500 @ DNR 600 1 320–600 320 1,603 500 200 | 480 3-wire 1,443 | 602 1,739 | 724 97.5 | 96.5 160 83 x 230 x 33 outdoor -4–122 air < 65 @ 1 3,000 no no option, fuses

Schneider Electric Xantrex GT250 isolated 250 @ 45 600 1 300–480 440 867 variable 480 | 600 4-wire w/ neut 301 | 241 400 | 350 96 | 96 < 35 86.3 x 90 x 46.1 outdoor -4–122 12 air 75 @ 2 2,000 no yes option

Schneider Electric Xantrex GT500 MVX non-isolated 6 500 @ 45 600 1 310–480 440 1,700 variable 208 3-wire 1,400 2,000 97 161 88.4 x 90 x 49.6 outdoor -4–122 air 75 @ 2 2,000 no yes option

Schneider Electric Xantrex GT500 isolated 500 @ 45 600 1 310–480 440 1,720 variable 480 | 600 3-wire 610 | 490 2,000 96 < 336 88.2 x 182.6 x 42.8 outdoor -4–122 air 75 @ 2 2,000 yes yes option

SMA America Sunny Tower 30 isolated 30 @ 40 600 6 250–480 300 150 DNR 208 | 240 | 277 4-wire w/ neut 84 | 73 | 63 110 | 100 | 80 95.5 | 95.5 | 96 < 1 70.5 x 43.3 x 39 outdoor -13–113 air 44 @ 1 9,000 yes yes yes, fuses

SMA America Sunny Tower 36 isolated 36 @ 40 600 6 250–480 300 150 DNR 208 | 240 | 277 4-wire w/ neut 101 | 87 | 76 125 | 110 | 100 95.5 | 95.5 | 96 < 1 70.5 x 43.3 x 39 outdoor -13–113 air 44 @ 1 9,000 yes yes yes, fuses

SMA America Sunny Tower 42 isolated 42 @ 40 600 6 250–480 300 180 DNR 208 | 240 | 277 4-wire w/ neut 117 | 101 | 87 150 | 150 | 110 95.5 | 96 | 96 < 1 70.5 x 43.3 x 39 outdoor -13–113 air 46 @ 1 9,000 yes yes yes, fuses

SMA America Sunny Tower 48 isolated 48 @ 40 600 6 300–480 365 180 DNR 240 | 277 4-wire w/ neut 110 | 101 150 | 150 96 < 1 70.5 x 43.3 x 39 outdoor -13–113 air 49 @ 1 9,000 yes yes yes, fuses

SMA America Sunny Central 250-US isolated 250 @ 45 600 1 330–600 380 800 5,000 480 4-wire w/ neut 300 400 97 69 80 x 110 x 33 outdoor -13–113 air 60 @ 10 13,000 no no yes, fuses

SMA America Sunny Central 500-US isolated 500 @ 45 600 1 330–600 380 1,600 5,000 480 4-wire w/ neut 600 800 97 80 80 x 140 x 37 outdoor -13–113 air 53 @ 10 13,000 no no yes, fuses

SMA America Sunny Central 500HE-US non-isolated 500 @ 45 600 1 330–600 380 1,600 5,000 200 3-wire 1,470 1,800 98 < 110 90 x 101 x 38 outdoor -13–140 air 59 @ 10 2,000 no 13 yes yes, fuses

SMA America Sunny Central 500HE-CA non-isolated 500 @ 45 600 1 330–600 380 1,600 5,000 200 3-wire 1,470 1,800 98 < 110 90 x 101 x 38 outdoor -13–140 air 59 @ 10 2,000 no 13 yes yes, fuses

Solectria Renewables PVI 50KW isolated 50 @ 50 600 1 312–500 10 400 169 DNR 208 | 240 | 480 | 600 3-wire 139 | 120 | 60 | 48 DNR 95.5 | 96 4 | 4 | 5 | 7 76 x 54 x 29.3 outdoor -40–122 air DNR 3,000 yes yes option, fuse or CB

Solectria Renewables PVI 60KW isolated 60 @ 50 600 1 312–500 10 400 202 DNR 208 | 240 | 480 | 600 3-wire 167 | 145 | 73 | 58 DNR 95.5 | 96 4 | 4 | 5 | 7 76 x 54 x 29.3 outdoor -40–122 air DNR 3,000 yes yes option, fuse or CB

Solectria Renewables PVI 75KW isolated 75 @ 50 600 1 312–500 10 400 252 DNR 208 | 240 | 480 | 600 3-wire 208 | 180 | 90 | 72 DNR 96 | 96.5 4 | 4 | 5 | 7 76 x 54 x 29.3 outdoor -40–122 air DNR 3,000 yes yes option, fuse or CB

Solectria Renewables PVI 82KW isolated 82 @ 50 600 1 312–500 10 400 378 DNR 208 | 240 | 480 | 600 3-wire 228 | 198 | 100 | 80 DNR 94.5 | 95.5 4 | 4 | 5 | 7 76 x 54 x 29.3 outdoor -40–122 air DNR 3,000 yes yes option, fuse or CB

Solectria Renewables PVI 85KW isolated 85 @ 50 600 1 312–500 10 400 285 DNR 208 | 240 | 480 | 600 3-wire 236 | 205 | 102 | 82 DNR 96 | 96.5 4 | 4 | 5 | 7 76 x 54 x 29.3 outdoor -40–122 air DNR 3,000 yes yes option, fuse or CB

Solectria Renewables PVI 95KW isolated 95 @ 50 600 1 312–500 10 400 320 DNR 208 | 240 | 480 | 600 3-wire 264 | 229 | 115 | 92 DNR 94.5 | 95.5 4 | 4 | 5 | 7 76 x 54 x 29.3 outdoor -40–122 air DNR 3,000 yes yes option, fuse or CB

Solectria Renewables PVI 100KW isolated 100 @ 50 600 1 312–500 10 400 334 DNR 208 | 240 | 480 | 600 3-wire 278 | 241 | 120 | 96 DNR 96 | 96.5 4 | 4 | 5 | 7 76 x 54 x 29.3 outdoor -40–122 air DNR 3,000 yes yes option, fuse or CB

Solectria Renewables SGI 225 isolated 225 @ 50 625 1 300–500 11 370 768 780 480 | 600 3-wire 271 | 217 350 | 300 97.5 28 79 x 109 x 41 outdoor -40–122 air 68 @ 1 4,700 yes yes option, fuse or CB 15

Solectria Renewables SGI 250 isolated 250 @ 50 625 1 300–500 11 370 853 870 480 | 600 3-wire 301 | 240 400 | 350 97.5 28 79 x 109 x 41 outdoor -40–122 air 68 @ 1 4,700 yes yes option, fuse or CB 15

Solectria Renewables SGI 266 isolated 266 @ 50 625 1 300–500 11 370 908 870 480 | 600 3-wire 320 | 256 400 | 350 97.5 28 79 x 109 x 41 outdoor -40–122 air 68 @ 1 3,700 yes yes option, fuse or CB 15

Solectria Renewables SGI 300 isolated 300 @ 50 625 1 300–500 11 370 1,026 870 480 | 600 3-wire 360 | 289 400 | 400 97.5 28 79 x 109 x 41 outdoor -40–122 air 68 @ 1 3,900 yes yes option, fuse or CB 15

Solectria Renewables SGI 500 isolated 500 @ 50 625 1 300–500 11 370 1,721 1,120 480 | 600 3-wire 602 | 480 800 | 700 97 32 79 x 109 x 41 outdoor -40–122 air 68 @ 1 3,400 yes yes option, fuse or CB 15

