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16  Interpreting I-V Curve 
         Deviations

When a measured I-V curve differs 
substantially from the predicted curve, 
commissioning agents or service technicians 
can use the nature of the deviation to screen for 
potential performance problems. Here we cover the 
six basic I-V curve deviations and consider possible 
causes for the reduced PV power. We organize 
the discussion of the deviations according to a 
troubleshooting flowchart process that we have 
designed for optimal workflow.
BY PAUL HERNDAY

42  Designing for Fire Code  
  Compliance: Commercial  
  Rooftop PV Arrays 

In a first, the most recent fire code editions include 
requirements specific to PV systems. In this article, 
we review the evolution of fire code requirements 
related to PV installations. We then focus on those 
requirements that pertain to access, pathways and 
smoke ventilation for PV systems on commercial 
buildings and explain the rationale behind these 
regulations. We also review the process of complying 
with these fire code requirements and suggest  
useful design strategies to avoid permitting and 
inspection problems.
BY MATT STORNETTA AND JAYME GARCIA, PE

60  2014 Single and 3-Phase  
  String Inverters

Updated for 2014, SolarPro’s string inverter dataset 
includes 140 wall-mountable inverter models from  
18 manufacturers. In addition to providing a conven- 
ient format to compare electrical and mechanical 
specifications model-by-model, we have teased some 
interesting trends out of the table in comparing it  
to our 2013 string inverter dataset. 
COMPILED BY JOE SCHWARTZ
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UNO 7.6kW / 8.6kW. The inverter that thinks it’s  
two inverters.

With more flexibility than any other string inverter on the market, UNO-7.6 and 8.6 is the only high power 
residential inverter with dual MPPT channels to support installations at multiple orientations – increasing 
the energy harvest from today’s diverse residential roofs. The UNO is built to last with low maintenance 
natural convection cooling, NEMA 4X enclosure rating, capability for remote firmware upgrade and optional 
WiFi monitoring to easily track the system performance.  Designed with future utility requirements in mind, 
the UNO includes the California Rule 21 features: reactive power control, active power curtailment and 
customizable voltage and frequency trip settings.  The UNO-7.6 and 8.6 lets you offer your customers a lot 
more system for a lot less cost.
 
For more information please visit: www.abb.com/solarinverters

http://www.abb.com/solarinverters
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714-236-6137 • www.MitsubishiElectricSolar.com • pv@meus.mea.com

“Our customers prefer Mitsubishi Electric solar modules because 

they trust the brand’s quality and are confident the company will 
be in business for a long time. For 13 years our third-party testing 

and maintenance group has tracked the performance of well over 
100,000 modules in the field. We’re always impressed by the 
long-term reliability and performance of Mitsubishi Electric solar 

modules, resulting from their high-precision manufacturing process.”

  – Dan Lichtman
  Absolutely Energized Solar, New Jersey       

http://www.mitsubishielectricsolar.com
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Sell More Solar with Quick Mount PV
Master the art of installing solar on tile with two highly versatile mounting options.

(925) 478-8269

Say Yes to Tile

QBase™ Universal Tile

Strongest tile roof mount available. Flashed at 
both the deck and tile levels. Works on both curved 
and flat tile.

Quick Hook®

Installs fast – no tile hole cutting. Attractive 
appearance with no visible flashing. Models for 
both curved and flat tile.

Free Sample
Visit our website

quickmountpv.com

http://www.quickmountpv.com
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the Wire Industry Currents

Bentek Delivers 1,000-
Volt PV Safety System 
[San Jose, CA]    Bentek 
Solar is now shipping its 
second-generation Fused 
Disconnect Safety System 
(FDSS 2). The FDSS 2 is 
designed for large com-
mercial, industrial and 
utility-scale PV plants and 
complies with NEC 2011 
disconnect requirements. 
It provides recombining 
of up to 24 1,000-Vdc 
inputs with a total system 
capacity of 4,800 Adc. 
The FDSS 2 features vis-
ible blade disconnect and 
zone current monitoring. Bentek offers optional integrated 
heating and ventilation systems for sites with extreme 
climate variations. Bentek has also recently entered into 
partnerships with two leading inverter manufacturers. It has 
begun shipments of commercial PowerRack and PowerSkid 
products developed for SMA America’s Sunny Tripower 
3-phase string inverters. Bentek also teamed up with AE 
Solar Energy (AESE) to offer an NEC 2011–compliant circuit 
breaker recombiner for AESE’s bipolar AE 500NX inverter.

Bentek Solar / 866.505.0303 / benteksolar.com 

Zilla announces Ballasted 
Mounting systeM
[Lafayette, CO]   Zilla’s new Cobra flat-roof system 
includes two lightweight components, the Cobra rail and 
the ballast pan. The 6061-T6 aluminum rails feature pre-
fabricated attachments and module-mounting hardware, 
while the galvanized steel ballast pan includes rail attach-
ment hardware. The modular components self-align, so 
installers do not 
need to take mea-
surements to deter-
mine placement 
between module 
rows and columns. 
The rack supports 
modules in land-
scape orientation at 
a 10° tilt. The Cobra 
system is compatible 
with modules up to 
45 inches wide and up to 96 inches long, and offers inte-
grated module-to-rail grounding with Burndy WEEB-11.5 
bonding washers. The mount is manufactured in the US 
from recycled aluminum and steel.

Zilla / 855.670.1212 / zillarac.com 

[Norcross, GA]   SolarMax entered the US market in 2013 with the introduction of its 
3-phase MT A series string inverters. The Swiss PV inverter manufacturer has now launched 
two central inverters for large commercial and utility-scale plants in the US. The 500RX A 
and 600RX A products are ETL listed to UL 1741 for 1,000 Vdc applications and have rated 
outputs of 500 kW and 600 kW, respectively. Designed for direct connection to a medium-
voltage transformer, the outdoor-rated inverters’ topology consists of four independent 
power stages (125 kW or 150 kW), each with a dedicated MPP tracker. SolarMax’s RX A 
inverters are available as stand-alone units for pad mounting or as part of an integrated skid 
solution (ISS). The ISS can integrate one to four inverters with a shared medium-voltage 
transformer. SolarMax offers extended service agreements of up to 25 years.  

SolarMax / 404.334.7098 / solarmax.com

SolarMax Launches Central 
Inverters for US Market

http://www.solarmax.com
http://www.zillarac.com
http://www.benteksolar.com


Learn more at www.SMA-America.com

Where’s your inverter made?

The Sunny Boy 240-US micro inverter in production at SMA America’s manufacturing facility in Denver, CO.

SMA manufactures the world’s most reliable 
micro inverters right here in the United States.

http://www.sma-america.com
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the Wire

isa offers elevated 
roof Mount

[Union City, CA]   The Trellis Roof Mount by ISA is a unique 
solution for commercial rooftop PV projects where the array 
must be elevated to avoid roof-mounted equipment or to 
provide accessibility for roofing maintenance. The system is 
based on the company’s W Support System, which maxi-
mizes the span between attachment points and minimizes the 
number of roof attachments. The Trellis mount is designed to 
support 24 modules in portrait orientation and requires one 
post per six modules. The rack’s tilt angle can be manually 
adjusted between 0° and 20°. Attachment options include 
ISA’s innovative SureGrip Beam Clamp, which crews can 
install and tighten directly to a roof system’s steel beams, 
minimizing the number of roof penetrations. 

ISA / 510.324.3755 / isa-corporation.com

Solectria Announces Advanced 
PV String Combiners
[Lawrence, MA]   Solectria Renewables has developed its ARCCOM source-
circuit combiners to meet the arc-fault interruption and rapid shutdown 
requirements of NEC 2014. The combiners feature string-level arc-fault  
detection and a contactor disconnect that allow the devices to detect and 
interrupt series arc faults. The units also provide remote shutdown function-
ality. Solectria offers the combiners with a 24 Vdc external power supply, a 
fire-panel 24-volt output supply or an optional 120 Vac power supply.  
The ARCCOM combiners are available with 16 or 24 fused inputs and are  
ETL listed to UL 1741 for 600 Vdc or 1,000 Vdc applications. The enclosures 
are NEMA 4 rated for vertical or horizontal outdoor mounting. 

Solectria Renewables / 978.683.9700 / solectria.com

Patriot  
Solar Group  
Introduces Ballasted 
Roof Mount 
[Albion, MI]   The Spider ST ballasted roof mount by 
Patriot Solar Group (PSG) includes three main injection-
molded HDPE components. The ballast tray, spacer bar 
and wind deflector feature a snap-together design, and 
the system requires a single tool for securing modules to 
the mount. It accommodates 60-cell modules at a 7.5° tilt 
angle and 70-cell modules at 10° tilt in portrait orientation. 
It includes integrated wire management, UL 2703 certi- 
fication, and provision for mounting microinverters and 
electrical boxes. PSG offers supplementary penetrating 
anchor options as well. The Spider ST carries a 25-year 
warranty and is ARRA compliant.

Patriot Solar Group / 517.629.9292 / patriotsolargroup.com

http://www.isa-corporation.com
http://www.patriotsolargroup.com
http://www.solectria.com


POUR-IN-PLACE™ GROUND SYSTEM PAVER BALLASTED GROUND SYSTEM POST GROUND SYSTEM

MADE
in USA

212.359.0205

I love GameChange
Best and fastest 
roof system there is

Jason Ingram, Project Manager, BAM Construction

Best Value and Fastest Installing Solar Racking

Roof, Carport, Ballasted and Post Ground Systems

Industry’s Best Testing, Certification & Bankability Booth #  9 0 2 1
J u l y  8  -  1 0   2 0 1 4
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www.gamechangeracking.com
tyz@gamechangeracking.com 

Unique designs patent pending protected.
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C lients often ask PV system inte-
grators and consulting engineers 

for recommendations on how best to 
monitor their assets and manage their 
portfolios. The variety of platforms avail-
able differ in cost and technical capabili-
ties. However, most fall into two broad 
categories: supervisory control and 
data acquisition (SCADA) systems and 
web-based monitoring systems. Here we 
briefly consider the differences between 
these two platforms within the context 
of megawatt-scale PV systems. We also 
present 10 key questions to consider 
when selecting a platform.

Differences between Platforms 
Many in the industry tend to use the 
terms SCADA and web-based monitor-
ing interchangeably. However, there are 
important differences. On one hand, 
the traditional power sector has been 
using SCADA systems since the late 
1980s, long before high-speed Internet 
connectivity became ubiquitous, and 
they provide active plant control. On the 
other, web-based monitoring systems 
are relatively new and generally focus 
more on data acquisition than on plant 
control and operation. 

SCADA systems. Utility-scale power 
plants require not only large-scale data 
collection, but also a means of control. 
For example, a utility or independent 
system operator (ISO) may require a 
PV power plant to operate according 
to a contractually mandated schedule. 
In other cases, the utility or ISO may 
send commands directly to the on-site 
SCADA system via an energy control 
network. Traditionally, plant operators 
use SCADA systems with an on-board 
network historian server to meet plant 
control and data collection require-
ments like these.

SCADA platforms typically include 
software that is purchased up front. The 
purchaser owns the software licenses 

and the data collected. Providers 
generally do not sell SCADA packages 
as a service, but they do make annual 
updates available for a fee. The main dif-
ference between SCADA and web-based 
monitoring is that SCADA packages are 
typically designed to communicate with 
industrial automation controllers and 
provide enhanced control capabilities. 
As a result, the operator interface allows 
not only for monitoring and data collec-
tion, but also for direct control of plant 
operations, either locally or remotely.

Commercial plant operation requires 
such a high level of reliability that a  
firmware-based device—such as a 
programmable logic controller (PLC) or 
a similar type of smart relay—is neces-
sary for plant control. Unlike a computer 
server, which is constantly executing 
many programs that are subject to inter-
ruption, a PLC runs only one application.

Web-based monitoring. The rapid 
growth of the solar industry over the 
last decade has spawned a multitude of 
companies that sell web-based PV moni-
toring software and services. Although 
some equipment manufacturers and 
system integrators offer their own moni-
toring platforms, lending institutions 
often impose independent monitoring 
requirements. Therefore, third-party 
companies typically provide data col-
lection software and services optimized 
for PV applications. AlsoEnergy, Draker, 
Locus Energy and Solar-Log are a few 
of the vendors in this category. Provid-
ers typically sell web-based monitoring 
according to a software-as-a-service 
delivery model. The client pays up front 
for the site communications software 
and then pays a monthly fee for data 
storage and maintenance.

Choosing the Right Platform
When deciding between SCADA and 
web-based monitoring platforms, con-
sider the following ten questions. 

What is the size of your project? For 
projects of more than 10 MW in capacity, 
which typically have control require-
ments mandated by the utility or ISO, 
we recommend looking into a SCADA 
system. A web-based monitoring plat-
form is good for individual projects of 
less than 10 MW in capacity and also for 
distributed generation sites.

What is the size of the overall portfolio? 
Some web-based monitoring systems 
are sufficient for site-level monitoring 
but do not manage multiple-site portfo-
lios. In other cases, the client may have 
different monitoring platforms at differ-
ent sites and may be looking to consoli-
date. If the client has a multiple-vendor 
portfolio, we recommend consolidating 
at a corporate level rather than changing 
equipment at the site level.

Does the utility have control require-
ments? If the utility requires plant or 
tracker control or the ability to allow 
operators to manually change set-
points, a SCADA package is preferable 
because you can customize it. Some 
web-based monitoring companies now 
provide limited control capabilities.

What level of data granularity do you 
need? Utility-scale plant operations 
require more in-depth data analysis 
than smaller PV systems need. With  
a SCADA system, the client owns  
and has easy access to all the data. 
A software developer can provide 
custom data analysis tools. Web-based 
monitoring systems provide a basic 
data analysis tool; they also typically 
allow clients to download data in 
comma-separated value (CSV) format, 
which they can manipulate in Micro-
soft Excel or other software.  

How are monitoring costs amortized? 
Providers often customize SCADA 
systems for particular projects, so the 
software engineering costs are site spe-
cific. However, the project’s EPC budget 
usually includes the  

QA Quality Assurance
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QA

cost of SCADA licenses and software 
development. With a web-based moni-
toring platform, after buying the com-
munications software the owner must 
pay a monthly subscription fee once 
construction is completed. Terms vary 
from provider to provider, depending 
on who owns the site hardware and 
the data.

 What is the makeup of the client’s 
labor force? Sophisticated clients with 
in-house engineering resources are 
likely to benefit greatly from a SCADA 
system because of the flexibility and 
granularity of data it can collect. Clients 
without in-house engineering resources 
can contract with a SCADA integrator 
or use a web-based monitoring plat-
form if the inherent system limitations 
are acceptable.

Is a customizable solution required? 
SCADA systems are generally custom-
izable and are well suited to complex 

reporting. Web-based monitoring 
systems generally come equipped with 
standard, off-the-shelf features. 

Where does the hardware reside? Web-
based monitoring systems require mini-
mal site hardware but have few levels of 
redundancy, which could be a problem 
in the event of a power or network out-
age. SCADA systems can employ local 
servers with remote backup and can 
be integrated with complex redundant 
systems on a utility scale.

Is the provider financially viable? The 
solar industry is relatively young, and 
many providers of web-based monitor-
ing systems are less than 5 years old. 
As the industry matures, the sector 
will likely experience consolidation, 
and some of these companies may 
not survive. In contrast, mature com-
panies—such as ABB, GE, Invensys, 
OSIsoft, Rockwell Automation and 
Siemens—provide most utility-scale 

SCADA systems. These mature compa-
nies are more likely to remain viable in 
the longer term as compared to start-up 
companies backed by venture capital. 
Long-term viability is important, given 
that many PV power plants have 20-year 
power purchase agreements.

Who will manage O&M? If clients per-
form all of their own maintenance, it  
is advantageous to have a single plat-
form monitor all sites and have this 
platform tie into a computerized main-
tenance management system (CMMS) 
that can centralize functions such as 
work order management, scheduling 
and trouble tickets. Web-based moni-
toring and SCADA systems have vary-
ing levels of support for CMMS systems. 
If CMMS integration is a client’s goal, 
take a close look at these feature sets 
when selecting a monitoring platform.

—Tom Schreck and Prerit Agarwal / 
Ausenco / Concord, CA / ausenco.com

Residential PV Monitoring & Metering 
Built into a Single Device Guarantee 
Signifi cant Reduction of Installation 
Time and Cost

That is why we integrated the market leading 

Solar-Log® PV monitoring technology into 

General Electric's popular residential meter I-210+.

®

Solar Data Systems, Inc. • USA • north-america@solar-log.com

San Francisco
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ENERGY STORAGE
UNLEASHED

(800) 423–6569, +1 (562) 236–3000 
W W W . T R O J A N B A T T E R Y R E . C O M

Renewable Energy & Hybrid Systems / Backup Power

Rely on Trojan Battery to unleash your storage needs. As a global company with local expertise, Trojan’s wide range of 
deep-cycle �ooded, AGM and Gel batteries for renewable energy, hybrid and backup power systems are backed by 
more than 85 years of battery innovation.

concept_v5a_embed_SmartCarbon.pdf   1   2/7/14   11:13 AM

RE_SolarProFP_0214.indd   1 2/11/14   3:21 PM

http://www.trojanbatteryre.com


16 S O L A R PR O   |   August/September 2014

C
o

u
rt

e
sy

 S
o

lm
e

tr
ic

By Paul Hernday

Interpreting I-V Curve Deviations
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A s PV arrays age, there are many potential causes of 
system underperformance. Some may be expected, 
such as soiling losses or long-term array degrada-
tion. Some may be unexpected, such as bypass diode 

failure, cracked modules and so forth. 
Because I-V curve tracers capture all of the current and 

voltage operating points of a PV source, they are uniquely 
capable of identifying symptoms of underperformance in PV 
systems. As I describe in “Field Applications for I-V Curve 
Tracers” (SolarPro, August/September 2011), every module 
datasheet provides a model I-V curve that represents all the 
current and voltage combinations at which you can operate 
or load the module under Standard Test Conditions (STC). 
When a measured I-V curve differs significantly in height, 
width or shape from the predicted I-V curve—which is based 
on the model I-V curve, but adjusted for actual irradiance and 
temperature conditions—the nature of the deviation provides 
clues about potential performance problems.

Here I provide an overview of the process used to gather 
I-V curves and identify normal traces associated with healthy 
modules and source circuits. I then explain how to interpret 
differences between measured and predicted I-V curves. I dis-
cuss basic types of I-V curve deviations, all of which indicate 
that PV power is reduced, and consider possible causes. The 
discussion of I-V curve deviations is organized according to a 
troubleshooting flowchart process that is designed for opti-
mal workflow efficiency (see pp. 26–27). I present strategies 
for identifying PV modules with performance problems. I also 
cover best practices for taking irradiance and temperature 
measurements, which can improve the accuracy of measured 
and predicted I-V curves.

Getting Started 
Safety is the first consideration when performing any type of 
electrical work. Before beginning to troubleshoot a PV sys-
tem, make sure that you know how the system is constructed 
and how it operates. Verify that the test equipment is properly 

rated for the current and voltage you will expose it to. Use the 
necessary tools, procedures and personal protective equip-
ment detailed in NFPA 70E, known as the Standard for Electri-
cal Safety in the Workplace. 

While PV systems present unique electrical hazards, using 
I-V curve tracers can improve safety relative to other testing 
methods. PV circuits do not need to be under inverter load 
for you to use an I-V tracer to look for a bad source circuit. 
Wade Webb, the vice president of quality assurance at Mar-
tifer Solar, explains: “To use a current clamp to test for bad 
strings, the technician has to work in a combiner box that 
is connected to an operating inverter, perhaps via a down-
stream recombiner. This is the main reason we prefer to look 
for bad strings using an I-V curve tracer. Besides the fact that 
an I-V curve tracer provides more detailed information than 
you can get using a clamp meter, it may also provide an addi-
tional level of safety by reducing the arc-flash hazard that the 
technician is exposed to.”

Basic test procedure. In commercial and utility-scale PV 
systems, I-V curve traces are generally measured in combiner 
boxes that are electrically isolated from the rest of the PV 
system. For example, perhaps zone-level monitoring in the 
inverter indicates that a particular combiner box is underper-
forming. Unless immediate action is required, asset manag-
ers will likely flag that combiner box for inspection during a 
regularly scheduled site maintenance visit. Once on-site, you 
can electrically isolate the combiner box by locking out and 
tagging out an equipment disconnecting means. If a visual 
inspection of the PV modules does not point to a likely cause, 
you can use an I-V curve tracer to identify underperforming 
source circuits.

For calibrated performance measurements, install an irra-
diance sensor in the plane of the array and stick a temperature 
sensor to the backside of a thermally representative module. 
After ensuring that the PV source circuits are not under load, 
open each touch-safe fuseholder in the combiner box. Using 
an alligator clip or similar connector, connect one test lead to 
the positive busbar and another to the negative busbar. You 
can now test each of the PV source circuits one at a time by 

Interpreting I-V Curve Deviations
When a measured I-V curve differs substantially from the predicted curve,  

commissioning agents or service technicians can use the nature  
of the deviation to screen for potential performance problems.

http://solarprofessional.com/articles/design-installation/field-applications-for-i-v-curve-tracers
http://solarprofessional.com/articles/design-installation/field-applications-for-i-v-curve-tracers
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closing the appropriate fuseholder and initiating an I-V curve 
trace. The test process can take as little as 10 to 15 seconds per 
source circuit, and the data are saved electronically. (While 
the process described here represents a scenario commonly 
encountered in the field, test procedures and measurement 
times may vary somewhat in practice depending on the spe-
cifics of the PV system, the BOS equipment, the I-V curve 
tracer or the test goals.) 

The Troubleshooting Flowchart
The “PV Array Troubleshooting Flowchart” (pp. 
26–27) is based on extensive field experience, 
reviews of PV module reliability literature and input 
from subject matter experts at the National Renew-
able Energy Laboratory (NREL). I-V curve tracers 
provide an abundance of detail that is potentially 
useful for tracking down hardware performance 
issues. However, shading, soiling, irradiance, tem-
perature or measurement technique can muddle 
any type of PV performance measurement. To 
reveal actual hardware performance issues—prob-
lems with PV modules or BOS components—you 
must peel away like layers of an onion any potential 
environmental or measurement impacts. 

Here I describe the 2-step process of capturing 
a useful I-V curve and determining whether it indi-
cates that the test circuit is performing normally. 
Since a normal curve is not always returned, I 
describe six types of I-V curve deviations, as shown 
in Figure 1, and elaborate on the process of identi-
fying the most likely causes of each. I identify these 
according to descriptive terms that are useful for 

communicating how a curve deviates and for narrowing the 
range of possible physical causes. Each deviation has more 
than one possible cause, and multiple deviations may be pres-
ent at the same time. 

USEFUL I-V CURVE
First, verify that the test returns a useful I-V curve. If it does 
not, make sure the test lead connections are intact. If they are, 
then the source circuit may not be complete. Check to make 
sure a series fuse is installed; if it is, check the fuse for conti-
nuity. If the series fuse checks out, then the problem may be 
in the source-circuit wiring. Before testing for failed modules, 
you may want to check for open module interconnections and 
look for signs of damage, such as burn marks.  

In rare cases, tests return an I-V curve that exhibits narrow 
vertical dropouts or downward spikes. The cause may be an 
intermittent electrical interconnection, such as a jostled test 
lead or an improperly crimped butt splice. If the intermittent 
connection is in the PV source circuit, isolate it and perform 
the necessary repairs. 

NORMAL SHAPE & PERFORMANCE
To identify performance problems in the field, you must have 
a standard for comparison. In troubleshooting situations, 
you may use measurements taken on C O N T I N U E D  O N  PA G E  2 0
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Figure 1 Each of the six types of I-V curve deviations dis-
cussed in this article is shown here. The deviations are num-
bered according to the order in which we consider them in the 
“PV Array Troubleshooting Flowchart” (pp. 26–27).

C
ou

rt
es

y 
S

ol
m

et
ric

Figure 2  This I-V curve trace has a normal shape and a performance 
factor greater than 90%, which indicates that the test circuit is perform-
ing as expected. In this case, the technician will save the data and test 
the next circuit.
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neighboring PV source circuits for comparison. However, mod-
ule nameplate data are generally the basis of comparison, espe-
cially when you are benchmarking performance over time. 

Prior to performing I-V curve testing, you specify which 
module you are testing and how many modules are con-
nected in series or parallel. Based on these and other setup 
inputs, the software calculates expected performance 
characteristics—such as ISC, IMP, VOC, VMP, and PMP—at stan-
dard test conditions. Since conditions in the field invari-
ably differ from factory test conditions, I-V curve tracers 
use mathematical models to account for actual irradiance 
and temperature conditions in the field and generate a 
predicted I-V curve and maximum power value for the PV 
source circuit or module under test. 

If a PV source circuit or module is performing normally, its 
I-V curve has a normal shape, like the one in Figure 2 (p. 18). 
Further, the maximum output power rating, which the curve 
tracer calculates from the I-V data, will closely approximate 
the predicted maximum power. We use the  performance factor 
(PF) in this context to quantify how well a measured I-V curve 
agrees with a predicted curve. It is reported as a percentage 
and calculated using the measured and predicted maximum 
power (PMP) as shown in Equation 1:

PF = (measured PMP ÷ predicted PMP) × 100 (1)

Generally speaking, a normal curve shape and a per-
formance factor between 90% and 100% indicate that a PV 
source circuit or module is operating correctly and is not seri-
ously shaded or soiled. If the measured I-V curve has a normal 
shape and the performance factor is greater than 90%, you 
can save the I-V data and proceed to test the next string.

STEPPED I-V CURVE 
Notches or steps in the I-V curve, the first type of deviation, 
are associated with current mismatch in the test circuit. The 
steps in the curve occur when bypass diodes activate and pass 
current around cells that are weaker or are receiving less light. 
The number and width of the steps vary according to the den-
sity and extent of the shade. Many conditions cause current 
mismatch, including nonuniform soiling, partial shade, dam-
aged cells or cell strings, or shorted bypass diodes.

Non-hardware issues. A shaded PV cell has a reduced cur-
rent capacity, which in turn reduces the maximum current 
that the cell string can produce. If the PV source circuit’s 
operating current exceeds the current that the shaded cell can 
supply, the bypass diode begins passing current around the 
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shaded cell string to prevent hot-spot failures due to reverse 
bias in the shaded cell. 

If the issue impacts more than one cell or cell string, an 
I-V curve may show multiple steps, as shown in Figure 3. For 
example, tree shade tends to impact cell strings in multiple 
modules, and the density of the shade may vary, causing bypass 
diodes to turn on at different current levels. This type of shade 
produces a broadly deviated I-V curve that rolls randomly on 
the descent, with or without discrete steps. Swirled patterns 
of accumulated dirt also produce this type of deviation. In 
contrast, localized shading produces very distinct steps. The 
narrowest step corresponds to an obstruction impacting a 
single cell string. If a single narrow step appears in an other-
wise normal curve, localized soiling is a likely cause, but the 
step could also indicate localized shading, typically along the 
edge of a perimeter module.

