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26 Ungrounded PV Power Systems  
  in the NEC 

We detail the Code requirements for designing and 
installing ungrounded PV systems while reviewing 
some fundamental concepts and definitions relevant 
to the task. It is particularly important that system 
integrators, plan checkers and inspectors understand 
what non-isolated utility-interactive inverters are, 
as well as how and when they are used. We discuss 
them in detail, including their unique ground-fault 
protection features.
By Jason Fisher and david Brearley 

50 2012 Grid-Direct String Inverter  
  Specifications 

This updated SolarPro specifications table  
includes comprehensive data on 121 
single- and 3-phase string inverter 
models from 18 manufacturers. The 
complete dataset is also available to 
SolarPro subscribers in Excel format 
at solarprofessional.com. 

64  Optimal DC Cable  
  Selection  in PV Designs 

PV system designers spend a good 
deal of time assessing the optimal 
size of dc conductors, such as those 
that run from combiner boxes in 
a large array field to the location 
of the inverter. This article presents a 
quantitative analysis of conductor sizing, 
as well as some surprising conclusions 
that will assist designers in determining 
optimal conductor sizes in terms of cost 
and transmissions losses.
By Zvi Gershony, Pe, and  

Tom mccalmonT 

74 AC Coupling in Utility-Interactive  
  and Stand-Alone Applications

In ac-coupled systems, power generated by 
renewable resources is processed by grid-direct 
string inverters, which are connected to the ac output 
bus of a battery-based inverter system. This article 

compiles information from manufacturers 
and integrators to present an industry-wide 
perspective on equipment selection and best 
practices for ac-coupled system design and 
installation.
comPiled By Joe schwarTZ
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T o ensure that engineering, pro-
curement and construction (EPC) 

contractors build systems that perform 
to meet contractual requirements,  
owners are using many types of perfor-
mance guarantees. Weather-adjusted 
energy guarantees are common for 
many large systems because they 
place contractual requirements on the 
design-build team to install a system 
that meets the performance require-
ments stipulated in the contract with 
the utility or financer.

According to Ted Geisler, manager 
of Arizona’s Sun Program and power 
procurement consultant at Arizona 
Public Services (APS), weather-
adjusted guarantees are preferred 
because they provide the owner and 
off-taker with an ideal basis for com-
paring a facility’s actual performance 
with the performance that a developer 
predicts during the solicitation pro-
cess. Geisler elaborates, “As long as the 
facility is being properly operated and 
maintained in accordance with good 
industry standards, an energy guaran-
tee measures the ability of the facility 
to perform as predicted—while remov-
ing the purely subjective variable of 
weather—demonstrating that the 
facility was designed and constructed 
to ultimately perform as required per 
the EPC agreement.” 

Energy Guarantee Approach
Weather-adjusted energy guarantees 
require the EPC contractor to agree to 
minimum energy-production perfor-
mance targets, which are adjusted for 
actual weather conditions.

How it works. During the proposal 
phase or the contract negotiations, 
the owner-developer and the EPC firm 
agree to a guaranteed energy produc-
tion for a period of time. Common 
durations are 1 to 5 years. The guaran-
tee establishes monthly, quarterly or 

annual MWh production targets based 
on a weather data set for the area. The 
production target is generated using 
PVsyst or a similar modeling program.

Once the project is in commercial 
operation, production and weather 
data are collected. The actual weather 
is then used to adjust the annual or 
monthly production target. If the actual 
production is greater than or equal to 
the adjusted target, then everyone is 
happy. Damages and cure remedies are 
implemented if it is below the target.

Benefits. This system uses one con-
tract mechanism to account for several 
key design and performance measures. 
Further, the structure of the guarantee 
and the determination of damages are 
based on revenue from energy produc-
tion, the issue that the owner cares 
most about. 

“In a PPA structure, the off-taker 
assumes little risk since they pay 
only for energy delivered,” points out 
Geisler. However, APS is currently 
building more than 100 MW of new 
PV power plants across Arizona that 
the utility will own. Geisler explains, 
“In an EPC transaction where the 
off-taker is the facility owner, the off-
taker is also assuming the risk for the 
facility’s future performance, since 
the cost of the facility will be paid 
prior to or at the commencement of 
commercial operation.”

The energy guarantee drives the 
EPC contractor to ensure proper plant 
sizing, design and installation required 

to meet the contractual generation 
specified by the owner. In addition, the 
guarantee ensures that the plant oper-
ates reliably. After all, the energy target 
is difficult to meet if the plant suffers 
from significant operation and mainte-
nance issues.

Energy Guarantee Drawbacks
There are three main challenges associ-
ated with weather-adjusted energy 
guarantees. First, there are measure-
ment error risks associated with the use 
of monitoring equipment. Second, there 
are risks associated with soiling effects, 
which are variable depending upon the 
frequency and quantity of rain. Third, 
there are modeling error risks. 

Measurement error. Each of the 
instruments used to gather the on-site  
weather data needed to enforce an 

energy guarantee has 
the potential to intro-
duce measurement 
error. Since these results 
are used to determine 
the weather-adjusted 
production target, there 
is a significant amount 
of uncertainty and risk 
associated with potential 

measurement errors. 
All sensors have a certain amount of 

measurement error, the effects of which 
can vary with changes in temperature, 
light level and other conditions. All 
sensors and data acquisition systems 
drift over time. Key performance mea-
surements such as module-back skin 
temperatures can vary from the outer 
and center portions of the field because 
of differences in convection. Each of 
these potential errors is a risk that the 
EPC contractor needs to mitigate. 

The key measurements for modeling 
the weather-adjusted production value 
for a PV power plant are irradiance, 
temperature and  c o n t i n u e d  o n  pa g e  1 6  
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Weather-adjusted energy guarantees often  
require the EPC firm to accept some risks 
that are beyond its control, which generally 
results in added contingency costs.



ALL SOLAR ENERGY IS NOT CREATED EQUAL
At SolarWorld, we believe our energy is different 
because we’re different.

Can you imagine driving a solar-powered vehicle around the globe? We can. In fact, 
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utility production meters. While there 
is some risk of error associated with 
each of these measurements, irradi-
ance errors have the largest impact on 
energy guarantee results. In the NREL 
conference paper “Evaluation of the 
Performance of the PVUSA Rating 
Methodology Applied to DUAL Junction 
PV Technology” (NREL/CP-550–45376), 
Daryl Myers notes that irradiance 
uncertainty of 2.5% at an irradiance 
value of 1,000 W/m2 is “representative 
of an exceptionally well-calibrated and 
-maintained pyranometer.” Inherent  
sensor error, sensor drift, bad connec-
tions and inaccurate calibration all 
contribute to measurement uncer-
tainty. In combination, the magnitude 
of irradiance sensor measurement 
error in a typical PV data acquisition 
system (DAS) is often 4% or more. 
These errors can vary significantly 
depending on the duration of the 
measurement period. 

Several methods can be used to 
limit the impact of these errors, includ-
ing the installation of multiple weather 
stations. This helps operators discover 
if one data set is drifting or signifi-
cantly out of calibration compared 
to the other stations. It also provides 
an opportunity for cancellation of the 
errors through compensating errors. 
Strict calibration procedures can 
further limit drift error. Even with these 
risk mitigation methods, a large poten-
tial for error exists; most experienced 
EPC contractors have become quite 
competent at pricing risk or negotiat-
ing terms to minimize risk.

Soiling effects. While annual 
irradiance may vary little in some 
environments, module soiling varies 
significantly—annually and season-
ally—depending on the year and the 
localized weather patterns. Studies 
like “Effects of Soiling on PV Module 
and Radiometry Performance,” pub-
lished by Bob Hammond at Arizona 
State University, have shown that as 
little as ¼ inch of rain reduces soiling 
losses to 0.5%. Between rains, soiling 

losses often climb to 2%–6% annu-
ally in desert climates, with specific 
monthly values often going 2–3 times 
higher. The annual variability of rain 
events—as shown for Gila Bend, Ari-
zona, in Figure 1—can make it chal-
lenging to predict soiling losses.

Furthermore, it is very difficult to 
measure soiling losses. Accounting 
for soiling effects is often an exercise 
in approximation at best. Even with 
proper planning and installation, 
these challenges pose significant risk 
to the EPC contractor. Soiling loss is 
also a potential point of disagreement 
between the contractor and the owner 
with regard to maintenance practices.

“In many cases, the owner will 
assume operation and maintenance 
responsibility for the solar facil-
ity from the commercial operation 
date forward,” notes Geisler. If O&M 
expectations are not clearly defined in 
the performance guarantee, he com-
ments, “it becomes difficult to enforce a 
performance guarantee when the entity 
providing the guarantee has no connec-
tion with how the plant is operated or 
maintained during the guarantee period.”

Because of years like 2002 and 2009 
in Figure 1, an EPC contractor with 

weather-adjusted energy-guarantee 
terms to meet may need a PV array to 
be washed more often than the owner’s 
cost-benefit analysis might indicate. As 
a result, the contractor pushes for more 
frequent cleanings, whereas the owner 
is motivated to arrive at a cost-effective 
cleaning schedule. 

Modeling error. While PVsyst and 
other performance models used to 
produce the annual weather-adjusted 
energy production targets have greatly 
improved over the past decade, they 
still have some errors in the compo-
nent and system algorithms used to 
predict performance. These errors are 
significantly increased as the period of 
time for the evaluation is reduced and 
conditions are outside typical for high-
power operation. We have seen errors 
greater than 10% on an hourly basis; 
however, on an annual basis, the errors 
tend to be in the 1%–3% range. These 
modeling errors also impact energy 
guarantee calculations.