Sungrow Power Supply SG100KU isolated 100 @ 55 600 1 300–600 320 340 450 480 3- or 4-wire 106 250 96.5 50 77.3 x 40.2 x 30.3 outdoor -13–131 air 65 @ DNR 2,000 yes yes no

Sungrow Power Supply SG250KC isolated 250 @ 55 600 1 320–600 340 820 600 600 3- or 4-wire 265 400 96.5 71 71 x 86 x 34 indoor -13–131 air 68 @ DNR 2,000 yes yes no

Sungrow Power Supply SG250KU isolated 250 @ 55 600 1 320–600 340 820 600 480 3- or 4-wire 300 400 96.5 50 71 x 86 x 34 indoor -13–131 air 68 @ DNR 2,000 yes yes no

Sungrow Power Supply SG500LV non-isolated 500 @ 55 600 1 320–600 310 4 1,600 1,500 200 3-wire 1,443 2,000 98 90 102 x 85 x 39 outdoor -13–131 air 68 @ DNR 2,000 yes yes no

TMEIC Solar Ware 100 isolated 100 @ 50 600 1 320–550 310 329 DNR 208 | 480 4-wire w/ neut DNR DNR 96 DNR 75.8 x 68.9 x 31.5 outdoor -4–122 passive DNR 2,000 yes yes option

TMEIC Solar Ware 500U non-isolated 500 @ 50 600 1 320–550 310 1,600 DNR 210 3-wire 1,375 DNR 97.1 DNR 91.5 x 74.8 x 28.7 indoor -4–122 air 75 @ DNR 2,000 yes yes option

2013 Central Inverter Specifications: 600 Vdc Models
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Manufacturer Model Topology

Rated 
continuous 
power (kW) 

at °C

Input Data (dc) Output Data (ac) Performance Mechanical Disconnects & Subcombiners 
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Dimensions  
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distance 
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Load-break 
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Load-break 
rated ac 
disco. Subcombiner

Satcon Technology PVS-100 isolated 100 @ DNR 600 1 315–600 315 331 500 208 | 240 | 480 3-wire 278 | 241 | 121 334 | 288 | 145 96 62 | 62 | 66 80 x 57 x 31 outdoor -4–122 air < 65 @ 1 3,000 no no option, fuses

Satcon Technology PVS-110-S isolated 110 @ DNR 600 1 265–600 265 440 500 480 3-wire 132 159 95.5 73 80 x 65 x 30.84 outdoor -4–122 air < 65 @ 1 3,000 no no option, fuses

Satcon Technology PVS-135 isolated 135 @ DNR 600 1 310–600 310 454 500 208 | 240 | 480 3-wire 375 | 325 | 163 450 | 390 | 196 96 63 | 64 | 64 80 x 65 x 31 outdoor -4–122 air < 65 @ 1 3,000 no no option, fuses

Satcon Technology PVS-210-S isolated 210 @ DNR 600 1 265–600 265 830 500 208 | 240 | 480 3-wire 583 | 505 | 253 705 | 608 | 305 95.5 161 | 113 | 190  89.2 x 115.1 x 38.2 outdoor -4–122 air < 65 @ 1 3,000 no no option, fuses

Satcon Technology PVS-250 isolated 250 @ DNR 600 1 320–600 320 814 500 208 | 240 | 480 3-wire 694 | 601 | 301 833 | 723 | 362 96 105 | 100 | 120 89 x 115 x 38 outdoor -4–122 air < 65 @ 1 3,000 no no option, fuses

Satcon Technology PVS-375 isolated 375 @ DNR 600 1 320–600 320 1,227 500 480 3-wire 451 542 95.5 124 89 x 106 x 40 outdoor -4–122 air < 65 @ 1 3,000 no no option, fuses

Satcon Technology PVS-500 isolated 500 @ DNR 600 1 320–600 320 1,628 500 480 3-wire 602 753 96 138 93 x 139 x 43 outdoor -4–122 air < 65 @ 1 3,000 no no option, fuses

Satcon Technology SDMS-0100 isolated 100 @ DNR 600 1 250–575 180 108 500 208 | 240 | 480 3-wire 278 | 241 | 120 334 | 289 | 190 96.5 60 | 62 | 64 68 x 86 x 23 outdoor -4–131 air < 65 @ 1 3,000 no no option, fuses

Satcon Technology SDMS-0500 isolated 500 @ DNR 600 1 550–600 180 905 500 320 | 480 3-wire 903 | 602 1,088 | 725 98 | 97 98 | 110 83 x 142 x 33 outdoor -4–131 air < 65 @ 1 3,000 no no option, fuses

Satcon Technology EQX-0500-US isolated 500 @ DNR 600 1 320–600 320 1,603 500 200 | 480 3-wire 1,443 | 602 1,739 | 724 97.5 | 96.5 160 83 x 230 x 33 outdoor -4–122 air < 65 @ 1 3,000 no no option, fuses

Schneider Electric Xantrex GT250 isolated 250 @ 45 600 1 300–480 440 867 variable 480 | 600 4-wire w/ neut 301 | 241 400 | 350 96 | 96 < 35 86.3 x 90 x 46.1 outdoor -4–122 12 air 75 @ 2 2,000 no yes option

Schneider Electric Xantrex GT500 MVX non-isolated 6 500 @ 45 600 1 310–480 440 1,700 variable 208 3-wire 1,400 2,000 97 161 88.4 x 90 x 49.6 outdoor -4–122 air 75 @ 2 2,000 no yes option

Schneider Electric Xantrex GT500 isolated 500 @ 45 600 1 310–480 440 1,720 variable 480 | 600 3-wire 610 | 490 2,000 96 < 336 88.2 x 182.6 x 42.8 outdoor -4–122 air 75 @ 2 2,000 yes yes option

SMA America Sunny Tower 30 isolated 30 @ 40 600 6 250–480 300 150 DNR 208 | 240 | 277 4-wire w/ neut 84 | 73 | 63 110 | 100 | 80 95.5 | 95.5 | 96 < 1 70.5 x 43.3 x 39 outdoor -13–113 air 44 @ 1 9,000 yes yes yes, fuses

SMA America Sunny Tower 36 isolated 36 @ 40 600 6 250–480 300 150 DNR 208 | 240 | 277 4-wire w/ neut 101 | 87 | 76 125 | 110 | 100 95.5 | 95.5 | 96 < 1 70.5 x 43.3 x 39 outdoor -13–113 air 44 @ 1 9,000 yes yes yes, fuses

SMA America Sunny Tower 42 isolated 42 @ 40 600 6 250–480 300 180 DNR 208 | 240 | 277 4-wire w/ neut 117 | 101 | 87 150 | 150 | 110 95.5 | 96 | 96 < 1 70.5 x 43.3 x 39 outdoor -13–113 air 46 @ 1 9,000 yes yes yes, fuses

SMA America Sunny Tower 48 isolated 48 @ 40 600 6 300–480 365 180 DNR 240 | 277 4-wire w/ neut 110 | 101 150 | 150 96 < 1 70.5 x 43.3 x 39 outdoor -13–113 air 49 @ 1 9,000 yes yes yes, fuses

SMA America Sunny Central 250-US isolated 250 @ 45 600 1 330–600 380 800 5,000 480 4-wire w/ neut 300 400 97 69 80 x 110 x 33 outdoor -13–113 air 60 @ 10 13,000 no no yes, fuses

SMA America Sunny Central 500-US isolated 500 @ 45 600 1 330–600 380 1,600 5,000 480 4-wire w/ neut 600 800 97 80 80 x 140 x 37 outdoor -13–113 air 53 @ 10 13,000 no no yes, fuses

SMA America Sunny Central 500HE-US non-isolated 500 @ 45 600 1 330–600 380 1,600 5,000 200 3-wire 1,470 1,800 98 < 110 90 x 101 x 38 outdoor -13–140 air 59 @ 10 2,000 no 13 yes yes, fuses