Leaf litter, bird droppings or spot shading can also cause 
mismatched deviations that tend to obscure other devia-
tions. Since these issues make it difficult to assess perfor-
mance, you want to remedy them—assuming it is possible 
and economically feasible to do so—prior to doing addi-
tional performance testing. For example, clear bird drop-
pings from the PV modules or cut back tree branches. If 
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Figure 3  You need to screen for shade or soiling when an 
I-V curve is returned with steps or notches. The red I-V curve 
is typical of spot shading that impacts a few cell strings. The 
dark blue curve may indicate that several modules in the 
source circuit are shaded. The green curve is representative of 
a source circuit subject to widespread and irregular shading 
or soiling. The light blue curve is the result of a wedge-shaped 
band of shade sloping across the bottom of several portrait-
oriented modules.
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shade is the issue, wait until the shade has cleared to con-
duct performance tests.

Hardware issues. Several hardware problems may return a 
stepped I-V curve. In a circuit that includes parallel-connected 
PV source circuits, a shorted bypass diode or shorted cell string 
shows up as a step in the I-V curve. Significant current mis-
match between modules in the test circuit is another possible 
cause. Cracked cells are the most common cause, however.

Microcracks are present in PV cells even as the modules 
come off the production line. Since a typical crystalline-
silicon (c-Si) PV cell is 400–800 times wider than it is thick, 
some degree of microcracking is probably inevitable. Ship-
ping, handling and installation—especially torquing down or 
standing on modules—potentially create more microcracks. 
Though microcracks are nearly impossible to see, in some 
cases they are serious enough to stretch or separate the con-
tact fingers, which increases series resistance and may lead to 
heat-induced discoloration or damage. Corrosion and discol-
oration effects known as snail trails often follow microcracks.

Although microcracks do not usually cause performance 
problems, they can become full-fledged cracks under stress. A 
crack that electrically isolates a portion of a cell creates a cur-
rent bottleneck similar in effect to that from localized shading 
or soiling. Cell performance suffers most when a severe crack 
runs parallel to the cell’s busbars and severs the contact fin-
gers. In such cases, the bypass diode passes current around 
the cell string and produces a narrow step in the I-V curve.   

Generally speaking, a shorted bypass diode or cell string 
uniformly reduces the width of an I-V curve, as shown in 
Figure 4. (See “Low open-circuit voltage” on p. 24.) However, 

if you are measuring two or more strings in parallel, a step 
along the vertical leg of the I-V curve may indicate voltage 
mismatch caused by unequal numbers of modules in the 
source circuits or by one or more shorted bypass diodes. 
Consider taking an I-V curve trace on a prefabricated wire 
harness that connects a pair of 72-cell c-Si PV module source 
circuits in parallel. A single shorted bypass diode in the test 
circuit shows up as a step that is 10–12 volts wide halfway up 
the vertical leg of the I-V curve.

LOW SHORT-CIRCUIT CURRENT 
In an otherwise normal I-V curve, a lower-than-expected 
value of ISC can result from operator error, poor irradiance 
measurement, shading or soiling, or module performance 
issues. Since you may be able to remedy some of these issues, 
the troubleshooting flowchart addresses this second type of 
deviation early.

Operator error. If you are not careful, it is easy to select the 
wrong module from the I-V curve tracer’s database. When 
this happens, the nameplate specifications for the test circuit 
will not match those that the I-V curve tracer uses to model 
predicted performance. In some cases, EPCs install large PV 
arrays using modules from different batches, in which case 
the nameplate specifications for one source circuit could be 
slightly different from those for the next.

Irradiance measurement issues. Irradiance measurement 
error can also cause reduced ISC. It is probably the most com-
mon source of error when making any type of PV system 
performance measurement. Failure to mount the irradiance 
sensor in the plane of the array, which can cause the model 

to over- or underpredict the value of 
the ISC, is the most likely cause of mea-
surement error. You can also introduce 
measurement error by using an irradi-
ance sensor with a spectral and angu-
lar response that does not match that 
of the PV modules.

Non-hardware issues. Uniform soil-
ing, dirt dams and strip shade are also 
likely causes. Uniform soiling is by far 
the most common cause of this I-V 
curve deviation.

If PV modules are coated with an 
even layer of dirt, the overall shape of 
the I-V curve will be correct, but the 
current at each measurement point will 
be reduced because the modules see a 
lower irradiance than the sensor does.

You typically encounter dirt dams 
on low-slope roofs where portrait-
oriented modules are mounted at a 
slope of 5° or 
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Figure 4  We took these I-V curves back-to-back on nominally identical PV source 
circuits under stable environmental conditions. They show the 10–12 V reductions in 
VOC that are typical of shorted bypass diodes in 72-cell, 3-diode PV modules.
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less. Water pools behind the module frame, at the lowest 
edge of the inclined plane, and a narrow band of sediment is 
left behind on the module when the water evaporates. When 
this band of dirt reaches the bottom row of cells, it begins to 
limit current. The wider the dirt band, the lower the current. 
If the dirt bands are similar enough from cell string to cell 
string and module to module, the effect resembles that of 
uniform soiling, which reduces each module’s ISC uniformly. 
You can eliminate the effects of soiling by cleaning the mod-
ules and retesting.

Strip shade is common in tilt-up arrays with closely spaced 
rows of modules mounted in portrait orientation. A parapet 
wall or the upper edge of a preceding row of modules casts 
a wide, thin strip of shade across the lower edge of the next 
row. If the shading is uniform in height, it reduces the current 
in all modules in proportion to the amount of the cell that is 
shaded, and none of the bypass diodes turn on. The remedy 
from the measurement standpoint is to test the array close 
to midday. 

Hardware issues. Module degradation such as encapsulant 
browning or delamination can slightly reduce the height of 
the I-V curve. Since performance degradation of this type is 
a very slow process, you will need to monitor the system over 

time, look for trends in the data and compare these long-term 
trends to the manufacturer’s power warranty terms. It is ideal 
to have established a performance baseline when you put the 
system into service. 

Low ISC may also be associated with an uncommon but 
potentially dangerous module failure mode. If a bypass diode 
has failed in the open-circuit mode and one of the cells it was 
intended to protect is shaded, soiled or severely cracked, the 
curve trace generally indicates reduced ISC. It may also show 
an abnormally steep slope in the horizontal leg of the curve. 
This condition is hazardous, because the rest of the PV mod-
ules treat the current bottleneck as a load, which causes the 
temperature of the obstructed cell to rise rapidly. This process 
could destroy a module or even initiate a fire. 

LOW OPEN-CIRCUIT VOLTAGE 
The third type of deviation in the troubleshooting flowchart 
is low VOC. An erroneous cell temperature measurement 
most likely causes low VOC. In addition, shade can appear 
to reduce VOC under certain test circumstances. Hardware 
problems are also possibilities. However, since open-circuit 
voltage has one of the lowest aging rates of all the PV mod-
ule parameters, you should consider other causes before 
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concluding that there is a causal relationship between cell 
degradation and low VOC. 

Measurement error. When performance tests return an 
I-V curve with low VOC, check the quality of the thermal con-
nection between the temperature measurement device and 

the back of the PV module. There is an inverse relationship 
between cell temperature and module voltage. If the thermal 
connection is not good, the reported temperature will be low, 
and the predicted I-V curve will have a higher VOC than the 
measured curve. 

Typically, c-Si PV cell temperature is several degrees Cel-
sius higher than a thermocouple reading taken on the back 
of the PV module indicates. When you take curve traces on 
multiple PV source circuits, you also see some variation in 
the VOC measurements, even if the modules themselves are 
perfectly matched. Wind, variable irradiance and nonuni-
form ventilation can all cause VOC variation. 

Non-hardware issues. Hard shade covering one or more 
cells causes the bypass diode associated with the cell string 
to begin conducting. This may show up on an I-V curve as a 

lower-than-expected VOC, simply because the curve trace runs 
out of measurement points before it reaches the actual VOC 
on the horizontal axis of the curve. Some curve tracers mea-
sure VOC separately with a high-impedance voltmeter circuit 
before initiating an I-V curve trace; focus on this value if you 
suspect that a bypass diode is shorted.

Hardware issues. Shorted bypass diodes, missing modules, 
potential induced degradation (PID) and 
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Figure 5  This chart shows the effects of potential induced 
degradation on the I-V curves of modules. All the modules are 
from the same source circuit, and we captured all the traces 
within minutes of one another.
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effects of shading, soiling or measurement errors to sidetrack you. Those effects may cause deviant I-V 
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pinched PV source-circuit conductors are all possible issues. 
Pinched conductors typically show up during insulation resis-
tance testing but can also develop over time. A hard ground 
fault in a grounded PV source circuit essentially shortens the 
length of the series string; therefore, a curve trace of the cir-
cuit returns a curve with low VOC. (Note that I-V curve tracing 
is not a substitute for insulation resistance testing.)

Shorted bypass diode. If one or more diodes in the test cir-
cuit are shorted, the I-V curve also shows low VOC. This is a 
relatively common module failure mode. Electrical transients 
can damage diodes; they can also fail from electrical and 
thermal stresses. Some module manufacturers have even had 
batch failures due to undersized bypass diodes.

It is relatively easy to identify a PV source circuit with one 
or more shorted bypass diodes by paying close attention to 
the distribution of VOC values within the same combiner box, 
as shown in Figure 4 (p. 22). A typical 72-cell PV module has 
three bypass diodes, each one associated with one of three cell 
strings. If one bypass diode is shorted and one cell string is 
lost, that reduces the module’s voltage by roughly 10–12 Vdc. 
You can easily detect this VOC measurement difference with an 
I-V curve tracer or a digital multimeter. These test results are 
most accurate when average cell temperature remains con-
stant, which requires stable irradiance, no wind, and short 
measurement intervals. If cell temperature varies from one 
test circuit to the next, then VOC will vary, making it difficult to 
identify a discrete 10–12-volt shift in VOC for one source circuit 
relative to the others.

In some cases, you can use infrared (IR) imaging to identify 
a shorted bypass diode while the system is on line. A bypassed 
cell string is slightly warmer than its neighbors because more 
of its incident solar energy converts to heat. The module’s 
junction box may also be slightly warmer than that of other 
modules due to power dissipation in the conducting bypass 

diode. While this approach works well on a small scale, scan-
ning a large array is quite time consuming.

The selective shading troubleshooting method discussed 
on p. 34 is also useful for identifying a module with a shorted 
bypass diode.

Potential induced degradation. PID is another possible cause 
of an I-V curve with low VOC. The irreversible form of PID is the 
result of electrochemical reactions driven by voltage stress and 
facilitated by an electrolyte comprised of water and metal ions. 
Decreased shunt resistance characterizes initial stages of PID; 
as the degradation continues, VOC decreases, as shown in Figure 
5 (p. 25). Therefore, the likelihood that PID is the root cause of 
the problem increases if both of these conditions are present.

Mani Tamizhmani, the director of the PV test laboratory 
at TÜV Rheinland, elaborates: “Although PID can occur in any 
array, it occurs with greater frequency in arrays with high sys-
tem voltages that are located in regions with high and variable 
temperature and humidity. In ungrounded arrays, it is more 
likely to occur in modules toward the negative end of the string.”  

ROUNDER KNEE 
A rounder-than-expected knee characterizes the fourth type 
of I-V curve deviation. It is often difficult to tell whether a 
rounder knee region is a distinct I-V curve impairment or 
whether it is an illusion caused by changes in the slope of the 
curve. Knee rounding by itself is likely a manifestation of the 
aging process. You will have to retest and monitor the circuit 
over time to identify and track trends.

LOW VOLTAGE RATIO
A lower-than-expected slope in the vertical leg of the I-V curve 
distinguishes the fifth I-V curve deviation. You can detect this 
condition by visually comparing the measured and predicted 
curves, or by comparing voltage ratio 
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values across the population of string measurements, with the 
prerequisite that the curves be free of steps from mismatch 
effects. The voltage ratio is calculated according to Equation 2:

Voltage ratio = VMP ÷ VOC     (2)

As shown in Figure 6, voltage ratio is an excellent metric 
for identifying a string with an atypical slope in the vertical leg 
of the I-V curve.

Inaccurate data. The homerun conductors add external 
resistance in series with the PV modules themselves. The 
smaller the cross-sectional area of the wire or the longer the 
wire run, the higher the excess series resistance is. To avoid 
attributing the excess resistance to the modules themselves, 
some curve tracers compensate for it—or back it out of the 
calculation—when generating the predicted I-V curve shape. 
For best test results, enter reasonable estimates of the home-
run wire length and gauge. Assuming the system is properly 
designed with respect to voltage drop, there is no need to cal-
culate the exact wire length per source circuit.

Hardware issues. If the model reasonably accounts for 
homerun conductor resistance, several potential causes of 
excessive series resistance can result in an I-V curve with a low 

voltage ratio. These include undersized PV source-circuit con-
ductors, resistive interconnections or module degradation. 
PV interconnections, terminal blocks and modules are the 
most likely places to find increased resistance. For example, 
leaks in moisture seals in connectors, 
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Figure 6  This figure provides equations and graphical  
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(dashed blue line), voltage ratio (dashed green line) and fill  
factor (green area ÷ blue area).
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junction boxes and combiner boxes can lead to corrosion and 
increased series resistance.

The modules themselves may also be the source of the 
problem. Paul Jette, the vice president of operations at True 
South Renewables, explains: “Increased series resistance is 
the most common I-V curve deviation we have come across 
in the field. While the problem is occasionally associated with 
poorly made module-to-module interconnections, bad mod-
ule solder joints are the most common cause. When this is 
the case, we use IR imaging to find the hot spots that are the 
source of the loss.”

Series resistance increases gradually as modules age. 
However, certain module failure modes also cause excessive 
series resistance. For example, in salty environments, con-
nections may corrode inside module junction boxes. Manu-
facturing defects may result in a cracked tab or ribbon bus 
inside a PV module. In some cases, you can see burn marks 
within a PV module. Using an IR camera can help you identify 
problems and provide documentation for warranty claims. 

Jenya Meydbray, the CEO of PV Evolution Labs, notes:  
“Solder-joint failures are the number one cause of module 
quality assurance and quality control failures in the factory, 
and weak solder joints in the factory invariably lead to solder 

joint issues in the field.” These joint failures can cause cata-
strophic module failures. For example, repeated temperature 
cycling can cause a poor-quality ribbon bond to degrade, 
which might eventually lead to a series arc fault that could 
potentially start a fire. 

LOW CURRENT RATIO
A higher-than-expected slope in the horizontal leg of the I-V 
curve distinguishes the sixth and final I-V curve deviation. 
You can detect this condition by visually comparing the mea-
sured and predicted curves, or by comparing the current ratio 
values across the population of string measurements, so long 
as the curves are free of steps from mismatch effects. You cal-
culate the current ratio according to Equation 3:

Current ratio = IMP ÷ ISC   (3)

As shown in Figure 6 (p. 30), current ratio is an excellent 
metric for identifying a string with atypical slopes in the hori-
zontal leg of its I-V curve. Before looking for hardware issues, 
rule out shade, soiling and irradiance measurement error. 

Non-hardware issues. If irradiance changes significantly 
during the I-V curve measurement cycle, that may affect 
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the horizontal leg of the curve. The longer the data acquisi-
tion time and the more rapid the change in irradiance, the 
greater the slope error. For best results, use a curve tracer 
capable of acquiring I-V data in less than 1 second. (Note 
that high-efficiency modules may require longer trace 
times.) Repeat the test and note any change in the I-V curve 
to determine whether changes in irradiance are causing a 
horizontal slope deviation.

Unique shade or soiling conditions can also cause an 
I-V curve to have a low current ratio. The typical situation 
is a thin wedge of shade or dirt along the bottom edge of 
a portrait-oriented PV source circuit. If the magnitude of 
the change in obstruction is slight from one cell string to 
the next, the I-V curve will not show the visible steps asso-
ciated with nonuniform shading or the low ISC associated 
with strip shade.

Hardware issues. I-V curves always show a slight slope in 
their horizontal leg, caused by current leakage across the 
semiconductor junction at defects in the crystal lattice in the 
cell body or edges of the cell. The lower the leakage, the higher 
the shunt resistance.

Shunt resistance decreases as modules age. If the decrease 
is relatively uniform across all the cells in a string, the net 

effect is that the slope in the horizontal leg of the I-V curve 
pivots downward around the point labeled ISC. However, if 
the degradation is present in only some of the modules in 
the source circuit, the increase in the horizontal slope of the 
curve starts closer to the knee. Because the industry is rela-
tively new, we do not yet know how uniformly shunt resis-
tance will age.

More severe, localized shunts sometimes develop in the 
field. These can concentrate relatively high currents, damage 
the cell and even destroy the module. An IR camera can detect 
serious localized shunts.  

Identifying the Source of a Problem
Identifying a PV source circuit with a specific I-V curve devia-
tion is often the start of a more detailed investigation. While 
module-by-module testing is sometimes necessary, you may 
be able to zero in on a bad module by using less invasive meth-
ods such as half splitting or selective shading. These labor-
saving strategies are especially useful when you are dealing 
with multiple PV source circuits connected in parallel using 
wiring harnesses. 
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Module by module. One widely used troubleshooting 
method is to disconnect and test individual modules, starting 
at one end of a PV source circuit and moving to the other end. 
One benefit of module-by-module testing is that you can com-
pare I-V curves and pick out any abnormal modules. While 
this method is comprehensive and straightforward, it is also 
potentially time consuming. It is best used selectively, such as 
when screening for PID, which may appear in multiple mod-
ules in a source circuit. 

Module-by-module testing is especially problematic when 
PV wire whips are not readily accessible and you have to lift 
modules to test them. In some cases, it may be necessary to 
remove and reinstall 15 good modules to identify and replace 
one bad module. This process can compromise the installa-
tion’s quality and safety.

Half splitting. This electrical troubleshooting method 
involves splitting the PV source circuit into two parts and 
testing each half. You repeat this process as many times as 
necessary to home in on a bad module. On average, identify-
ing a single bad module should require about one-third the 
time compared to a module-by-module approach. The draw-
back is that you may overlook small problems in the “good 
half ” of the test circuit because stronger modules may mask 
performance problems.

Selective shading. This method takes advantage of bypass 
diode behavior to identify a problem module. The process 
involves shading one module at a time in the test circuit and 
measuring the effect this has on the 
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For manufacturers and researchers, fill factor is a critical met-
ric for characterizing the efficiency of a PV power source 

relative to ISC and VOC, as shown in Figure 6 (p. 30). Since 
PMP is itself a function of IMP and VMP, you calculate fill factor 
according to Equation 4:

FF = (IMP × VMP) ÷ (ISC × VOC)  (4)

Fill factor varies according to cell type and efficiency. For 
example, new c-Si PV modules should have fill factors in the 
70%–80% range. Typical fill factors for thin-film technologies 
are lower, ranging from the upper 60% range for cadmium 
telluride to the lower 60% range for amorphous silicon, with 
copper indium selenide and copper indium gallium (di)selenide 
falling somewhere in the middle. 

As shown in Figures 7a and 7b, fill factor is a quick way to 
identify and flag test circuits with potential performance problems. 
This screen is an especially effective way to identify underperform-
ing test circuits that otherwise return a smooth-shaped I-V curve, 
such as circuits with a rounder knee or a lower voltage or current 
ratio. Once underperforming circuits are identified, study the shape 
of the I-V curve for clues about the likely or possible cause of the 
impairment. Note that series resistance in homerun conductors 
slightly reduces fill factor in PV source circuits. 

Assuming irradiance levels are high, fill factor is relatively 
insensitive to irradiance. Therefore, it is an excellent means 
of comparing curves measured at dissimilar irradiance levels, 
without the need to translate results to STC. 

Fill factor degrades over time, mainly due to increased 
series resistance and reduced shunt resistance. Given its inti-
mate relationship to module efficiency, fill factor is an impor-
tant parameter to monitor over time, and can be a vital piece 
of evidence to a module warranty claim. {

Using Fill Factor to Jump the Curve

0

1Count 2 5 5 3 12 17 11 16 41 73 1 0 0

20

40

60

80

0.
62

5

0.
63

5

0.
64

5

0.
65

5

0.
66

5

0.
67

5

0.
68

5

0.
69

5

0.
70

5

0.
71

5

0.
72

5

0.
73

5

0.
74

5

0.
75

5

M
od

ul
e 

co
un

t

Fill factor

0

Count 0 1 0 0 0 0 0 3 26 47 52 44 12 3 0 0

20

40

60

M
od

ul
e 

co
un

t

Fill factor

0.
62

5

0.
63

5

0.
64

5

0.
65

5

0.
66

5

0.
67

5

0.
68

5

0.
69

5

0.
70

5

0.
71

5

0.
72

5

0.
73

5

0.
74

5

0.
75

5

0.
76

5

0.
77

5

Figures 7a and 7b  These histograms show the distribution 
of fill factor—an indicator of the fullness and consistency 
of I-V curve shapes—as measured in the field on nominally 
identical source circuits. On one hand, the outlier in Figure 7a
(top) points to an isolated performance problem; on the other,
the cluster of low fill factors in Figure 7b (bottom) is typical  
of the effects of potential induced degradation.
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performance of the PV source circuit. In effect, this allows you 
to remove one module from the test circuit without unplugging 
any of the source-circuit interconnections. Selective shading is 
most effective when there is a distinct difference between the I-V 
curve of the problem module and those of the other modules.

For example, selective shading is the simplest way to iden-
tify a module with a shorted bypass diode. Without discon-
necting the modules, you apply hard shade to a PV module, 
shading at least two cells in each of the module’s cell strings, 
and capture an I-V curve. You then repeat this process for 
every module in the test circuit, and compare the resulting I-V 
curves for each shaded module. If a shaded module is work-
ing properly, the VOC for the source circuit drops by an amount 
approximately equal to the expected VOC for one PV module. 
However, when you shade a module with a shorted bypass 
diode, the VOC for the source circuit drops by an amount less 
than predicted, as shown in Figure 8. 

If the selective shading test method returns inconclusive 
performance measurements, you can justify module-by- 
module testing. 

Harnessed PV circuits. Large-scale PV systems sometimes 
use prefabricated dc wire harnesses to connect two or more 
PV source circuits in parallel. When dc wire harnesses are 
used in a c-Si PV array, they typically connect two or three 
source circuits in parallel. In a thin-film array, wire harnesses 
may connect as many as eight source circuits in parallel. 
Series fuses located in molded inline fuseholders provide the 
required source-circuit protection, and you only route two 
conductors per wire harness back to a dc combiner box. 

While the use of dc wire harnesses cuts down up-front 
costs in large, uniform PV arrays—reducing the required 

number of dc combiners and standardizing the array wir-
ing—it can impede troubleshooting. It is more complicated 
to isolate and test a single PV source circuit when systems 
are deployed using dc wire harnesses. For example, if a 
measurement at the combiner identifies an underperform-
ing wire harness, you must take clamp meter readings on 
the individual source circuits in the array and compare the 
results. If you identify an underperforming source circuit, 
you can unplug and troubleshoot that string. 

With a bit of practice, you can identify certain types of 
performance problems in harnessed PV circuits by studying 
the width or depth of a step or notch in a deviant I-V curve. 
However, when troubleshooting PV systems with prefabri-
cated dc wire harnesses, you must make sure that the test 
equipment is rated for the combined short-circuit current 
under the maximum expected irradiance conditions. While 
a 20 A–rated I-V curve tracer is typically sufficient, Solmet-
ric recently released a 30 A–rated model that accommodates 
the higher currents occasionally encountered in harnessed 
PV circuits.

Best Practices for Performance Measurements 
You must know the plane of array irradiance and cell tem-
perature to evaluate PV circuit performance, regardless of 
test method. To assure that you can interpret your I-V curves 
with accuracy, pay attention to environmental conditions, as 
rapid changes in plane of array irradiance or cell temperature 
can introduce errors. Also take care to use proper sensor types 
and test methods.

Environmental conditions. Ideally, carry out performance 
tests under relatively stable weather conditions when the 
irradiance is above 700 W/m2. This is most critical when 
establishing a performance baseline at commissioning or 
recommissioning, but is also relevant to troubleshooting sce-
narios. The module data used to predict the I-V curve shape 
are based on standard test conditions. The closer the field 
test conditions are to standard test conditions, the less error 
is introduced when the software translates data to or from 
STC. Good test conditions are most likely to occur during the 
4-hour window around solar noon. 

Irradiance measurements. Irradiance measurement is 
typically the greatest source of error in PV performance 
measurements. For example, a 1% or 2% irradiance error 
can dwarf the current and voltage measurement inac-
curacy inherent in a quality I-V curve tracer, and signifi-
cantly reduce the accuracy of the performance test results. 
Fast-moving clouds near the sun and high-elevation cirrus 
clouds are particularly problematic. One of the benefits of 
using I-V curve tracers for performance test measurements 
is that you may be able to save critical 
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Figure 8  Technicians can use the selective shading method 
to identify a bad PV module without opening any intercon-
nections. In this example, when properly performing modules 
are shaded, the deviation in the I-V curve remains unaffected 
(dashed red curve). However, when the bad module is shaded, 
the source circuit returns an I-V curve with a normal shape 
(dashed blue curve).
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environmental data along with the I-V data. This eliminates 
manual data entry errors that can cause trouble later, and 
minimizes the opportunity for errors associated with rapid 
changes in test conditions.

True pyranometers are not a good choice for I-V curve 
testing, as they have a wide, flat spectral response that dif-
fers from that of crystalline and thin-film technologies. 
Hand-held irradiance sensors are also not a good choice, 
as it can be difficult to orient them reliably and repeatedly 
in the plane of the array. Hand-held irradiance sensors may 
also have an angular response that differs substantially from 
that of fielded PV modules. Angular response is especially 
important early and late in the day, and on days when cloud 
cover scatters a significant amount of the sunlight. Under 
these test conditions, the array and sensor must have an 
equally wide view of the sky.

Strong optical reflections must not influence irradiance 
sensor measurements. If the irradiance sensor picks up signif-
icantly more reflected light than the PV modules under test, 
the model will overpredict ISC and the module will appear to 
be underperforming. Under certain circumstances, sunlight 
reflected from metal surfaces can greatly exaggerate the irra-
diance reading. You can usually remedy this by changing the 
sensor mounting location.

Temperature measurements.  PV module performance is 
inherently less sensitive to temperature changes than to irra-
diance variations. However, temperature 

Interpret ing I-V Curve Deviat ions

Irradiance sensor  For accurate array performance measure-
ments, mount the irradiance sensor in the plane of the array 
and make sure that the sensor’s spectral response matches 
that of the PV modules. The wireless unit shown here contains 
a spectrally corrected silicon photodiode irradiance sensor, 
and also measures backside temperature and module tilt.
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impacts are still very significant, and weather conditions 
and measurement technique deserve attention. Wind and 
rapidly changing irradiance complicate the picture by 
making cell temperature a rapidly moving target. 