Of these three sources of error, 
measurement errors and soiling effects 
represent the greatest risks to the EPC 
contractor. These risks are not caused 
by design or installation inadequacies, 
but rather result  c o n t i n u e d  o n  pa g e  1 8  
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Figure 1  This chart shows the variation in the number of annual rain events that 
produce over ¼ inch of rain for Gila Bend, Arizona. The average, represented by the 
dashed line, is 7.4 events per year; the standard deviation is ±3.1 events. In extreme 
years like 2002 and 2009, soiling losses can average 8% annually.
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from inherent uncertainties related to 
system instrumentation and weather 
variability. Depending on the direc-
tion of the error,  either the contractor 
or the owner could bear the impacts. 
While these errors could cancel each 
other out, the overall error potential is 
as great as 11%, as shown in Table 1. 

Despite their widespread use, 
these weather-adjusted energy 

guarantees have limitations. For 
example, they require the EPC firm 
to accept some risks that are not 
easily controlled through design. 
These additional risks generally 
result in added contingency costs. 
All good EPC contractors include 
design or financial contingencies 
in energy guarantees to limit their 
exposure to risk. Unfortunately, these 

contingencies may make a proposed 
project less competitive without pro-
viding any real value to the owner.

Capacity Guarantee Approach 
An alternative to the traditional energy 
guarantee is to implement a perfor-
mance guarantee built around periodic 
capacity tests. For example, the combi-
nation of periodic capacity tests and an 
availability guarantee provides similar 
coverage to a weather-adjusted energy 
guarantee, while reducing many of the 
low-value risks not easily controlled by 
the EPC contractor. 

A capacity test approach limits the 
impacts of measurement, soiling and 
modeling errors, which allows the con-
tractor to be more aggressive in pric-
ing and production expectations. This 
type of performance test approach 
is common in many fossil-fuel gen-
eration contracts, such as tolling 

QA

Variable Type of error
Typical  

error range
Production  

target impact
POA irradiance measurement ±2%–5% ±2%–5%

Cell temperature measurement ±1%–2% <±0.5%

Utility kWh meter measurement <±0.5% <±0.5%

PV module soiling performance modeling ±0%–3% ±0%–3%

Other performance modeling ±1%–2% ±1%–2%

Errors and Impact on Performance Calculations

Table 1  While the typical measurement error in a PV DAS is in the ±3%–6% range, 
after performance modeling uncertainties are factored in, the overall potential error 
in the production target can be as high as ±11%.
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agreements for natural gas plants, 
because capacity tests are performed 
in relatively controlled conditions. 
Capacity tests for PV systems could be 
implemented with damages assessed 
similarly to energy guarantees.

How it works. During contracting, 
the owner and the EPC contractor 
agree to an annual production target 
for the plant as a basis of design. The 
model used to develop the production 
target is then used to establish a  
minimum plant capacity for a set of 
design conditions. The owner and  
EPC contractor agree to the perfor-
mance characteristics. 

Using capacity test procedures 
based on the photovoltaics for utility-
scale applications (PVUSA) methodol-
ogy, the expected plant capacity can 
be adjusted for actual weather condi-
tions. This can then be compared to 
actual production of the plant in more 

controlled conditions. Studies like the 
previously referenced NREL confer-
ence paper by Myers have shown that 
the accuracy of the PVUSA methodol-
ogy is typically ±2% during periods 
where plane-of-array (POA) irradi-
ances are above 500 W/m2.

After construction and commis-
sioning is completed, a quarterly 
capacity test program is implemented 
to test the actual capacity against 
the expected capacity. Interval data 
is collected for module temperature, 
irradiance and power output. For peri-
ods where POA irradiance is above 500 
W/m2, the weather-adjusted guaran-
teed capacity is calculated using the 
method below and compared to the 
actual capacity.

padJ = pM x (iRRStc ÷ iRRM) x  
  (1 ÷ (1 + γ pMp (tM – tStc)))

where PADJ  is the weather-adjusted 
plant capacity at STC; PM is the mea-
sured power; IRRSTC equals 1,000 W/
m2, the irradiance at STC; IRRM is the 
measured POA solar irradiance; γ PMP  
is the published module temperature 
coefficient of power; TM is the measured 
reference cell temperature in degrees 
Celsius; and TSTC equals 25°C, the cell 
temperature at STC. 

Preparations prior to the test might 
include a field cleaning if heavy soiling 
is present and calibration of all sen-
sors. Tests would be performed during 
periods of high irradiance, since this 
is when the models are most accurate. 
Additional instrumentation with higher 
accuracy than the typical PV DAS 
monitoring equipment can be brought 
in to improve the accuracy of the col-
lected data.

Benefits. The main benefit of 
periodic capacity testing is that it 
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eliminates uncontrolled measure-
ment errors. For example, calibrating 
the irradiance sensors prior to testing 
or temporarily using high-accuracy 
measurement devices can reduce 
irradiance measurement errors to 
1% or less. Cleaning the PV array and 
irradiance sensors prior to testing 
eliminates soiling errors. Sensor drift 
is virtually eliminated, since the test 
data is collected using calibrated sen-
sors. Infrared cameras can be used to 
collect more localized measurements 
to characterize cell temperature, 
reducing temperature errors to ±1°C, 
which equates to ±0.1% in the guaran-
teed capacity calculation. This reduces 
total uncontrolled measurement error 
down to the 1.5%–2.5% range, which 
is a fraction of the potential error risk 
associated with an energy guarantee 
(see Table 1, p. 18). 

Drawback. The capacity guarantee 
approach does not hold the contractor 
to a reliability requirement. However, 
adding an availability guarantee easily 
addresses this issue. Availability guar-
antees are commonly used for other 
power-generation projects. Damages 
and cure periods are based on whether 
the plant meets availability percent-
ages, which are calculated by divid-
ing the actual system uptime by the 
maximum possible uptime. Separating 
the availability guarantee from the 
capacity guarantee allows the latter to 
be crafted to place clearer and stron-
ger contract requirements on the EPC 
contractor, with clear damages for 
underperformance. 

If a capacity guarantee is coupled 
with an availability guarantee, the 
combination provides PV plant own-
ers and developers with a high level of 

protection at the best possible cost. 
This approach places strong per-
formance requirements on the EPC 
contractor, while reducing the major 
measurement risks and other perfor-
mance verification issues that the  
contractor cannot easily control.  
Since the EPC firm is not accepting 
risk it does not control, it can be  
more aggressive with its pricing. At  
the same time, the performance test 
and availability requirements are  
very clear. This means that it is dif-
ficult for the EPC contractor to claim 
that any underperformance issues  
are due to measurement error, soiling 
or other plant maintenance issues  
that may result in finger pointing 
between the contractor and the owner. 

—Scott Canada / McCarthy  
Building Companies / Tempe, AZ /  
mccarthy.com 
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the Wire Industry Currents

SPI 2012 in Orlando, FL
[Washington, DC]   Solar Energy Industries Association (SEIA) and 
Solar Electric Power Association (SEPA) are hosting this year’s Solar 
Power International (SPI) in Orlando, Florida, September 10–13. SPI 
continues to build on previous successes, with over 1,200 exhibitors 
representing 125 countries and more than 21,000 attendees expected. 

The event will host approximately 40 sessions covering six 
different tracks: Finance, Markets, Policy, Technology, 

Grid and Transmission Planning, and In the Field. 
These sessions allow participants to learn the latest 
industry trends. Workshops on September 9, 10 
and 14 will offer manufacturer- and technology-
specific classes to provide in-depth training 

opportunities. SEIA and SEPA are bringing back the 
Solar Ideas Swap series, one-hour sessions facilitated 

by industry experts that cover a variety of critical indus-
try issues. The organizers are proud to have former US president 
Bill Clinton as the keynote speaker on September 12. This show has 
become the not-to-miss solar event in North America, and SEIA and 
SEPA continue that trend with this year’s lineup. 

SEIA and SEPA / 703.738.9460 / solarpowerinternational.com
New INverters from 
ChINt Power systems 
[Shanghai, China]   Chint Power Systems 
has announced two new inverters for the 
North American market. The transformerless 
20 kW inverter (CPS SC20KTL-DO/US-480) 
and the transformer-isolated 100 kW inverter 
(CPS SC100KT-O/US-480) each come  
standard with 480 Vac output for connec-
tion to commercial utility services. The 20 kW 
inverter includes two MPPT trackers with a 
300–550 Vdc range and a maximum input of 
600 Vdc. Its integrated dc combiner box may 
eliminate the need for field-installed source-
circuit combiners, reducing the overall system 
cost. The enclosure for the 20 kW inverter 
is NEMA 3R-rated. It includes integrated ac 
and dc disconnects, provides multiple com-
munication options and has a weighted CEC 
efficiency of 96.5%. The 100 kW inverter  
has an MPPT voltage range of 300–600 Vdc  
and a weighted CEC efficiency of 96.0%.  
It comes standard with ac and dc disconnect-
ing means, surge protection and a NEMA  
3R enclosure. 

Chint Power Systems / 972.761.3992 /  

chintpower.com/en

Heyco SunScreener Protects 
Against Rodent Damage 
[Toms River, NJ]    The new Heyco SunScreener product line is 
designed to eliminate damage to PV source-circuit conductors from 
rodents and nesting birds. A stainless steel mesh is used to provide 
an extended service 
life in outdoor loca-
tions. The screen 
is held in place 
with stainless steel 
J-hooks that clamp 
to the module frame 
or racking system 
and can be trimmed 
after the installa-
tion of a self-locking 
washer. For optimal aesthetics, the self-locking washers are available 
in both unpainted stainless steel and black-painted versions. 

Heyco / 800.526.4182 / e
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NABCeP INAugurAtes ComPANy 
ACCredItAtIoN ProgrAm 
[Clifton Park, NY]   To further its commitment to high-quality 
renewable energy installations, NABCEP has announced a 
company accreditation program specifically for residential 
PV system installers. To qualify, companies need to employ 
NABCEP-certified individuals and submit to third-party 
inspections of previously installed systems. Through these 
measures, companies can assert their dedication to quality 
assurance, worker safety and high-quality installation  
practices. NABCEP engaged industry  
professionals to establish the  
criteria and application process. 
A handbook available on the 
NABCEP website helps guide 
companies interested in  
obtaining NABCEP Accredited 
Company status. 