SMA America Sunny Central 500HE-CA non-isolated 500 @ 45 600 1 330–600 380 1,600 5,000 200 3-wire 1,470 1,800 98 < 110 90 x 101 x 38 outdoor -13–140 air 59 @ 10 2,000 no 13 yes yes, fuses

Solectria Renewables PVI 50KW isolated 50 @ 50 600 1 312–500 10 400 169 DNR 208 | 240 | 480 | 600 3-wire 139 | 120 | 60 | 48 DNR 95.5 | 96 4 | 4 | 5 | 7 76 x 54 x 29.3 outdoor -40–122 air DNR 3,000 yes yes option, fuse or CB

Solectria Renewables PVI 60KW isolated 60 @ 50 600 1 312–500 10 400 202 DNR 208 | 240 | 480 | 600 3-wire 167 | 145 | 73 | 58 DNR 95.5 | 96 4 | 4 | 5 | 7 76 x 54 x 29.3 outdoor -40–122 air DNR 3,000 yes yes option, fuse or CB

Solectria Renewables PVI 75KW isolated 75 @ 50 600 1 312–500 10 400 252 DNR 208 | 240 | 480 | 600 3-wire 208 | 180 | 90 | 72 DNR 96 | 96.5 4 | 4 | 5 | 7 76 x 54 x 29.3 outdoor -40–122 air DNR 3,000 yes yes option, fuse or CB

Solectria Renewables PVI 82KW isolated 82 @ 50 600 1 312–500 10 400 378 DNR 208 | 240 | 480 | 600 3-wire 228 | 198 | 100 | 80 DNR 94.5 | 95.5 4 | 4 | 5 | 7 76 x 54 x 29.3 outdoor -40–122 air DNR 3,000 yes yes option, fuse or CB

Solectria Renewables PVI 85KW isolated 85 @ 50 600 1 312–500 10 400 285 DNR 208 | 240 | 480 | 600 3-wire 236 | 205 | 102 | 82 DNR 96 | 96.5 4 | 4 | 5 | 7 76 x 54 x 29.3 outdoor -40–122 air DNR 3,000 yes yes option, fuse or CB

Solectria Renewables PVI 95KW isolated 95 @ 50 600 1 312–500 10 400 320 DNR 208 | 240 | 480 | 600 3-wire 264 | 229 | 115 | 92 DNR 94.5 | 95.5 4 | 4 | 5 | 7 76 x 54 x 29.3 outdoor -40–122 air DNR 3,000 yes yes option, fuse or CB

Solectria Renewables PVI 100KW isolated 100 @ 50 600 1 312–500 10 400 334 DNR 208 | 240 | 480 | 600 3-wire 278 | 241 | 120 | 96 DNR 96 | 96.5 4 | 4 | 5 | 7 76 x 54 x 29.3 outdoor -40–122 air DNR 3,000 yes yes option, fuse or CB

Solectria Renewables SGI 225 isolated 225 @ 50 625 1 300–500 11 370 768 780 480 | 600 3-wire 271 | 217 350 | 300 97.5 28 79 x 109 x 41 outdoor -40–122 air 68 @ 1 4,700 yes yes option, fuse or CB 15

Solectria Renewables SGI 250 isolated 250 @ 50 625 1 300–500 11 370 853 870 480 | 600 3-wire 301 | 240 400 | 350 97.5 28 79 x 109 x 41 outdoor -40–122 air 68 @ 1 4,700 yes yes option, fuse or CB 15

Solectria Renewables SGI 266 isolated 266 @ 50 625 1 300–500 11 370 908 870 480 | 600 3-wire 320 | 256 400 | 350 97.5 28 79 x 109 x 41 outdoor -40–122 air 68 @ 1 3,700 yes yes option, fuse or CB 15

Solectria Renewables SGI 300 isolated 300 @ 50 625 1 300–500 11 370 1,026 870 480 | 600 3-wire 360 | 289 400 | 400 97.5 28 79 x 109 x 41 outdoor -40–122 air 68 @ 1 3,900 yes yes option, fuse or CB 15

Solectria Renewables SGI 500 isolated 500 @ 50 625 1 300–500 11 370 1,721 1,120 480 | 600 3-wire 602 | 480 800 | 700 97 32 79 x 109 x 41 outdoor -40–122 air 68 @ 1 3,400 yes yes option, fuse or CB 15

Sungrow Power Supply SG100KU isolated 100 @ 55 600 1 300–600 320 340 450 480 3- or 4-wire 106 250 96.5 50 77.3 x 40.2 x 30.3 outdoor -13–131 air 65 @ DNR 2,000 yes yes no

Sungrow Power Supply SG250KC isolated 250 @ 55 600 1 320–600 340 820 600 600 3- or 4-wire 265 400 96.5 71 71 x 86 x 34 indoor -13–131 air 68 @ DNR 2,000 yes yes no

Sungrow Power Supply SG250KU isolated 250 @ 55 600 1 320–600 340 820 600 480 3- or 4-wire 300 400 96.5 50 71 x 86 x 34 indoor -13–131 air 68 @ DNR 2,000 yes yes no

Sungrow Power Supply SG500LV non-isolated 500 @ 55 600 1 320–600 310 4 1,600 1,500 200 3-wire 1,443 2,000 98 90 102 x 85 x 39 outdoor -13–131 air 68 @ DNR 2,000 yes yes no

TMEIC Solar Ware 100 isolated 100 @ 50 600 1 320–550 310 329 DNR 208 | 480 4-wire w/ neut DNR DNR 96 DNR 75.8 x 68.9 x 31.5 outdoor -4–122 passive DNR 2,000 yes yes option

TMEIC Solar Ware 500U non-isolated 500 @ 50 600 1 320–550 310 1,600 DNR 210 3-wire 1,375 DNR 97.1 DNR 91.5 x 74.8 x 28.7 indoor -4–122 air 75 @ DNR 2,000 yes yes option

Footnote Key
1 Before derating occurs
2 Comp = compression screw terminal
3 Grounded Wye connection
4 Adjustable
5 3-wire, no neutral; 4-wire (neutral-sense only); 4-wire, no neutral
6 External transformer required
7 Isolated topology without transformer
8 1,000 Vdc model available
9 Not listed as eligible for CSI financial incentives

10 Low voltage option 296–500 
11 Low voltage option 285–500 
12 Low temperature option -31–113
13 DC contactor
14 Optional compression screw terminal blocks
15 Required option
16 Optional
DNR = did not report
N/A = not applicable
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Manufacturer Model

Termination Specifications Transportation Listing Warranty

# dc  
terminals

dc 
terminal 

type 2

# ac 
terminals 

(per 
phase)

ac 
terminal 

type 2
# GEC 

terminals

GEC 
terminal 

type 2
Weight 
(lbs.)

Lifting 
provisions

Listing 
agency

Standard 
(yr.)

Extended 
(yr.)