The best way to obtain cell temperature, especially 
under variable environmental conditions, is to use a 
light-gauge thermocouple—such as 24- or 30-gauge 
wire—that will track cell temperature more closely than 
a larger sensor. If you have access only to a more mas-
sive sensor, allow time for thermocouple temperature to 
stabilize as heat transfers from the PV cell to the thermo-
couple through the encapsulant and backsheet material, 
which have low thermal conductivity. 

Since array and module edges tend to run cool, 
position the thermocouple between the corner and the 
center of a module located away from the cooler array 
perimeter. The aim of this practice is to select a sensor 
attachment point that approximates the average back-
side temperature. Stick the thermocouple in place using 
high-temperature tape, such as the specialty products man-
ufactured by Kapton or those used in the HVAC industry. The 
tip of the thermocouple must make good contact with the 
back of the PV module, as air gaps interrupt heat transfer, 
resulting in low temperature readings. When moving the 
thermocouple between identical array sections, place it at 
the same relative location each time to avoid introducing 
artificial temperature shifts.

While testers sometimes use digital IR thermometers to 
characterize cell temperature, their accuracy depends on sur-
face emissivity. IR thermometers measure glass temperature 
rather than cell temperature. Calibrate an IR thermometer 
reading by taking a side-by-side measurement of the same PV 
cell using the IR device and a thermocouple, and then adjust-
ing the emissivity control on the IR device until the two tem-
perature readings match. 

Some I-V curve testers can also calculate module tem-
perature from the measured I-V curve. This method achieves 
its best accuracy at high irradiance values where the relation-
ship between VOC and cell temperature is well known. When 
irradiance is low, the temperature differential between the PV 
cells and the module backsheet is much smaller, and backside 
temperature sensing is more accurate.

Warranty Returns and Remedies
I-V curve tracers can ease the warranty claim process by 
making it possible to identify system performance problems 
caused by isolated failures, systemic degradation or poor 
installation practices. Jeff Gilbert, the director of O&M ser-
vices at Vigilant Energy Management, notes: “We are currently 
pursuing a warranty claim for modules that show numerous 

hot cells, and the most useful field diagnostic tool has been 
our I-V curve tracer.”

You do not have to be an expert in PV module failure 
mechanisms to use an I-V curve tracer to identify an under-
performing module. However, you may need to document a 
problem expertly to get a manufacturer to process a warranty 
claim. I-V curve tracers are unique in their ability to detail and 
monitor the rate of change in key performance metrics over a 
period of years. 

According to Meydbray of PV Evolution Labs: “PV module 
manufacturers rarely accept field measurements as the sole 
evidence required for PV module replacement. But even if 
they want the suspect modules sent to the factory or an inde-
pendent laboratory for additional testing, I-V curve data gath-
ered in the field is a good way to get the process started.”

We are all still learning about module aging character-
istics and failure modes. However, our knowledge base will 
grow as fielded systems age, especially when actual perfor-
mance diverges from expected. As this knowledge base grows, 
our troubleshooting techniques will advance. The process 
outlined in the troubleshooting flowchart is dynamic, one 
that we will update over time with the help of industry stake-
holders. Please contact me if you have feedback, suggestions, 
curve traces or case studies that we can learn from.

g C O N T A C T

Paul Hernday / Solmetric / Sebastopol, CA / paul@solmetric.com /  

   solmetric.com / 

RESOURCES

“PV Array Troubleshooting Flowchart,” free solar poster (24 by 36 inches) 

from Solmetric: freesolarposters.com

Interpret ing I-V Curve Deviat ions

Data outlier  This screen capture shows how easy it is to spot a 
single poorly performing PV source circuit. After troubleshooting 
reveals the source of the problem, these data may prove helpful in 
expediting a warranty claim. 
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Commercial Rooftop  
PV Arrays

DESIGNING FOR  
FIRE CODE COM PLIANCE

In a first, the most recent 

fire code editions include 

requirements specific to 

PV systems. 

Meeting these 

requirements provides 

fire service personnel with 

access to the roof and room 

to conduct emergency fire 

suppression activities.
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T
he rooftops of commercial buildings provide some of 
the best locations for PV systems. Picture the roof of 
a commercial building that does not require climate 
control systems or HVAC equipment, such as a distri-

bution warehouse. This expansive, relatively flat roof with few 
obstructions is an ideal open space for a PV installation. How-
ever, to comply with current fire code requirements, PV system 
designers still need to ensure that the layout of the array pro-
vides fire service personnel with perimeter roof access, path-
ways within the array and smoke ventilation opportunities.

In this article, we review the evolution of fire code 
requirements related to PV systems. We then focus on those 
requirements that pertain to access, pathways and smoke 
ventilation for PV systems on commercial buildings and 
explain the rationale behind these regulations. We also 
review the process of complying with these fire code require-
ments and suggest useful design strategies to avoid permit-
ting and inspection problems.

EVOLUTION OF FIRE CODE REQUIREMENTS
The current fire code requirements for PV systems began as a 
set of recommendations known as the Solar Photovoltaic Instal-
lation Guideline, which CAL FIRE—the California Department 
of Forestry and Protection—developed in partnership with 
“interested local fire officials, building officials and [solar] 
industry representatives” (see Resources). CAL FIRE’s Office of 
the State Fire Marshal initiated the development of these guide-
lines in August 2007 “with safety as the primary objective.” 

Unlike ac electrical systems, conventional PV systems 
include dc circuits that remain energized even when the 
PV inverter is disconnected from the utility grid. Recogniz-
ing the unique nature of these hazards and the burgeoning 
growth of PV installations, CAL FIRE determined that regu-
lations were needed to guarantee that the design of rooftop 
PV installations would facilitate fire suppression operations 
and ensure firefighter safety while still meeting the needs of 
the solar industry. 

The final draft of the Solar Photovoltaic Installation Guide-
line, published in April 2008, is known informally as the CAL 
FIRE Guideline. In the 2011 Solar America Board for Codes and 
Standards (Solar ABCs) report, “Understanding the CAL FIRE 
Solar Photovoltaic Installation Guideline,” Bill Brooks summa-
rizes the intent and scope of the CAL FIRE recommendations: 
“The purpose of the Guideline is to help firefighters identify PV 
systems, protect electrical wiring and safely access roofs for 
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vertical ventilation operations during fire suppression activi-
ties. The Guideline includes guidance about clearly marking 
conduit and equipment; access, pathways and ventilation; 
and the location of dc conductors in both residential and 
commercial buildings” (see Resources).

The CAL FIRE Guideline does not have the force of law. 
Rather, it is a “suggested means of writing a local ordinance.” 
As such, the Guideline describes the process whereby an 
individual governing body in California—such as a city or 

county—could convert the wording in the 
Guideline into a legally enforceable code. How-
ever, the Guideline also recognizes that AHJs 
have broad powers to amend the language. On 
one hand, AHJs are empowered to “establish 
more restrictive” provisions based on “climatic, 
topographic, or geological conditions.” On the 
other hand, AHJs “may approve alternative 
means of compliance based on their authority.” 
This provision allows individual AHJs to adapt 
to and permit evolving products, designs, tech-
nologies and installation methods while still 
implementing necessary safety considerations.

From guideline to code. While CAL FIRE origi-
nally wrote the Guideline as a recommendation 
for local ordinances, other agencies have since 
codified the design and installation practices 
it describes. In his Solar ABCs report, Brooks 
explains: “In May 2010, the International Code 
Council (ICC) approved a revised version of the 
Guideline for inclusion in the 2012 version of the 
International Fire Code (IFC). This elevates the 
importance of the Guideline from a recommen-

dation to a legally binding code, and makes a thorough ground-
ing in the reasoning behind the Guideline even more important.”

The ICC’s International Fire Code is one of two primary fire 
codes used in the US. The other is the Uniform Fire Code, or 
NFPA 1, published by the National Fire Protection Association 
(NFPA). Both the IFC and the NFPA 1 are revised every 3 years. 
The 2012 version of both fire codes includes new language 
related to PV power systems (see Resources). In IFC 2012, the 
requirements for solar photovoltaic power systems appear in 
Section 605.11; in the 2012 edition of NFPA 1, the requirements 
for photovoltaic systems are found in Section 11.12. In both 
cases, these fire code requirements are based largely on the 
CAL FIRE Guideline.  

Matt Paiss is a fire captain with the San Jose Fire Depart-
ment in California. He points out that while the language 
pertaining to PV systems in each of the fire codes is very simi-
lar, there is still a fair amount of variation across the coun-
try in terms of which code or code edition local authorities 
enforce: “Each state or jurisdiction adopts the fire code of 
choice according to its own procedures and updates code edi-
tions according to its own calendar. According to a database 
maintained by the ICC, as of March 2014, approximately 23 
states have adopted the IFC at the state level. Ten of these 
states—including California—have already adopted IFC 2012, 
which includes the new requirements for PV systems; seven 
states are still enforcing the 2009 edition; four states have yet 
to update from IFC 2006; and two states are still enforcing 
the 2003 edition. Meanwhile, another 19 states have adopted 
some edition of NFPA 1.” 
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Perimeter access  The fire codes require a clear perimeter around PV 
arrays on commercial rooftops to allow fire crews to access the roof from 
any direction, stage equipment and maneuver around one another. This 
perimeter zone is generally not well suited as a PV array location due to 
roof-edge wind vortices and shading from parapet walls.

Pathways  Firefighters can use centerline axis and straight-
line pathways to move across a roof, to access skylights for 
vertical ventilation or as a means of emergency egress. 
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ACCESS, PATHWAYS AND SMOKE VENTILATION 
The primary fire code requirements that influence array 
layout on commercial rooftops are intended to provide 
fire service personnel access to the roof and room to move 
about in the event of an emergency. These requirements 
originate in Section 2 of the CAL FIRE Guidelines and 
are codified in Section 605.11.3 of IFC 2012 and Section 
11.12.2.2 of the 2012 edition of NFPA 1. NFPA 1 summarizes 
the general requirements as follows: “Access and spac-
ing requirements shall be required to provide emergency 
access to the roof, provide pathways to specific areas of the 
roof, provide for smoke ventilation opportunities, and pro-
vide emergency egress from the roof.” 

Access. In the event of a structure fire, firefighters need 
to access a roof using ladders or other means. Therefore, 
the fire codes require “a minimum 6-foot-wide clear perim-
eter around the edges” of commercial roofs larger than 250 
by 250 feet. However, if either axis of the roof is 250 feet or 
less, then the system designer can reduce the width of the 
clear perimeter to a minimum of 4 feet. 

Brooks explains the commonsense rationale for hav-
ing wider access areas on larger buildings: “One [reason] 
is that firefighters must carry more gear and equipment for 
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AHJ exceptions  According to the CAL FIRE Guideline, local 
jurisdictions are empowered to reduce access, pathway or 
ventilation requirements when certain criteria are met, such as 
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some roof operations on larger buildings. Another [reason] 
is that more firefighters are generally dispatched for larger 
buildings, and they require extra space to maneuver around 
one another, particularly in the vicinity of access ladders.”

Pathways. Once on the roof, firefighters need to be able 
to move about efficiently. Therefore, fire codes require 
“centerline axis pathways” and “straight-line pathways” 
from the perimeter access area to skylights, ventilation 
hatches and roof standpipes. These clear pathways must 
be at least 4 feet wide. Further, the codes require a 4-foot 
clear area on all sides of a roof access hatch, and at least 
one pathway between the access hatch and the perimeter 
access area. Finally, the roof pathway areas must be struc-
turally “capable of supporting the live load” associated 
with firefighters and their equipment. (While the CAL FIRE 
Guideline states that pathways must be located over struc-
tural members, the language adopted in the fire codes is 
notably less specific.)

The pathway requirements allow firefighters access to 
roof areas that may need inspection or that can be used to 
vent smoke from the building. The pathways also allow fire-
fighters to get off a roof quickly. Brooks elaborates: “Typi-
cally, firefighters prefer to identify multiple pathways for 

egress so that if the fire cuts off one egress pathway, an alter-
native is available. The alternative pathways may not need to 
be as big as the primary access and egress pathways.” 

Smoke ventilation. Firefighters use vertical ventilation to 
remove smoke from the inside of a burning building. To facili-
tate these operations on commercial rooftops, the fire codes 
limit the physical size of the array sections to “no greater than 
150 feet by 150 feet in distance in either axis.” The fire codes 
require smoke ventilation opportunities between these array 
sections and detail three possible design options: pathways 
that are at least 8 feet wide, pathways that are 4 feet wide and 
border skylights or smoke and heat vents, or pathways that 
are 4 feet wide with 4-by-8-foot “venting cutouts” located 
every 20 feet “on alternating sides of the pathway.” Both the 
CAL FIRE Guideline and Brooks’ Solar ABCs report provide 
example array layouts for each of these options.

In some types of construction, such as wood framing, 
firefighters may ventilate a building by cutting holes in the 
roof deck. However, this approach may be impractical with 
other construction types more commonly found in com-
mercial buildings. Brooks points out: “Although a few fire 
departments may engage in vertical ventilation operations 
on metal and concrete decked roofs, they are the exception 
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rather than the rule.” He con-
tinues: “Some [commercial] 
buildings make ample use of 
skylights, which can greatly 
facilitate venting opportuni-
ties during a fire. Of course, 
these skylights and ventilation 
hatches need to be accessible.”

DESIGNING FOR FIRE CODE 
COMPLIANCE
In general, it is good practice 
to contact the AHJ early in the 
project design process. You may 
need to determine which code 
editions it is enforcing and its 
plan-submittal requirements. 
Also inquire about any special 
design considerations that may 
apply to your project. The lat-
ter is an especially important 
discussion to have with the 
AHJ, as local fire departments 
may have design requirements 
above and beyond those found 
in the fire codes. 

Paiss explains: “California 
adopts the most recent edi-
tion of the IFC as the state fire 
code, but this process takes a 
year. The 2013 edition of the 
California Building Standards 
Code includes IFC 2012, which 
AHJs are now enforcing. How-
ever, any individual AHJ in 
California may make amend-
ments to the state fire code, as 
long as these do not decrease 
the basic requirements. In 
other words, the California Fire Code only describes the 
minimum standard that system designers and installers 
need to meet.”

That being the case, you do not want to start on a 
detailed system design until you have established whether 
the AHJ has special design requirements. Accommodating 
unexpected requirements after the fact requires additional 
design iterations and design time, and could negatively 
impact project size, schedule, procurement and budget. Ide-
ally, get any special requirements in writing. To the extent 
that you can eliminate opportunities for confusion or mis-
communication, you are less likely to have permitting or 
inspection problems later.

Surveying the roof. When designing a PV array for a commer-
cial rooftop, the first step is to perform or obtain a high-quality 
roof survey. A complete, detailed, accurate and current roof 
survey is the foundation of a good rooftop PV system design 
and an efficient installation. The survey should be a dimension-
ally accurate 3-D model of the roof that includes all roof aspects 
and locates all objects. The final survey should be formatted for 
use in CAD software. 

System designers generally need to evaluate each project 
and make a site-specific decision about the appropriate roof 
survey methods. For large and complex rooftops, it may be 
beneficial to contract a licensed surveyor, who can produce 
the survey using methods and equipment 

Vendor Headquarters Phone Website
Applied Energy Technologies (AET) Clinton Township, Michigan 586.466.5073 aetenergy.com

B-Line by EATON Highland, Illinois 877.586.8607 cooperindustries.com

Ecolibrium Solar Athens, Ohio 740.249.1877 ecolibriumsolar.com

Daetwyler Clean Energy Huntersville, North Carolina 704.659.7474 daetwylerce.com

DPW Solar Albuquerque, New Mexico 800.260.3792 dpwsolar.com

DynoRaxx Buffalo, New York 866.620.2410 dynoraxx.com

GameChange Racking New York, New York 212.359.0205 gamechangeracking.com

HatiCon Solar Ontario, California 866.489.4472 haticonsolar.com

IronRidge Hayward, California 800.227.9523 ironridge.com

Legrand Mascoutah, Illinois 800.658.4641 legrand.us

Mounting Systems West Sacramento, California 855.731.9996 usa.mounting-systems.info

PanelClaw North Andover, Massachusetts 978.688.4900 panelclaw.com

Patriot Solar Group Albion, Michigan 517.629.9292 patriotsolargroup.com

Polar Racking Toronto, Ontario 416.860.6722 polarracking.com

Professional Solar Products (ProSolar) Oxnard, California 805.486.4700 prosolar.com

Renusol Atlanta, Georgia 877.847.8919 renusolamerica.com

RBI Solar Cincinnati, Ohio 513.242.2051 rbisolar.com

Schletter Shelby, North Carolina 888.608.0234 schletter.us

Silverback Solar Santa Cruz, California 877.765.2759 silverbacksolar.com

SnapNrack San Luis Obispo, California 877.732.2860 snapnrack.com

SolarDock Wilmington, Deleware 302.504.0124 solardock.com

Solar FlexRack Youngstown, Ohio 888.380.8138 solarflexrack.com

Solar SpeedRack Costa Mesa, California 888.275.2249 solarspeedrack.com

Sollega San Francisco, California 855.725.7225 sollega.com

SOLON Tucson, Arizona 520.807.1300 solquick.com

SunLink San Rafael, California 415.925.9650 sunlink.com

Unirac Albuquerque, New Mexico 505.242.6411 unirac.com

Unistrut Energy Solutions Itasca, Illinois 877.336.4332 unistrutenergy.com

Zep Solar San Rafael, California 415.479.6900 zepsolar.com

Zilla Rac Lafayette, Colorado 855.670.1212 zillarac.com

Commercial Rooftop Mounting System Manufacturers

Product suppliers  The table above provides contact information for a representative 
set of vendors that offer mounting systems for commercial low-slope rooftops. While the 
fire code requirements generally apply regardless of the product selected, some module 
mounting configurations—such as wide-mounted mechanical assemblies—may qualify 
for specific exemptions at the discretion of the AHJ.
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that have a high degree of accuracy. 
The surveyor might accomplish this 
with a total station, a modern sur-
veying instrument that integrates an 
electronic transit with an electronic 
distance meter, or with a 3-D laser 
scanner. Simpler survey methods and 
equipment—such as using steel tape 
or a measuring wheel and drawing the 
roof model—may suffice for smaller, 
less complex rooftops. Satellite imag-
ery of the structure is a poor choice for obtaining rooftop 
model information, as the images may be distorted. Original 
construction documents are not a good option either, as the 
information may be out of date. Construction documents 

are not guaranteed to represent the 
as-built condition of the structure 
or account for post-construction 
modifications.

Once the designer has loaded the 
roof survey into a CAD software pro-
gram, the next step is to define areas 
where the roof can accommodate the 
PV array. One effective approach is to 
define the PV array exclusion areas 
with boundaries and hatching. The 
exclusion areas should include all 
those the fire codes require, such as 
access pathways and equipment off-
sets, as well as any additional areas 
the client or building owner requires. 

Perimeter exclusion areas. Perim-
eter exclusion areas meet the roof 
access requirements in the fire codes. 

The clear perimeter requirements for commercial buildings 
originate in Section 2.2.1 of the CAL FIRE Guideline and are 
found in Section 605.11.3.3.1 in IFC 2012 or Section 11.12.2.2.3.1 
in the 2012 edition of NFPA 1. Typically, 
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Exit strategy  When designing large 
rooftop PV arrays, it is important 
to leave room for routing PV power 
circuits off the roof and to verify that 
no obstructions are on the side of the 
building or at ground level.
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the requirements specify a 6-foot 
clear perimeter. 

Start to define the avail-
able roof area for the PV array 
by adding the required offset 
boundary around the perim-
eter. To route or place electrical equipment—such as cable 
trays, conduit, combiner boxes or disconnects—alongside 
the offset boundary, increase the width of the exclusion 
area accordingly. 

Generally speaking, it is not difficult to meet the roof 
access requirements. Several factors encourage system 
designers to set the PV array back from the roof edges. If there 

is a parapet wall, you need to set 
the array back to avoid shad-
ing. In addition, roof edges are 
subject to higher wind speeds, 
which may make the perimeter 
unsuitable for an array. (See 
“Wind Load Analysis for Com-
mercial Roof-Mounted Arrays,” 
SolarPro magazine, June/July 
2012.) You may also find that 
roof crickets (water drainage 
features) at the roof perimeter 
create undulating slopes that 
exceed the limits allowed by 
the mounting system manu-
facturer. Brooks points out that 
perimeter exclusion areas also 

have a safety benefit: “[The] further the PV array is from the 
edge of the roof, the less likely construction workers will be 
exposed to the hazard of falling from the edge of the roof.”

Pathway exclusion areas. Pathway exclusion areas meet the 
pathway and smoke ventilation requirements in the fire codes. 
The pathway requirements on commercial roofs originate 
in Section 2.2.2 of the CAL FIRE Guideline and are codified in 

Commercial  Rooftop PV Arrays
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Rooftop step-over  If an AHJ 
determines that the combined 
width of cable trays or conduits 
crossing fire service pathways 
or access areas constitutes an 
obstruction, you may need to 
install a ramp, bridge or step-over, 
like the EATON B-Line GRATE-
LOCK product shown here.

Made in the U.S.A.
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Section 605.11.3.3.2 of the IFC 2012 
and Section 11.12.2.2.3.2 of NFPA 1. 

It is generally a good idea to 
start the design by placing the 
centerline pathways across both 
roof axes. If obstructions prohibit 
placing these pathways exactly 
along the centerlines of the struc-
ture, shift these pathways to the 
locations nearest the centerlines 
that allow for a clear, straight 
roof crossing. Once the centerline 
pathways are set, place successive 
pathways. Ideally, create a grid of 
partitioned 150-by-150-foot roof 
areas, since this is the maximum 
array block size that the fire codes 
allow. In practice, you may have 
to adjust the pathway locations—
perhaps to account for obstructions or to provide clear, 
straight access to skylights—which may reduce the dimen-
sions of the array blocks. 

Keep in mind that many of the roof features that trigger 
pathway requirements—such as roof hatches, skylights and 

standpipes—also require offset 
boundaries. The client or build-
ing owner may require additional 
exclusion areas. For example, you 
may need to provide an access 
pathway to rooftop HVAC equip-
ment and clearance around each 
unit to accommodate mainte-

nance personnel and their equipment carts. After you have 
accounted for access and pathways, you can add offsets 
around rooftop obstructions that could shade the PV array. As 
with perimeter exclusion areas, you must keep the PV array 
and BOS components out of the pathway exclusion areas.
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Don’t miss the BOS  When lay-
ing out commercial PV arrays 
that will use low-profile mounting 
systems, you must account for 
dc aggregation system compo-
nents and ensure that they do not 
encroach on the access, pathway 
and ventilation areas required by 
the fire codes. 

CONTACT US  RBI Solar, Inc. | 5513 Vine Street  Cincinnati, OH   45217 | 513.242.2051 | info@rbisolar.com
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Pathway width. System designers can use either 4-foot or 
8-foot pathways to meet smoke ventilation requirements. The 
basic design options originate in Section 2.2.3 of the CAL FIRE 
Guideline, and are codified in Section 605.11.3.3.3 of the IFC  
2012 and Section 11.12.2.2.3.3 of NFPA 1. 

The ideal pathway width between array sections varies 
by project, depending on the design of the structure, the PV 
system equipment and various other factors. For instance, 
when designing a PV system for a structure where many sky-
lights or ventilation hatches are arranged in a grid, it gen-
erally works very well to use a 4-foot pathway that borders 

the roof skylights and ventilation hatches. This option allows 
you to reduce the width of the pathways required for smoke 
ventilation purposes while meeting the requirements to 
have straight-line clear pathways to skylights or ventilation 
hatches. In essence, you can use a single 4-foot-wide path-
way to meet two distinct fire code requirements.

While you may also use 4-foot pathways in combination 
with 4-by-8-foot venting cutouts every 20 feet on alternat-
ing sides of the pathway, designers seldom use this option 
since it disrupts the array layout. If the rooftop is not space 
constrained or broken up by skylights, selectively using the 

Commercial  Rooftop PV Arrays

The Fire Service Perspective 

F ire and electrical safety codes, designed to provide a 
safe structure for all who enter, govern the built environ-

ment. These consensus codes cover our homes, as well as 
our workplaces. Some safety code requirements are specifi-
cally intended to protect firefighters from the hazards that PV 
systems present. After all, firefighters will inevitably respond to 
fires on buildings that have PV systems on them, regardless of 
what started the fire. 

While PV-initiated fires are rare, we are seeing wire damage in 
the field on PV systems that are less than 10 years old  
from a variety of causes: sharp edges on mounting systems, 
broken wire ties, rodents or UV breakdown of conductor insula-
tion. Some of these older systems may 
no longer be properly grounded or may 
never have been properly grounded. 
Ground faults in improperly grounded 
PV systems may present a fire hazard, 
especially in legacy systems. Therefore, 
it is very important that PV systems  
be inspected and maintained as they 
age to ensure that materials and sys-
tems are performing as expected. 
Assuming that an electrical system is 
properly designed, installed and com-
missioned, the most important factor 
for its continued safe operation is pre-
ventative maintenance. 

Commercial buildings present 
unique challenges for the fire service, 
whose mission is to protect life and 
property. Often, more people occupy a 
commercial structure than a residence, 
and the structure itself has a higher 
value. Commercial structures may con-
tain large amounts of flammable, toxic 
or other high-hazard materials. In some 
cases, a commercial building is so 

large that it requires distinct firefighting tactics. These challenges 
are amplified on commercial buildings with PV systems, which 
present firefighters with unique hazards compared to most other 
electrical systems.

In September 2013, a well-publicized fire occurred at a 
300,000-square-foot warehouse in Delanco, New Jersey. 
The roof held more than 7,000 PV modules, organized in four 
large array sections, approximately 280 by 190 feet each. 
Reportedly, by the time the first firefighter gained roof access 
to investigate the situation, the fire already involved an area of 
approximately 100 by 100 feet. Since there was 6 to 8 inches 
of Styrofoam insulation—a petroleum-based product and 

a significant fuel load—under the roof 
membrane, firefighters were unable to 
extinguish the fire. While we may never 
know the true cause of this incident, 
the Delanco fire chief indicated in news 
reports that he chose to fight the fire 
defensively from aerial ladders, rather than 
committing personnel to the roof, due to 
the presence of the PV system and a lack 
of roof access for vertical ventilation.

Firefighters access rooftops primarily 
to conduct vertical ventilation operations. 
However, firefighters may also need roof 
access to extinguish the fire or conduct 
rescue operations. Once on the roof, 
firefighters can use pathways in various 
ways. They may extend a hose line along 
the pathway to extinguish a rooftop fire. 
They may use the pathway to reach a 
ventilation hatch. They may even cut a 
ventilation hole through the roof in the 
clear space provided by the pathway. 
Occasionally, when a fire is active in a 
commercial structure, firefighters cut a 
“trench” ahead of the fire as a defensive 
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Source of the problem  Until isolated 
by a qualified person, compromised dc 
circuits remain energized as long as the 
PV array is illuminated. Analysis of this 
PV-initiated fire (see SolarPro maga-
zine, February/March 2011) suggests 
that an undetected ground fault set the 
stage for an uncontrolled series arcing 
fault, which started fires at two loca-
tions on the roof of a big-box store. 
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8-foot pathway option may offer benefits. While wide path-
ways take up more roof area, they can also accommodate 
more foot traffic or larger equipment. This can be valuable 
to facilities personnel and maintenance technicians as well 
as the fire service. 