NABCEP / 800.654.0021 / nabcep.org

SMA Releases Large-
Scale and Off-Grid 
BOS Components 
[Rocklin, CA]   In an effort to improve instal-
lation safety and reduce labor in the field, 
SMA America has released BOS components 
to complement its commercial and off-grid 
inverter lines. The commercial Disconnect 
Unit (shown here) incorporates load-break–
rated disconnecting means for inverters in 
the Sunny Central line that comply with NEC 
2011 requirements. It can accommodate 
plant voltages of 600 Vdc or 1,000 Vdc. All 
of the disconnects are located in a single 

switchboard 
with lockable 
handles for 
easy identi-
fication. The 
Disconnect 
Unit can be 
expanded to 
house up to 
six switches 
and is avail-
able with or 
without ac 
disconnect-
ing means. 
The Multi-
cluster Box 
is a prewired 
solution 

for off-grid applications and is designed to 
incorporate multiple input-power sources—
such as solar, wind or generators that run 
on fossil fuels—as well as ac loads for total 
system management. The Multicluster Box is 
designed for use with Sunny Island inverters 
and includes integrated monitoring compo-
nents. This solution enables load-shedding 
functions, interactions with backup genera-
tors to manage battery state of charge and 
battery charging optimization. Multicluster 
Boxes are available for off-grid systems rang-
ing in capacity from 30 kW to 110 kW for 
North American applications.

SMA America / 916.625.0870 / sma-america.com

Advanced Energy Launches 
Transformerless String Inverters 
[Fort Collins, CO]   The latest line of residential and small  
commercial inverters from Advanced Energy is transformerless  
(non-isolated) and designed for use with ungrounded PV systems. 
Four new AE string inverters are available, ranging in capacity from 

3.8 kW to 7.0 kW and offering a weighted 
CEC efficiency of 97%. An inverter-integrated 
four-string fused combiner box includes ac 
and dc disconnects, reducing the number of 
additional components required for instal-
lation. Data communication is offered as a 
ZigBee wireless configuration, which is the 
standard for smart grid communications 
and allows multiple methods of providing 
inverter data to the client. All inverters have 
a maximum input voltage of 600 Vdc. The 
minimum MPPT voltage varies from 225 
Vdc for the 3.8 kW unit to 200 Vdc for the 
three larger models. The inverters come with 
a standard 10-year warranty, and all units are  

field-configurable for ac output voltages of 208, 240 or 277 Vac.
Advanced Energy / 800.446.9167 / aei.com
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Unlike in Europe, where 
ungrounded electrical  

systems are the norm, 
grounded electrical service 
architectures predominate 
in North America. Utilities 
supply a grounded ac ser-
vice to all dwellings in the 
US. Therefore, the electri-
cal wiring in US residences 
includes a normally cur-
rent-carrying conductor 
that is intentionally con-
nected to ground. This cir-
cuit conductor meets both 
the grounded conductor 
and the neutral conductor 
definitions found in Article 
100 of the National Electri-
cal Code. The electrical wir-
ing in most US commercial 
buildings also includes a 
grounded conductor. 

The NEC does allow for the use of ungrounded electrical 
systems—and specifically ungrounded PV systems—pro-
vided that certain requirements are met. In this article, we 
detail the Code requirements for designing and installing 
ungrounded PV systems while reviewing some fundamen-
tal concepts and definitions relevant to the task. We also 
describe the unique equipment and installation practices 
necessary to properly deploy these systems. It is particu-
larly important that system integrators, plan checkers and 
inspectors understand what non-isolated utility-interactive 
inverters are, as well as how and when they are used. We 
discuss them in detail, including their unique ground-fault 
protection features.

While we believe that our interpretations and recommen-
dations are consistent with the intent of the Code, the AHJ 
always has the final say regarding the acceptability of specific 
equipment and installation practices. Since it is not uncom-
mon for AHJs to have requirements that exceed those found 

in the NEC, system installers need to do their due diligence 
to understand any requirements unique to their locality. The 
concepts, definitions and distinctions that we outline in this 
article should make it easier for designers and installers to 
communicate effectively with plan checkers and inspectors 
regarding ungrounded PV systems and non-isolated invert-
ers, which are both relatively new and uncommon in North 
America, and may be misunderstood as a result.

UngroUnded electrical SyStemS 
John Wiles, program manager for the Southwest Technol-
ogy Development Institute, has written extensively for solar 
professionals and electrical inspectors about ungrounded 
PV systems. In a Home Power magazine article on this topic 
(see Resources), Wiles explains: “When we discuss grounded 
versus ungrounded electrical systems, we are addressing 
whether one of the current-carrying circuit conductors, 
like the ac neutral conductor, is grounded or not.” In other 
words, an ungrounded system is simply an electrical cir-
cuit in which none of the current-carrying conductors is 
bonded to ground. It is not unusual to hear ungrounded cir-
cuits referred to as floating circuits—even though this term 
is not defined in the NEC or product standards—since no 
solid ground connection is made at the source or anywhere 
within the circuit. 

Wiles points out, “Except for ungrounded 3-phase delta-
connected transmission and distribution systems, most 
of our electrical systems in the US have a grounded circuit 
conductor.” Control systems are another example of an ac 
electrical system that is commonly ungrounded in the US. 
Section 250.22 of the Code also details a variety of dedicated 
circuits that are required to be ungrounded. 

Lifting the PV system ground. Since Article 690 was first 
included in the 1984 NEC, Section 690.41 has required a 
grounded conductor in dc PV power circuits. However, in the 
subsequent Code cycle, this section was modified to clarify 
that this general requirement applies only to two-wire PV 
arrays with a system voltage over 50 Vdc. Accordingly, system 
grounding is not required in many small stand-alone PV sys-
tems, such as those that perform remote lighting, monitoring 
or water pumping. 

PV Power Systems  
in the NEC
No, the sky is not 

falling—the ground 

just got lifted. 

However, while 

Code allows for the 

elimination of the 

grounded dc system 

and circuit conduc-

tors, all of the asso-

ciated non–current-

carrying conductive 

materials in an  

ungrounded PV  

system are still  

connected to earth. 

By Jason Fisher  
and david Brearley
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Note, however, that the term system voltage in Section 
690.41 is generally interpreted as the maximum PV system volt-
age as described in Section 690.7(A), which must be corrected 
for the lowest expected ambient temperature. Therefore, the 
system voltage in all PV systems with a nominal voltage of  
48 Vdc—and even some systems with a nominal voltage  
of 24 Vdc—will exceed 50 Vdc. That means the low-voltage  
system grounding exception found in this section is not 
broadly applicable. Further, while PV systems with a system 
voltage of 50 Vdc or less are not required to have a grounded 
conductor per se, Section 690.41 still requires them to use 
“other methods that accomplish equivalent system protection 
and that utilize equipment listed and identified for the use.” 

It was not until Section 690.35 was added to the 2005 
NEC that it became possible to deploy Code-compliant 
ungrounded PV systems with higher utilization voltages—
at least in theory. In practice, it would be a few more years 
before the UL-listed inverters and source-circuit conductors 
required for the installation of ungrounded PV systems in a 
cost-effective manner became commonly available. 

Power-One was one of the first companies to introduce 
inverters in North America that were specifically designed 
for use with ungrounded PV arrays. Roy Allen, a technical 
sales specialist engineer with the company, explains, “Prior 
to 2008, there were no economically feasible methods for 
accommodating a floating array, one with no electrical ref-
erence to ground.” 

What changed in 2008 is that the term Photovoltaic (PV) 
Wire was added to Section 690.35(D) of the NEC. PV Wire is 
a type of single-conductor cable specifically designed for 
use in ungrounded PV source circuits. It was not until listed 
PV modules became available from the factory with PV 
Wire cable assemblies, and system integrators could pur-
chase PV Wire in bulk through conventional distribution 
channels, that ungrounded PV arrays could be installed in 
the same plug-and-play fashion as conventional grounded 
PV arrays. 

iSolated vS. non-iSolated inverterS 
The most important Code requirement related to ungrounded 
PV systems is found in Section 690.35(G), which reads: “The 
inverter or charge controllers used in systems with ungrounded 
photovoltaic source and output circuits shall be listed for 
the purpose.” Since most PV systems in North America are 
grounded, most listed inverters available to this market are 
designed for use with grounded PV systems only. To deploy 
ungrounded PV systems, inverters that are specifically designed 
and tested for use with ungrounded arrays are needed. The 
main difference between an inverter designed for use with 
grounded PV systems and one designed for ungrounded PV 
systems is whether the inverter topology includes an isolation 
transformer. Inverters used in grounded PV systems include an 
isolation transformer, whereas inverters used in ungrounded 
PV systems do not.  c o n T i n u e D  o n  pa g e  3 0

Ungrounded PV Systems

according to NEC Section 690.4(e), “qualified persons” 
must wire pV systems. article 100 defines a qualified 
person as “one who has skills and knowledge related 

to the construction and operation of the electrical equipment 
and installations and has received safety training to recognize 
and avoid the hazards involved.” ideally, the same holds true 
when it comes to the design of a pV system. However, even 
knowledgeable and trained persons may have difficulty dis-
cussing issues related to grounding. 

While it is not difficult to ground electrical systems per se—
to make the necessary connections physically and mechani-
cally—many of the terms we use to describe these activities 
sound similar, even though they have distinct technical mean-
ings. The fact that terms with different meanings sound similar 
is a potential pitfall when discussing ungrounded pV system 
designs and installations with plan checkers and inspectors. 
System designers and installers can lose credibility with this 
critical audience if they are not careful to say what they mean 
and mean what they say. even veteran electricians, pV system 
designers and installers may want to refamiliarize themselves 

with the following definitions adapted from article 100 of the 
NEC before reading further in this article or trying to describe 
an ungrounded pV power system to an aHJ.