PM or 
service 
contract 
available

Satcon Technology PVS-100 6 thru hole 2 | 2 | 1 DNR 2 DNR 2,350 forklift CSA 5 available DNR

Satcon Technology PVS-110-S 9 thru hole 2 | 2 | 1 DNR 2 DNR 2,684 forklift CSA 5 available DNR

Satcon Technology PVS-135 9 thru hole 2 DNR 2 DNR 2,684 forklift CSA 5 available DNR

Satcon Technology PVS-210-S 15 thru hole 4 | 4 | 2 DNR 1 DNR 5,300 forklift CSA 5 available DNR

Satcon Technology PVS-250 15 thru hole 4 | 4 | 2 DNR 1 DNR 2,930 forklift CSA 5 available DNR

Satcon Technology PVS-375 24 thru hole 4 DNR 1 DNR 3,300 forklift CSA 5 available DNR

Satcon Technology PVS-500 30 thru hole 4 DNR 1 DNR 5,900 forklift CSA 5 available DNR

Satcon Technology SDMS-0100 6 thru hole 2 | 2 | 1 DNR 2 DNR 2,605 forklift CSA 5 10, 15, 20 DNR

Satcon Technology SDMS-0500 24 thru hole 6 DNR 1 DNR 4,200 | 8,200 eyebolts CSA 5 10, 15, 20 DNR

Satcon Technology EQX-0500-US 24 thru hole 18 DNR 1 DNR 6,829 | 10,317 eyebolts CSA 5 10, 15, 20 DNR

Schneider Electric Xantrex GT250 7 stud 1 thru hole 1 thru hole 4,450 forklift, eyebolts CSA 5 10, 15, 20 yes

Schneider Electric Xantrex GT500 MVX 16 stud 3 thru hole 2 thru hole 3,500 forklift, eyebolts CSA 5 10, 15, 20 yes

Schneider Electric Xantrex GT500 16 stud 3 thru hole 2 thru hole 6,840 forklift, eyebolts CSA 5 10, 15, 20 yes

SMA America Sunny Tower 30 24 comp 1 comp 1 comp 1,388 forklift, eyebolts UL 10 15, 20 yes

SMA America Sunny Tower 36 24 comp 1 comp 1 comp 1,388 forklift, eyebolts UL 10 15, 20 yes

SMA America Sunny Tower 42 24 comp 1 comp 1 comp 1,388 forklift, eyebolts UL 10 15, 20 yes

SMA America Sunny Tower 48 24 comp 1 comp 1 comp 1,430 forklift, eyebolts UL 10 15, 20 yes

SMA America Sunny Central 250-US 4–6 thru hole 14 1 | 2 thru hole 14 1 thru hole 14 4,200 forklift, eyebolts UL 5 6–20 yes

SMA America Sunny Central 500-US 6–9 thru hole 14 2 thru hole 14 1 thru hole 14 7,165 forklift, eyebolts UL 5 6–20 yes

SMA America Sunny Central 500HE-US 6–9 thru hole 14 6 thru hole 14 1 thru hole 14 3,970 forklift, eyebolts UL 5 10, 15, 20, 25 yes

SMA America Sunny Central 500HE-CA 6–9 thru hole 14 6 thru hole 14 1 thru hole 14 3,970 forklift, eyebolts UL 5 10, 15, 20, 25 yes

Solectria Renewables PVI 50KW 1–8 comp 1 | 2 comp 2 comp 1,545 forklift, eyebolts ETL 5 10, 15, 20 yes

Solectria Renewables PVI 60KW 1–8 comp 1 | 2 comp 2 comp 1,545 forklift, eyebolts ETL 5 10, 15, 20 yes

Solectria Renewables PVI 75KW 1–8 comp 1 | 2 comp 2 comp 1,765 forklift, eyebolts ETL 5 10, 15, 20 yes

Solectria Renewables PVI 82KW 1–8 comp 1 | 2 comp 2 comp 1,615 forklift, eyebolts ETL 5 10, 15, 20 yes

Solectria Renewables PVI 85KW 1–8 comp 1 | 2 comp 2 comp 1,765 forklift, eyebolts ETL 5 10, 15, 20 yes

Solectria Renewables PVI 95KW 1–8 comp 1 | 2 comp 2 comp 1,748 forklift, eyebolts ETL 5 10, 15, 20 yes

Solectria Renewables PVI 100KW 1–8 comp 1 | 2 comp 2 comp 1,765 forklift, eyebolts ETL 5 10, 15, 20 yes

Solectria Renewables SGI 225 6–24 comp 2 comp 2 comp 5,170 forklift, eyebolts ETL 5 10, 15, 20 yes

Solectria Renewables SGI 250 6–24 comp 2 comp 2 comp 5,650 forklift, eyebolts ETL 5 10, 15, 20 yes

Solectria Renewables SGI 266 6–24 comp 2 comp 2 comp 5,650 forklift, eyebolts ETL 5 10, 15, 20 yes

Solectria Renewables SGI 300 6–24 comp 2 comp 2 comp 5,650 forklift, eyebolts ETL 5 10, 15, 20 yes

Solectria Renewables SGI 500 8–32 comp 3 comp 2 comp 6,980 forklift, eyebolts ETL 5 10, 15, 20 yes

Sungrow Power Supply SG100KU 8 thru hole 2 thru hole 17 thru hole 1,984 forklift, eyebolts 16 ETL 5 10, 15, 20 yes

Sungrow Power Supply SG250KC 12 thru hole 1 thru hole 13 thru hole 3,748 forklift, eyebolts 16 CSA 5 10, 15, 20 yes

Sungrow Power Supply SG250KU 12 thru hole 1 thru hole 13 thru hole 3,748 forklift, eyebolts 16 CSA 5 10, 15, 20 yes

Sungrow Power Supply SG500LV 18 thru hole 5 thru hole 5 thru hole 5,291 forklift, crane CSA 5 10, 15, 20 yes

TMEIC Solar Ware 100 DNR thru hole 1 thru hole DNR DNR 2,232 DNR CSA DNR DNR DNR

TMEIC Solar Ware 500U 14 thru hole 4 thru hole DNR DNR 2,866 DNR CSA 5 20 yes

2013 Central Inverter Specifications: 600 Vdc Models

600 Vdc Central  Inverters
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Get The Most from the Sun.
Up to 500kW Central Grid-Tied Photovoltaic Inverters.

•	High	efficiency

•	Wider	input	voltage	DC290V~600V

•	NEMA	3R	(outdoor	rating)	available	for		
250kW	and	500kW	models

•	Built-in	Isolation	transformer	(100kW),		
Integrated	external	isolation	transformer		
(250kW	and	500kW)

•	ETL	Certified	to	the	following	standards:	
UL	1741	•	CSA	107.1.01	•	IEEE	1547

•	Optional	Warranty	up	to	20	years	(maximum)

•	 Intelligent	string	monitor	box	(optional)
Optional 
String 
Monitor 
Box

50 Seaview Blvd., Port Washington, NY 11050-4618   Tel (516) 625-1313   Fax (516) 625-8845
Europe Branch (Slovenia) Tel +386(0)15140793  Fax +386(0)15140795

www.sanrex.comPlastic  
Housing

Stainless Steel
Housing

Control  
Unit

250kW  |  500kW

www.schletter.us  |  www.schletter.ca

Schletter Inc.
Tel: (520) 289 - 8700
e-Mail: mail@schletter.us

Schletter Canada Inc.
Tel: (519) 946 - 3800
e-Mail: mail@schletter.ca

Park@Sol —
Module carport

design for any

sized parking area

· Fast turnaround and installation with no costly
on-site welding, drilling, or cutting

· Versatile design—tailored for most module 
types, orientations, and inclinations

· Engineered IBC compliant

· Streamlined semi-automated CNC fabrication
for quick turnaround time

· Single-to-multicar structures
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Interview An Experienced Perspective

From the Desk of a Senior Electrical Inspector

David Green has served as an 
electrical inspector and senior 

electrical inspector for the City and 
County of San Francisco Department 
of Building Inspection for 22 years. 
Previously he worked for electrical 
contractors in San Francisco as an 
inside wireman, foreman and esti-
mator. He is the go-to source for PV 
technical issues in the City. He has 
supervised the inspection of all PV 
systems installed in San Francisco 
since December 2002. Green is actively 
involved in advancing the quality of 
solar inspections and best practices 
through his daily work with the City. 
He is certified by the International 
Association of Electrical Inspectors 
as an electrical inspector and plan 
reviewer, and he teaches inside wire-
men apprentices and journeypersons. 