Design flexibility. When laying out pathways and determin-
ing pathway width, account for raceways, cable trays and 
other BOS components, like dc combiners, that are often 
located along these routes. You will likely not incorporate 
these components into your plan set until after the array 

tactic, which involves cutting a 2- or 3-foot-wide hole in the roof 
that extends from wall to wall across the width of the building. 
This tactic may be effective, for example, on a strip mall struc-
ture. The trench cut allows the hottest gases and the fire to exit 
the roof vertically, which limits the horizontal spread of the heat 
and fire to adjoining structures.

One of the fire service’s most important concerns during or 
after an emergency is limiting power to a safe level. The 2014 
edition of the National Electrical Code added new requirements 
in Section 690.12 related to the rapid shutdown of PV systems 
in buildings. These requirements mitigate the potential for shock 
hazard during an emergency—but only outside the array area. 
Since the PV array itself remains at open-circuit voltage, the fire 
service would prefer that the generator has the ability to shut 
down to touch-safe levels—less than 30 Vdc—in an emergency, 
as this provides the highest level of safety for persons and prop-
erty. After a fire, the building must be overhauled to ensure that 
the fire does not rekindle and threaten additional structures or 
property. When an electrical system is left in an energized and 
possibly damaged state, it places a responsibility on the incident 
commander to mitigate the hazard prior to releasing the building 
to the owner.  

This points to another concern of fire incident commanders: 
whom to call if a fire damages a PV system. Typically, the utility 
company responds by cutting the service drop during or after a 
fire. However, PV equipment is on the owner’s side of the meter 
and can remain energized. This is potentially hazardous, especially 
if the PV system has sustained damage and the inverter may be 
offline without safety-monitoring abilities. System integrators can 
greatly assist the fire service by placing a label on the main service 
panel with emergency contact information, including an after-
hours support number. Otherwise, the fire service could require 
the facility owner to contract a private security firm, at the owner’s 
expense, to secure the area until a qualified person arrives on-site 
and controls the PV power circuits, which is an unappealing sce-
nario for all involved.

—Matt Paiss, San Jose Fire Department fire captain
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layout is complete. With some foresight, you can reduce the 
number of design iterations and minimize design time by 
including space for this equipment in your preliminary array 
exclusion areas. 

Whatever the minimum pathway dimensions are according 
to the fire code, keep this width clear of equipment or obstruc-
tions. If you plan on locating electrical equipment alongside 
these pathways, then make the pathways wider to maintain fire 
code compliance. Even if you do not yet know the exact source-
circuit combiner model and dimensions, you can still carve out 
potential locations for dc combiners and provide allowances 
for conductor routing. It is also helpful to consider how and 
where conductors will exit the rooftop, travel down and con-
nect to equipment located at ground level, such as inverters or 
panelboards. Especially on large systems, routing conductors 
off the roof can become a significant design consideration. You 
may have several large raceways meeting near the roof exit 
point, in which case you need additional space between the 
array and the roof edge or parapet.

If there is enough space on the roof, you may want to 
incorporate extra width—perhaps 12 or 16 inches—into path-
way exclusion areas to accommodate unanticipated design 
changes. For example, imagine that you estimate the need 
for a 5-foot pathway to accommodate a 1-foot cable tray and 
provide 4 feet of clearance for firefighters. If you can provide 
additional space as a buffer, then you have some flexibility 
to adapt the system design. Perhaps you decide later to use 
larger source-circuit combiner boxes and need a 2-foot cable 

tray to do so. If you padded the width of the pathways, then 
you are free to make this change. Conversely, if you size the 
pathways at the minimum width required to meet the fire 
code, it will be difficult for you or the installer to adjust the 
system design later. 

DESIGN STRATEGIES
Once you have a general idea of how to partition the roof 
area into array sections, you need to develop a detailed sys-
tem design that is both product and application specific. The 
mechanical dimensions of the PV module and the mounting 
system will heavily influence the roof layout. However, you 
also need to account for electrical design requirements. You 
must select appropriate inverters and identify where these 
will be located before you can account for the BOS compo-
nents required between the PV array and the inverters. All of 
this equipment has implications for rooftop design.

Schematic design. Before producing a detailed system 
design, select your mounting system, PV module and inverter 
model(s). You will then use the module and inverter specifica-
tions to determine the number of PV modules per source cir-
cuit. (See “Array Voltage Considerations,” SolarPro magazine, 
October/November 2010.) Depending on the product, PV 
source-circuit size may have a significant impact on how the 
mounting system or racking is configured and laid out.

Some mounting system manufacturers produce PV array 
layouts in CAD format as a free service to customers. If this 
service is available, it is generally worth using. It not only 
saves design time, but should also provide an array layout 
with good dimensional accuracy. For best results, provide 
the vendor with a roof model that includes all of the required 
access pathways and equipment offsets, and that accounts 
for the maximum dimensions per array section. Clearly 
defining these boundaries in your model is not only useful 
during the design process for maintaining code compliance, 
but will also assist the reviewing agency during the plan 
check process. 

Selecting the mounting system. The mounting system itself 
has an impact on system design and installation. On one 
hand, some low-profile rooftop mounting systems sit close 
to the roof surface, which generally means that you must 
locate BOS components adjacent to the mounting struc-
ture. On the other, some mounting systems are elevated 
with some distance between the rack-mounted PV modules 
and the roof surface, which may allow you to route wires or 
install combiner boxes beneath the array. The height of the 
mounting system also impacts module shading and influ-
ences row-to-row spacing.

Sectioning the array. The ultimate design of the system 
may benefit if you consider module quantity per array sec-
tion while defining the array layout. To the extent that array 
sections consist of some multiple of the 

Elevated mounting system  One benefit of mounting  
modules on elevated racks is that it leaves room under-
neath the array to accommodate BOS components such as 
raceways and dc combiners.
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number of modules per source circuit, you can eliminate the 
need for installing conduit and jumper wire between array 
sections to connect partial source circuits. This will not only 
reduce installation costs—both time and materials—but will 
also eliminate trip hazards associated with routing conduit 
across pathways. 

Be aware that this design approach is not suitable for all 
projects; you should use it selectively based on an analysis 
of the project goals. For instance, the approach is not desir-
able if you are trying to maximize the PV generating capacity 
on a given roof. In that case, you would want to maximize the 
number of modules per array section rather than round down 
to the nearest multiple of the source circuit size.

Conductor material. Cost considerations often govern the 
selection of conductor material, but it can ultimately impact 
the rooftop design as a whole. If you use aluminum conduc-
tors to reduce wire costs, you face an associated trade-off in 
terms of increased wire size. Increasing the wire size affects 
the size of your raceways or cable trays and may ultimately 
impact the width of access pathways. 

For example, imagine a scenario where you have PV out-
put conductors from several dc combiners routed in a cable 
tray. If you specify copper conductors, you can use a 2-foot 
cable tray. However, if you specify aluminum conductors, you 
need a 3-foot cable tray, which will require a wider pathway. 
This is a good example of the balancing act between costs 
and design impacts that takes place when you optimize PV 
system designs. (See “PV Array Electrical Aggregation Strat-
egies,” SolarPro magazine, April/May 2012.)

Wiring methods. A primary design consideration is 
whether to use raceways, cable trays or some combination 
of the two. The size of the system, the length of the wire runs, 
and the quantity and size of the conductors largely influence 
the decision. 

One of the advantages of using cable tray rather than race-
ways is that installers can simply lay conductors into the cable 
tray, rather than having to pull conductors through conduit 
over long distances. Wire runs of a significant distance require 
expansion hardware, but you can eliminate the need for pull 
boxes by using cable tray. A downside to using cable tray is 
that it can get quite wide and may encroach on or obstruct 
exclusion areas that fire codes require. You may need to install 
ramps, bridges or step-over systems at cable tray crossings to 
mitigate this issue.

In situations with relatively few conductors, you may 
find that conduit is optimal, perhaps because it requires less 
space. Just be aware that long conduit runs may require pull 
boxes and expansion fittings. In the right situation, a combi-
nation of cable tray and conduit may prove optimal, with the 
cable tray serving as the main trunk and conduits branching 
off to individual combiner boxes.

Adapting the design. During construction, issues may 
arise in the field that require some deviation from the plans. 

When these situations come up, installers should document 
the issue and the proposed change and submit this informa-
tion to the system engineer for review. While this process 
may conflict with field operations or schedules, the system 
engineer must verify the code compliance of any deviation 
from the certified plan set and consider other design impli-
cations. Once the review is complete, the system engineer 
should document the recommended and permissible solu-
tions, and submit these options to the installer along with 
any applicable drawing revisions.

For instance, consider a combiner box that you need to 
relocate into an access pathway. The system engineer must 
evaluate the new placement for fire code compliance, as well 
as consider the impact on circuit length, routing and voltage 
drop. The same process might apply if the installer discovers 
roof obstructions that did not appear on the roof survey and 
needs to relocate some of the PV modules. Ultimately, you 
need to submit to the AHJ any alteration that conflicts with 
the fire code, and the change may require a variance from the 
fire department.

MINIMIZING FIRE HAZARDS 
The access, pathway and ventilation requirements that we 
have discussed are intended to ensure that firefighters can 
safely move about a commercial roof in the event of an emer-
gency. The fire service is also rightfully concerned about 
shock hazards associated with rooftop PV systems. Many of 
the National Electrical Code requirements related to mark-
ing and labeling PV systems, routing and locating PV source 
and output circuits on or inside a building, rapid shutdown 
of PV systems on buildings and so forth aim to mitigate these 
hazards. If firefighters know that a PV system is present on a 
building and can identify the associated equipment, then they 
are less likely to inadvertently come into contact with ener-
gized circuits or system components. The NEC also includes 
important and evolving provisions, such as ground-fault and 
dc arc-fault circuit-protection requirements, designed to min-
imize the likelihood of a PV-initiated fire. 

g C O N T A C T

Matt Stornetta / Blue Oak Energy / Davis, CA / blueoakenergy.com 

Jayme Garcia / Blue Oak Energy / Davis, CA / blueoakenergy.com

RESOURCES

International Fire Code (IFC), International Code Council, 2012 Edition

Uniform Fire Code (NFPA 1), National Fire Protection Association,  

 2012 Edition

Solar Photovoltaic Installation Guideline, California Department of Forestry  

 and Fire Protection (CAL FIRE), April 2008

“Understanding the CAL FIRE Solar Photovoltaic Installation Guideline,“ 
 Solar America Board of Codes and Standards, March 2011

http://solarprofessional.com/articles/design-installation/pv-array-electrical-aggregation-strategies
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U pdated for 2014, SolarPro’s annual string-inverter dataset 
includes 140 wall-mountable inverter models from 18 man-
ufacturers. In addition to providing a format for comparing 
electrical and mechanical specifications model by model, 

this table is also useful for teasing out some interesting trends when 
compared to our 2013 string-inverter dataset.

Our 2013 dataset presented specifications for 111 single and 3-phase 
inverter models. Of these, 47% had transformerless, non-isolated topolo-
gies, and only two inverters (the Aurora Trio-20.0 and Trio-27.6 models 
from Power-One) were listed to UL 1741 for 1,000 Vdc applications. This 
year, 61% of the models included are non-isolated, and 18 are certified for 
1,000 Vdc projects. Another interesting trend: In 2013, 19 string-inverter 
models with a rated ac power output of 10 kW or greater and 17 models 
with 3-phase output were available for US projects. This year, 41 mod-
els have rated ac power capacities of 10 kW or greater, and 37 models 
have 3-phase outputs. In general, these trends indicate a growing market 
acceptance for string inverters in large commercial, industrial and even 
utility-scale projects.

The power conditioning products included in this table are listed 
to UL 1741 by a Nationally Recognized Testing Laboratory (NRTL) and 
most of them have been identified in the CEC list of eligible inverters 
per SB1 guidelines. In addition, all of the manufacturers represented in 
the table maintain an established US sales and technical support office. 

Visit solarprofessional.com to download a Microsoft Excel file con-
taining the inverter specifications compiled in this table. SolarPro per-
mits and encourages solar companies to integrate this data with their 
own system sales and design databases.

g C O N T A C T

Joe Schwartz / SolarPro magazine / Ashland, OR /  

 joe.schwartz@solarprofessional.com / solarprofessional.com

Manufacturers
ABB (Power-One) / 877.261.1374 / abb.com/solarinverters

AE Solar Energy / 877.312.3832 / advanced-energy.com

Chint Power Systems / 855.584.7168 / chintpower.com/na

Danfoss / 855.335.2912 / danfoss.us/solar

Delta Americas / 510.668.5100 / delta-americas.com

Eaton / 800.386.1911 / eaton.com

Eltek / 469.330.9100 / eltek.com/us

Fronius USA / 877.376.6487 / fronius.com  

Ideal Power / 512.264.1542 / idealpower.com

Ingeteam / 408.524.2929 / ingeteam.com

KACO new energy / 415.931.2046 / kaco-newenergy.com

Schneider Electric / 888.778.2733 / schneider-electric.com

Silicon Energy / 360.618.6500 / silicon-energy.com

SMA America / 916.625.0870 / sma-america.com

SolarEdge Technologies / 877.360.5292 / solaredge.us

SolarMax / 404.334.7098 / solarmax.com

Solectria Renewables / 978.683.9700 / solectria.com

Sungrow North America / 619.397.8000 / sungrow.ca
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2014 Single and 3-Phase String Inverters 
Input Data (dc) Output Data (ac) Integrated Disconnects and Combiners Termination Specifications

Manufacturer Model Topology

Max. recommended  
PV power at STC 

(W)

Maximum 
 open-circuit 

voltage
PV start 
voltage

# MPPT 
circuits

MPPT  
voltage range

Max.  
usable input 

current1

Max. 
short-circuit 

current

CEC-rated 
power 

(W)
Nominal  

output voltage
# of 

phases
Max. output  

current

Max. ac  
OCPD rating 

(A)

DC  
disconnect 
standard

AC  
disconnect 
standard

Fused 
combiner 
standard

Arc-fault  
protection

# DC string 
inputs

DC  
wire range  

(AWG)

AC  
wire range 

(AWG)
GEC wire range  

(AWG)

ABB (Power-One) UNO-2.0-I-OUTD-S-US-A isolated 2,100 520 200 2 1 170–470 12.5 15 2,000 208/240/277 1 10 15 yes no no yes 2 20–6 20–6 20–6

ABB (Power-One) UNO-2.5-I-OUTD-S-US-A isolated 2,600 520 200 2 1 205–470 12.8 15 2,500 208/240/277 1 12 15 yes no no yes 2 20–6 20–6 20–6

ABB (Power-One) UNO-7.6-I-OUTD-S-US-A non-isolated DNR 600 200 2 2 200–480 2 × 24 2 × 30 7,600 208/240/277 1 36.5/32/27.5 DNR yes no no yes 2 × 2 12–4 10–4 10–4 6

ABB (Power-One) UNO-8.6-I-OUTD-S-US-A non-isolated DNR 600 200 2 2 200–480 2 × 24 2 × 30 8,600 240/277 1 36/31 DNR yes no no yes 2 × 2 12–4 10–4 10–4 6

ABB (Power-One) PVI-3.0-OUTD-S-US-A non-isolated 3,500 600 200 2 2 160–530 2 × 10 2 × 12.5 3,000 208/240/277 1 14.5/14.5/12 20/20/15 yes no no yes 2 × 2 10–4 10–4 10–4 6

ABB (Power-One) PVI-3.6-OUTD-S-US-A non-isolated 4,150 600 200 2 2 120–530 2 × 16 2 × 20 3,600 208/240/277 1 17.2/16/16 25/20/15 yes no no yes 2 × 2 10–4 10–4 10–4 6

ABB (Power-One) PVI-4.2-OUTD-S-US-A non-isolated 4,820 600 200 2 2 140–530 2 × 16 2 × 20 4,200 208/240/277 1 20 25 yes no no yes 2 × 2 10–4 10–4 10–4 6

ABB (Power-One) PVI-5000-OUTD-US-A non-isolated 5,300 600 200 2 2 200–530 2 × 18 2 × 22 5,000 208/240/277 1 27/23/20 30 yes no no yes 2 × 2 8–4 8–4 10–4 6

ABB (Power-One) PVI-6000-OUTD-US-A non-isolated 6,400 600 200 2 2 200–530 2 × 18 2 × 22 6,000 208/240/277 1 30/28/24 30 yes no no yes 2 × 2 8–4 8–4 10–4 6

ABB (Power-One) PVI-10.0-I-OUTD-US 3 isolated 10,500 520 200 2 2 220–470 2 × 24 2 × 29 10,000 208/480 3 30/14 35/20 yes no yes no  2 × 3 20–6 12–4 20–6

ABB (Power-One) PVI-12.0-I-OUTD-US 3 isolated 12,300 520 200 2 2 220–470 2 × 25 2 × 29 12,000 480 3 16 20 yes no yes no 2 × 3 20–6 12–4 20–6

ABB (Power-One) Trio-20.0-TL-OUTD-US 4 non-isolated 22,000 1,000 360 5 2 450–800 2 × 25 2 × 30 20,000 480 3 27 40 yes no no yes 2 × 2 12–1/0 14–4 8–4 6

ABB (Power-One) Trio-27.6-TL-OUTD-US 4 non-isolated 30,000 1,000 360 5 2 520–800 2 × 30.9 2 × 36 27,600 480 3 36 50 yes no no yes 2 × 2 12–1/0 14–4 8–4 6

AE Solar Energy AE 3TL-12 6 non-isolated 21,000 ±500 ±200 1 ±125–450 2 × 27.5 2 × 76 12,000 480 3 14.5 20 yes no yes yes (option) 10 12–8 10–6 10–6

AE Solar Energy AE 3TL-16 6 non-isolated 28,000 ±500 ±200 1 ±125–450 2 × 33 2 × 76 16,000 480 3 19.3 20 yes no yes yes (option) 10 12–8 10–6 10–6

AE Solar Energy AE 3TL-20 6 non-isolated 35,000 ±500 ±200 1 ±125–450 2 × 37.5 2 × 76 20,000 480 3 24.1 20 yes no yes yes (option) 10 12–8 10–6 10–6

AE Solar Energy AE 3TL-23 6 non-isolated 40,600 ±500 ±200 1 ±125–450 2 × 40 2 × 76 23,200 480 3 27.9 20 yes no yes yes (option) 10 12–8 10–6 10–6

AE Solar Energy AE 3TL-12 10 non-isolated 21,000 1,000 200 1 250–900 27.5 76 12,000 480 3 14.5 20 yes no yes yes (option) 6 12–8 10–6 10–6

AE Solar Energy AE 3TL-16 10 non-isolated 28,000 1,000 200 1 250–900 33 76 16,000 480 3 19.3 20 yes no yes yes (option) 6 12–8 10–6 10–6

AE Solar Energy AE 3TL-20 10 non-isolated 35,000 1,000 200 1 250–900 37.5 76 20,000 480 3 24.1 20 yes no yes yes (option) 6 12–8 10–6 10–6

AE Solar Energy AE 3TL-23 10 non-isolated 40,600 1,000 200 1 250–900 40 76 23,200 480 3 27.9 20 yes no yes yes (option) 6 12–8 10–6 10–6

Chint Power Systems CPS SCA3KTL-O/US non-isolated 4,000 550 200 2 200–470 16 25.6 3,000 208/240 1 13.5 20 yes yes yes yes 4 12–8 10–8 10

Chint Power Systems CPS SCA4KTL-O/US non-isolated 5,200 550 200 2 200–470 21 33.6 4,000 208/240 1 18 40 yes yes yes yes 4 12–8 10–8 10

Chint Power Systems CPS SCA5KTL-O/US non-isolated 6,500 550 200 2 200–470 26 41.6 5,000 208/240 1 22 40 yes yes yes yes 4 12–8 10–8 8

Chint Power Systems CPS SCA6KTL-O/US non-isolated 7,800 550 200 2 200–470 32 51.2 6,000 208/240 1 27.5 40 yes yes yes yes 4 12–8 10–8 8

Chint Power Systems CPS SCE4KTL-O/US non-isolated 4,800 600 150 1 225–500 19 24 4,000 208/240/277 1 18.5/18.5/16.4 25 yes yes no no 4 10–8 10–8 10

Chint Power Systems CPS SCE5KTL-O/US non-isolated 6,000 600 150 1 200–500 26 32.5 5,000 208/240/277 1 22.5/22.5/20.5 30 yes yes no no 4 10–8 10–8 10

Chint Power Systems CPS SCE6KTL-O/US non-isolated 7,200 600 150 1 200–500 32 40 6,000 208/240/277 1 30/28.5/24.6 40 yes yes no no 4 10–8 10–8 8

Chint Power Systems CPS SCE7KTL-O/US non-isolated 8,400 600 150 1 200–500 37 46.5 7,000 208/240/277 1 35/33.2/28.7 50 yes yes no no 4 10–6 10–6 8

Chint Power Systems CPS SCA 14KTL-DO/US-208 non-isolated 19,000 600 300 2 300–540 2 × 25 2 × 45 14,000 208 3 39 50 yes yes yes yes (option) 8 18–6 10–8 10–8

Chint Power Systems CPS SC20KTL-DO/US-480 non-isolated 27,000 600 300 2 300–550 2 × 35 2 × 45.5 20,000 480 3 27.3 65 yes yes yes yes (option) 8 18–6 10–8 10–8

Chint Power Systems CPS SCA23KTL-DO/US-480 non-isolated 31,000 1,000 330 2 480–800 2 × 25 2 × 41 23,000 480 3 27.7 40 yes yes yes yes (option) 8 18–6 10–6 10–6

Chint Power Systems CPS SCA28KTL-DO/US-480 non-isolated 38,000 1,000 330 2 500–800 2 × 29 2 × 48 28,000 480 3 33.7 50 yes yes yes yes (option) 8 18–6 10–6 10–6

Danfoss DLX 2.0 UL isolated 2,625 600 230 1 230–500 9.5 11.5 2,000 208/240 1 10/8.5 15 yes no yes no 3 20–6 10–6 10–4

Danfoss DLX 2.9 UL isolated 3,750 600 230 1 230–500 13.5 16.5 2,900 208/240 1 14/12 15 yes no yes no 3 20–6 10–6 10–4

Danfoss DLX 3.8 UL isolated 5,000 600 230 1 230–500 18 22 3,800 208/240 1 18.5/16 25 yes no yes no 3 20–6 10–6 10–4

Danfoss DLX 4.4 UL isolated 5,750 600 230 1 230–500 21 25 4,450 208/240 1 21.5/18.5 30 yes no yes no 3 20–6 10–6 10–4

Delta SOLIVIA 2.5 TR isolated 3,200 600 150 1 200–500 19 36 2,500 208/240 1 12 DNR yes no yes no 3 14–6 14–6 8–6

Delta SOLIVIA 3.3 TR isolated 4,000 600 150 1 200–500 24 36 3,300 208/240 1 16 DNR yes no yes no 3 14–6 14–6 8–6

Delta SOLIVIA 4.4 TR isolated 5,200 600 150 1 200–500 31 55.5 4,400 208/240 1 24 DNR yes no yes no 3 14–6 10–6 8–6

Delta SOLIVIA 5.0 TR isolated 6,000 600 150 1 200–500 37 55.5 5,000 208/240 1 24 DNR yes no yes no 3 14–6 10–6 8–6

Delta SOLIVIA 3.0 TL non-isolated 3,600 600 120 1 200–500 18 30 3,000 208/240 1 15 DNR yes no yes yes 2 14–6 14–6 8–6

Delta SOLIVIA 3.8 TL non-isolated 4,560 600 120 1 200–500 20 30 3,800 208/240 1 16 DNR yes no yes yes 2 14–6 14–6 8–6

Delta SOLIVIA 5.2 TL non-isolated 6,240 600 120 2 200–500 2 × 15 2 × 30 5,200 208/240 1 27.5 DNR yes no yes yes 4 14–6 10–6 8–6

Delta SOLIVIA 6.6 TL non-isolated 7,920 600 120 2 200–500 2 × 18 2 × 30 6,600 208/240 1 32 DNR yes no yes yes 4 14–6 10–6 8–6

Delta SOLIVIA 7.6 TL non-isolated 9,120 600 120 2 200–500 2 × 20 2 × 30 7,600 208/240 1 32 DNR yes no yes yes 4 14–6 10–6 8–6

String Inverter Guide
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Input Data (dc) Output Data (ac) Integrated Disconnects and Combiners Termination Specifications

Manufacturer Model Topology

Max. recommended  
PV power at STC 

(W)

Maximum 
 open-circuit 

voltage
PV start 
voltage

# MPPT 
circuits

MPPT  
voltage range

Max.  
usable input 

current1

Max. 
short-circuit 

current

CEC-rated 
power 

(W)
Nominal  

output voltage
# of 

phases
Max. output  

current

Max. ac  
OCPD rating 

(A)

DC  
disconnect 
standard

AC  
disconnect 
standard

Fused 
combiner 
standard

Arc-fault  
protection

# DC string 
inputs

DC  
wire range  

(AWG)

AC  
wire range 

(AWG)
GEC wire range  

(AWG)

ABB (Power-One) UNO-2.0-I-OUTD-S-US-A isolated 2,100 520 200 2 1 170–470 12.5 15 2,000 208/240/277 1 10 15 yes no no yes 2 20–6 20–6 20–6

ABB (Power-One) UNO-2.5-I-OUTD-S-US-A isolated 2,600 520 200 2 1 205–470 12.8 15 2,500 208/240/277 1 12 15 yes no no yes 2 20–6 20–6 20–6

ABB (Power-One) UNO-7.6-I-OUTD-S-US-A non-isolated DNR 600 200 2 2 200–480 2 × 24 2 × 30 7,600 208/240/277 1 36.5/32/27.5 DNR yes no no yes 2 × 2 12–4 10–4 10–4 6

ABB (Power-One) UNO-8.6-I-OUTD-S-US-A non-isolated DNR 600 200 2 2 200–480 2 × 24 2 × 30 8,600 240/277 1 36/31 DNR yes no no yes 2 × 2 12–4 10–4 10–4 6

ABB (Power-One) PVI-3.0-OUTD-S-US-A non-isolated 3,500 600 200 2 2 160–530 2 × 10 2 × 12.5 3,000 208/240/277 1 14.5/14.5/12 20/20/15 yes no no yes 2 × 2 10–4 10–4 10–4 6

ABB (Power-One) PVI-3.6-OUTD-S-US-A non-isolated 4,150 600 200 2 2 120–530 2 × 16 2 × 20 3,600 208/240/277 1 17.2/16/16 25/20/15 yes no no yes 2 × 2 10–4 10–4 10–4 6