Equipment-grounding conductor: the conductive path(s) 
installed to connect normally non–current-carrying metal 
parts of equipment together and to the system-grounded 
conductor, the grounding-electrode conductor, or both
Ground: the earth
Grounded (grounding): connected (connecting) to ground or 
to a conductive body that extends the ground connection
Grounded conductor: a system or circuit conductor that is 
intentionally grounded
Grounding electrode: a conducting object through which a 
direct connection to earth is established
Grounding electrode conductor (GEC): a conductor used to 
connect the system-grounded conductor or the equip-
ment to a grounding electrode or a point in the grounding-
electrode system
Ungrounded: not connected to ground or to a conductive 
body that extends the ground connection {

Establishing Common Ground
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Isolated inverters. Most utility-provided ac circuits have a 
grounded current-carrying conductor, as do traditional dc PV 
source and output circuits. Therefore, a mechanism is needed 
to prevent the injection of normal operating current from one 
system into the other through the equipment-grounding paths, 
which are bonded to the grounded conductors. 

The most common method of separating the grounded 
ac system from the grounded dc system in PV applications 
is through the use of frequency-based or transformer-based 
inverter topologies. These inverter designs include either 
high- or low-frequency transformers that electrically isolate 
the ac and dc systems. (For an overview of inverter operation 
and topologies, see “How Inverters Work,” April/May 2009, 
SolarPro magazine.) 

In UL 1741, the standard for inverters and other equipment 
intended for use with distributed energy resources, an isola-
tion transformer is defined as “a transformer having its primary 
winding electrically isolated from its secondary winding and 
constructed so that there is no electrical connection—under 
normal and overload conditions—between the secondary and 
primary windings, between the primary windings and the core, 
or between separate adjacent secondary windings, where such 
connection results in a risk of fire or electric shock.” 

Isolation transformers provide what is known as galvanic 
isolation between electrical systems, meaning that there is no 
physical or electrical connection between the input and output 

power. Because transformers use magnetic induction to trans-
fer power from one circuit to another, there is no need for a 
metallic conduction path between the two systems. A dielec-
tric barrier—such as an air gap, electrical insulation or both—
is used to provide adequate isolation between the primary 
and secondary sides of the transformer, based on the highest 
expected voltages in the two systems. The presence of isolation 
transformers in the inverter prevents any stray or fault cur-
rents from traveling between the grounded ac system and the 
grounded PV system.

Historically, all residential and many commercial utility-
interactive inverters include an isolation transformer within 
the inverter enclosure. To simplify transportation and instal-
lation, inverters used for large commercial applications may 
have an external isolation-transformer cabinet. Inverters that 
include an isolation-transformer as part of the listed product 
are specifically designed and tested for use with grounded  
PV systems and are often referred to as isolated inverters or 
transformer-isolated inverters. 

Non-isolated inverters. When we switch to an ungrounded 
PV system, we eliminate the need for electrical isolation. 
Since neither the positive nor the negative PV system cir-
cuit conductor is intentionally connected to ground, there 
is no parallel current-carrying path between the dc and 
the ac electrical systems. This means that inverters used 
with ungrounded PV systems do not  c o n T i n u e D  o n  pa g e  3 2  

Ungrounded PV Systems
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Electrical systems While most 
of the electrical systems in the 
US are grounded—like the single- 
and 3-phase systems to the 
left—ungrounded 3-phase delta-
connected systems, as shown 
above, are also used in industrial 
and agricultural applications.
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require an isolation transformer. In grid-direct applications, 
utility-interactive transformer-isolated inverters cannot be 
used with ungrounded PV arrays, because the GFDI is inter-
nally bonded to one of the PV input-circuit conductors. Since 
these inverters ground the array by default, they are incom-
patible with an ungrounded PV array. A different inverter 
topology is needed. 

In 2005, when Section 690.35 was added to the Code, UL 
1741 did not address safety concerns related to inverters 
intended for use with ungrounded PV systems. Therefore, a 
draft approach was developed based on IEC 62109, the equiv-
alent International Electrotechnical Commission standard. It 
was not until April 2010 that UL formally published a Certi-
fication Requirement Decision (CRD) containing content spe-
cifically related to inverters designed for use with ungrounded 
PV systems. The expectation is that the definitions and safety 
requirements in this CRD will be incorporated into UL 1741 
after the Standards Technical Panel has reviewed and com-
mented on them.

Inverters listed to UL 1741 for use with ungrounded 
PV systems do not include an isolation transformer. While 
as a result these are commonly referred to as transformer-
less inverters, it is worth noting that this particular term  
does not appear in either the UL standard for utility- 
interactive inverters or the NEC. Instead, UL 1741 defines an 
“inverter that does not provide galvanic isolation between its 
input and output circuits” as a non-isolated inverter. The NEC  
includes neither term, referring simply to ungrounded PV sys-
tems and inverters “listed for the purpose.” The problem with 
this inconsistent nomenclature is that it can be confusing. 

Bill Brooks, principal at Brooks Engineering, is an active 
participant in the UL 1741 Standards Technical Panel as well 
as in the code-making panel that has purview over NEC Arti-
cle 690. According to Brooks, “The NEC  is going to have to 
adopt a more accurate concept of isolated and non-isolated.” 
He continues: “The most common ungrounded PV systems 
installed in the US are non-isolated systems. While 690.35 is 
very clear on the requirements for ungrounded PV systems, 

inverter topology determines whether 
an application calls for a grounded or 
an ungrounded pV system. in the uS, 

where grounded systems are common, 
most inverters incorporate an isolation 
transformer. Figure 1 shows a repre-
sentative single-phase grid-tied inverter 
used in the uS. 

While the isolation transformer rep-
resents a significant part of the overall 
volume and cost of the inverter, it  
also performs the following three impor-
tant functions.

Output filtering. The transformer, being 
a reactive component, helps filter the 
inverter’s pulse-width modulation signal. 
The transformer is generally not the only 
reactive component in the filter design. 
an inductor (identified in Figure 1) and a 
capacitor (the large sky-blue component 
in the top right corner near the control 
board of the inverter) provide additional 
filtering so that a pure sine wave is gener-
ated at the inverter’s ac output. 

 Voltage step-up. The maximum voltage that an inverter can 
output is about 10% less than the maximum voltage that can 
be produced on the dc side of the system. on the one hand, 

the typical maximum dc voltage in the 
uS is 600 Vdc, and the actual operat-
ing voltage can be as low as 330 Vdc. 
on the other, the output voltage of the 
inverter must match the grid’s maxi-
mum voltage. For a 240 Vac installa-
tion, the peak grid voltage can be as 
high as 373 Vac. For a 480 V 3-phase 
ac system, the maximum peak grid 
voltage can be as much as 747 Vac. 
an isolation transformer makes it pos-
sible to step up the dc input voltage to 
match the grid voltage. 

Decoupling ac from dc. With 
grounded pV systems, the dc system 
ground needs to be isolated from the 
ac system ground so that they are not 
coupled through the source circuits. 

unfortunately, an isolation trans-
former also decreases the inverter 
efficiency by 1%–2% and lowers the 
overall system efficiency as a result.  
if the isolation transformer is elimi-
nated, then inverter and system 

efficiency can be improved. However, the functions performed 
by the isolation transformer need to be addressed before it 
can be eliminated.

Eliminating the Isolation Transformer 

Figure 1  This photo shows the insides 
of a PVP2500 from Advanced Energy. 
The labeled filtering components are 
common to most transformer-isolated 
string inverters.
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2a. With isolation transformer 2b. Without isolation transformer

Figures 2a and 2b  In Figure 2a, a transformer provides galvanic isolation between the dc and ac electrical systems.  
When line inductors replace the transformer, as shown in Figure 2b, the dc and ac electrical systems are no longer decou-
pled. To eliminate the direct short between the coupled grounds, an ungrounded PV system needs to be used with  
the non-isolated inverter. 
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output filtering can easily be accomplished with the addition of 
properly designed filter elements, such as an additional induc-
tor, capacitor or both. Voltage step-up can be addressed with 
higher dc utilization voltages. For single-phase inverters, operating 
voltages in the 330–600 Vdc range are generally adequate for 
utility interconnection. However, interconnecting a single-stage, 
non-isolated inverter to a 480 Vac 3-phase system requires higher 
utilization voltages, such as 1,000 Vdc. alternately, a boost stage 
can be added to a 600 Vdc non-isolated inverter to allow for  
480 Vac interconnection or to allow for lower minimum input volt-
ages and a wider MppT window. Decoupling is the critical issue 
when moving from grounded to ungrounded systems. 

Figures 2a and 2b show an inverter schematic with and with-

out an isolation transformer. in both diagrams, the dc system is 
grounded. With the isolation transformer (Figure 2a), there is no 
direct path between the dc and ac grounds. However, once the 
transformer is replaced with line inductors (Figure 2b), there is a 
direct short through the coupled grounds. 

To avoid the coupled-ground problem, either the ac or the 
dc ground must be removed. it is not possible to remove the 
ac system ground for premises wiring of less than 1,000 V 
because the NEC does not permit this. However, the removal 
of the dc system ground is addressed in NEC Section 690.35, 
“ungrounded photovoltaic power Systems.” 

—Adapted with permission from SolarWorld engineering 
Bulletin 1002–2010 (see Resources) {

contractors and AHJs do not necessarily understand that non-
isolated means ungrounded and that Section 690.35 of the NEC 
applies. To make matters worse, not all literature provided by 
the manufacturers of non-isolated inverters makes it clear 
that 690.35 must be followed.”