SP: When did you first start seeing 
permitted PV systems in San Francisco? 
How did you and your team of electrical 
inspectors become familiar with PV tech-
nology then and how have you continued 
that education over the years?
DG: The Department started reviewing 
and inspecting PV system installations 
in 2002. A total of four systems were 
installed and inspected in December 
of that year. Starting at that time, our 
inspectors began taking PV courses, 
but inspectors and installers also had 
to learn on the job. We continue to send 
inspectors to many of the PV courses 
available in the Bay Area, and we regu-
larly discuss PV issues at our biweekly 
division technical meetings.

SP: What current and future challenges 
do you see for inspectors and AHJs to 

do their part in ensuring safe PV sys-
tems? Do you have enough resources?
DG: Adequate staffing is always an 
issue, and the problem is not limited to 
inspecting PV systems. However, except 
during the worst of the recent economic 
crisis, the Department has allocated 
adequate funds for training, and the 
Electrical Inspection Division has 
considered PV education a high prior-
ity. We welcome short presentations by 
manufacturers of new products as they 
become available.

SP: Have you seen any encouraging 
trends in PV system design and installa-
tion practices?
DG: Personally, I hope that ac modules 
become more cost effective and widely 

available. I believe they 
have the potential to 
reduce the hazard to first 
responders.

SP: Have you seen any 
disturbing trends in system 
design and installation 
practices?
DG: No. Over time, the 
knowledge and experience 
of both inspectors and 
installers have improved.

SP: Have you seen a  
proliferation of module-
level electronics, such  
as microinverters and  
dc optimizing devices, in 
PV installations?
DG: Although we do not 
track this, microinverters 
are deployed in a signifi-
cant percentage of  

the installations I review. I occasion-
ally review systems that utilize dc 
optimizers.

SP: The US market seems to be learn-
ing from Europe and heading toward 
more ungrounded systems that oper-
ate at higher voltages. From a safety 
and enforcement point of view, is this a 
good thing?
DG: I have reviewed one system with 
ungrounded dc input to the inverter, 
and have discussed the differences with 
staff. I have no opinion on the relative 
safety of ungrounded versus grounded 
systems, but I do consider higher volt-
ages to present a greater risk of shock 
and electrocution whether or not they 
are grounded.  c o n T i n U E D  o n  PA g E  9 4
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David Green, San Francisco Department of Build-
ing Inspection  Green, a senior electrical inspec-
tor, has supervised the inspection of all PV systems 
installed in the City of San Francisco since December 
2002. He is the go-to source for PV technical issues 
in the City, and is actively involved in advancing the 
quality of solar inspection and best practices in his 
daily work. 

David Green, San Francisco  
Department of Building Inspection
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SP: What steps has San Francisco taken 
to streamline or improve the solar permit-
ting process over the years? What steps 
are you considering for the future? What 
would you recommend to other cities 
and AHJs?
DG: At the request of and with the par-
ticipation of the active PV contractors 
at the time, the Department developed 
and instituted a permit and inspection 
procedure that waives the require-
ment for building permits, formal 
structural plan review and inspection 
by building inspectors, and provides 
permit applicants certified compli-
ance with a specific list of installation 
requirements. A single inspection and 
approval by an electrical inspector 
completes the process. This procedure 
is still in force and saves installers 
significant permit fees and plan review 
time. Systems with array capacities of 

4 kW and under do not require review, 
and we attempt to perform an over-
the-counter review for larger systems 
if electrical inspection staff are avail-
able. Approximately 90% of permits 
are reviewed within 2 days of receipt. 
We currently enable C10 and C46 con-
tractors to obtain permits online for 
systems 4 kW and under.

SP: An expensive challenge for system 
installers is adapting their designs and 
installation methods to the differing 
requirements of various AHJs, including 
fire marshals. From the perspective of 
streamlining the solar installation process 
and reducing total installed costs, it 
would be helpful if all AHJs used the 
same code and the same plan-checking 
criteria. is there anything the indus-
try can do to help standardize these 
requirements?

DG: San Francisco has a small number 
of amendments to California Electrical 
Code Article 690 that are justified by 
topography and climate. Interpreta-
tions can differ among jurisdictions, 
and we do have AHJs respond to 
changes in the industry and develop 
procedures as best they can. Changes 
to developed procedures require agree-
ment from the building and fire depart-
ments, contractors and the general 
public. In San Francisco, PV installation 
contractors can lobby the Building 
Inspection and Fire Department Com-
missions to make desired improve-
ments, such as instituting the expedited 
permit process developed by SolarABCs 
and Bill Brooks. I have no objection to 
this, but making such changes requires 
the Department to commit time and 
resources, and this cost must be bal-
anced against the benefit.

Interview

THINK THERMAL-
THINK SUNEARTH

www.sunearthinc.com

Quality Solar Energy Products

SunEarth, Inc.
8425 Almeria Avenue, Fontana, CA 92335

(909) 434-3100, FAX (909) 434-3101
Distributor inquiries welcome.

The Empire Series Liquid Flat Plate Collector

product innovations 
for practical and  

affordable installations

systems | flashings | components 

so simple it’s scary

855.670.1212 | zillarac.com

SM
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SP: Do you see different levels of quality 
in design or installation from different cat-
egories of contractors? Residential versus 
commercial? nABcEP-certified installers?
DG: Yes. Contractors who have not 
done work in San Francisco sometimes 
have difficulty dealing with our larger 
buildings, dense lot build-out, high fault 
current, point of connection to large 
services and tap-conductor require-
ments. A recent example is a contractor 
who installed wiring from the roof to 
the ground floor inside the exit stair 
enclosure, which is a violation of the 
California Building Code.

SP: Veteran PV industry experts are 
concerned about increases in PV-
initiated fires, especially on rooftops. 
ground faults and other arcing faults 
seem to be the primary cause for these 
concerns. Section 690.11 of the 2011 

NEC requires series arc-fault protection 
in dc PV circuits, and the 2014 NEC will 
likely require both series and parallel 
arc-fault protection. Are these require-
ments sufficient?
DG: The 2011 NEC will not be enacted 
into law in California until January 
2014. If solar industry experts are 
concerned, they should implement 
these protections voluntarily or lobby 
for interim code changes. Failures 

and fires caused by PV systems are 
not reported directly to me. I do have 
secondhand knowledge of a fire in a 
100 kW inverter, but I was told it was 
due to reverse polarity wiring that all 
concerned failed to detect. Although 
I am in favor of such safety improve-
ments, the Department would require 
documentation of hazard and support 
from industry and interested citizens 
to require early enforcement.

“Except during the worst of the recent economic crisis,  
the Department has allocated adequate funds for training, 
and the Electrical Inspection Division has considered PV  
education a high priority.”

• Manufacturer-Verified Data

• Advanced Filtering
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• New SEE Report
 Generation Functionality
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Training Continuing Education for the Pro

For additional training opportunities and course details, visit solarprofessional.com/training.