ABB (Power-One) PVI-4.2-OUTD-S-US-A non-isolated 4,820 600 200 2 2 140–530 2 × 16 2 × 20 4,200 208/240/277 1 20 25 yes no no yes 2 × 2 10–4 10–4 10–4 6

ABB (Power-One) PVI-5000-OUTD-US-A non-isolated 5,300 600 200 2 2 200–530 2 × 18 2 × 22 5,000 208/240/277 1 27/23/20 30 yes no no yes 2 × 2 8–4 8–4 10–4 6

ABB (Power-One) PVI-6000-OUTD-US-A non-isolated 6,400 600 200 2 2 200–530 2 × 18 2 × 22 6,000 208/240/277 1 30/28/24 30 yes no no yes 2 × 2 8–4 8–4 10–4 6

ABB (Power-One) PVI-10.0-I-OUTD-US 3 isolated 10,500 520 200 2 2 220–470 2 × 24 2 × 29 10,000 208/480 3 30/14 35/20 yes no yes no  2 × 3 20–6 12–4 20–6

ABB (Power-One) PVI-12.0-I-OUTD-US 3 isolated 12,300 520 200 2 2 220–470 2 × 25 2 × 29 12,000 480 3 16 20 yes no yes no 2 × 3 20–6 12–4 20–6

ABB (Power-One) Trio-20.0-TL-OUTD-US 4 non-isolated 22,000 1,000 360 5 2 450–800 2 × 25 2 × 30 20,000 480 3 27 40 yes no no yes 2 × 2 12–1/0 14–4 8–4 6

ABB (Power-One) Trio-27.6-TL-OUTD-US 4 non-isolated 30,000 1,000 360 5 2 520–800 2 × 30.9 2 × 36 27,600 480 3 36 50 yes no no yes 2 × 2 12–1/0 14–4 8–4 6

AE Solar Energy AE 3TL-12 6 non-isolated 21,000 ±500 ±200 1 ±125–450 2 × 27.5 2 × 76 12,000 480 3 14.5 20 yes no yes yes (option) 10 12–8 10–6 10–6

AE Solar Energy AE 3TL-16 6 non-isolated 28,000 ±500 ±200 1 ±125–450 2 × 33 2 × 76 16,000 480 3 19.3 20 yes no yes yes (option) 10 12–8 10–6 10–6

AE Solar Energy AE 3TL-20 6 non-isolated 35,000 ±500 ±200 1 ±125–450 2 × 37.5 2 × 76 20,000 480 3 24.1 20 yes no yes yes (option) 10 12–8 10–6 10–6

AE Solar Energy AE 3TL-23 6 non-isolated 40,600 ±500 ±200 1 ±125–450 2 × 40 2 × 76 23,200 480 3 27.9 20 yes no yes yes (option) 10 12–8 10–6 10–6

AE Solar Energy AE 3TL-12 10 non-isolated 21,000 1,000 200 1 250–900 27.5 76 12,000 480 3 14.5 20 yes no yes yes (option) 6 12–8 10–6 10–6

AE Solar Energy AE 3TL-16 10 non-isolated 28,000 1,000 200 1 250–900 33 76 16,000 480 3 19.3 20 yes no yes yes (option) 6 12–8 10–6 10–6

AE Solar Energy AE 3TL-20 10 non-isolated 35,000 1,000 200 1 250–900 37.5 76 20,000 480 3 24.1 20 yes no yes yes (option) 6 12–8 10–6 10–6

AE Solar Energy AE 3TL-23 10 non-isolated 40,600 1,000 200 1 250–900 40 76 23,200 480 3 27.9 20 yes no yes yes (option) 6 12–8 10–6 10–6

Chint Power Systems CPS SCA3KTL-O/US non-isolated 4,000 550 200 2 200–470 16 25.6 3,000 208/240 1 13.5 20 yes yes yes yes 4 12–8 10–8 10

Chint Power Systems CPS SCA4KTL-O/US non-isolated 5,200 550 200 2 200–470 21 33.6 4,000 208/240 1 18 40 yes yes yes yes 4 12–8 10–8 10

Chint Power Systems CPS SCA5KTL-O/US non-isolated 6,500 550 200 2 200–470 26 41.6 5,000 208/240 1 22 40 yes yes yes yes 4 12–8 10–8 8

Chint Power Systems CPS SCA6KTL-O/US non-isolated 7,800 550 200 2 200–470 32 51.2 6,000 208/240 1 27.5 40 yes yes yes yes 4 12–8 10–8 8

Chint Power Systems CPS SCE4KTL-O/US non-isolated 4,800 600 150 1 225–500 19 24 4,000 208/240/277 1 18.5/18.5/16.4 25 yes yes no no 4 10–8 10–8 10

Chint Power Systems CPS SCE5KTL-O/US non-isolated 6,000 600 150 1 200–500 26 32.5 5,000 208/240/277 1 22.5/22.5/20.5 30 yes yes no no 4 10–8 10–8 10

Chint Power Systems CPS SCE6KTL-O/US non-isolated 7,200 600 150 1 200–500 32 40 6,000 208/240/277 1 30/28.5/24.6 40 yes yes no no 4 10–8 10–8 8

Chint Power Systems CPS SCE7KTL-O/US non-isolated 8,400 600 150 1 200–500 37 46.5 7,000 208/240/277 1 35/33.2/28.7 50 yes yes no no 4 10–6 10–6 8

Chint Power Systems CPS SCA 14KTL-DO/US-208 non-isolated 19,000 600 300 2 300–540 2 × 25 2 × 45 14,000 208 3 39 50 yes yes yes yes (option) 8 18–6 10–8 10–8

Chint Power Systems CPS SC20KTL-DO/US-480 non-isolated 27,000 600 300 2 300–550 2 × 35 2 × 45.5 20,000 480 3 27.3 65 yes yes yes yes (option) 8 18–6 10–8 10–8

Chint Power Systems CPS SCA23KTL-DO/US-480 non-isolated 31,000 1,000 330 2 480–800 2 × 25 2 × 41 23,000 480 3 27.7 40 yes yes yes yes (option) 8 18–6 10–6 10–6

Chint Power Systems CPS SCA28KTL-DO/US-480 non-isolated 38,000 1,000 330 2 500–800 2 × 29 2 × 48 28,000 480 3 33.7 50 yes yes yes yes (option) 8 18–6 10–6 10–6

Danfoss DLX 2.0 UL isolated 2,625 600 230 1 230–500 9.5 11.5 2,000 208/240 1 10/8.5 15 yes no yes no 3 20–6 10–6 10–4

Danfoss DLX 2.9 UL isolated 3,750 600 230 1 230–500 13.5 16.5 2,900 208/240 1 14/12 15 yes no yes no 3 20–6 10–6 10–4

Danfoss DLX 3.8 UL isolated 5,000 600 230 1 230–500 18 22 3,800 208/240 1 18.5/16 25 yes no yes no 3 20–6 10–6 10–4

Danfoss DLX 4.4 UL isolated 5,750 600 230 1 230–500 21 25 4,450 208/240 1 21.5/18.5 30 yes no yes no 3 20–6 10–6 10–4

Delta SOLIVIA 2.5 TR isolated 3,200 600 150 1 200–500 19 36 2,500 208/240 1 12 DNR yes no yes no 3 14–6 14–6 8–6

Delta SOLIVIA 3.3 TR isolated 4,000 600 150 1 200–500 24 36 3,300 208/240 1 16 DNR yes no yes no 3 14–6 14–6 8–6

Delta SOLIVIA 4.4 TR isolated 5,200 600 150 1 200–500 31 55.5 4,400 208/240 1 24 DNR yes no yes no 3 14–6 10–6 8–6

Delta SOLIVIA 5.0 TR isolated 6,000 600 150 1 200–500 37 55.5 5,000 208/240 1 24 DNR yes no yes no 3 14–6 10–6 8–6

Delta SOLIVIA 3.0 TL non-isolated 3,600 600 120 1 200–500 18 30 3,000 208/240 1 15 DNR yes no yes yes 2 14–6 14–6 8–6

Delta SOLIVIA 3.8 TL non-isolated 4,560 600 120 1 200–500 20 30 3,800 208/240 1 16 DNR yes no yes yes 2 14–6 14–6 8–6

Delta SOLIVIA 5.2 TL non-isolated 6,240 600 120 2 200–500 2 × 15 2 × 30 5,200 208/240 1 27.5 DNR yes no yes yes 4 14–6 10–6 8–6

Delta SOLIVIA 6.6 TL non-isolated 7,920 600 120 2 200–500 2 × 18 2 × 30 6,600 208/240 1 32 DNR yes no yes yes 4 14–6 10–6 8–6

Delta SOLIVIA 7.6 TL non-isolated 9,120 600 120 2 200–500 2 × 20 2 × 30 7,600 208/240 1 32 DNR yes no yes yes 4 14–6 10–6 8–6

Footnote Key
1  Per Mpp tracker
2  Adjustable: 120–350 Vdc
3  Example unit. Variations include 208, 480 and 600  
  (Canada) Vac outputs, pos. and neg. grounding,  
  and dc or dc/ac switches
4  Example unit. Variations include dc fuses, 2 x 8  
  dc input terminals, dc surge protection and ac  
  fused disconnect 

5  Adjustable: 250–500 Vdc
6  GEC not required. EGC specification listed
7  Isolated without transformer 
8  1502x–5002x inverters without disconnects available.  
  Electrical specs are identical for x and xi models
9  Integrated Tigo Energy Maximizer Management Unit
10  Supplies PV power at < 550 Vdc
11  Module-level MPP tracking

12  Available without disconnect
13  DC disconnect dimensions: 12 × 7 × 7.5 in.
14  DC disconnect weight: 8 lbs.
15  Per MPP tracker
16  DC disconnect dimensions: 11.7 × 7.3 × 7.5 in.
17  With SBCBTL-6 combiner box
18  10–6 input & 6–2 output with SBCBTL-6  
  combiner box

19  8 dc string inputs with optional CU1000-US-10  
  combiner disconnect
20 12–6 input & 8–2 output with optional CU1000-  
  US-10 combiner disconnect
21  P400 power optimizer 
22  P600 power optimizer 
23  P700 power optimizer 
24  -40–140°F version available
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2014 Single and 3-Phase String Inverters 
Operation Mechanical Listing and Warranty

Manufacturer Model

CEC-weighted 
efficiency       

(%)

Ambient  
temp. range 

(°F)
Cooling 
method

Enclosure 
NEMA rating

Dimensions  
H x W x D 

(in.)
Weight       
(lbs.) 

Listing  
agency

Warranty std./ext. 
(yrs.)

ABB (Power-One) UNO-2.0-I-OUTD-S-US-A 95.5 -13–140 passive 4X 30.3 × 14.4 × 6.3 43 CSA 10/15, 20

ABB (Power-One) UNO-2.5-I-OUTD-S-US-A 95.5/96/96 -13–140 passive 4X 30.3 × 14.4 × 6.3 43 CSA 10/15, 20

ABB (Power-One) UNO-7.6-I-OUTD-S-US-A 96.5 -13–140 passive 4X 29.3 × 22.9 × 8.8 82 CSA 10/15, 20

ABB (Power-One) UNO-8.6-I-OUTD-S-US-A 96.5 -13–140 passive 4X 29.3 × 22.9 × 8.8 82 CSA 10/15, 20

ABB (Power-One) PVI-3.0-OUTD-S-US-A 96 -13–140 passive 4X 33.8 × 12.8 × 8.7 47 CSA 10/15, 20

ABB (Power-One) PVI-3.6-OUTD-S-US-A 96 -13–140 passive 4X 33.8 × 12.8 × 8.7 47 CSA 10/15, 20

ABB (Power-One) PVI-4.2-OUTD-S-US-A 96 -13–140 passive 4X 33.8 × 12.8 × 8.7 47 CSA 10/15, 20

ABB (Power-One) PVI-5000-OUTD-US-A 96/96.5/96.5 -13–140 passive 4X 41.4 × 12.8 × 8.6 60 CSA 10/15, 20

ABB (Power-One) PVI-6000-OUTD-US-A 96/96.5/96.5 -13–140 passive 4X 41.4 × 12.8 × 8.6 60 CSA 10/15, 20

ABB (Power-One) PVI-10.0-I-OUTD-US 3 96/97 -13–140 passive 4X 37.7 × 25.4 × 8.7 114 CSA 10/15, 20

ABB (Power-One) PVI-12.0-I-OUTD-US 3 97 -13–140 passive 4X 37.7 × 25.4 × 8.7 114 CSA 10/15, 20

ABB (Power-One) Trio-20.0-TL-OUTD-US 4 97.5 -22–140 passive 4X 41.7 × 27.6 × 11.5 157 CSA 10/15, 20

ABB (Power-One) Trio-27.6-TL-OUTD-US 4 97.5 -22–140 passive 4X 41.7 × 27.6 × 11.5 168 CSA 10/15, 20

AE Solar Energy AE 3TL-12 6 97.5 -13–131 passive 3R/4X 35 × 21 × 11 108 UL 5/10, 15, 20

AE Solar Energy AE 3TL-16 6 97.5 -13–131 passive 3R/4X 35 × 21 × 11 108 UL 5/10, 15, 20

AE Solar Energy AE 3TL-20 6 97.5 -13–131 passive 3R/4X 35 × 21 × 11 108 UL 5/10, 15, 20

AE Solar Energy AE 3TL-23 6 98 -13–131 passive 3R/4X 35 × 21 × 11 108 UL 5/10, 15, 20

AE Solar Energy AE 3TL-12 10 97.5 -13–131 passive 3R/4X 35 × 21 × 11 108 UL 5/10, 15, 20

AE Solar Energy AE 3TL-16 10 97.5 -13–131 passive 3R/4X 35 × 21 × 11 108 UL 5/10, 15, 20

AE Solar Energy AE 3TL-20 10 97.5 -13–131 passive 3R/4X 35 × 21 × 11 108 UL 5/10, 15, 20

AE Solar Energy AE 3TL-23 10 98 -13–131 passive 3R/4X 35 × 21 × 11 108 UL 5/10, 15, 20

Chint Power Systems CPS SCA3KTL-O/US 96.5 -13–140 passive 3R 28.7 × 17 × 8.7 84 ETL 10

Chint Power Systems CPS SCA4KTL-O/US 96.5 -13–140 passive 3R 28.7 × 17 × 8.7 84 ETL 10

Chint Power Systems CPS SCA5KTL-O/US 97 -13–140 passive 3R 28.7 × 17 × 8.7 84 ETL 10

Chint Power Systems CPS SCA6KTL-O/US 97 -13–140 active 3R 28.7 × 17 × 8.7 84 ETL 10

Chint Power Systems CPS SCE4KTL-O/US 97 -13–122 active 3R 33.4 × 17 × 8.4 86 ETL 10

Chint Power Systems CPS SCE5KTL-O/US 97 -13–122 active 3R 33.4 × 17 × 8.4 90 ETL 10

Chint Power Systems CPS SCE6KTL-O/US 97 -13–122 active 3R 33.4 × 17 × 8.4 101 ETL 10

Chint Power Systems CPS SCE7KTL-O/US 97 -13–122 active 3R 33.4 × 17 × 8.4 101 ETL 10

Chint Power Systems CPS SCA 14KTL-DO/US-208 96 -13–140 active 4 41.6 × 21.4 × 8.5 141 ETL 5/10, 15, 20

Chint Power Systems CPS SC20KTL-DO/US-480 97 -13–140 active 4 41.6 × 21.4 × 8.5 132 ETL 5/10, 15, 20

Chint Power Systems CPS SCA23KTL-DO/US-480 98 -13–140 active 4 39.4 × 23.6 × 9.1 122 ETL 5/10, 15, 20

Chint Power Systems CPS SCA28KTL-DO/US-480 98 -13–140 active 4 39.4 × 23.6 × 9.1 122 ETL 5/10, 15, 20

Danfoss DLX 2.0 UL 96.5 -13–149 passive 3R 28.4 × 13.9 × 6.5 49 UL 10/15, 20

Danfoss DLX 2.9 UL 96.5 -13–149 passive 3R 28.4 × 13.9 × 6.5 49 UL 10/15, 20

Danfoss DLX 3.8 UL 97 -13–149 passive 3R 28.4 × 13.9 × 6.5 51 UL 10/15, 20

Danfoss DLX 4.4 UL 97 -13–149 passive 3R 28.4 × 13.9 × 6.5 51 UL 10/15, 20

Delta SOLIVIA 2.5 TR 94.5/95 -13–158 passive 4 25.6 × 16.8 × 9.1 58 ETL 10/15, 20

Delta SOLIVIA 3.3 TR 95/95.5 -13–158 passive 4 25.6 × 16.8 × 9.1 58 ETL 10/15, 20

Delta SOLIVIA 4.4 TR 94.5/95 -13–158 passive 4 29.3 × 16.8 × 9.1 82 ETL 10/15, 20

Delta SOLIVIA 5.0 TR 94.5/95 -13–158 passive 4 29.3 × 16.8 × 9.1 82 ETL 10/15, 20

Delta SOLIVIA 3.0 TL 97.5 -13–158 passive 4 17.7 × 15.8 × 6.9 43 UL 10/15, 20

Delta SOLIVIA 3.8 TL 97.5 -13–158 passive 4 17.7 × 15.8 × 6.9 43 UL 10/15, 20

Delta SOLIVIA 5.2 TL 97.5 -13–158 passive 4 25.2 × 15.8 × 6.9 65 UL 10/15, 20

Delta SOLIVIA 6.6 TL 97.5 -13–158 passive 4 25.2 × 15.8 × 6.9 65 UL 10/15, 20

Delta SOLIVIA 7.6 TL 97.5 -13–158 passive 4 25.2 × 15.8 × 6.9 65 UL 10/15, 20

String Inverter Guide

To learn more about Magnum products 
visit www.magnumenergy.com

If repair costs on your existing Sine Wave inverter are getting too expensive, it might be time to 
replace it with a new MSH-RE Inverter/Charger from Magnum Energy. The MSH-RE (MSH4024RE) 
combines the tried and tested engineering of Magnum’s MS line with hybrid technology that make 
it an optimal choice for your renewable and backup power needs.

Repair costs 
getting too 
expensive?

Maybe it’s time to replace your inverter.

MSH-RE Series 
Hybrid Technology:

Most inverters only use one 
source of energy to power 
loads, either from incoming 
AC power – utility or AC 
generator – or from the 
batteries. The MSH-RE Series 
combines the energy from both 
sources to power loads. 
This allows the inverter to 
recharge the batteries when 
there is surplus power or 
deliver more power to the loads 
if they require more than the AC 
input can supply by itself.

MSH-RE Inverter/Charger 
Features:

  120 VAC 60 Hz output

  Two 60 amp AC inputs:
Grid input at 60A
Generator input at 60A

  Load Support parallels 
the inverter output with 
incoming AC sources 
allowing it to run larger loads 
from smaller generators

  Works with any Magnum 
accessory, including the 
AGS, remotes, and the 
Magnum router.

See the MSH-RE Series in person 
at Intersolar NA, July 8-10 
Booth 8720, San Francisco, CA
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accessory, including the 
AGS, remotes, and the 
Magnum router.

See the MSH-RE Series in person 
at Intersolar NA, July 8-10 
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http://www.magnumenergy.com
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2014 Single and 3-Phase String Inverters 
Input Data (dc) Output Data (ac) Integrated Disconnects and Combiners Termination Specifications

Manufacturer Model Topology

Max. 
recommended  
PV power at 

STC (W)

Maximum 
 open-circuit 

voltage
PV start 
voltage

# MPPT 
circuits

MPPT  
voltage range

Max.  
usable 
input 

current1

Max. 
short-circuit 

current
CEC-rated power 

(W)
Nominal  

output voltage
# of 

phases
Max. output  

current

Max. ac  
OCPD rating 

(A)

DC  
disconnect 
standard

AC  
disconnect 
standard

Fused 
combiner 
standard

Arc-fault  
protection

# DC string 
inputs

DC  
wire range  

(AWG)

AC  
wire range 

(AWG)
GEC wire range  

(AWG)

Eaton PV240 non-isolated DNR 600 150 1 225–500 19 DNR 4,000 208/240/277 1 18.5/18.5/16.4 DNR yes yes yes no 4 14–6 10–6 14–6

Eaton PV250 non-isolated DNR 600 150 1 225–500 26 DNR 5,000 208/240/277 1 22.5/22.5/20.5 DNR yes yes yes no 4 14–6 10–6 14–6

Eaton PV260 non-isolated DNR 600 150 1 225–500 32 DNR 6,000 208/240/277 1 30/28.5/24.6 DNR yes yes yes no 4 14–6 10–6 14–6

Eaton PV270 non-isolated DNR 600 150 1 225–500 37 DNR 7,000 208/240/277 1 35/33.2/28.7 DNR yes yes yes no 4 14–6 10–6 14–6

Eltek 2.0 HE-t UL isolated 2,625 600 230 1 230–500 9.5 11.5 2,000 208/240 1 10/8.5 15 yes no yes no 3 20–6 10–6 10–4

Eltek 2.9 HE-t UL isolated 3,750 600 230 1 230–500 13.5 16.5 2,900 208/240 1 14/12 15 yes no yes no 3 20–6 10–6 10–4

Eltek 3.8 HE-t UL isolated 5,000 600 230 1 230–500 18 22 3,800 208/240 1 18.5/16 25 yes no yes no 3 20–6 10–6 10–4

Eltek 4.4 HE-t UL isolated 5,750 600 230 1 230–500 21 25 4,400 208/240 1 21.5/18.5 30 yes no yes no 3 20–6 10–6 10–4

Fronius USA GALVO 1.5-1 isolated 2,250 420 120 1 120–335 13.3 20 1,500 208/240 1 7.2 20 yes no no yes 6 14–6 14–6 14–4

Fronius USA GALVO 2.0-1 isolated 3,000 420 120 1 120–335 17.8 26.8 2,000 208/240 1 9.7 20 yes no no yes 6 14–6 14–6 14–4

Fronius USA GALVO 2.5-1 isolated 3,750 550 120 1 165–440 16.6 24.8 2,500 208/240 1 12.1 20 yes no no yes 6 14–6 14–6 14–4

Fronius USA GALVO 3.1-1 isolated 4,650 550 120 1 165–440 20.7 31 3,100 208/240 1 15 20 yes no no yes 6 14–6 14–6 14–4

Fronius USA IG Plus A 3.0-1 isolated 4,500 600 260 1 230–500 14 18 3,000 208/240/277 1 14.4/12.5/10.8 20/20/15 yes no yes yes 6 14–6 14–4 14–4

Fronius USA IG Plus A 3.8-1 isolated 5,700 600 260 1 230–500 17.8 22 3,800 208/240/277 1 18.3/15.8/13.7 25/20/20 yes no yes yes 6 14–6 14–4 14–4

Fronius USA IG Plus A 5.0-1 isolated 7,500 600 260 1 230–500 23.4 29 5,000 208/240/277 1 24/20.8/18.1 30/30/25 yes no yes yes 6 14–6 14–4 14–4

Fronius USA IG Plus A 6.0-1 isolated 9,000 600 260 1 230–500 28.1 35 6,000 208/240/277 1 28.8/25/21.7 40/35/30 yes no yes yes 6 14–6 14–4 14–4

Fronius USA IG Plus A 7.5-1 isolated 11,250 600 260 1 230–500 35.1 44 7,500 208/240/277 1 36.1/31.3/27.1 45/40/35 yes no yes yes 6 14–6 14–4 14–4

Fronius USA IG Plus A 10.0-1 isolated 15,000 600 260 1 230–500 46.7 58 9,995 208/240/277 1 48.1/41.6/36.1 60/60/45 yes no yes yes 6 14–6 14–4 14–4

Fronius USA IG Plus A 11.4-1 isolated 17,100 600 260 1 230–500 53.3 67 11,400 208/240/277 1 54.8/47.5/41.2 70/60/60 yes no yes yes 6 14–6 14–4 14–4

Fronius USA IG Plus A 10.0-3 Delta isolated 15,000 600 260 1 230–500 46.7 58 9,995 208/240 3 27.7/24 35/35 yes no yes yes 6 14–6 14–4 14–4

Fronius USA IG Plus A 11.4-3 Delta isolated 17,100 600 260 1 230–500 53.3 67 11,400 208/240 3 31.6/27.4 40/35 yes no yes yes 6 14–6 14–4 14–4

Fronius USA IG Plus A 12.0-3 480 277wye isolated 18,000 600 260 1 230–500 56.1 71 12,000 277 3 14.4 20 yes no yes yes 6 14–6 14–4 14–4

Ideal Power IPV-30kW-480 isolated 7 37,500 ±600 ±100 1 ±300–±450 2 × 50 2 × 60 30,000 480 3 37 70 no no yes no 2 × 1 1/4" stud 1/4" stud 12–6

Ingeteam Ingecon Sun Lite 5 U isolated 6,500 550 150 1 200–450 30 30 5,000 208/240/277 1 24.1 DNR yes no yes no 4 16–6 16–6 16–6

Ingeteam Ingecon Sun Lite 3.6TL U non-isolated 5,000 550 150 1 200–450 22 22 3,600 208/240/277 1 17.4 DNR yes no yes no 4 16–6 16–6 16–6

Ingeteam Ingecon Sun Lite 5TL U non-isolated 6,500 550 150 1 200–450 30 30 5,000 208/240/277 1 25.5 DNR yes no yes no 4 16–6 16–6 16–6

Ingeteam Ingecon Sun Lite 6TL U non-isolated 7,400 550 150 1 200–450 32 33 6,000 240/277 1 26.2 DNR yes no yes no 4 16–6 16–6 16–6

Ingeteam Ingecon Sun Lite 7.5TL U non-isolated 9,250 550 150 1 225–450 35 35 7,500 208/240/277 1 36.1 DNR yes no yes no 4 16–6 16–6 16–6

Ingeteam Ingecon Sun Lite 8.6TL U non-isolated 10,700 550 150 1 250–450 35 35 8,600 240/277 1 36.1 DNR yes no yes no 4 16–6 16–6 16–6

Ingeteam Ingecon Sun Lite 10TL U non-isolated 12,300 550 150 1 300–450 35 35 10,000 277 1 36.1 DNR yes no yes no 4 16–6 16–6 16–6

KACO new energy 1502xi 8 isolated 2,000 550 125 1 125–400 14.3 21.5 1,500 208/240 1 8 15 yes yes no no 3 12–4 12–4 12–4

KACO new energy 2502xi 8 isolated 3,000 550 200 1 200–450 13.5 21.5 2,500 208/240 1 12.5/12 20 yes yes no no 3 12–4 12–4 12–4

KACO new energy 3502xi 8 isolated 4,000 600 10 200 1 200–510 18.5 28 3,500 208/240 1 17/16 25 yes yes no no 3 12–4 12–4 12–4

KACO new energy 5002xi 8 isolated 6,000 600 10 200 1 200–510 26.5 40 5,000 208/240 1 24 30 yes yes no no 3 12–4 12–4 12–4