BeneFitS oF non-iSolated inverterS
As we will show, ungrounded PV systems have additional BOS 
requirements compared to conventional grounded PV systems. 
Ungrounded PV systems also require special inverters specifi-
cally designed and listed for use with ungrounded arrays. So 
why would anyone choose to go this route? 

It turns out that many of the potential benefits of deploy-
ing ungrounded PV systems are specifically associated with the 
use of non-isolated inverters. The advantages most commonly 
attributed to non-isolated inverters include higher efficiency, 
improved economics and increased ground-fault sensitivity. 

Higher efficiency. Advanced Energy has sold its bipolar 
transformerless inverters into commercial and utility-scale 

PV applications since August 2007. According to Tucker 
Ruberti, the company’s director of segment marketing, “The 
most obvious benefit of a transformerless architecture is 
higher inverter efficiency.” As an example, the weighted CEC 
efficiency of Advanced Energy’s transformerless Solaron  
250 kW inverter is 97.5%, which is 1% higher than that of the 
company’s transformer-isolated PVP250kW inverter. 

While modern transformers are exceptionally efficient, 
losses that can never be entirely eliminated occur in the core 
and in the windings. These losses are dissipated as waste heat, 
which is one of the reasons that 60-Hz transformer-based 
inverters often have relatively large heat sinks. 

Since large transformers are generally more efficient than 
smaller ones, it is not uncommon to see a higher efficiency 
differential between isolated and non-isolated inverters at 
smaller inverter capacities. For example, SMA America’s 8 kW 
transformerless inverter (SB 8000TL-US) has a CEC efficiency 
of 98%, which is a full 2% higher than the efficiency of its 8 kW 
transformer-isolated inverter (SB 8000US). Generally speaking, 
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non-isolated inverters are 1%–2% more efficient than equiva-
lent isolated inverters.

Improved economics. Since non-isolated inverters are 
more efficient, they have the potential to increase a PV 
system’s specific yield and improve a customer’s return on 
investment as a result. In theory, non-isolated inverters 
should also cost less to purchase, ship and install than iso-
lated inverters. As Wiles explains in 
Home Power magazine, “The trans-
former is usually heavy, costly and 
bulky—decreasing efficiency and 
increasing the inverter’s size and 
shipping costs.” 

Eliminating the isolation trans-
former in a utility-interactive inverter 
may also enable additional savings.  
Verena Arps is the director of tech-
nical sales at REFUsol, an inverter 
manufacturer with a line of transfor-
merless 3-phase string inverters rang-
ing in capacity from 16 kW to 24 kW. 
Arps points out that REFUsol’s trans-
formerless inverter topology does 
not require active cooling: “Because 
the inverters are more efficient, the 
internal heating losses are decreased, 
which allows for the elimination of 
active cooling components.” 

Even when active cooling com-
ponents are included, non-isolated 
inverters generally have a lower 
parts count than their isolated coun-
terparts. A reasonable claim can be 
made that they have less embodied 
energy than transformer-isolated 
inverters since they are smaller and 
lighter. These same attributes could 
make them easier to install.

The extent to which the raw 
material reductions associated with 
non-isolated inverters translates to 
up-front cost savings still remains to be seen. In today’s mar-
ket, a non-isolated inverter may cost about the same as an 
equivalent isolated inverter from the same manufacturer. How-
ever, non-isolated inverters have yet to achieve manufacturing 
efficiencies of scale. They are still a specialty or niche product 
compared to isolated inverters. Most industry experts agree 
that transitioning to non-isolated inverters will eventually drive 
inverter costs down in North America. 

SolarEdge has developed a unique utility-interactive PV 
system that consists of module-level dc-to-dc power optimiz-
ers coupled with proprietary non-isolated inverters. Accord-
ing to John Berdner, the company’s general manager for North 

America: “Non-isolated inverters offer the best chances for 
future cost reductions since they do not include the large 
transformers found in low-frequency transformer-isolated 
inverter designs and have far fewer components than high-
frequency transformer-isolated designs.”

Increased ground-fault sensitivity. When people refer to 
the safety benefits associated with ungrounded PV sys-

tems, they are almost certainly referring 
to the fact that non-isolated inverters are 
more sensitive to ground faults than iso-
lated inverters. In a SolarPro magazine 
article (February/March 2011) identify-
ing the limitations of GFDI systems used in 
listed isolated inverters, Brooks points out, 
“The only way to get ground-fault detection 
below 1 amp as part of the GFP scheme for 
large PV systems is to unground or resistively 
ground the array circuit, just as they do in 
Europe and Japan.” He continues: “Contem-
porary European inverters, for example, can 
detect changes in ground current as low as  
300 mA, which is an order of magnitude lower 
than our solidly grounded systems.”

While the differential is less pronounced 
in residential applications, non-isolated 
string inverters are still three times as sensi-
tive to ground faults as isolated string invert-
ers. At present, transformer-isolated string 
inverters up to 15 kW in capacity typically 
use a 1 A GFDI fuse to provide ground-fault 
protection. UL 1741 allows higher-capacity 
inverters to use GFDI fuses with higher rat-
ings. For example, inverters rated more 
than 250 kW in capacity are allowed to use 
a 5 A fuse. Since a fuse located between 
the grounded current-carrying conductor 
and the ground bond most commonly pro-
vides this protection, the time required to 
open this fuse is determined by the physical 
response time of the fuse itself, which varies 
depending on temperature and the amount 

of current flowing across it during the fault event. 
The electronic GFP strategy employed by non-isolated 

inverters used on ungrounded PV arrays allows for much 
lower and more consistent current and trip-time settings. 
Non-isolated inverters 30 kW and below sold on the mar-
ket today are tested to the current UL CRD requirements of 
300 mA maximum fault current and 0.3 second maximum 
trip time. Additionally, there is a “sudden ground-fault  
current change and response time” requirement that causes 
the operation of this protection circuit at levels as low as 
30 mA and as quickly as 0.04 seconds. Besides reducing  
the potential shock hazard in a PV  c o n T i n u e D  o n  pa g e  3 6 
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Less is more  SMA America’s 
isolated (US series) and non-isolated 
(TL-US series) Sunny Boy inverter 
products both use the same 18.5- 
by-24-by-9-inch enclosure shown 
here. However, the transformerless 
product line is 2% more efficient 
(97.5%–98% vs. 95.5%–96%), 
weighs considerably less (77 lbs 
vs. 141 lbs) and is rated for higher 
power capacities (8–10 kW vs.  
5–8 kW).

Ungrounded PV Systems
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array, this means that ground faults are identified 
and the fault current is stopped more quickly, before 
it turns into an arcing fault capable of starting a fire.  

Furthermore, since non-isolated inverters test 
for ground-fault currents at the start of each day—
before the inverter goes online—they can detect 
potential ground-fault conditions before a fault 
occurs. For example, compromised conductor insu-
lation may first manifest as a high-resistance fault 
and only later as a low-resistance fault. The ground-
fault protection scheme used in transformer-isolated 
string inverters may respond to the low-resistance 
fault only, whereas the scheme used in non-isolated 
string inverters is more likely to identify the high-
resistance fault condition.

SMA America was the first manufacturer to cer-
tify non-isolated inverters to UL 1741, using UL as its 
Nationally Recognized Testing Laboratory (NRTL). 
Greg Smith, a technical training specialist with the 
SMA Solar Academy, notes, “Plan checkers and 
inspectors may mistakenly think that a non-isolated 
inverter is unsafe because it doesn’t have the isola-
tion transformer in it.” The reality is just the oppo-
site, Smith explains: “Because non-isolated inverters 
check for PV isolation resistance before connecting to 
the grid and producing power, current is never flow-
ing in a potentially unsafe array with ground faults.”

groUnd-FaUlt Protection in non-iSolated inverterS 
Since AHJs occasionally question the safety of ungrounded 
PV systems, it is helpful to understand how the ground-fault 
protection system works in a non-isolated inverter. UL devel-
oped the increased ground-fault protection requirements 
for non-isolated inverters in concert with the PV inverter 
industry. These requirements address the unique conditions 
that ground faults can present in an ungrounded PV system. 
The process is under way to formally add these requirements 
for the testing and listing of non-isolated inverters to the 
published UL 1741 standard.

The ground-fault protection system used in non-isolated 
inverters includes a regular test of PV array insulation resis-
tance. This test is performed by an isolation monitor interrupter 
(IMI), which UL defines as “a device that monitors the insula-
tion resistance of a PV array circuit to ground and prevents 
energization of the inverter ac output circuit or disconnects 
an energized output circuit when the PV array input resistance 
drops below a predetermined level.”

The IMI performs the PV array insulation resistance test in 
the early morning hours, when the PV source-circuit voltage is 
high but there is not enough current for the inverter to begin 
operating. The IMI measures any current leakage between all 
the conductors in the PV circuit to ground and identifies levels 

of leakage current above set values. This technique is very simi-
lar to the insulation tests that electricians perform on unen-
ergized electrical conductors using portable megohm meters. 
If the tested source-circuit conductor insulation resistance is 
below a minimum level, the inverter will not interconnect with 
the utility. If the source-circuit conductor passes the test, the 
inverter will initiate its normal startup procedures. 

It is common for ground-fault protection systems in non-
isolated inverters to use what UL refers to as a functional 
ground, which is an intentional high-impedance connection 
between the ungrounded circuits that are being monitored 
and the equipment-grounding system. This connection exists 
for the sole purpose of fault detection. Since this intentional 
high- impedance path only exists when the inverter is operat-
ing, the PV system is not solidly grounded, according to the 
definition in Article 100 of the NEC. UL allows this strategy 
since it recognizes the role that these detection circuits play 
in reducing the potential for property damage due to stray 
ground-fault currents. An NRTL evaluates a non-isolated 
inverter’s ground-fault protection system, including any func-
tional ground, as part of the product testing and listing. 