Arizona

PV Technical Sales
eRenewable Resource Institute

Dec 17 – Dec 21
Phoenix
erenewableresource.com

Advanced PV Design & Compliance
eRenewable Resource Institute

Jan 7 – Jan 11
Phoenix
erenewableresource.com

California

Advanced PV Topics & the 2011 NEC 
Sean White Solar

Dec 1
Jan 26
Oakland
maximumpowerpointtraining.com

PV Advanced Systems 
Solar Living Institute

Dec 3 – Dec 7
Hopland 
solarliving.org

NLP Solar Sales Training
Rich Hessler Solar Sales Training

Dec 5 – Dec 6
Dec 19 – Dec 20 
Culver City
pvsolarsalestraining.com

Advanced PV Topics & the 2011 NEC
Sean White Solar

Dec 29 
San Francisco 
maximumpowerpointtraining.com

Connecticut

Battery Basics for PV 
Gateway CC & Burrington’s Solar Edge

Dec 1
North Haven
www.gwctc.commnet.edu

Delaware

Troubleshooting, Maintenance  
& Commissioning PV Systems
IEC Chesapeake

Jan 15
New Castle
iecchesapeake.com

Florida

Installing PV Systems 
Florida Solar Energy Center

Dec 3 – Dec 7
Cocoa
fsec.ucf.edu

PV Design & Installation
US Solar Institute

Dec 3 – Dec 7
Ft. Lauderdale
ussolarinstitute.com

Georgia

Advanced Solar Business &  
Technical Sales
MAGE Solar Academy 

Dec 10 – Dec 14
Dublin
magesolaracademy.com

Hawaii

PV Sales & Installer Training
SunWize Technologies 

Jan 16 – Jan 18
Honolulu
sunwize.com

 
Illinois

PV Site Assessor Training
Midwest Renewable Energy Association

Dec 15
Chicago
midwestrenew.org

Maine

PV Design & Installation
KVCC

Dec 17 – Dec 21
Fairfield
kvcc.me.edu

 
Nevada

Sunny PRO Regional Forum
SMA America

Jan 24
Las Vegas
smaregionalforums.com

 

New York

Advanced Residential  
PV Site Assessor
SUNY Ulster

Dec 1
Dec 15 
Kingston
sunyulster.edu/ce

OSHA 10 Standard for  
the Construction Industry
SUNY Ulster

Dec 3
Kingston
sunyulster.edu/ce

Solar Finance Bootcamp
DG Energy Partners

Dec 5 – Dec 6
New York
dgenergypartners.com

Solar Hot Water Installation & Design
SUNY Ulster

Dec 8 – Dec 12
Kingston
sunyulster.edu/ce

PV Training Bootcamp 
National Solar Trainers

Dec 11 – Dec 14
Buffalo
nationalsolartrainers.com

Electrical Wiring: Residential,  
Commercial & the NEC
SUNY Orange

Jan 14 – Feb 4
Middletown
sunyorange.edu/ce

 
Pennsylvania

Entry Level Solar Thermal  
Design & Installation
Infinite Solar

Dec 17 – Dec 21
Philadelphia
infinite-solar.com

Texas

PV Design & Installation Lab
ImagineSolar

Dec 1
Austin
imaginesolar.com

Solar PV for Professionals
ImagineSolar

Dec 7
Austin
imaginesolar.com

Smart Grid & Distributed Generation
ImagineSolar

Dec 8
Austin 
imaginesolar.com

Washington

SMA Regional Forum
SMA America

Jan 15
Seattle 
smaregionalforums.com

Wisconsin

Design Software & SLIC  
Controller for Solar Thermal 
SolarLogic

Dec 5
Milwaukee 
solarlogicllc.com

Online

Allied American University
allied.edu

Allied Schools
training4green.com

ImagineSolar 
imaginesolar.com

ONtility
ontility.com

Quick Mount PV
quickmountpv.com 

Solar Energy International
solarenergy.org

Solar Living Institute
solarliving.org

Solar Training School
solartrainingschool.com

Step Up Education
stepupeducation.com

Sun Pirate 
sunpirate.com

Zep Solar
training.zepsolar.com

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



This conference offers NABCEP Certified Installers and 
Technical Sales Professionals an opportunity to fulfill 
their entire 18 hours of continuing education require-
ments at one event. Registrants will be able to attend 
workshops on the NEC, financial analysis, safety, emerg-
ing fire codes and manufacturers’ training sessions.

California State University, Sacramento is home to the  
California Smart Grid Center and the Engineering  
Department is acting as the on campus host to this event.

This conference builds upon the highly successful Con-
tinuing Education Conference held in March 2012. “As 
a trainer, I have to say that was hands down the best 
audience I’ve had the opportunity to present to. I think 
it is a reflection of the NABCEP certifications,” said Ryan 
Mayfield of Renewable Energy Associates, LLC who will 
be providing his popular session on NEC Updates again 
in Sacramento.   

l  Registration to the event will be limited to NABCEP Certified 
Installers and Technical Sales Professionals.

l  Industry-leading manufacturers and organizations taking 
part include: Ameresco; Burndy LLC; Enphase Energy; Magnum 
Energy; Morningstar Corporation; Power-One; Quick Mount 
PV; Schletter; Schneider Electric; SMA; Solar Edge; SolarWorld; 
Solectria Renewables; Rolls Battery Engineering; and Zep Solar.

l  Educational sessions from: Ryan Mayfield on NEC updates; 
Andy Black on Economics of PV; and Tony Diaz on Roofing for 
Non-roofers. Safety training by SolarCity.

l  Conference attendance will be capped at 300.

l  Take advantage of the early bird registration rate of $250.  
Registration increases to $300 on January 8, 2013.

l  Meet and exchange information on best practices with other 
NABCEP certified professionals.

l  More opportunities to meet one-on-one with manufacturers’ 
representatives.

To register or for more information, go to 
www.nabcep.org/ce-conference-2013

www.nabcep.org

NABCEP
Continuing Education
CONFERENCE

March 8, 9 & 10, 2013 -- Sacramento,CA

Second Annual Continuing Education Conference for  
NABCEP Certified Installers and Technical Sales Professionals. 

exclusive conference media partner

Sponsored by
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Projects System Profiles 

Salt Lake County and Bella Energy 
recently commissioned a 1.652 

MW rooftop PV system on the Calvin L. 
Rampton Salt Palace Convention Center 
in downtown Salt Lake City. The array is 
the largest roof-mounted system in the 
state of Utah and covers approximately 
170,000 square feet of the convention 
center, offsetting 17% of the building’s 
annual energy consumption. The New 
Markets Tax Credit Program in part 
financed the project, which is one of a 
small number of PV projects financed 
using this mechanism. Bella Energy 
and CarbonFree Technology were joint 
developers, and Bella acted as the EPC 
contractor on the system. Bella Energy 
employed local contractors Clark’s 
Quality Roofing and Rydalch Electric to 
complete the physical installation.

Bella Energy initially proposed a 2 MW  
system. However, given uncertainty 
surrounding the financing mechanism, 

the developers decided to design and 
engineer the system in scalable sections 
prior to the financial closing, so that 
they could quickly scale it down should 
the available funding be reduced. To 
accommodate the final available project 
funding, they reduced the system to 
1.652 MW by removing 348 kW of array 
capacity and the associated inverter and 
BOS requirements.

The large size of this PV system, 
coupled with a requirement to make a 
low-voltage interconnection, required 
two new electrical services for the build-
ing—and the initial plan connected those 
services to the inverters only. In an effort 
to have the building consume all of the 
generated energy instead of exporting it, 
the developers opted to connect the ser-
vices to the existing utility transformers 
that historically experienced the largest 
loads. Rocky Mountain Power, the local 
electric utility, completed impact studies 

Overview
DESIGNER: Leif Cook, design engi-

neer, Bella Energy, bellaenergy.com

INSTALLATION TEAM: Andy Blakeslee, 

site superintendent; Shannon Welch, 

construction project manager; Dana 

Mosman, operations manager, Bella 

Energy; Clark’s Quality Roofing, racking 

and module installation, clarkroof.com; 

Rydalch Electric, electrical installation, 

rydalch-electric.com

DATE COMMISSIONED: May 1, 2012

INSTALLATION TIME FRAME:  

145 days

LOCATION: Salt Lake City, UT, 40.8°N

SOLAR RESOURCE: 5.3 kWh/m2/day

HIGH/LOW DESIGN TEMPERATURES: 

per Solar ABCs solar reference map: 

97°F/3°F

ARRAY CAPACITY: 1.652 MW

ANNUAL AC PRODUCTION:  

2,347 MWh

Bella Energy
Salt Palace Convention Center
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Bella Energy
Salt Palace Convention Center

on the effects of interconnection and 
provided support during interconnec-
tion and protective relay programming.