KACO new energy 6400xi non-isolated 8,000 600 10 320/365 1 320–510/365–510 21 36 6,400 208/240 1 31/27 50 yes no yes no 4 12–4 12–4 12–4

KACO new energy 7600xi non-isolated 9,500 600 10 320/365 1 320–510/365–510 24 36 7,600 208/240 1 37/32 50 yes no yes no 4 12–4 12–4 12–4

KACO new energy 6400M 9 non-isolated 8,000 600 10 320/365 varies 11 320–510/365–510 21 36 6,400 208/240 1 31/27 50 yes no yes no 4 12–4 12–4 12–4

KACO new energy 7600M  9 non-isolated 9,500 600 10 320/365 varies 11 320–510/365–510 24 36 7,600 208/240 1 37/32 50 yes no yes no 4 12–4 12–4 12–4

KACO new energy XP10U-H4-PSD 12 non-isolated 12,000 600 250 2 200–550 2 × 18.6 2 × 23 10,000 480 3 12.1 20 yes yes yes no 4 24–8 24–8 18–4

Schneider Electric Conext TX 2800 NA isolated 3,100 600 190 1 195–550 14.9/15.5 24 2,650/2,800 208/240 1 13/11.8 15 yes yes yes no 3 14–6 14–6 12–4

Schneider Electric Conext TX 3300 NA isolated 3,500 600 190 1 195–550 17.5/18 24 3,100/3,300 208/240 1 15.2/14 20 yes yes yes no 3 14–6 14–6 12–4

Schneider Electric Conext TX 3800 NA isolated 3,700/4,200 600 190 1 195–550 19.5/20.8 24 3,500/3,800 208/240 1 16.8/16 25 yes yes yes no 3 14–6 14–6 12–4

Schneider Electric Conext TX 5000 NA isolated 4,800/5,400 600 235 1 240–550 20.5/22.5 24 4,500/5,000 208/240 1 22/21 30 yes yes yes no 3 14–6 14–6 12–4

Silicon Energy SiE3840 isolated 4,900 600 235 1 200–550 20 24 3,300/3,840 208/240 1 16.3 20 yes yes yes no 3 12–6 12–6 12–6

Silicon Energy SiE5300 isolated 6,700 600 235 1 200–550 25 30 4,600/5,300 208/240 1 22.1 30 yes yes yes no 4 12–6 12–6 12–6

String Inverter Guide
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Input Data (dc) Output Data (ac) Integrated Disconnects and Combiners Termination Specifications

Manufacturer Model Topology

Max. 
recommended  
PV power at 

STC (W)

Maximum 
 open-circuit 

voltage
PV start 
voltage

# MPPT 
circuits

MPPT  
voltage range

Max.  
usable 
input 

current1

Max. 
short-circuit 

current
CEC-rated power 

(W)
Nominal  

output voltage
# of 

phases
Max. output  

current

Max. ac  
OCPD rating 

(A)

DC  
disconnect 
standard

AC  
disconnect 
standard

Fused 
combiner 
standard

Arc-fault  
protection

# DC string 
inputs

DC  
wire range  

(AWG)

AC  
wire range 

(AWG)
GEC wire range  

(AWG)

Eaton PV240 non-isolated DNR 600 150 1 225–500 19 DNR 4,000 208/240/277 1 18.5/18.5/16.4 DNR yes yes yes no 4 14–6 10–6 14–6

Eaton PV250 non-isolated DNR 600 150 1 225–500 26 DNR 5,000 208/240/277 1 22.5/22.5/20.5 DNR yes yes yes no 4 14–6 10–6 14–6

Eaton PV260 non-isolated DNR 600 150 1 225–500 32 DNR 6,000 208/240/277 1 30/28.5/24.6 DNR yes yes yes no 4 14–6 10–6 14–6

Eaton PV270 non-isolated DNR 600 150 1 225–500 37 DNR 7,000 208/240/277 1 35/33.2/28.7 DNR yes yes yes no 4 14–6 10–6 14–6

Eltek 2.0 HE-t UL isolated 2,625 600 230 1 230–500 9.5 11.5 2,000 208/240 1 10/8.5 15 yes no yes no 3 20–6 10–6 10–4

Eltek 2.9 HE-t UL isolated 3,750 600 230 1 230–500 13.5 16.5 2,900 208/240 1 14/12 15 yes no yes no 3 20–6 10–6 10–4

Eltek 3.8 HE-t UL isolated 5,000 600 230 1 230–500 18 22 3,800 208/240 1 18.5/16 25 yes no yes no 3 20–6 10–6 10–4

Eltek 4.4 HE-t UL isolated 5,750 600 230 1 230–500 21 25 4,400 208/240 1 21.5/18.5 30 yes no yes no 3 20–6 10–6 10–4

Fronius USA GALVO 1.5-1 isolated 2,250 420 120 1 120–335 13.3 20 1,500 208/240 1 7.2 20 yes no no yes 6 14–6 14–6 14–4

Fronius USA GALVO 2.0-1 isolated 3,000 420 120 1 120–335 17.8 26.8 2,000 208/240 1 9.7 20 yes no no yes 6 14–6 14–6 14–4

Fronius USA GALVO 2.5-1 isolated 3,750 550 120 1 165–440 16.6 24.8 2,500 208/240 1 12.1 20 yes no no yes 6 14–6 14–6 14–4

Fronius USA GALVO 3.1-1 isolated 4,650 550 120 1 165–440 20.7 31 3,100 208/240 1 15 20 yes no no yes 6 14–6 14–6 14–4

Fronius USA IG Plus A 3.0-1 isolated 4,500 600 260 1 230–500 14 18 3,000 208/240/277 1 14.4/12.5/10.8 20/20/15 yes no yes yes 6 14–6 14–4 14–4

Fronius USA IG Plus A 3.8-1 isolated 5,700 600 260 1 230–500 17.8 22 3,800 208/240/277 1 18.3/15.8/13.7 25/20/20 yes no yes yes 6 14–6 14–4 14–4

Fronius USA IG Plus A 5.0-1 isolated 7,500 600 260 1 230–500 23.4 29 5,000 208/240/277 1 24/20.8/18.1 30/30/25 yes no yes yes 6 14–6 14–4 14–4

Fronius USA IG Plus A 6.0-1 isolated 9,000 600 260 1 230–500 28.1 35 6,000 208/240/277 1 28.8/25/21.7 40/35/30 yes no yes yes 6 14–6 14–4 14–4

Fronius USA IG Plus A 7.5-1 isolated 11,250 600 260 1 230–500 35.1 44 7,500 208/240/277 1 36.1/31.3/27.1 45/40/35 yes no yes yes 6 14–6 14–4 14–4

Fronius USA IG Plus A 10.0-1 isolated 15,000 600 260 1 230–500 46.7 58 9,995 208/240/277 1 48.1/41.6/36.1 60/60/45 yes no yes yes 6 14–6 14–4 14–4

Fronius USA IG Plus A 11.4-1 isolated 17,100 600 260 1 230–500 53.3 67 11,400 208/240/277 1 54.8/47.5/41.2 70/60/60 yes no yes yes 6 14–6 14–4 14–4

Fronius USA IG Plus A 10.0-3 Delta isolated 15,000 600 260 1 230–500 46.7 58 9,995 208/240 3 27.7/24 35/35 yes no yes yes 6 14–6 14–4 14–4

Fronius USA IG Plus A 11.4-3 Delta isolated 17,100 600 260 1 230–500 53.3 67 11,400 208/240 3 31.6/27.4 40/35 yes no yes yes 6 14–6 14–4 14–4

Fronius USA IG Plus A 12.0-3 480 277wye isolated 18,000 600 260 1 230–500 56.1 71 12,000 277 3 14.4 20 yes no yes yes 6 14–6 14–4 14–4

Ideal Power IPV-30kW-480 isolated 7 37,500 ±600 ±100 1 ±300–±450 2 × 50 2 × 60 30,000 480 3 37 70 no no yes no 2 × 1 1/4" stud 1/4" stud 12–6

Ingeteam Ingecon Sun Lite 5 U isolated 6,500 550 150 1 200–450 30 30 5,000 208/240/277 1 24.1 DNR yes no yes no 4 16–6 16–6 16–6

Ingeteam Ingecon Sun Lite 3.6TL U non-isolated 5,000 550 150 1 200–450 22 22 3,600 208/240/277 1 17.4 DNR yes no yes no 4 16–6 16–6 16–6

Ingeteam Ingecon Sun Lite 5TL U non-isolated 6,500 550 150 1 200–450 30 30 5,000 208/240/277 1 25.5 DNR yes no yes no 4 16–6 16–6 16–6

Ingeteam Ingecon Sun Lite 6TL U non-isolated 7,400 550 150 1 200–450 32 33 6,000 240/277 1 26.2 DNR yes no yes no 4 16–6 16–6 16–6

Ingeteam Ingecon Sun Lite 7.5TL U non-isolated 9,250 550 150 1 225–450 35 35 7,500 208/240/277 1 36.1 DNR yes no yes no 4 16–6 16–6 16–6

Ingeteam Ingecon Sun Lite 8.6TL U non-isolated 10,700 550 150 1 250–450 35 35 8,600 240/277 1 36.1 DNR yes no yes no 4 16–6 16–6 16–6

Ingeteam Ingecon Sun Lite 10TL U non-isolated 12,300 550 150 1 300–450 35 35 10,000 277 1 36.1 DNR yes no yes no 4 16–6 16–6 16–6

KACO new energy 1502xi 8 isolated 2,000 550 125 1 125–400 14.3 21.5 1,500 208/240 1 8 15 yes yes no no 3 12–4 12–4 12–4

KACO new energy 2502xi 8 isolated 3,000 550 200 1 200–450 13.5 21.5 2,500 208/240 1 12.5/12 20 yes yes no no 3 12–4 12–4 12–4

KACO new energy 3502xi 8 isolated 4,000 600 10 200 1 200–510 18.5 28 3,500 208/240 1 17/16 25 yes yes no no 3 12–4 12–4 12–4

KACO new energy 5002xi 8 isolated 6,000 600 10 200 1 200–510 26.5 40 5,000 208/240 1 24 30 yes yes no no 3 12–4 12–4 12–4

KACO new energy 6400xi non-isolated 8,000 600 10 320/365 1 320–510/365–510 21 36 6,400 208/240 1 31/27 50 yes no yes no 4 12–4 12–4 12–4

KACO new energy 7600xi non-isolated 9,500 600 10 320/365 1 320–510/365–510 24 36 7,600 208/240 1 37/32 50 yes no yes no 4 12–4 12–4 12–4

KACO new energy 6400M 9 non-isolated 8,000 600 10 320/365 varies 11 320–510/365–510 21 36 6,400 208/240 1 31/27 50 yes no yes no 4 12–4 12–4 12–4

KACO new energy 7600M  9 non-isolated 9,500 600 10 320/365 varies 11 320–510/365–510 24 36 7,600 208/240 1 37/32 50 yes no yes no 4 12–4 12–4 12–4

KACO new energy XP10U-H4-PSD 12 non-isolated 12,000 600 250 2 200–550 2 × 18.6 2 × 23 10,000 480 3 12.1 20 yes yes yes no 4 24–8 24–8 18–4

Schneider Electric Conext TX 2800 NA isolated 3,100 600 190 1 195–550 14.9/15.5 24 2,650/2,800 208/240 1 13/11.8 15 yes yes yes no 3 14–6 14–6 12–4

Schneider Electric Conext TX 3300 NA isolated 3,500 600 190 1 195–550 17.5/18 24 3,100/3,300 208/240 1 15.2/14 20 yes yes yes no 3 14–6 14–6 12–4

Schneider Electric Conext TX 3800 NA isolated 3,700/4,200 600 190 1 195–550 19.5/20.8 24 3,500/3,800 208/240 1 16.8/16 25 yes yes yes no 3 14–6 14–6 12–4

Schneider Electric Conext TX 5000 NA isolated 4,800/5,400 600 235 1 240–550 20.5/22.5 24 4,500/5,000 208/240 1 22/21 30 yes yes yes no 3 14–6 14–6 12–4

Silicon Energy SiE3840 isolated 4,900 600 235 1 200–550 20 24 3,300/3,840 208/240 1 16.3 20 yes yes yes no 3 12–6 12–6 12–6

Silicon Energy SiE5300 isolated 6,700 600 235 1 200–550 25 30 4,600/5,300 208/240 1 22.1 30 yes yes yes no 4 12–6 12–6 12–6

Footnote Key
1  Per Mpp tracker
2  Adjustable: 120–350 Vdc
3  Example unit. Variations include 208, 480 and 600  
  (Canada) Vac outputs, pos. and neg. grounding,  
  and dc or dc/ac switches
4  Example unit. Variations include dc fuses, 2 x 8  
  dc input terminals, dc surge protection and ac  
  fused disconnect 

5  Adjustable: 250–500 Vdc
6  GEC not required. EGC specification listed
7  Isolated without transformer 
8  1502x–5002x inverters without disconnects available.  
  Electrical specs are identical for x and xi models
9  Integrated Tigo Energy Maximizer Management Unit
10  Supplies PV power at < 550 Vdc
11  Module-level MPP tracking

12  Available without disconnect
13  DC disconnect dimensions: 12 × 7 × 7.5 in.
14  DC disconnect weight: 8 lbs.
15  Per MPP tracker
16  DC disconnect dimensions: 11.7 × 7.3 × 7.5 in.
17  With SBCBTL-6 combiner box
18  10–6 input & 6–2 output with SBCBTL-6  
  combiner box

19  8 dc string inputs with optional CU1000-US-10  
  combiner disconnect
20 12–6 input & 8–2 output with optional CU1000-  
  US-10 combiner disconnect
21  P400 power optimizer 
22  P600 power optimizer 
23  P700 power optimizer 
24  -40–140°F version available
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2014 Single and 3-Phase String Inverters 
Operation Mechanical Listing and Warranty

Manufacturer Model

CEC-weighted 
efficiency       

(%)

Ambient  
temp. range 

(°F)
Cooling 
method

Enclosure 
NEMA rating

Dimensions  
H x W x D 

(in.)
Weight       
(lbs.) 

Listing  
agency

Warranty std./ext. 
(yrs.)

Eaton PV240 97  -13–122 active 3R 33.3 × 17.1 × 8.3 86 ETL 10

Eaton PV250 97  -13–122 active 3R 33.3 × 17.1 × 8.3 90 ETL 10

Eaton PV260 97  -13–122 active 3R 33.3 × 17.1 × 8.3 101 ETL 10

Eaton PV270 97  -13–122 active 3R 33.3 × 17.1 × 8.3 101 ETL 10

Eltek 2.0 HE-t UL 96.5 -13–149 passive 3R 28.4 × 13.9 × 6.5 49 UL 10/15, 20

Eltek 2.9 HE-t UL 96.5 -13–149 passive 3R 28.4 × 13.9 × 6.5 49 UL 10/15, 20

Eltek 3.8 HE-t UL 97 -13–149 passive 3R 28.4 × 13.9 × 6.5 51 UL 10/15, 20

Eltek 4.4 HE-t UL 97 -13–149 passive 3R 28.4 × 13.9 × 6.5 51 UL 10/15, 20

Fronius USA GALVO 1.5-1 94.5 -13–131 active 4X 24.7 × 16.9 × 8.1 37 CSA 10/15, 20

Fronius USA GALVO 2.0-1 95 -13–131 active 4X 24.7 × 16.9 × 8.1 37 CSA 10/15, 20

Fronius USA GALVO 2.5-1 95 -13–131 active 4X 24.7 × 16.9 × 8.1 37 CSA 10/15, 20

Fronius USA GALVO 3.1-1 95.5 -13–131 active 4X 24.7 × 16.9 × 8.1 37 CSA 10/15, 20

Fronius USA IG Plus A 3.0-1 95/95.5/96 -13–131 active 3R 26.5 × 17.1 × 9.9 55 CSA 10/15, 20

Fronius USA IG Plus A 3.8-1 95/95.5/96 -13–131 active 3R 26.5 × 17.1 × 9.9 55 CSA 10/15, 20

Fronius USA IG Plus A 5.0-1 95.5/95.5/96 -13–131 active 3R 38.1 × 17.1 × 9.9 81 CSA 10/15, 20

Fronius USA IG Plus A 6.0-1 95.5/96/96 -13–131 active 3R 38.1 × 17.1 × 9.9 81 CSA 10/15, 20

Fronius USA IG Plus A 7.5-1 95/95.5/96 -13–131 active 3R 38.1 × 17.1 × 9.9 81 CSA 10/15, 20

Fronius USA IG Plus A 10.0-1 95/95.5/96 -13–131 active 3R 49.7 × 17.1 × 9.9 110 CSA 10/15, 20

Fronius USA IG Plus A 11.4-1 95/95.5/96 -13–131 active 3R 49.7 × 17.1 × 9.9 110 CSA 10/15, 20

Fronius USA IG Plus A 10.0-3 Delta 95/96 -13–131 active 3R 49.7 × 17.1 × 9.9 110 CSA 10/15, 20

Fronius USA IG Plus A 11.4-3 Delta 95/96 -13–131 active 3R 49.7 × 17.1 × 9.9 110 CSA 10/15, 20

Fronius USA IG Plus A 12.0-3 480 277wye 96 -13–131 active 3R 49.7 × 17.1 × 9.9 110 CSA 10/15, 20

Ideal Power IPV-30kW-480 96.5 -13–113 active 3R 36.5 × 15 × 10.8 97 ETL 10/20

Ingeteam Ingecon Sun Lite 5 U 95.5 -4–150 active 3R 27.4 × 14.2 × 13.1 168 ETL 10/20

Ingeteam Ingecon Sun Lite 3.6TL U 96.5 -4–150 active 3R 28.4 × 14.2 × 7 53 ETL 10/20

Ingeteam Ingecon Sun Lite 5TL U 96 -4–150 active 3R 28.4 × 14.2 × 7 62 ETL 10/20

Ingeteam Ingecon Sun Lite 6TL U 96.5 -4–150 active 3R 28.4 × 14.2 × 7 62 ETL 10/20

Ingeteam Ingecon Sun Lite 7.5TL U 97 -4–150 active 3R 28.4 × 14.2 × 7 64 ETL 10/20

Ingeteam Ingecon Sun Lite 8.6TL U 97 -4–150 active 3R 28.4 × 14.2 × 7 64 ETL 10/20

Ingeteam Ingecon Sun Lite 10TL U 97.5 -4–150 active 3R 28.4 × 14.2 × 7 64 ETL 10/20

KACO new energy 1502xi 8 95/95.5 -4–140 passive 3R 30 × 14 × 8.3 42 TUV 10/15, 20

KACO new energy 2502xi 8 95/95.5 -4–140 passive 3R 32 × 14 × 8.3 52 TUV 10/15, 20

KACO new energy 3502xi 8 95 -13–140 passive 3R 35.9 × 14 × 9.3 69 TUV 10/15, 20

KACO new energy 5002xi 8 95/95.5 -13–140 active 3R 35.9 × 14 × 9.3 70 TUV 10/15, 20

KACO new energy 6400xi 96.5 -4–140 active 3R 44.1 × 14 × 8.9 95 TUV 10/15, 20

KACO new energy 7600xi 96.5 -4–140 active 3R 44.1 × 14 × 8.9 95 TUV 10/15, 20

KACO new energy 6400M 9 96.5 -13–140 active 3R 44.1 × 14 × 8.9 108 TUV 10/15, 20

KACO new energy 7600M 9 96.5 -13–140 active 3R 44.1 × 14 × 8.9 108 TUV 10/15, 20

KACO new energy XP10U-H4-PSD 12 97 -13–140 active 4X 37 × 16.5 × 7.9 100 ETL 10/15, 20

Schneider Electric Conext TX 2800 NA 94.5 -13–149 passive 3R 35 × 15.9 × 7.3 70 CSA 10

Schneider Electric Conext TX 3300 NA 94.5/95 -13–149 passive 3R 35 × 15.9 × 7.3 71 CSA 10

Schneider Electric Conext TX 3800 NA 95.5 -13–149 passive 3R 38.9 × 15.9 × 7.3 81 CSA 10

Schneider Electric Conext TX 5000 NA 95.5/96 -13–149 passive 3R 38.9 × 15.9 × 7.3 86 CSA 10

Silicon Energy SiE3840 95.5/96 -13–131 active 3R 28.8 × 17.9 ×  6.9 51 ETL 10

Silicon Energy SiE5300 95.5/96 -13–131 active 3R 28.8 × 17.9 × 8.3 62 ETL 10

String Inverter Guide
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2014 Single and 3-Phase String Inverters 
Input Data (dc) Output Data (ac) Integrated Disconnects and Combiners Termination Specifications

Manufacturer Model Topology

Max. 
recommended  
PV power at 

STC (W)

Maximum 
 open-circuit 

voltage
PV start 
voltage

# MPPT 
circuits

MPPT  
voltage range

Max.  
usable input 

current1

Max. 
short-circuit 

current
CEC-rated power 

(W)
Nominal  

output voltage
# of 

phases
Max. output  

current

Max. ac  
OCPD rating 

(A)

DC  
disconnect 
standard

AC  
disconnect 
standard

Fused 
combiner 
standard

Arc-fault  
protection

# DC string 
inputs

DC  
wire range  

(AWG)

AC  
wire range 

(AWG)

GEC wire 
range  
(AWG)

SMA America SB 2000HF-US isolated 2,500 600 220 1 175–480 15 25 2,000 208/240 1 9.6/8.3 25 yes no no no 3 10–8 12-8 10–6

SMA America SB 2500HF-US isolated 3,125 600 220 1 220–480 15 25 2,500 208/240 1 12/10.4 25 yes no no no 3 10–8 12-8 10–6

SMA America SB 3000HF-US isolated 3,750 600 220 1 220–480 15 25 3,000 208/240 1 14.4/12.5 25 yes no no no 3 10–8 12-8 10–6

SMA America SB 3000-US isolated 3,750 500 228 1 175–400/200–400 17 36 3,000 208/240 1 15/13 30 yes no yes yes (option) 4 10–6 10–6 10–6

SMA America SB 3800-US isolated 4,750 600 285 1 250–480 18 36 3,800 240 1 16 30 yes no yes yes (option) 4 10–6 10–6 10–6

SMA America SB 4000-US isolated 4,375/5,000 600 285 1 220–480/250–480 18 36 3,500/4,000 208/240 1 17 30 yes no yes yes (option) 4 10–6 10–6 10–6

SMA America SB 5000-US isolated 6,250 600 300 1 250–480 21 36 5,000 208/240/277 1 24/21/18 50 yes no yes yes (option) 4 10–6 10–6 10–6

SMA America SB 6000-US isolated 7,500 600 300 1 250–480 25 36 6,000 208/240/277 1 29/25/22 50 yes no yes yes (option) 4 10–6 10–6 10–6

SMA America SB 7000-US isolated 8,750 600 300 1 250–480 30 36 7,000 208/240/277 1 34/29/25 50 yes no yes yes (option) 4 10–6 10–6 10–6

SMA America SB 8000-US isolated 10,000 600 365 1 300–480 30 36 7,680/8,000 240/277 1 32/29 50 yes no yes yes (option) 4 10–6 10–6 10–6

SMA America SB 3000TL-US non-isolated 3,200 600 150 2 175–480 2 × 15 2 × 19 3,000 208/240 1 15 30 yes no N/A yes 2 15 10–6 12-6 10–6

SMA America SB 3800TL-US non-isolated 4,200 600 150 2 175–480 2 × 15 2 × 19 3,800 208/240 1 16 30 yes no N/A yes 2 15 10-6 12-6 10–6

SMA America SB 4000TL-US non-isolated 4,200 600 150 2 175–480 2 × 15 2 × 19 4,000 208/240 1 20 30 yes no N/A yes 2 15 10–6 12-6 10–6

SMA America SB 5000TL-US non-isolated 5,300 600 150 2 175–480 2 × 15 2 × 19 4,550/5,000 208/240 1 22 30 yes no N/A yes 2 15 10–6 12-6 10–6

SMA America SB 6000TL-US non-isolated 7,500 600 360 1 300–480/345–480 20.9/18.1 45 6,000 208/240 1 28.8/25 45 yes no no yes (option) 6 17 8–2 20 6-2 8–2

SMA America SB 7000TL-US non-isolated 8,750 600 360 1 300–480/345–480 24.4/21.1 45 7,000 208/240 1 33.7/29.2 45 yes no no yes (option) 6 17 8–2 20 6-2 8–2

SMA America SB 8000TL-US non-isolated 10,000 600 360 1 300–480/345–480 27.9/24.1 45 8,000 208/240 1 38.5/33.4 60 yes no no yes (option) 6 17 8–2 20 6-2 8–2

SMA America SB 9000TL-US non-isolated 11,250 600 360 1 300–480/345–480 31.4/27.1 45 9,000 208/240 1 43.3/37.5 60 yes no no yes (option) 6 17 8–2 20 6-2 8–2

SMA America SB 10000TL-US non-isolated 12,500 600 360 1 300–480/345–480 35/30.2 45 10,000 208/240 1 48.1/41.7 60 yes no no yes (option) 6 17 8–2 20 6-2 8–2

SMA America SB 11000TL-US non-isolated 13,750 600 360 1 345–480 33.3 45 11,000 240 1 45.8 60 yes no no yes (option) 6 17 8–2 20 6-2 8–2

SMA America STP 12000TL-US non-isolated 15,000 1,000 188 2 300–800 2 × 33 2 × 43 12,000 480 3 14.4 50 no no no yes 2 19 8–2 20 8-6 8–2

SMA America STP 15000TL-US non-isolated 18,750 1,000 188 2 300–800 2 × 33 2 × 43 15,000 480 3 18 50 no no no yes 2 19 8–2 20 8-6 8–2

SMA America STP 20000TL-US non-isolated 25,000 1,000 188 2 300–800 2 × 33 2 × 43 20,000 480 3 24 50 no no no yes 2 19 8–2 20 8-6 8–2

SMA America STP 24000TL-US non-isolated 30,000 1,000 188 2 450–800 2 × 33 2 × 43 24,000 480 3 29 50 no no no yes 2 19 8–2 20 8-6 8–2

SolarEdge Technologies SE3000A-US non-isolated 4,100 500 8 21 varies 11 8–80 21 11 30 3,000 240 1 14 40 yes yes N/A yes 2 24–6 24–6 10–6 6

SolarEdge Technologies SE3800A-US non-isolated 5,200 500 8 21 varies 11 8–80 21 13 30 3,800 240 1 16 40 yes yes N/A yes 2 24–6 24–6 10–6 6

SolarEdge Technologies SE5000A-US non-isolated 6,250 500 8 21 varies 11 8–80 21 18 30 5,000 208/240/277 1 25/23/20 40 yes yes N/A yes 2 24–6 24–6 10–6 6

SolarEdge Technologies SE6000A-US non-isolated 7,500 500 8 21 varies 11 8–80 21 18 30 6,000 240 1 25 40 yes yes N/A yes 2 24–6 24–6 10–6 6