As described previously, once the inverter is online, if it 
measures ground-fault current above the maximum level 
allowed or if it measures a sudden increase in fault current, 
even at very low levels, it will cease operating and indicate the 
presence of a fault.  c o n T i n u e D  o n  pa g e  3 8 
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Non-isolated inverters  These transformerless 3-phase string invert-
ers from REFUsol are installed at the IEEE facility in Piscataway, New 
Jersey. While the same 37-by-21-by-11-inch enclosure is used for 
both units, the inverter on the left is a 24 kW model, whereas the one 
on the right is a 20 kW model. Both models weigh 108 pounds.
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Residual-current detector. Rather than using GFDI fuses to 
identify and interrupt ground-fault current as is typically done in 
isolated inverters, non-isolated inverters include a residual-cur-
rent detector to continuously monitor the PV array. This detector 
circuit is similar to the ac ground-fault circuit interrupter (GFCI) 
devices with which most electrical professionals are familiar. 
Like a GFCI, the residual-current detector in a non-isolated 
PV inverter is an electronic monitoring circuit that identifies 
ground-fault current before it reaches destructive levels. Unlike  
a common household GFCI, this device functions to identify 
fault currents that could cause damage to property and is not 
specifically set to levels to protect people from electrical shock.

Residual-current detectors constantly monitor the cur-
rent in an operating PV power circuit, and associated software 
looks for any imbalance. The outgoing and returning current 
in the dc circuit should be offsetting—equal in intensity but 
opposite in direction. In an ideal circuit, the sum of these cur-
rents would equal zero. If the residual-current detector indi-
cates that the currents are imbalanced, then the control logic 
interprets this as a fault. The most likely fault path is to ground 
through the equipment-grounding system, but stray current 
in any other parallel circuit path would also be detected. If 
an imbalance is indicated, then the inverter ceases to operate 
and indicates that a ground fault has occurred. 

In practice, all PV arrays have some small amount of resid-
ual leakage current due to a capacitance effect that is depen-
dent on the specific module, the mounting system and the 
environmental conditions. This means that a residual-current 
detector system used in non-isolated inverters cannot actually 

be set at zero, as this would result in nuisance tripping, espe-
cially on very large arrays. However, since the residual-current 
detector is an electronic protection device, its trip points are 
much lower than the conventional GFDI fuse ratings com-
monly found in isolated PV inverters. The UL 1741 Standards 
Technical Panel, which includes manufacturer representatives, 
determined that the 300 mA ground-fault trip limit for non- 
isolated inverters up to 30 kW was adequate to prevent ground-
fault arcs that could ignite fires.

Note that residual-current detection does not provide over-
current or short-circuit protection. On the ac side of the sys-
tem, this protection is provided by the overcurrent-protection 
device required in NEC Section 705.12(D). Overcurrent pro-
tection for the PV source or output circuits may be required 
according to Section 690.9. 

deSign and dePloyment conSiderationS 
Installing ungrounded PV systems with non-isolated inverters 
is very similar to installing grounded PV systems with isolated 
inverters. The same tools and personnel are used. In many 
cases, the same PV modules and mounting systems are used. 
The part numbers for the inverters and some of the BOS com-
ponents may differ, but the parts will be similar to install. 

According to SMA’s Smith, “Installers with experience 
installing grounded PV systems will find their existing skill set 
well suited to installing ungrounded PV systems.” This is because 
the important differences between ungrounded and grounded 
PV systems relate to system design and product specifica-
tion. Smith explains, “While the actual installation differences 

Block Diagram 1: Conventional utility-interactive PV system 
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Residual-current detector  If an ungrounded PV power circuit is functioning properly—like the one on the left—then the 
sum of the outgoing and returning current as measured by the residual-current detector equals zero or very nearly zero. In 
the event that one of the conductors has a fault-to-ground—as shown in the circuit on the right—then the residual-current 
detector identifies an unacceptable imbalance, shuts the inverter down and indicates the presence of a ground fault. In 
non-isolated inverters under 30 kW in capacity, the trip limit for this monitoring circuit is 300 mA.
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are few, there are important 
design differences.”

NEC Section 690.35 con-
tains specific requirements 
for ungrounded PV systems. 
These requirements have 
implications for what prod-
ucts are used and how, from 
the inverter upstream to 
the PV array. It is important 
that electrical engineers and 
PV system designers under-
stand these requirements 
so that they can specify the 
right components in their 
plans for ungrounded PV 
systems. Similarly, electri-
cians and PV system install-

ers need to understand these requirements well enough 
to verify that the correct components are called out in the 
plans and that suitable materials are available. The inven-
tory requirements for ungrounded and grounded PV sys-
tems are meaningfully different. Many common mistakes 
can be avoided by ensuring that the components called for 
in ungrounded PV system designs meet the requirements 
outlined in NEC Section 690.35. 

Inverter. The inverters used in ungrounded PV systems must 
be tested and listed for the application; see Section 690.35(G). 
While UL refers to these as non-isolated inverters, it is far 
more common for manufacturers to refer to these products 
as transformerless inverters. In the “2012 Grid-Direct String 
Inverter Specifications” table (pp. 50–62), several manufactur-
ers—including, Advanced Energy, Chint, Growatt, Ingeteam 
and SMA—use the letters “TL” in the inverter model number 
to identify their non-isolated products. Other transformerless 
inverters in the table include Eaton’s PV240, PV250, PV260 and 
PV270; Exeltech’s XLG18A60; KACO new energy’s blueplanet 
6400xi and 7600xi; Power-One’s PVI-3.0, PVI-3.6, PVI-4.2, PVI-
5000 and PVI-6000; and REFUsol’s 012K-UL, 016K-UL, 020K-UL 
and 024K-UL. 

SunPower SPR-6000p 
Always refer to the manu-
facturer’s documentation 
for product-specific instal-
lation requirements. Note 
that many OEMs also  
offer private-label invert-
ers for large distributors or 
integrators, as Power-One 
is doing for SunPower.  
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While all inverters for PV applications are listed to UL 1741 
and need to conform with the power quality and safety tests 
found in IEEE 1547.1, the NRTL evaluates non-isolated invert-
ers to a slightly different set of conditions than isolated invert-
ers. Because of the inherent design differences between these 
products, installers and inspectors need to ensure that invert-
ers used in ungrounded PV systems are listed and labeled as 
non-isolated inverters. An installer cannot field-configure an 
isolated inverter to operate on an ungrounded PV system. Simi-
larly, a non-isolated inverter may not be field-modified for any 
purpose except as indicated in the manufacturer’s installation 
manual. Always refer to the specific manufacturer’s documen-
tation for installation requirements and allowances. 

Inverter input and PV output conductors. One of the easiest 
mistakes for installers to make is to instinctively grab white 

wire off the truck for use in an ungrounded PV array. System 
designers can make the same mistake and specify white wire 
in their drawings, especially if they start working from exist-
ing plans for a grounded PV array. Ungrounded PV power cir-
cuits may not use conductors with white insulation.

Conductors with white insulation are commonly used in 
positively or negatively grounded PV systems to identify the 
grounded conductor. However, both of the current-carrying 
conductors in an ungrounded PV system are floating with refer-
ence to ground, so there is no grounded conductor. Therefore, 
according to Section 200.7 of the Code, neither polarity in an 
ungrounded PV system can be wired using conductors with a 
continuous white insulation. This section also excludes the use 
of conductors with continuous gray insulation or with three con-
tinuous white stripes for ungrounded PV array circuits. These 
colors are reserved for grounded circuits. Insulation that is green 
or green with yellow stripes can be used to identify ground-
ing conductors only; see Section 250.119.  c o n T i n u e D  o n  pa g e  4 2  

Color code  The employee owners for Namasté Solar, a 
Colorado-based integrator, used conductors with black and 
red insulation for the two MPPT inputs to this non-isolated 
Power-One inverter. The conductor with the white insulation 
on the right is the 240 Vac neutral. 
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Disconnecting means  This 600 Vdc–rated switch is being 
used to disconnect both conductors in an ungrounded PV 
output circuit. While some similar switches are able to dis-
connect one PV source circuit per pole in a grounded array, 
this is not an option in an ungrounded application.

Ungrounded PV Systems
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Aside from these restrictions, the NEC does not dictate 
what color code to use for conductors in an ungrounded PV 
system. Just be sure to use different colors for PV positive and 
PV negative conductors to make it easy to maintain the cor-
rect polarity throughout the system. Many dc circuits in the 
US use red for positive and black for negative. Since these col-
ors are probably already in your inventory, this is a logical con-
vention to follow. However, the Code provides installers with a 
great deal of leeway to do otherwise. In the event that specific 
color codes do apply, the local AHJ dictates them. 

DC disconnects. The brevity with which NEC Section 690.35(A) 
describes the requirements for dc disconnects in ungrounded 
PV systems is somewhat misleading: “All photovoltaic source 
and output circuit conductors shall have disconnects comply-
ing with 690, Part III.” In practice, this is one of the most signifi-
cant changes to how ungrounded PV circuits are wired when 
compared to grounded systems. 

To understand the implications of Section 690.35(A), 
look at Section 690.13, which is the first section under Part 
III of Article 690. As a rule, Section 690.13 requires that 
a means be provided to disconnect the current-carrying  
conductors in a PV array from other conductors in a 
building or structure. However, this does not apply to the 
grounded conductor if opening it with a switch or a circuit 
breaker would leave “the marked, grounded conductor in an 
ungrounded and energized state.” This is why disconnects 
in grounded PV array circuits open ungrounded current-
carrying conductors only, and the grounded conductors are 

unbroken (except as allowed in Section 690.13 Exceptions 
No. 1 and No. 2).