One of the major challenges in 
implementing the system was the instal-
lation of attachments to the roof that 
the site’s seismic classification required. 
The need for more than 700 attachments 
created challenges for both design and 
implementation. Because the build-
ing had been designed to be built in 
multiple phases, careful consideration 
and verification was required to ensure 
that the attachments were positioned 
correctly over the building’s purlins 
based on the size and the wind loading 
imposed on each subarray. Installers 
used Unirac FastFoot assemblies for 
the attachments, which they assembled 
off-site and installed as weather allowed 
throughout the project’s winter instal-
lation time frame. After removing 
insulation, the installers secured wood 

blocking to the roof ’s metal deck to 
build up to membrane level, where they 
attached the FastFoot assemblies. They 
sealed each penetration with a hot-
air–welded TPO boot to satisfy the roof 
warranty holder’s requirements.

“One of the most arduous phases of the 

design was creating an accurate model 

of the building. The Salt Palace was con-

structed in several stages across decades. 

Creating a model of the 635,000-square-

foot rooftop required sifting through a 

plethora of architectural and structural 

drawings from several different plan sets, 

extracting relevant information, recreating 

and stitching together dozens of small 

sections into a single drawing, and then 

reconciling the result with actual on-site 

measurements and a professional survey 

of the roof. This up-front effort was crucial 

to ensuring the completeness and accu-

racy of the final layout and racking design.”
—Leif Cook, Bella Energy 

Equipment Specifications
MODULES: 6,006 Suntech STP275-

24/Vd, 275 W STC, +5/-0%, 7.84 Imp, 

35.1 Vmp, 8.26 Isc, 44.7 Voc

INVERTERS: 3-phase, 480 Vac ser-

vice; two Solectria SGI 500, 500 kW, 

625 Vdc maximum input, 300–500 

Vdc MPPT range; one Solectria SGI 

300, 300 kW, 625 Vdc maximum input, 

300–500 Vdc MPPT range

ARRAY: 11 modules per source circuit 

(3,025 W, 7.84 Imp, 386.1 Vmp, 8.26 

Isc, 491.7 Voc); 15 source circuits per 

combiner, typical (45.4 kW, 117.6 Imp, 

386.1 Vmp, 123.9 Isc, 491.7 Voc); 500 

kW inverters with 210 source circuits 

per inverter (635.3 kW, 1,646 Imp, 

386.1 Vmp, 1,735 Isc, 491.7 Voc); 300 

kW inverter with 126 source circuits 

total (381.2 kW, 988 Imp, 386.1 Vmp, 

1,041 Isc, 491.7 Voc)

ARRAY INSTALLATION: TPO roofing, 

Unirac ISYS Roof 1.5 racking, 180° 

azimuth, 10° tilt

ARRAY STRING COMBINERS: 37 

SolarBOS Disconnect Combiners,  

15 A fuses

SYSTEM MONITORING: Draker  

Sentalis 800 base station with zone 

monitoring, environmental sensors  

and Shark revenue-grade meters
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S PG Solar was selected from an RFP 
process to design, engineer and 

install a single-axis tracking ground-
mount system for the Mammoth Com-
munity Water District. The 1 MW system 
is located at the Mammoth Lakes waste-
water treatment plant and was financed 
through municipal bonds. Mammoth 
Lakes is a mountain community in Cali-
fornia at an elevation of 7,880 feet above 
sea level, in a region that receives high 
winds, significant one-time snow events 
and an average yearly snowfall of 211.2 
inches. Combined, these site character-
istics presented some unique system 
design challenges.

SPG Solar’s engineering team 
designed an elevated PV array tracking 
system with support piles that extend 9 
feet above grade to mitigate the impact 
of snow accumulation under the track-
ers. The array height provides ample 
clearance for the tracker to cycle 90° 

daily, from 45° east in the morning to 
45° west in the evening. However, the 
elevated tracking system significantly 
increased the wind load on the array.

The tracker support’s pile founda-
tion design required heavily reinforced 
18-inch-diameter concrete columns 
that were set almost 9 feet deep. 
The reinforced columns rise 3 feet 
above the finished grade elevation for 
additional pile support. Geotechnical 
testing that was performed during the 
design phase of the project indicated 
that most of the site subterrain is rock. 
In addition to the large piles, 6-inch-
thick equipment pads with added 
spread-footings were needed to sup-
port the inverters and transformers.

The two 500 kW SMA Sunny Central 
inverters are power limited to 499 kW 
for rebate purposes. The arrays con-
nected to each inverter are installed 
with different azimuth angles to 

Overview
DESIGNER: Doug Haigh, senior 

designer, SPG Solar, spgsolar.com

INSTALLATION FIRM: SPG Solar

DATE COMMISSIONED: September 

2011

INSTALLATION TIME FRAME: 90 days

LOCATION: Mammoth Lakes, CA, 

37.4°N

SOLAR RESOURCE: 6.5 kWh/m2/day

HIGH/LOW DESIGN TEMPERATURES: 

per Solar ABCs solar reference map: 

100°F/-9°F

ARRAY CAPACITY: 1.013 MW

ANNUAL AC PRODUCTION: 

2,021 MWh 

SPG Solar
Mammoth Lakes Wastewater Treatment Plant
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conform to the site’s geometry. For each 
array, there are two drivelines. Each 
driveline’s motor utilizes a controller 
that identifies its location with a real-
time GPS system. The GPS calculates 
the sun’s location throughout the year 
to position the PV modules for maxi-
mum harvest. The controller’s algorithm 
uses a high-precision inclinometer to 
position the tracker.

To compensate for the movement 
of each array over the course of a day, 
the conductors from each source circuit 
come off of the array wings through a 
liquid-tight cord grip into a raceway. 
The combiner boxes are mounted 
adjacent to the raceway, with the source 
circuits fed to them through flexible 
conduits. The combined circuits are 
then sent underground and routed to 

the inverter pads. The ac power from 
the two inverters is stepped up through 
a pair of 500 kVA 480:208Y/120 Vac 
transformers and delivered to a power 
panelboard that has two 800 A breakers 
for the inverters and two 40 A breakers 
for tracker motors and controls. The 
power output is then transmitted to 
the main 1,600 A PV disconnect, which 
couples to the line side of the facility’s 
existing 480 Vac switchgear.

“The project’s location presented the

greatest challenges to our team. All of the

site conditions—wind, snow and rocky

terrain—added their own layer of complex-

ity. We took on the challenge and engi-

neered an innovative solution, maximizing 

solar production.