SolarEdge Technologies SE7600A-US non-isolated 9,500 500 8 21 varies 11 8–80 21 23 30 7,600 240 1 32 40 yes yes N/A yes 2 14–6 8–3 10–6 6

SolarEdge Technologies SE10000A-US non-isolated 12,500 500 8 21 varies 11 8–80 21 30.5 30 10,000 208/240/277 1 48/42/36 40 yes yes N/A yes 2 14–6 8–3 10–6 6

SolarEdge Technologies SE11400A-US non-isolated 14,250 500 8 21 varies 11 8–80 21 34.5 30 11,400 240 1 47.5 40 yes yes N/A yes 2 14–6 8–3 10–6 6

SolarEdge Technologies SE9kUS non-isolated 11,250 500 12.5 22 varies 11 12.5–80 22 26.5 30 9,000 208 3 25 40 yes yes N/A yes 2 12–6 12–6 10–6 6

SolarEdge Technologies SE10kUS non-isolated 12,500 980 12.5 23 varies 11 12.5–105 23 13.5 30 10,000 480 3 12 40 yes yes N/A yes 2 12–6 12–6 10–6 6

SolarEdge Technologies SE20kUS non-isolated 25,000 980 12.5 23 varies 11 12.5–105 23 26.5 30 20,000 480 3 24 40 yes yes N/A yes 2 12–6 12–6 10–6 6

SolarMax 12MT2 A non-isolated 12,000 1,000 250 2 340–850 2 × 18 36 11,700 480 3 15 20 yes no N/A N/A 4 8–10 8–10 8–10

SolarMax 15MT3 A non-isolated 15,000 600 250 3 325–500 2 × 18, 1 × 10 46 14,550 480 3 18.5 25 yes no N/A N/A 5 8–10 8–10 8–10

SolarMax 18MT3 A non-isolated 18,000 1,000 250 3 400–850 2 × 18, 1 × 10 46 17,460 480 3 22 30 yes no N/A N/A 5 8–10 8–10 8–10

Solectria Renewables PVI 1800 isolated 2,200 400 150 1 125–350 11 18 1,800 208/240 1 8.7/7.5 15 option option no no 1 10–6 10–6 10–6

Solectria Renewables PVI 2500 isolated 3,200 400 150 1 125–350 15 18 2,500 208/240 1 12/10.4 15 option option no no 1 10–6 10–6 10–6

Solectria Renewables PVI 3800TL non-isolated 4,580 600 200 1 200-500 20 DNR 3,300/3,800 208/240 1 15.8 20 yes no yes yes 2 14–6 14–6 14–6

Solectria Renewables PVI 5200TL non-isolated 6,200 600 200 2 200-500 2 × 15 DNR 5,200 208/240 1 25/21.6 40 yes no yes yes 2 × 2 14–6 14–6 14–6

Solectria Renewables PVI 6600TL non-isolated 8,000 600 200 2 200-500 2 × 18 DNR 6,600 208/240 1 31.7/27.5 40 yes no yes yes 2 × 2 14–6 14–6 14–6

Solectria Renewables PVI 7600TL non-isolated 9,100 600 200 2 200-500 2 × 20 DNR 6,600/7,600 208/240 1 31.7 40 yes no yes yes 2 × 2 14–6 14–6 14–6

Solectria Renewables PVI 14TL non-isolated 19,000 600 300 2 300–540 2 × 25 2 × 45 14,000 208 3 39 50 yes yes yes yes 2 × 4 10 10–8 10–8

Solectria Renewables PVI 20TL non-isolated 27,000 600 300 2 300–550 2 × 35 2 × 45.5 20,000 480 3 27.3 35 yes yes yes yes 2 × 4 10 10–8 10–8

Solectria Renewables PVI 23TL non-isolated 31,000 1,000 330 2 480–800 2 × 27 2 × 41 23,000 480 3 32 50 yes yes yes yes 2 × 4 10 10–6 10–8

Solectria Renewables PVI 28TL non-isolated 38,000 1,000 330 2 500–800 2 × 32 2 × 48 28,000 480 3 39 65 yes yes yes yes 2 × 4 10 10–6 10–8

Sungrow SG30KU non-isolated 34,100 1,000 300 2 280–950 2 × 33 2 × 60 30,000 480 3 40 50 yes option yes yes 2 × 5 12–6 10 6

Sungrow SG36KU non-isolated 41,000 1,000 300 2 280–950 2 × 33 2 × 60 36,000 480 3 48 60 yes option yes yes 2 × 5 12–6 10 6

String Inverter Guide
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Input Data (dc) Output Data (ac) Integrated Disconnects and Combiners Termination Specifications

Manufacturer Model Topology

Max.
recommended  
PV power at 

STC (W)

Maximum 
 open-circuit 

voltage
PV start 
voltage

# MPPT 
circuits

MPPT  
voltage range

Max.
usable input 

current1

Max.
short-circuit 

current
CEC-rated power 

(W)
Nominal  

output voltage
# of 

phases
Max. output  

current

Max. ac  
OCPD rating 

(A)

DC  
disconnect 
standard

AC  
disconnect 
standard

Fused 
combiner 
standard

Arc-fault  
protection

# DC string 
inputs

DC  
wire range  

(AWG)

AC  
wire range 

(AWG)

GEC wire 
range  
(AWG)

SMA America SB 2000HF-US isolated 2,500 600 220 1 175–480 15 25 2,000 208/240 1 9.6/8.3 25 yes no no no 3 10–8 12-8 10–6

SMA America SB 2500HF-US isolated 3,125 600 220 1 220–480 15 25 2,500 208/240 1 12/10.4 25 yes no no no 3 10–8 12-8 10–6

SMA America SB 3000HF-US isolated 3,750 600 220 1 220–480 15 25 3,000 208/240 1 14.4/12.5 25 yes no no no 3 10–8 12-8 10–6

SMA America SB 3000-US isolated 3,750 500 228 1 175–400/200–400 17 36 3,000 208/240 1 15/13 30 yes no yes yes (option) 4 10–6 10–6 10–6

SMA America SB 3800-US isolated 4,750 600 285 1 250–480 18 36 3,800 240 1 16 30 yes no yes yes (option) 4 10–6 10–6 10–6

SMA America SB 4000-US isolated 4,375/5,000 600 285 1 220–480/250–480 18 36 3,500/4,000 208/240 1 17 30 yes no yes yes (option) 4 10–6 10–6 10–6

SMA America SB 5000-US isolated 6,250 600 300 1 250–480 21 36 5,000 208/240/277 1 24/21/18 50 yes no yes yes (option) 4 10–6 10–6 10–6

SMA America SB 6000-US isolated 7,500 600 300 1 250–480 25 36 6,000 208/240/277 1 29/25/22 50 yes no yes yes (option) 4 10–6 10–6 10–6

SMA America SB 7000-US isolated 8,750 600 300 1 250–480 30 36 7,000 208/240/277 1 34/29/25 50 yes no yes yes (option) 4 10–6 10–6 10–6

SMA America SB 8000-US isolated 10,000 600 365 1 300–480 30 36 7,680/8,000 240/277 1 32/29 50 yes no yes yes (option) 4 10–6 10–6 10–6

SMA America SB 3000TL-US non-isolated 3,200 600 150 2 175–480 2 × 15 2 × 19 3,000 208/240 1 15 30 yes no N/A yes 2 15 10–6 12-6 10–6

SMA America SB 3800TL-US non-isolated 4,200 600 150 2 175–480 2 × 15 2 × 19 3,800 208/240 1 16 30 yes no N/A yes 2 15 10-6 12-6 10–6

SMA America SB 4000TL-US non-isolated 4,200 600 150 2 175–480 2 × 15 2 × 19 4,000 208/240 1 20 30 yes no N/A yes 2 15 10–6 12-6 10–6

SMA America SB 5000TL-US non-isolated 5,300 600 150 2 175–480 2 × 15 2 × 19 4,550/5,000 208/240 1 22 30 yes no N/A yes 2 15 10–6 12-6 10–6

SMA America SB 6000TL-US non-isolated 7,500 600 360 1 300–480/345–480 20.9/18.1 45 6,000 208/240 1 28.8/25 45 yes no no yes (option) 6 17 8–2 18 6-2 8–2

SMA America SB 7000TL-US non-isolated 8,750 600 360 1 300–480/345–480 24.4/21.1 45 7,000 208/240 1 33.7/29.2 45 yes no no yes (option) 6 17 8–2 18 6-2 8–2

SMA America SB 8000TL-US non-isolated 10,000 600 360 1 300–480/345–480 27.9/24.1 45 8,000 208/240 1 38.5/33.4 60 yes no no yes (option) 6 17 8–2 18 6-2 8–2

SMA America SB 9000TL-US non-isolated 11,250 600 360 1 300–480/345–480 31.4/27.1 45 9,000 208/240 1 43.3/37.5 60 yes no no yes (option) 6 17 8–2 18 6-2 8–2

SMA America SB 10000TL-US non-isolated 12,500 600 360 1 300–480/345–480 35/30.2 45 10,000 208/240 1 48.1/41.7 60 yes no no yes (option) 6 17 8–2 18 6-2 8–2

SMA America SB 11000TL-US non-isolated 13,750 600 360 1 345–480 33.3 45 11,000 240 1 45.8 60 yes no no yes (option) 6 17 8–2 18 6-2 8–2

SMA America STP 12000TL-US non-isolated 15,000 1,000 188 2 300–800 2 × 33 2 × 43 12,000 480 3 14.4 50 no no no yes 2 19 8–2 20 8-6 8–2

SMA America STP 15000TL-US non-isolated 18,750 1,000 188 2 300–800 2 × 33 2 × 43 15,000 480 3 18 50 no no no yes 2 19 8–2 20 8-6 8–2

SMA America STP 20000TL-US non-isolated 25,000 1,000 188 2 300–800 2 × 33 2 × 43 20,000 480 3 24 50 no no no yes 2 19 8–2 20 8-6 8–2

SMA America STP 24000TL-US non-isolated 30,000 1,000 188 2 450–800 2 × 33 2 × 43 24,000 480 3 29 50 no no no yes 2 19 8–2 20 8-6 8–2

SolarEdge Technologies SE3000A-US non-isolated 4,100 500 8 21 varies 11 8–80 21 11 30 3,000 240 1 14 40 yes yes N/A yes 2 24–6 24–6 10–6 6

SolarEdge Technologies SE3800A-US non-isolated 5,200 500 8 21 varies 11 8–80 21 13 30 3,800 240 1 16 40 yes yes N/A yes 2 24–6 24–6 10–6 6

SolarEdge Technologies SE5000A-US non-isolated 6,250 500 8 21 varies 11 8–80 21 18 30 5,000 208/240/277 1 25/23/20 40 yes yes N/A yes 2 24–6 24–6 10–6 6

SolarEdge Technologies SE6000A-US non-isolated 7,500 500 8 21 varies 11 8–80 21 18 30 6,000 240 1 25 40 yes yes N/A yes 2 24–6 24–6 10–6 6

SolarEdge Technologies SE7600A-US non-isolated 9,500 500 8 21 varies 11 8–80 21 23 30 7,600 240 1 32 40 yes yes N/A yes 2 14–6 8–3 10–6 6

SolarEdge Technologies SE10000A-US non-isolated 12,500 500 8 21 varies 11 8–80 21 30.5 30 10,000 208/240/277 1 48/42/36 40 yes yes N/A yes 2 14–6 8–3 10–6 6

SolarEdge Technologies SE11400A-US non-isolated 14,250 500 8 21 varies 11 8–80 21 34.5 30 11,400 240 1 47.5 40 yes yes N/A yes 2 14–6 8–3 10–6 6

SolarEdge Technologies SE9kUS non-isolated 11,250 500 12.5 22 varies 11 12.5–80 22 26.5 30 9,000 208 3 25 40 yes yes N/A yes 2 12–6 12–6 10–6 6

SolarEdge Technologies SE10kUS non-isolated 12,500 980 12.5 23 varies 11 12.5–105 23 13.5 30 10,000 480 3 12 40 yes yes N/A yes 2 12–6 12–6 10–6 6

SolarEdge Technologies SE20kUS non-isolated 25,000 980 12.5 23 varies 11 12.5–105 23 26.5 30 20,000 480 3 24 40 yes yes N/A yes 2 12–6 12–6 10–6 6

SolarMax 12MT2 A non-isolated 12,000 1,000 250 2 340–850 2 × 18 36 11,700 480 3 15 20 yes no N/A N/A 4 8–10 8–10 8–10

SolarMax 15MT3 A non-isolated 15,000 600 250 3 325–500 2 × 18, 1 × 10 46 14,550 480 3 18.5 25 yes no N/A N/A 5 8–10 8–10 8–10

SolarMax 18MT3 A non-isolated 18,000 1,000 250 3 400–850 2 × 18, 1 × 10 46 17,460 480 3 22 30 yes no N/A N/A 5 8–10 8–10 8–10

Solectria Renewables PVI 1800 isolated 2,200 400 150 1 125–350 11 18 1,800 208/240 1 8.7/7.5 15 option option no no 1 10–6 10–6 10–6

Solectria Renewables PVI 2500 isolated 3,200 400 150 1 125–350 15 18 2,500 208/240 1 12/10.4 15 option option no no 1 10–6 10–6 10–6

Solectria Renewables PVI 3800TL non-isolated 4,580 600 200 1 200-500 20 DNR 3,300/3,800 208/240 1 15.8 20 yes no yes yes 2 14–6 14–6 14–6

Solectria Renewables PVI 5200TL non-isolated 6,200 600 200 2 200-500 2 × 15 DNR 5,200 208/240 1 25/21.6 40 yes no yes yes 2 × 2 14–6 14–6 14–6

Solectria Renewables PVI 6600TL non-isolated 8,000 600 200 2 200-500 2 × 18 DNR 6,600 208/240 1 31.7/27.5 40 yes no yes yes 2 × 2 14–6 14–6 14–6

Solectria Renewables PVI 7600TL non-isolated 9,100 600 200 2 200-500 2 × 20 DNR 6,600/7,600 208/240 1 31.7 40 yes no yes yes 2 × 2 14–6 14–6 14–6

Solectria Renewables PVI 14TL non-isolated 19,000 600 300 2 300–540 2 × 25 2 × 45 14,000 208 3 39 50 yes yes yes yes 2 × 4 10 10–8 10–8

Solectria Renewables PVI 20TL non-isolated 27,000 600 300 2 300–550 2 × 35 2 × 45.5 20,000 480 3 27.3 35 yes yes yes yes 2 × 4 10 10–8 10–8

Solectria Renewables PVI 23TL non-isolated 31,000 1,000 330 2 480–800 2 × 27 2 × 41 23,000 480 3 32 50 yes yes yes yes 2 × 4 10 10–6 10–8

Solectria Renewables PVI 28TL non-isolated 38,000 1,000 330 2 500–800 2 × 32 2 × 48 28,000 480 3 39 65 yes yes yes yes 2 × 4 10 10–6 10–8

Sungrow SG30KU non-isolated 34,100 1,000 300 2 280–950 2 × 33 2 × 60 30,000 480 3 40 50 yes option yes yes 2 × 5 12–6 10 6

Sungrow SG36KU non-isolated 41,000 1,000 300 2 280–950 2 × 33 2 × 60 36,000 480 3 48 60 yes option yes yes 2 × 5 12–6 10 6

Footnote Key
1  Per Mpp tracker
2  Adjustable: 120–350 Vdc
3  Example unit. Variations include 208, 480 and 600  

(Canada) Vac outputs, pos. and neg. grounding,  
 and dc or dc/ac switches

4  Example unit. Variations include dc fuses, 2 x 8  
dc input terminals, dc surge protection and ac  

  fused disconnect 

5  Adjustable: 250–500 Vdc
6  GEC not required. EGC specification listed
7  Isolated without transformer 
8  1502x–5002x inverters without disconnects available.  

 Electrical specs are identical for x and xi models
9  Integrated Tigo Energy Maximizer Management Unit
10  Supplies PV power at < 550 Vdc
11  Module-level MPP tracking

12  Available without disconnect
13  DC disconnect dimensions: 12 × 7 × 7.5 in.
14  DC disconnect weight: 8 lbs.
15  Per MPP tracker
16  DC disconnect dimensions: 11.7 × 7.3 × 7.5 in.
17  With SBCBTL-6 combiner box
18  10–6 input & 6–2 output with SBCBTL-6  
  combiner box

19  8 dc string inputs with optional CU1000-US-10  
  combiner disconnect
20 12–6 input & 8–2 output with optional CU1000-  

US-10 combiner disconnect
21  P400 power optimizer 
22  P600 power optimizer 
23  P700 power optimizer 
24  -40–140°F version available
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2014 Single and 3-Phase String Inverters 
Operation Mechanical Listing and Warranty

Manufacturer Model

CEC-weighted 
efficiency       

(%)

Ambient  
temp. range 

(°F)
Cooling 
method

Enclosure 
NEMA rating

Dimensions  
H x W x D 

(in.)
Weight       
(lbs.) 

Listing  
agency

Warranty std./ext. 
(yrs.)

SMA America SB 2000HF-US 97 -13–113 active 3R 29 × 14 × 7 51 UL 10/15, 20

SMA America SB 2500HF-US 96.5 -13–113 active 3R 29 × 14 × 7 51 UL 10/15, 20

SMA America SB 3000HF-US 96.5 -13–113 active 3R 29 × 14 × 7 51 UL 10/15, 20

SMA America SB 3000-US 95/95.5 -13–113 active 3R 14 × 18 × 9 13 84 14 UL 10/15, 20

SMA America SB 3800-US 96 -13–113 active 3R 14 × 18 × 9 13 84 14 UL 10/15, 20

SMA America SB 4000-US 95.5/96 -13–113 active 3R 14 × 18 × 9 13 84 14 UL 10/15, 20

SMA America SB 5000-US 95.5 -13–113 active 3R 24 × 18.5 × 9.0 13 141 14 UL 10/15, 20

SMA America SB 6000-US 95.5/95.5/96 -13–113 active 3R 24 × 18.5 × 9.0 13 141 14 UL 10/15, 20

SMA America SB 7000-US 95.5/96/96 -13–113 active 3R 24 × 18.5 × 9.0 13 141 14 UL 10/15, 20

SMA America SB 8000-US 96 -13–113 active 3R 24 × 18.5 × 9.0 13 145 14 UL 10/15, 20

SMA America SB 3000TL-US 96/96.5 -40–140 passive 3R 20.5 × 19.3 × 7.3 16 53 14 UL 10/15, 20

SMA America SB 3800TL-US 96/96.5 -40–140 passive 3R 20.5 × 19.3 × 7.3 16 53 14 UL 10/15, 20

SMA America SB 4000TL-US 96/96.5 -40–140 passive 3R 20.5 × 19.3 × 7.3 16 53 14 UL 10/15, 20

SMA America SB 5000TL-US 96/96.5 -40–140 passive 3R 20.5 × 19.3 × 7.3 16 53 14 UL 10/15, 20

SMA America SB 6000TL-US 98/98.5 -40–140 active 3R 24.1 × 18.4 × 9.5 16 78 14 UL 10/15, 20

SMA America SB 7000TL-US 98/98.5 -40–140 active 3R 24.1 × 18.4 × 9.5 16 78 14 UL 10/15, 20

SMA America SB 8000TL-US 98 -40–140 active 3R 24.1 × 18.4 × 9.5 16 78 14 UL 10/15, 20

SMA America SB 9000TL-US 98 -40–140 active 3R 24.1 × 18.4 × 9.5 16 78 14 UL 10/15, 20

SMA America SB 10000TL-US 97.5/98 -40–140 active 3R 24.1 × 18.4 × 9.5 16 78 14 UL 10/15, 20

SMA America SB 11000TL-US 98 -40–140 active 3R 24.1 × 18.4 × 9.5 16 78 14 UL 10/15, 20

SMA America STP 12000TL-US 97.5 -13–140 active 3R 27.1 × 26.1 × 10.4 121 UL 10/15, 20

SMA America STP 15000TL-US 97.5 -13–140 active 3R 27.1 × 26.1 × 10.4 121 UL 10/15, 20

SMA America STP 20000TL-US 97.5 -13–140 active 3R 27.1 × 26.1 × 10.4 121 UL 10/15, 20

SMA America STP 24000TL-US 98 -13–140 active 3R 27.1 × 26.1 × 10.4 121 UL 10/15, 20

SolarEdge Technologies SE3000A-US 97.5 -13–140 24 passive 3R 30.5 × 12.5 × 7 51 ETL 12/20, 25

SolarEdge Technologies SE3800A-US 98 -13–140 24 passive 3R 30.5 × 12.5 × 7 51 ETL 12/20, 25

SolarEdge Technologies SE5000A-US 97.5/98/98 -13–140 24 passive 3R 30.5 × 12.5 × 7.5 55 ETL 12/20, 25

SolarEdge Technologies SE6000A-US 97.5 -13–140 24 passive 3R 30.5 × 12.5 × 7.5 55 ETL 12/20, 25

SolarEdge Technologies SE7600A-US 97.5 -13–140 24 active 3R 30.5 × 12.5 × 10.5 88 ETL 12/20, 25

SolarEdge Technologies SE10000A-US 97/97.5/97.5 -13–140 24 active 3R 30.5 × 12.5 × 10.5 88 ETL 12/20, 25

SolarEdge Technologies SE11400A-US 97.5 -13–140 24 active 3R 30.5 × 12.5 × 10.5 88 ETL 12/20, 25

SolarEdge Technologies SE9kUS 96.5 -13–140 24 active 3R 30.5 × 12.5 × 10.5 80 ETL 12/20, 25

SolarEdge Technologies SE10kUS 98 -13–140 24 active 3R 30.5 × 12.5 × 10.5 80 ETL 12/20, 25

SolarEdge Technologies SE20kUS 98 -13–140 24 active 3R 30.5 × 12.5 × 10.5 80 ETL 12/20, 25

SolarMax 12MT2 A 97.5 -13–140 active 4X 37 × 21.5 × 7.9 97 ETL 10/15, 20, 25

SolarMax 15MT3 A 97 -13–140 active 4X 37 × 21.5 × 7.9 110 ETL 10/15, 20, 25

SolarMax 18MT3 A 97 -13–140 active 4X 37 × 21.5 × 7.9 110 ETL 10/15, 20, 25

Solectria Renewables PVI 1800 92.5 -13–131 passive 4X 18.5 × 13.1 × 5.6 34 TUV  5/10

Solectria Renewables PVI 2500 92/93 -13–131 active 4X 23.6 × 13.1 × 5.6 36 TUV  5/10

Solectria Renewables PVI 3800TL 97.5 -13–122 passive 4 17.5 × 15.8 × 8.5 43 ETL 10/15, 20

Solectria Renewables PVI 5200TL 97.5 -13–122 passive 4 26.8 × 15.8 × 8.5 64 ETL 10/15, 20

Solectria Renewables PVI 6600TL 97.5 -13–122 passive 4 26.8 × 15.8 × 8.5 64 ETL 10/15, 20

Solectria Renewables PVI 7600TL 97.5 -13–122 passive 4 26.8 × 15.8 × 8.5 64 ETL 10/15, 20

Solectria Renewables PVI 14TL 96 -13–122 active 4 41.6 × 21.4 × 8.5 141 ETL 10/15, 20

Solectria Renewables PVI 20TL 96.5 -13–122 active 4 41.6 × 21.4 × 8.5 132 ETL 10/15, 20

Solectria Renewables PVI 23TL 98 -13–122 active 4 39.4 × 23.6 × 9.1 122 CSA 10/15, 20

Solectria Renewables PVI 28TL 98 -13–122 active 4 39.4 × 23.6 × 9.1 122 CSA 10/15, 20

Sungrow SG30KU 98 -13–140 active 4X 34.6 × 25 × 9.8 143 CSA 10/20

Sungrow SG36KU 98 -13–140 active 4X 34.6 × 25 × 9.8 143 CSA 10/20

String Inverter Guide
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The Award-Winning  
Solar Ware® Samurai
• Revolutionary new PV central inverter for the solar industry

• Patented multilevel inverter technology

• Maximized and optimized efficiency at high load

• Wide MPPT range, allowing for best-in-class DC/AC ratios

• New cooling system for desert environments

• Flexible DC-input configuration to meet complex  
array configuration

VISIT US AT
ISNA BOOTH 

#8333

www.tmeic.com
+1-540-283-2000  |  SolarPV@tmeic.com

Harvesting solar energy with SolarMax!
What makes solar power plant operators as happy as farmers? 
Quite plainly: maximum results day in and day out. With the 
powerful SolarMax inverters you can easily create the best 
conditions for maximum energy yields.

SolarMax stands for top-class Swiss quality for more than  
20 years: outstanding materials and workmanship, absolute  
reliability, efficiency, and durability. Furthermore, we offer our 
customers extensive warranty coverage and excellent advice 
combined with intelligent solutions for plant monitoring. 

Come follow us to the sunny side – seed SolarMax inverters into 
your solar power plant.

MT A series TS A series

www.solarmax.com

Maximize  
           your yield

More than 
20 years Swiss Quality 
and Experience

http://www.solarmax.com
http://www.tmeic.com
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SWITCHboard From the Forum

Original post from Michael: Since 
Massachusetts adopted NEC 2014, 
we are dealing with 690.12 in certain 
jurisdictions. Some inspectors believe 
that it’s too early to enforce this require-
ment—that the industry isn’t ready for 
it—and allow us to ignore it by citing 
690.4. Others are requiring us to install 
dc discos within 5 or 10 feet of the array, 
like the one in this picture. Although 
mounting a manual disconnect on the 
roof, in the attic, or on the side of the 
building may appear to meet 690.12 
requirements, I cannot see how this 
actually improves firefighter safety. 

Marvin Hamon, PE: As it appears in 
NEC 2014, 690.12 is a work in progress. It’s 
an incremental step toward the goal of 
remotely turning off power at the point of 
generation and rendering a PV system on 
a building touch-safe. Putting a discon-
nect on a residential roof really does not 
improve system safety.  

The ultimate goal I see for rapid 
shutdown is a kill switch located near 
the meter that will open the PV circuit at 
each module—and perhaps even open 
up circuits inside the module—so that 
nowhere in the system is there a voltage 
higher than 30 V. That’s not a goal that 
everyone in the industry shares, but it is 
what I see as the ultimate end game. It’s 
probably the only thing that will satisfy 
most first responders. 

SolarPro (David Brearley): Michael, 
unless the inverter is also located within 
10 feet of the PV array, a rooftop-mounted 
disconnect does not meet the require-
ments in 690.12(2). This subsection 
requires that the control circuits drop 
below 30 V and 240 VA within 10 seconds 
of initiating rapid shutdown. 

It’s actually a recipe for disaster if the 
fire department assumes that opening a 

disco like the one shown here results in 
safe working conditions. Conservatively 
speaking, lethal voltages are still present 
on the PV output circuits for another 
5 minutes, due to the residual energy 
stored in the dc capacitors. 