In an ungrounded PV system, both the PV positive and 
the PV negative conductors are ungrounded current-carrying 
conductors. Since NEC Section 690.13 requires a disconnect-
ing means for all ungrounded current-carrying dc conductors, 
both the PV positive and the PV negative conductors need to 
be switched in an ungrounded PV system. Double-pole dis-
connecting must be used to switch both conductors.

According to a survey of transformerless inverter manu-
facturer representatives, it is not unheard of for installers 
used to working with grounded PV systems to make the mis-
take of switching just one of the dc conductors when wiring 
a PV disconnect external to the inverter in an ungrounded 
PV system. Fortunately, this is often an easy fix. In some 
cases, no additional equipment is required. As Berdner at 
SolarEdge points out: “Most switches and breakers used 
today are wired with multiple poles in series, allowing some 
of the poles to be used for the other conductor. If no addi-
tional poles are necessary, then the cost impact of installing 
a PV disconnect in an ungrounded system versus a grounded 
system is minimal.”

Designers should be aware that many of the off-the-shelf 
disconnects commonly used to disconnect multiple PV circuits 
in grounded systems are not suitable for the same application 
in ungrounded systems. For example, a three-pole disconnect 
that is rated to disconnect two or three source circuits in a 
grounded PV array is able to disconnect  c o n T i n u e D  o n  pa g e  4 4 

Source-circuit 
fuses This photo 
shows the inverter-
integrated fused 
source-circuit 
combiner box in 
a non-isolated 
REFUsol 3-phase 
string inverter. 
While these 12-, 
16-, 20- and  
24-kW units  
accommodate a 
maximum of 12 
PV source circuits, 
each has a total 
of 24 fused inputs 
because both 
polarities of an  
ungrounded PV 
array require  
overcurrent  
protection. c
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only a single circuit in an ungrounded system. Because there 
is a disparity between ungrounded PV system requirements 
and commonly available electrical parts, many transformer-
less inverter manufacturers have proactively taken steps to 
close this gap.

Many UL-listed string inverters and some central inverters 
incorporate an integrated dc disconnecting means intended 
to meet the requirements in NEC Section 690.13. This is also 
true of non-isolated utility-interactive inverters. Residential 
system integrators may not need to go to the trouble and 
additional expense of sourcing and carrying listed multi-pole 
dc disconnects for use in ungrounded PV systems. Simply 
use the inverter-integrated PV disconnect as indicated in 
the manufacturer’s installation instructions, which an NRTL 

evaluates as part of the product testing and listing process. 
For larger systems with combiner boxes external to the invert-
ers, appropriate switches need to be sourced.

Overcurrent protection. NEC Section 690.35(B) applies to 
overcurrent-protection requirements for ungrounded PV sys-
tems. The language used in this section parallels that found 
in Section 690.35(A) but refers back to Section 690.9, which 
in turn refers back to the general overcurrent-protection 
requirements found in Article 240. This means that the dc 
fuses or circuit breakers used in an ungrounded PV system 
are sized and located precisely as they would be in a grounded 
PV system. (See QA “Series String OCPD Requirements for 
Grid-Direct Inverter Applications,” December/January 2009, 
SolarPro magazine, and “DC Combiners Revisited,” February/
March 2011, SolarPro magazine.)

There is, however, a critical difference in the way that the 
general overcurrent-protection requirements are applied to 
ungrounded PV systems. If overcurrent protection is required, 
then both the PV positive and the PV negative conductor need 
to be protected. The rationale is similar to the disconnect 
requirements described previously. In this case, Article 240.21 
requires that overcurrent protection “be provided in each 
ungrounded circuit conductor.” Since both PV positive and  
PV negative conductors are ungrounded current-carrying  
conductors, both require overcurrent protection. 

In practice, this means that source-circuit combiners 
in ungrounded PV systems have twice as many fuse hold-
ers as they would in grounded applications. One set of fuses  
is dedicated to the PV positive conductors and the other set is 
dedicated to the PV negative conductors. The same is true of 
subarray combiners. It does not matter whether these dc com-
biners are external or internal to the inverter. If overcurrent 
protection is required, it is required in both polarities of the cir-
cuit. If a servicing disconnect is required for these fuses, then 
that device needs to switch both conductors. When it comes to 
disconnects and fuses in ungrounded PV arrays, make sure you 
are prepared for double the fun.

Source-circuit conductors. For many years, PV manufactur-
ers and system integrators have used sunlight-resistant, wet-
rated single conductors for PV source circuits. The cable type 
most commonly used in these applications is underground 
service entrance cable (USE) marked USE-2. While the insu-
lation for both USE and USE-2 cables is rated for use in wet 
locations and exposure to sunlight, USE-2 cable has a higher 
temperature rating when wet (90°C) than does USE (75°C). 
However, despite its suitability for use in grounded PV sys-
tems, the NEC does not allow the use of type USE-2 cable as an 
exposed single-conductor wiring method for source circuits 
in ungrounded PV systems. 

NEC Section 690.35(D) specifies the requirements for 
PV source-circuit conductors in ungrounded PV systems. 
Nonmetallic, jacketed multi-conductor  c o n T i n u e D  o n  pa g e  4 6 
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Ungrounded source circuits  NEC Section 690.35(D)(3)  
allows for exposed single-conductors in ungrounded PV 
source circuits provided that Type PV Wire is used, as shown 
here for circuits 1 and 2. Conductors installed in raceways are 
also allowed—as Namasté Solar chose to do for circuit 3—
according to 690.35(D)(2). Note that ungrounded PV systems 
still have equipment-grounding requirements, as evidenced by 
the bare copper and green THWN-2 conductors. 

Ungrounded PV Systems
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cables are allowed, as are con-
ductors installed in raceways. 
However, to install exposed sin-
gle conductors for the PV source 
circuits in an ungrounded PV 
system, Section 690.35(D)(3) 
requires the use of “conductors 
listed and identified as Photo-
voltaic (PV) Wire.”  

As the name suggests, PV 
Wire is designed for making PV 
module interconnections, spe-
cifically where single conduc-
tors are run outside raceways 
or conduits and exposed to a 
unique set of physical and envi-
ronmental abuses. PV Wire dif-
fers from USE-2 in that it uses thicker insulation or a jacket 
to provide additional mechanical protection. As a result, PV 
Wire has greater sunlight resistance and can better with-
stand extreme cold than USE-2. Because of these improved 
physical properties, PV Wire can be rated for use at higher 
voltages than USE-2, such as 1,000 volts versus 600 volts. PV 
Wire can also be used in applications where USE-2 cannot, 
such as in ungrounded PV array source circuits. 

PV modules. The PV Wire requirement in NEC Section 
690.35(D)(3) has implications beyond the cable type used to 
connect a string of modules to a junction or combiner box. 
The listed PV modules themselves must be constructed using 

PV Wire for the module inter-
connection cables. This means 
that not all PV modules sold in 
North America can be used in 
ungrounded PV systems—only 
modules constructed with listed 
PV Wire. 

System designers need to 
carefully study product data-
sheets to qualify module models 
for use in ungrounded PV sys-
tems. When in doubt, contact 
the module manufacturer. Some 
suppliers and distributors have 
a blanket policy to carry only 
modules with PV Wire whips. It 
is also increasingly common for 

manufacturers to supply modules with PV Wire, since this 
product is now more readily available and is rated for use on 
modules sold internationally. Designers can also narrow the 
field by referring to desktop reference guides with module 
specifications published in SolarPro magazine, such as the 
“2011 c-Si PV Module Specifications” table (October/Novem-
ber 2011).

Labeling. In addition to the general labeling require-
ments common to all PV systems, NEC Section 690.35(F) 
requires that “each junction box, combiner box, disconnect, 
and device where energized, ungrounded circuits may be 
exposed during service” have a label that reads as follows:

Plan sets and wiring diagrams System designers and engineers may want to provide more detail than usual in ungrounded 
PV system-plan sets. This not only assists plan checkers and inspectors who may be unfamiliar with ungrounded PV system 
requirements, but also reduces installation errors on the part of electricians and technicians more accustomed to working on 
grounded PV systems.

PV source-circuit combiner for ungrounded PV system
with PV+ and PV– OCP devices per NEC 690.35(B) 

Modules with Type PV Wire interconnect cables per NEC 690.35(D)(3)

PV output circuit to 
subarray combiner or
non-isolated inverter

PV +
PV –

600 Vdc–rated fuse servicing 
disconnecting means per
NEC 690.16(B) & 690.35(A)

SNot all PV modules sold  
in North America can be 
used in ungrounded PV  
systems—only modules 
constructed with listed  
PV Wire can be used.

Ungrounded PV Systems
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Warning 
electric SHocK HaZard. tHe dc condUctorS 

oF tHiS PHotovoltaic SyStem are 
UngroUnded and may Be energiZed.

The intent of this language is to alert anyone servicing 
equipment in an ungrounded PV system that no grounded 
conductor exists. Therefore, all current-carrying conductors 
need to be treated as “hot” conductors. This is the reason why 
you do not use white or gray insulation on any dc conductors 
in ungrounded PV circuits.

Grounding. The most important thing to remember about 
working with non-isolated inverters and ungrounded PV 
systems is that all of the PV array circuits are floating with 
reference to ground. This means that neither of the dc  
current-carrying circuit conductors is bonded to ground or to 
any grounded equipment. The practice of intentionally con-
necting a normally energized conductor is what we refer to 
as system grounding. Ungrounded PV systems do not have this 
intentional system-ground connection.

Paul Mync is the technical sales manager at KACO new 
energy, a manufacturer that developed its first transformerless 

solar inverters in 1999. Mync points out: “When the term 
ungrounded is used, it can lead to the mistaken impression 
that the PV array has no ground. That is not the case. It is 
only the dc conductors that have no electrical connection 
to ground.” 