—Doug Haigh, SPG Solar

Equipment Specifications
MODULES: 4,407 Astronergy  

CHSM 6610M, 230 W STC, +5/-0 W, 

7.93 Imp, 29.03 Vmp, 8.52 Isc,  

37.48 Voc

INVERTERS: 3-phase, 480 Vac service; 

two SMA Sunny Central 500HE-US, 

500 kW, 600 Vdc maximum input, 

330–600 Vdc MPPT range

TRACKERS: four SPG Solar Sun-

seeker single-axis trackers, +45° to 

-45° tracking range

ARRAY: 13 modules per source circuit 

(2,990 W, 7.93 Imp, 377.4 Vmp, 8.52 

Isc, 487.2 Voc); 26 source circuits per 

combiner typical (77.7 kW, 206.2 Imp, 

377.4 Vmp, 221.5 Isc, 487.2 Voc); 

Inverter 1: 183 source circuits total 

(547.2 kW, 1,451 Imp, 377.4 Vmp, 

1,559 Isc, 487.2 Voc); Inverter 2: 156 

source circuits total (466.4 kW, 1,237 

Imp, 377.4 Vmp, 1,329 Isc, 487.2 Voc)

ARRAY INSTALLATION: tracked 

ground mount, 180° and 204°  

azimuths, three module strings per  

wing (half-row) installed on each  

side of tracker’s drive line

ARRAY STRING COMBINERS:  

13 Bentek Integrated Disconnect  

Combiners, 15 A fuses

SYSTEM MONITORING: proprietary 

SMA America monitoring with  

integrated ERI (Power-One) datalogger, 

24/7 video surveillance

Do you have a recent PV  
or solar heating project  
we should consider for  
publication in SolarPro?

Email details and photos to: 

projects@solarprofessional.com
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Alpha
Residential PV Mounting Kits

•  Everything you need to install a pitched-roof PV mounting 
system in pre-cut, pre-sized, easy to install kits

•  Kits include rail pairs, roof attachments,
module clamps and bonding hardware

•  Robust Alpha rails are pre-sized for 2, 3, 4
or 5 standard modules – no cutting necessary

•  Splice kits including bonding jumpers and additional module 
clamps let you assemble module rows of any length

•  Unique Quickstone technology – only a single tool
needed to complete the installation

Tailored Rail PV Installation Kits

Mounting Systems, Inc. • 820 Riverside Parkway, West Sacramento, CA 95605
info@mounting-systems.us • www.mounting-systems.us

Contact Mounting Systems today! Toll-Free +1 855.731.9996

Mounting Systems Tailored Rail Kits — It doesn't get much easier!

Warranty
year
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Introducing...Introducing...

PVSelect.com

Your One-Stop Design Tool for 
Pairing and Comparing Modules and 

Inverters... Fast, Simple & FREE!

j Streamlined module and inverter selection on one Web site

j Over sixty inverters from nine manufacturers

j Over two hundred PV modules from twenty manufacturers

Visit pvselect.com today, a free solar design resource provided bypvselect.com today, a free solar design resource provided by
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homepower. com
CONTRACTORS DIRECTORY

The

Highly Qualifi ed, Highly Educated 
Customer Prospects

Over 1,000 Installation 
Businesses Are Already Listed

Adding Your Listing Is Fast, 
Effective and FREE 

.

.

.

From the publisher’s of SolarPro, Home Power magazine has been educating the residential renewable 
energy market since 1987. Homeowners everywhere look to us when it comes time to choose a 

contractor for their project. Will they fi nd your business listed in our FREE online directory?  

Add your business today! Login or register at

homepower.com/contractors
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A t the time of commis-
sioning, the PV array 

installed on Deutsche 
Bank’s 50-story building 
on Wall Street in New 
York was the largest in 
Manhattan. It was also 
the tallest elevated PV 
array in the world. Van-
guard Energy Partners 
installed the 122.8 kW system on the 
south and east portions of the building’s 
facade—737 feet above street level.

The structural components of the 
array were a primary design and installa-
tion challenge throughout the job. Nota-
bly, the design pressures exerted on the 
modules exceeded the manufacturer’s 
listed specifications. To overcome this, 
Vanguard worked closely with MAGE 
Solar to test the modules independent 
of the listings and verify their structural 
integrity for this particular application. 
This required independent wind-tunnel 
testing and a custom racking system.

Because Vanguard was installing 
the array on the building’s air-cooling 
louvers, it designed the racking system 
to minimize any impact on the air-
flow and cooling towers. In addition, 

Vanguard had to 
transport the racking 
system to the rooftop 
location by hand as 
it could not place 
the material with the 
assistance of cranes. 
The installation’s site 
safety plan required 
multiple levels of fall 

protection, and debris netting to pro-
tect individuals at ground level.

Vanguard coordinated the location 
of the two inverters with the local utility; 
it required special consideration due 
to the presence of backup generators. 
Vanguard was able to meet the utility’s 
isolation requirements through the use of 
disconnects, signage and relays located at 
the main service entrance.

“Because of the location of this project, 

we faced various structural challenges. We 

custom-designed a racking system that 

was engineered and tested to withstand 

the extreme conditions atop the building. 

Logistically, effective collaboration with our 

client, the local building department and 

the utility was the key to success.”

—Michael Seelman, Vanguard  
         Energy Partners 

Overview
DESIGNER: Michael Seelman, PE, 

design engineer, Vanguard Energy 

Partners, vanguardenergypartners.com

INSTALLATION FIRM: Vanguard 

Energy Partners

DATE COMMISSIONED:  

October 19, 2011

INSTALLATION TIME FRAME:  

100 days

LOCATION: New York, 40.9°N

SOLAR RESOURCE: 4.6 kWh/m2/day

HIGH/LOW DESIGN TEMPERATURES: 

per Solar ABCs solar reference map: 

88°F/7°F

ARRAY CAPACITY: 122.8 kW

ANNUAL AC PRODUCTION:  

154 MWh

Equipment Specifications
MODULES: 682 MAGE POWERTEC 

PLUS 180/5 ME, 180 W STC, +5/-0 W, 

5.06 Imp, 35.6 Vmp, 5.4 Isc, 44.1 Voc

INVERTERS: 3-phase, 480 Vac service, 

two Advanced Energy PVP75kW, 75 

kW, 600 Vdc maximum input, 295–595 

Vdc MPPT range

ARRAY: 11 modules per source circuit 

(1,980 W STC, 5.06 Imp, 391.6 Vmp, 

5.4 Isc, 485.1 Voc); Inverter 1: 34 

source circuits (67.32 kW, 172 Imp, 

391.6 Vmp, 183.6 Isc, 485.1 Voc); 

Inverter 2: 28 source circuits (55.44 

kW, 141.7 Imp, 391.6 Vmp, 151.2 Isc, 

485.1 Voc)

ARRAY INSTALLATION: Roof mount, 

custom racking; Inverter 1 array:  

216° azimuth, 34.6° tilt; Inverter  

2 array: 126° azimuth, 34.6° tilt

SYSTEM MONITORING: Noveda 

SunFlow, integrated with full-building 

energy monitoring

Vanguard Energy Partners
Deutsche Bank, 60 Wall Street
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Here you go. All you expect from PV Powered  
now comes from Advanced Energy.

Introducing the AE 500TX, the latest innovation from Advanced 

Energy. This 500 kW inverter gives you industry-leading 

reliability, performance, and technology – combined into one 

fully-integrated system that delivers financial gains at every turn.
 

We’re not just another solar energy company. 

We’re empowering the industry.

advanced-energy.com/AE500
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It’s not enough to convert the sun’s power into solar energy. For over 25 years, DuPont™ Tedlar® 
based backsheet materials have been proven to work at peak e�  ciency, in all kinds of outdoor 
conditions. � at’s not just testing—that’s demonstrable, real-life performance. Which means 
that for decades to come, your modules can continue to generate more clean energy, saving you
a lot more money. Longer lifetime equals lower cost/kWh. Protect your investment by insisting 
on Tedlar® based backsheets when purchasing PV modules.

WILL YOUR INVESTMENT STAND THE TEST OF TIME?

Bankable materials mean better returns. Visit photovoltaics.dupont.com

Copyright © 2012 DuPont. All rights reserved. The DuPont Oval Logo, DuPont™, The miracles of science™ and all products 
denoted with ® or ™ are trademarks or registered trademarks of E.I. du Pont de Nemours and Company or its affiliates.