Michael: So opening the dc disco will not 
immediately rid the voltage on the load 
side of that switch? I didn’t know this and 
would be interested to hear more, if you 
don’t mind explaining. 

SolarPro: Capacitors are used on the 
PV-input side of an interactive inverter to 
stabilize the dc bus voltage. Open up any 
inverter manual and read the start-up 
and shutdown procedure. You will notice 
that the instruction manual cautions that 
the dc bus may remain energized for up 

to 5 minutes after you disconnect the 
array from the inverter. 

Very few interactive inverters  
presently meet the 10-second require-
ment in 690.12(2). Unless an inverter 
has a capacitor bleed-down circuit on 
the PV input—presumably one that 
loss of ac power or a similar condition  
triggers—you technically need to  
shut off power on the roof and at  
the inverter to meet the rapid shut-
down requirements.

Ideally, we will design and deploy PV 
systems in the future so that the rapid 
shutdown label required per 690.56(C) is 
simply installed at the main ac discon-
necting means. That way fire service 
personnel can shut down ac circuits and 
control dc circuits on the structure at the 
same time.

NEC Section 690.12: Rapid Shutdown
The following dialogue is from a recent thread on SolarPro’s technical discussion forum. Visit solarprofessional.com/forum to 
post questions or join the conversation. 

Disconnect between intent and enforcement  An AHJ required the dc disconnect 
shown here as a means of complying with 690.12. However, opening this discon-
nect does nothing to improve system safety for first responders, which is the intent 
of the new rapid shutdown requirements. 

http://solarprofessional.com/forum
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Marvin Hamon: We can fully comply 
with 690.12 today using microinverters, 
just as we could have used microinvert-
ers to fully comply with 690.11 arc-fault 
requirements when NEC 2011 was 
adopted. But the industry did not stop 
installing string inverters. Instead, AHJs 
waived 690.11 requirements, and every-
one waited for the technology to catch 
up with the new safety standard. I expect 
that the process of meeting 690.12’s 
requirements will go the same way. 

SolarPro: If AHJs want to waive the 
rapid shutdown requirements, they 
certainly can. The right way to do it 
would be to waive 690.12 altogether. 
The wrong way to do it would be to 
adopt half-measures and pretend 
these provide real protection. 

A rooftop disconnect like the one 
shown on the side of this dwelling will 
not protect fire service personnel in 

the event of an emergency—unless 
it’s an “emergency” that can wait 5 
minutes. It’s actually more dangerous 
if firefighters think they are protected 
against shock hazards when in fact 
they are not. 

MPaiss (Matt Paiss, San Jose, CA, 
fire captain): This photo has me shak-
ing my head and my fist, as it does not 
meet the intent of 690.12. I worked on 
the rapid shutdown language in the NEC, 
as well as on the new fire code require-
ments for PV systems. [See “Designing 
for Fire Code Compliance,” pp. 42–58.] 
This type of rooftop disconnect is exactly 
what I argued loudly against when there 
was strong support for adding rooftop 
disconnect requirements to the 2012 
edition of NFPA 1: Fire Code. 

As passed in 690.12, the rapid shut-
down requirement is intended to open 
all disconnects automatically. The easiest 

way to comply with 690.12 today is to 
place inverters on the roof, perhaps using 
microinverters in residential applica-
tions and string inverters in commercial 
flat-roof applications. If you want to use 
a manual disconnect for rapid shutdown, 
you will also need a contactor at the 
inverter to isolate the dc input and meet 
the 10-second requirement. 

Clearly more work needs to be done 
on 690.12 for NEC 2017, and AHJs need 
educating about the intent of this new 
section. Photos like this one help make 
the case that the language in 690.12 
needs improvement.

Editor’s note: If you have photos of NEC 
2014 misinterpretations that you would 
like to share with Captain Matt Paiss 
and solar industry representatives on 
the Code-Making Panel responsible for 
Article 690, please send these care of:  
editor@solarprofessional.com.

Make your next 
move count
Gain Credibility. Attract students.

IREC program accreditation and trainer certification www.irecusa.org

mailto:editor@solarprofessional.com
http://www.irecusa.org
http://www.solarpathfinder.com/spv
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CALIFORNIA 

PV Mastery 
CleanEdison

San Francisco
Aug 4 – Aug 8
Sep 29 – Oct 3
cleanedison.com

Sustainable Technologies–
Solar Sequence 
Santa Monica College

Santa Monica 
Aug 25 – Dec 20 
smc.edu

PV Mastery 
CleanEdison

San Diego
Sep 1 – Sep 5
cleanedison.com

PV Mastery 
CleanEdison

Los Angeles
Sep 1 – Sep 5
cleanedison.com

COLORADO 

Battery-Based PV Lab Week
Solar Energy International

Paonia
Aug 4 – Aug 8
Sep 22 – Sep 26 
solarenergy.org

PV Systems, Tools &  
Techniques for O&M Lab 
Solar Energy International

Paonia
Aug 18 – Aug 22
solarenergy.org

PV Mastery 
CleanEdison

Denver
Aug 25 – Aug 29
cleanedison.com

Off-Grid Systems Hands-On
Buckville Energy Consulting 

Fort Collins
Sep 6 – Sep 7
sustainablelivingassocia-
tion.org

Grid-Direct PV Design & 
Installation
Solar Energy International

Paonia
Sep 8 – Sep 12
solarenergy.org

Grid-Direct PV Lab Week
Solar Energy International

Paonia
Sep 15 – Sep 19
solarenergy.org

FLORIDA 

Advanced PV Installation
US Solar Institute

Fort Lauderdale
Aug 11 – Aug 15
Sep 29 – Oct 3
ussolarinstitute.com

PV Mastery 
CleanEdison

Tampa
Aug 11 – Aug 15
cleanedison.com

PV Field Training
US Solar Institute

Fort Lauderdale
Aug 18 – Aug 22
ussolarinstitute.com

PV Installer Training
Everblue Training Institute

Jacksonville
Sep 29 – Oct 3
everblue.edu

Solar Contractor Series
Everblue Training Institute

Jacksonville
Sep 29 – Oct 3
everblue.edu

GEORGIA

PV Mastery 
CleanEdison

Atlanta
Aug 4 – Aug 8
cleanedison.com

PV  Design & Installation
SOLAIRGEN School of Solar 
Technology

Dahlonega
Aug 18 – Aug 22
solairgen.com

PV Mastery 
CleanEdison

Atlanta
Sep 29 – Oct 3
cleanedison.com

MASSACHUSETTS

PV Associate Bootcamp
Everblue Training Institute

Lawrence
Aug 4 – Aug 8
everblue.edu

PV Mastery 
CleanEdison

Boston
Aug 18 – Aug 22
cleanedison.com

NEW MEXICO

PV Academy
CNM Workforce Training Center

Albuquerque
Aug 15 – Sep 27
cnm.edu/wtc

NORTH CAROLINA

Regulatory Financial Updates 
for RE in North Carolina
Appalachian Energy Center

Boone
Aug 22
energy.appstate.edu

PV Mastery 
CleanEdison

Raleigh
Sep 1 – Sep 5
cleanedison.com

Solar Water Heating
Appalachian Energy Center

Boone
Sep 5
energy.appstate.edu

Renewable Energy Genera-
tion with PV Systems
NC Solar Center at NC State 
University

Raleigh
Sep 15 – Sep 19
ncsc.ncsu.edu

PV Installer Training
Everblue Training Institute

Charlotte
Sep 29 – Oct 3
everblue.edu

Solar Contractor Series
Everblue Training Institute

Charlotte
Sep 29 – Oct 3
everblue.edu

PENNSYLVANIA

PV Mastery 
CleanEdison

Philadelphia
Sep 1 – Sep 5
cleanedison.com

PV Mastery 
CleanEdison

Pittsburgh
Sep 1 – Sep 5
cleanedison.com

PV Installer Training
Everblue Training Institute

Trevose
Sep 1 – Sep 5
everblue.edu

PV Installer Training
Everblue Training Institute

Pittsburgh
Sep 1 – Sep 5
everblue.edu

Solar Contractor Series
Everblue Training Institute

Pittsburgh
Sep 1 – Sep 5
everblue.edu

TEXAS 

Off-Grid PV 
AEE Solar & OutBack Power

Austin
Aug 8
aeesolar.com

PV Mastery 
CleanEdison

Dallas
Aug 11 – Aug 15
cleanedison.com

PV Mastery 
CleanEdison

Houston
Aug 18 – Aug 22
cleanedison.com

UTAH

PV Mastery 
CleanEdison

Salt Lake City
Sep 1 – Sep 5
cleanedison.com

Advanced PV Systems
Salt Lake Community College

Salt Lake City
Sep 2 – Nov 11
slcccontinuinged.com

NABCEP PV Certification 
Exam Prep 
Salt Lake Community College

Salt Lake City
Sep 13 – Sep 20
slcccontinuinged.com

WASHINGTON

NABCEP-Registered  
Certificate Training  
OutBack Power

Arlington
Aug 12 – Aug 15
Sep 9 – Sep 12
outbackpower.com

ONLINE

Allied American University
allied.edu

ImagineSolar 
imaginesolar.com

HeatSpring Learning Institute
heatspring.com

Midwest Renewable Enegy  
Association

midwestrenew.org

ONTILITY
ontility.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

Training Continuing Education for the Pro

For additional training opportunities and course details, visit solarprofessional.com/training.
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is exponentially better.

The power of

And we’re bringing that power to Las Vegas for  
 Solar Power International 2014. 
        And then some.

SPI ’14 will unleash the power of
   the industry’s most innovative products and technologies
   most inspiring speakers, experts, and thought-leaders
   and most engaging networking events and opportunities.

To exhibit or sponsor at SPI is to impact your  
bottom line exponentially. 

 www.solarpowerinternational.com.

P O W E R E D  B Y:

Solar Power International     October 20-23, 2014     Las Vegas Convention Center     Las Vegas, NV

http://www.solarpowerinternational.com
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Johnson Melloh Solutions worked 
closely with Fronius team mem- 

bers to design and install an R&D  
facility at Fronius’ US headquarters  
in Portage, Indiana. 

The first stage of the Innovations 
Test Research and Application Center 
(ITRAC) system is comprised of a 55 kW 
roof-mounted array and two 3 kW track-
ers. The system provides Fronius USA 
and Fronius International with renewable 
energy for its US corporate headquarters 
and for an in-house test and engineering 
lab. Built with future expansion in mind, 
the facility allows for the high-power 
demands of the on-site welding labs and 
inverter production lines.

The heart of the ITRAC system is 
a new inverter lab located next to the 

technical support office. Johnson Melloh 
designed the inverter wall with 5/8-inch 
plywood under the sheetrock to provide 
a versatile mounting surface. A raceway 
with dividers that separate ac, dc and 
communication cables runs the length  
of the lab, with a fused dc combiner/ 
disconnect at one end. For inverter test-
ing, Johnson Melloh installed two 3-phase 

Overview
DESIGNER: Tim Kennedy,  

Johnson Melloh Solutions,  

johnsonmellohsolutions.com

LEAD INSTALLER: Jeff Cole, project 

manager, Johnson Melloh Solutions

DATE COMMISSIONED:  

November 2013

INSTALLATION TIME FRAME: 25 days

LOCATION: Portage, IN, 42°N 

SOLAR RESOURCE: 4.2 kWh/m2/day

ASHRAE DESIGN TEMPERATURES:  

91°F 2% average high, -8°F extreme 

minimum

ARRAY CAPACITY: 61 kWdc 

ANNUAL AC PRODUCTION:  

78,959 kWh 
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Fronius Research and Applications Center
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ac panelboards (277/480 Vac 200 A and 
120/208 Vac 200 A) at the opposite end of 
the raceway. The crew installed additional 
ac disconnects inline with the PV panel- 
boards on the exterior of the building to 
comply with Northern Indiana Public Ser-
vice Company’s requirements for utility-
interactive PV systems.

The dc side of the system utilizes 
1,000 Vac–rated components to enable 
testing of 1,000-volt inverters. The bal-
lasted roof-mounted array is 
fairly typical for a commercial 
installation. However, Fronius 
staff needs to be able to recon-
figure strings in the inverter 
lab during testing. To facili-
tate the setup for this need, 
Johnson Melloh combined all 
dc source circuits in a custom 
combiner box located in the 
lab rather than on the roof.

The crew installed the 
two tracked subarrays in front of the 
building, where they are highly visible to 
both customers and Fronius employees. 
During the initial build-out, the team 
installed conduit under the parking area 
and driveway to accommodate wiring 
for the tracker installation. This proac-
tive planning streamlined the installa-
tion, although the long-distance ac run 
from the two pole-mounted Fronius 
inverters to the closest subpanel was 
still quite challenging.

Data communications development 
and testing are important components 
of the inverter lab. The system ties a 
roof-mounted weather station into an 
Obvius AcquiSuite data acquisition 
server in the lab. The installation splits 
the inverters into groups for testing 

various monitoring options that include 
SunSpec Modbus RTU and TCP, Wi-Fi 
and ZigBee. Both trackers use the new 
Fronius Datamanager Card to send data 
via Wi-Fi to a wireless router inside the 
building. That data goes to a Fronius 
Solar Web monitoring portal, and the 
company website uses the installation 
as a demonstration system.

The 150 kW second phase of ITRAC 
is under construction. It will include 

expanded testing facilities, arrays with 
multiple azimuths and custom com-
biner boxes for source-circuit reconfigu-
ration during equipment testing. 

“Working with the Fronius team gave  

us a refreshing perspective. Fronius is 

committed to R&D and decreasing install 

time, which ultimately leads to savings  

for our customers.”

—Jeff Cole, Johnson Melloh Solutions 

“The installation experience and live sys-

tem data collected from the ITRAC  

system will help Fronius design products 

and services that specifically target the  

US market and provide insight for our 

team and customers.”

—Sebastian Hassell, product  
manager, Fronius USA 

Equipment Specifications
MODULES: 244 CentroSolar E250B, 

250 W STC, +5/-0 W, 8.24 Imp, 30.34 

Vmp, 8.76 Isc, 37.47 Voc (220 modules 

roof mounted, 24 modules tracked)  

INVERTERS: Rooftop array: 3-phase 

120/208 Vac service, two Fronius IG 

Plus Advanced 3.0-1 (3 kW, 600 Vdc 

maximum input, 230–500 Vdc MPPT 

range), four Fronius IG Plus Advanced 

7.5-1 (7.5 kW, 600 Vdc maximum 

input, 230–500 Vdc MPPT range), two 

Fronius Galvo 3.1-1 (3.1 kW, 600 Vdc 

maximum input, 165–440 Vdc MPPT 

range); 3-phase 277/480 WYE Vac 

service, two Fronius IG Plus Advanced 

12.0-3 (12 kW, 600 Vdc maximum 

input, 230–500 Vdc MPPT range)

INVERTERS: Tracked array: 3-phase 

120/208 Vac service, two Fronius  

IG Plus Advanced 3.0 -1 (3 kW, 600 

Vdc maximum input, 230–500 Vdc  

MPPT range)

ROOFTOP ARRAY INSTALLATION: 

Low-slope ballasted roof mount,  

membrane and gravel roofing, AET 

Rayport B stainless steel ballasted 

racking, 180° azimuth, 10° tilt

TRACKED ARRAY INSTALLATION: 

Two Array Technologies DuraTrack DA 

trackers, dual axis, 12 modules each 

SYSTEM MONITORING: Fronius 

DATCOM with Fronius Solar Web 

monitoring

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

Johnson Melloh Solutions
Fronius Research and Applications Center

mailto:projects@solarprofessional.com
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The Seattle Aquarium extends over 
the saltwater bay on Pier 59 in 

downtown Seattle. The historic land-
mark attracts almost 1 million visitors 
annually. In December 2013, NW Wind 
& Solar commissioned a 49.4 kW solar 
installation on the aquarium rooftop. 
The local utility, 
Seattle City Light, 
is sponsoring and 
will administer 
the Community 
Solar Program. 
The NW-based 
Bonneville Environ-
mental Foundation 
provided technical 
support throughout 
the system design 
and installation.

While the 
Seattle Landmarks 
Preservation Board 
has special vari-
ances for solar, 

it required the aquarium to submit 
profiles, renderings and documents to 
ensure that the installation would be 
aesthetically pleasing and would not 
compromise the historical integrity of 
the landmark Seattle pier.  The board 
approved the design, in part thanks 

to the glass-on-glass 
Silicon Energy mod-
ules, whose appear-
ance exceeded the 
design architect’s 
expectations. 

The array is sub-
ject to high wind and 
saltwater mist. The 
double-glass design 
of the Cascade Series 
SiE200 module makes 
it a good choice for 
marine environments. 
Silicon Energy also 
offers an aluminum 
conduit upgrade for 
its powder-coated 

Overview
DESIGN FIRMS: NW Wind & Solar, 

nwwindandsolar.com; Bonneville  

Environmental Foundation, b-e-f.org 

INSTALLATION FIRM: NW Wind & Solar

DATE COMMISSIONED:  

December 2013

INSTALLATION TIME FRAME: 45 days

LOCATION: Seattle, WA, 47.6°N

SOLAR RESOURCE: 3.7 kWh/m2/day

ASHRAE DESIGN TEMPERATURES:  

70°F 2% average high, 27°F  

extreme minimum

ARRAY CAPACITY: 49.4 kWdc

ANNUAL AC PRODUCTION:  

54,023 kWh

NW Wind & Solar
Seattle Aquarium Community Solar Project
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Equipment Specifications
MODULES: 247 Silicon Energy Cascade 

Series SiE200, 200 W STC, +3/-3%,  

7.8 Imp, 25.6 Vmp, 8.4 Isc, 30.6 Voc

INVERTERS: 277/480 Vac service, two 

Silicon Energy SiE3840 (3.3 kW at 208 

Vac, 600 Vdc maximum input, 220–550 

Vdc input voltage range), eight Silicon 

Energy SiE5300 (4.6 kW at 208 Vac,  

600 Vdc maximum input, 220–550 Vdc 

input voltage range)  

ARRAY: 14 modules per source circuit, 

typical (2,800 W, 7.8 Imp, 358.4 Vmp, 

8.4 Isc, 428.4 Voc), 18 source circuits 

total, 49.4 kW array total

ARRAY INSTALLATION: Roof mount, 

composite shingle roofing, SunEarth 

2.5-inch Black Anodized Solar Strut, 

Silicon Energy Cascade Series mounting 

system, 180° azimuth, 27° tilt

SYSTEM MONITORING: 

DECK Monitoring

wire management and mounting 
system, specifically for marine instal-
lations. Anodized aluminum Sun- 
Earth Solar Strut provided added 
insurance that rust and corrosion 
would not compromise the looks of 
the landmark structure. 

Interconnecting the system to 
a building that Seattle City Light’s 
downtown secondary network supplies 
proved to be a challenge. In most cases, 
commercial PV installations tie into the 
building’s electrical distribution system, 
which a utility radial distribution 
feeder line in turn supplies. However, a 
secondary network distribution system, 
interconnected to multiple radial feeder 
lines, feeds the Seattle Aquarium. The 
location of the aquarium’s electrical 
service—immediately adjacent to a 
secondary network transformer—is 

just about the worst-case scenario for 
the point of interconnection. A 12.47 kV 
feeder through the secondary network 
feeds the aquarium, and it has a 277/480 
3-phase service, requiring a step-down 
transformer to interconnect the 208 Vac 
Silicon Energy inverters.

For this type of electrical service 
configuration, utilities may have con-
cerns about backfeeding from the PV 
array to the secondary network. Bonne- 
ville Environmental Foundation, NW 
Wind & Solar and Seattle City Light 
sought the help of consultants from 
Schweitzer Engineering Laborato-
ries to address the interconnection 
concerns. They determined that if the 
aquarium demand were to drop below 
3 times the dc rating of the PV system, 
the system would require a minimum 
import relay controlling a contactor 

to disconnect the PV system and 
protect the secondary network from 
backfeeding. Designers configured the 
system to automatically disconnect if 
the aquarium’s instantaneous power 
demand ever drops below 150 kW, a 
rare situation that might occur if the 
seawater pumps shut down.

“Many stakeholders were involved in 

the Seattle Aquarium Community Solar 

Project. This led to several design and 

installation challenges that made for an 

exciting and memorable installation. The 

final product is durable, aesthetically 

pleasing and highly visible from Seattle’s 

waterfront. It’s a symbol of Washing-

ton’s ongoing commitment to local 

renewable energy.”

—Kevin Charap, division manager, 
NW Wind & Solar

“Community Solar demonstrates Seattle 

City Light’s commitment to meeting 

the energy needs of our customers in 

an environmentally sustainable manner 

and shows why we call ourselves ‘The 

Nation’s Greenest Utility.’”

—Sephir Hamilton, chief of staff, 
Seattle City Light 



 

is a renewable resource
(...but don’t forget to renew it.)

SolarPro represents a growing community  
of over 30,000 solar industry peers  

sharing their professional expertise. 

Renew your subscription and stay connected. 

why?

when?

how?

To keep SolarPro free. While it may seem odd to renew a free subscrip-
tion, annual renewal ensures that we’re not wasting money and paper by 

mailing copies to people who’ve moved on. What’s more, a stringently  
qualified and requalified audience provides our advertisers with the good 

value they pay for. Both help us to keep your subscription free.

Every two years. When you’re eligible for your renewal, we begin a series 
of four successive reminder messages to you via email. Your  

SolarPro subscription is on hold until we hear from you. Access to the web-
site is limited and no further issues will be mailed at this point. Check your 

renewal  date and eligibility anytime at solarprofessional.com/renew.

Just update and click. Follow the link in any of the above-mentioned 
reminder messages or visit solarprofessional.com/renew. Review and 

update your subscription application information as needed and  
click “okay.” Most renewals are approved instantly. 
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ADVANCED TECHNICAL TRAINING IN

MEGAWATT SYSTEM DESIGN
The online technical training experts at HeatSpring have teamed 
up with PV design and instruction professional Ryan Mayfield 
and technical media specialists SolarPro to launch Megawatt 
Design, a first-of-its-kind, 10-week online course in megawatt-
scale commercial system design.

This course has been developed for professionals responsible for 
designing, specifying, permitting, and managing the construction 
of large-commercial solar projects and who need to stay current 
on equipment selection, budgeting, and code compliance.

A TECHNICAL TRAINING PARTNERSHIP BETWEEN

For a complete course outline or to register, visit 

bit.ly/megawattdesign

http://www.bit.ly/megawattdesign
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The Saint Louis Science Center—
considered one of the top science 

museums in the US—has more than 750 
interactive exhibits. The Science Center 
tapped Microgrid Solar, a PV installer 
headquartered in Saint Louis, to add 
solar to its list of displays.

The state of Missouri caps its solar 
rebate program at 25 kW, and Microgrid 
sized the Science Center’s PV system 
to maximize the rebate. Microgrid 
installed the array on multiple low-slope 
roofs. It chose AET ballasted racking to 
minimize roof penetrations and added 
a few positive OMG PowerGrip attach-
ments to meet structural and seismic 
considerations. In addition, wind 
loading for one of the subarrays, which 
is located adjacent to an interstate high-
way, required additional ballasting and 
mechanical attachments. 

Microgrid selected 
Enphase microin-
verters for power 
conditioning because 
they enabled the 
array configuration to 
conform to both roof 
and programmatic 
restrictions. The two 
subarrays connect to 
a single ac combiner 
panel located on the 

rooftop. The system designer routed the 
aggregated inverter outputs to a ground-
floor electrical room, where the utility 
point of interconnection is located. 

Emphasizing the educational aspect 
of the PV system, the Science Center 
required that it include a way to connect 
visitors to the rooftop solar technology 
via a viewing area and an adjacent edu-
cational kiosk. The project is also part 
of the “Experience Energy” exhibit, and 
the public can access system production 
data on the Science Center’s website.

“With more than a million visitors a year, 

we knew that the opportunity for impact 

from this project would be tremendous. We 

worked closely with not only the facility’s 

staff, but also the educational and displays 

staff, to ensure that the arrays and accom-

panying displays would hit the mark.”

—Rick Hunter, CEO, Microgrid Solar 

Overview
DESIGNER: Tim Schulz, Microgrid Solar, 

microgrid-solar.com

LEAD INSTALLER: Mike Seger, 

Microgrid Solar

DATE COMMISSIONED: October 2013

INSTALLATION TIME FRAME: 10 days

LOCATION: Saint Louis, MO, 39°N

SOLAR RESOURCE: 4.8 kWh/m2/day

ASHRAE DESIGN TEMPERATURES:  

95°F 2% average high, -2°F extreme 

minimum

ARRAY CAPACITY: 25 kWdc 

ANNUAL AC PRODUCTION:  

31,620 kWh

Equipment Specifications
MODULES: 100 SolarWorld Sunmodule 

Plus SW 250, 250 W STC, +5/-0 W, 8.05 

Imp, 31.1 Vmp, 8.28 Isc, 37.8 Voc

INVERTERS: 3-phase 120/208 Vac 

service, 100 Enphase M215-60-2LL-

S22-IG, 215 W continuous, 48 Vdc  

maximum input, 27–39 Vdc MPPT 

range, 25 inverters maximum per 

3-phase 208 Vac 20 A branch circuit

ARRAY: Six ac branch circuits,  

25 kWdc total

ARRAY INSTALLATION: Low-slope roof 

mount, white TPO membrane, AET  

Rayport B stainless steel ballasted  

racking, OMG PowerGrip roof attach-

ments, 191° azimuth, 10° tilt

SYSTEM MONITORING: Enphase Envoy 

communications gateway, Enphase 

Enlighten web-based monitoring with 

educational kiosk

Microgrid Solar
Saint Louis Science Center

Projects
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1.415.402.0502
1.905.604.2527

JinkoSolar (U.S) | 343 Sansome Street, Suite 975 | San Francisco, CA 94104
Jinko Solar [CAN] 100 Allsate Parkway, Suite 703 | Markham, ON  L3R 6H3

www.jinkosolar.com

We take pride in delivering the finest quality products and with over 
4 GW of products deployed worldwide, JinkoSolar is the first choice 
for crystalline PV module manufacturing.

Our world class manufacturing is complemented by U.S. and 
Canadian-based sales and service teams that deliver 
unparalleled assistance and award-winning customer support. 

Jinko Solar… Leading the Industry Today and Tomorrow.

QUALITY YOU CAN TRUST.

http://www.jinkosolar.com


One size doesn’t fit all, but one company does.

www.solectria.com  |  inverters@solectria.com  |  978-683-9700

Built for the real world

– 1Ph Residential Inverters (1.8-4 kW)
– 1Ph Transformerless Inverters (3.8-7.6 kW)
– 3Ph Transformerless Inverters (14-28 kW)
– 3Ph Central Inverters (50-500 kW)
– Utility-Scale Inverters (500 kW-2 MW)
– Disconnecting and Arc-Fault Combiners
– Web-based Monitoring

PRODUCT OFFERING: 

COME SEE US AT INTERSOLAR!
Booth 8211
July 8-10, 2014
Moscone Center - San Francisco, CA

http://www.solectria.com
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