In addition to system grounding considerations, all elec-
trical systems have equipment-grounding considerations. 
While NEC Section 690.35 allows PV systems to operate with 
ungrounded PV source and output circuits, it says noth-
ing about changes to equipment-grounding requirements. 
Therefore, all of the usual equipment-grounding require-
ments apply to an ungrounded PV system just as they do to 
a conventional grounded system. 

Grounding requirements for PV systems are described 
in Part V of Article 690. Notable equipment-grounding provi-
sions found in Section 690.43 state that equipment grounding 
is required for PV systems; an equipment-grounding conduc-
tor (EGC) is required; metal structural components (racking 
or mounting systems) may be used as the EGC, provided that 
they are listed and identified for the purpose; and PV-mounting 
hardware used for grounding must be identified for that use.

System designers, installers and the AHJ should have a good 
understanding of these equipment-grounding requirements. 



48 S o l a r Pr o   |   august/September 2012

Installers do not need to do anything different to provide equip-
ment grounding in an ungrounded PV system as compared to 
a grounded system. Similarly, inspectors do not need to look 
for any additional equipment. They just need to verify that nor-
mally non–current-carrying metal components are connected 
together and that this conductive path is continuous back to 
the inverter and ultimately to the ac grounding system. 

One thing that confuses inspectors is the absence of dc 
system-grounding components. For example, Wiles pub-
lished an article in IAEI magazine (see Resources) that 
addresses a question from an electrical inspector who asked 
whether the NEC requires a grounding electrode conductor 
(GEC) and grounding rod for non-isolated inverters. In his 
response, Wiles notes that while Section 690.47 of NEC 2011 
does not exactly address this question, future Code cycles 
should clarify the issue.

Wiles explains: “Transformerless inverters do not connect 
one of the dc circuit conductors in the PV array to ground (as 
allowed by NEC 690.35) and have no internal bonding jumper. 
Therefore, there will normally be no terminal to connect the 
GEC, and the NEC does not require a dc GEC.”

A GEC is not required for a non-isolated inverter, and if 
the inverter adheres to the UL 1741 requirements, it will not 
even have a GEC terminal. According to Wiles, “The UL stan-
dard requires a grounding electrode conductor terminal … 
only when there is a bonding jumper in the direct current 
(dc) side of the inverter.”

Note that auxiliary dc-grounding electrodes and conductors 
may be installed for other reasons, such as protection against 
lightning surges. In addition, an ac grounding-electrode system 
is still required for the utility supply to which the ungrounded 
PV system is connected. 

Permitting and inSPecting 
Ungrounded PV systems are more similar to grounded PV 
systems than they are different from them. The specific differ-
ences in equipment selection and usage are based on funda-
mental distinctions found in the NEC and UL 1741. Provided 
that system designers and installers understand these techni-
cal distinctions and can discuss them with the AHJ, permit-
ting and inspecting ungrounded PV systems can go smoothly.

“Most AHJs will have questions once they see that 
the inverter is transformerless and that the PV system is 
ungrounded,” observes Mync at KACO. He recommends pre-
paring for those questions: “Educate yourself on the NEC 
sections that relate to the installation of transformerless 
inverters, and be prepared to discuss these in an intelligent 
manner with the AHJ.” System integrators also need to be pro-
active and contact the AHJ before installing an ungrounded 
system within its jurisdiction for the first time. By definition, 
the AHJ approves equipment, materials, installations and 
procedures; see NEC Article 100. 

Berdner at SolarEdge notes: “Some AHJs and plan 
checkers are unfamiliar with the Code provisions for use of 
ungrounded arrays.” He recommends that engineers and 
system designers make specific reference to Section 690.35 
in their plans. He adds, “I would also include a datasheet 
or manual for the inverter that indicates the presence of a 
listed GFDI device.”

“The main concern inspectors have is to ensure the safety 
and Code compliance of any electrical installation,” reminds 
Advanced Energy’s Ruberti. He encourages integrators to pro-
vide the AHJ with copies of applicable listings, such as the UL 
1741 certificate of compliance. “The best thing you can do is be 
patient and prepared to educate them,” he says. “Explain why 
the new transformerless technology is not just safe, but safer 
than what they have approved in the past.”

In addition to educating plan checkers and inspectors, 
system integrators also need to educate their designers and 
installers. “Most installation errors can be avoided with team 
meetings and proper training,” KACO’s Mync says. “A change in 
technology can slow things down at first, but these impacts are 
minimized when installers know what they are supposed to do 
and why.”
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ach year, members of SolarPro’s technical 
staff assemble a comprehensive dataset that 
includes specifications for all string-inverter 
products that are available in North Amer-
ica. The end result of this lengthy and detail- 
oriented process is a resource that allows 
industry professionals with system-design and 

product-procurement roles to efficiently compare string-
inverter design and operation parameters. The assembled 
dataset also provides some interesting high-level informa-
tion that identifies manufacturers that have expanded their 
product lines in the past year, as well as new entrants to the 
North American solar inverter market.

The updated 2012 String Inverter Specifications Table 
includes 121 products from 18 manufacturers. Notably, 
compared to our 2011 string inverter dataset, six manufac-
turers—Carlo Gavazzi, Chint Power Systems, Eaton, Eltek, 
Growatt New Energy and REFUsol—have introduced prod-
ucts and established sales offices in the US. This represents a 
33% increase in manufacturers vying for market share in the 
US and Canadian markets. In addition, a number of manu-
facturers have added non-isolated, transformerless string 
inverters to their overall product lines.

The SolarPro team worked closely with the various 
inverter manufacturers during the specification collection 
and assembly process. The listed specifications were sourced 
from manufacturers’ cut sheets or provided by the manu-
facturers directly. For inclusion, inverter products were 
required to be listed to the UL 1741 standard, identified on 
the CEC’s list of eligible inverters per SB1 guidelines and be 
in full production and available in the North American mar-
ket. Single- and 3-phase string inverters with rated outputs 
of up to 30 kWac are included in our 2012 dataset. 

The complete single- and 3-phase string-inverter dataset 
is also available to SolarPro subscribers in Microsoft Excel 
format at solarprofessional.com. We permit (and encourage) 

the integration of the Excel-based data with databases your 
company has developed for internal product tracking and 
system-design activities.

String Inverter  Specifications

Data compiled by Doug Puffer and Joe Schwartz

g C O N T A C T

Doug Puffer / SolarPro magazine / Ashland, OR /  

 doug.puffer@solarprofessional.com / solarprofessional.com

Joe Schwartz / SolarPro magazine / Ashland, OR /  

 joe.schwartz@solarprofessional.com / solarprofessional.com

Manufacturers
Advanced Energy / 800.446.9167 / advanced-energy.com

Carlo Gavazzi / 847.465.6100 / gavazzionline.com/solar

Chint Power Systems / 972.761.3992 / chintpower.com/en

Delta Energy Systems / 520.326.8401 / deltaenergysystems.com

Eaton / 877.386.2273 / eaton.com

Eltek / 469.330.9100 / eltek.com

Exeltech / 800.886.4683 / exeltech.com

Fronius USA / 810.220.4414 / fronius.com

Growatt New Energy / 832.615.5047 / growattusa.com

Ingeteam / 262.240.9850 / ingeteam.com

KACO new energy / 415.931.2046 / kaco-newenergy.com

Motech Industries / 302.451.7500 / motech-americas.com

Power-One / 805.987.8741 / power-one.com

REFUsol / 408.775.7744 / americas.refusol.com

Schneider Electric / 847.397.2600 / schneider-electric.com

SMA America / 916.625.0870 / sma-america.com

SolarEdge / 530.273.3096 / solaredge.com

Solectria Renewables / 978.683.9700 / solren.com

E

Single- and 3-Phase Products 
for North America
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String Inverter Specif ications

Manufacturer Model

Input Data (dc) Output Data (ac) Operation Integrated Disconnects and Combiners

Max. recommended  
PV power at STC  

(W)

Max.  
open-circuit 

voltage
PV start 
voltage

Max. power point 
tracking voltage 

range
Max. usable 
input current

Max.  
short-circuit 

current
CEC rated power 

(W)

Nominal  
output  
voltage

Max. output  
current

Max.  
ac OCPD rating

(A)

CEC weighted 
efficiency  

(%)

Ambient 
temp. range 

 (ºF)

Noise level 
@ 1 m 
(dB) 1

DC disconnect 
standard

AC disconnect 
standard

Disconnect 
amperage rating  

(dc/ac)
Fused combiner 

standard

Advanced Energy PVP2000 2,500 500 130 115–450 18.5 26.0 2,000 240 8.5 20 92.0 -13–104 < 35 yes yes 48/40 no

Advanced Energy PVP2500 3,130 500 155 140–450 19.0 26.0 2,500 240 10.5 20 94.5 -13–104 < 35 yes yes 48/40 no

Advanced Energy PVP2800 3,500 500 195 180–450 16.5 26.0 2,800 208 13.5 20 92.0 -13–104 < 35 yes yes 48/40 no

Advanced Energy PVP3000 3,750 500 185 170–450 19.0 26.0 3,000 240 12.5 20 93.5 -13–104 < 35 yes yes 48/40 no

Advanced Energy PVP3500 4,308 500 215 200–450 18.5 26.0 3,500 240 15.0 20 95.5 -13–104 < 35 yes yes 48/40 no

Advanced Energy PVP4600 5,750 500 220 205–450 24.0 48.0 4,600 208 22.5 30 95.5 -13–104 < 35 yes yes 48/40 no

Advanced Energy PVP4800 6,000 500 215 200–450 25.5 48.0 4,800 240 20.5 30 96.0 -13–104 < 35 yes yes 48/40 no

Advanced Energy PVP5000 3 6,000 500 215 200–450 26.5 48.0 N/A 240 21.0 30 N/A -13–104 < 35 yes yes 48/40 no

Advanced Energy PVP5200 6,500 500 255 240–450 23.0 48.0 5,200 240 22.0 30 96.0 -13–104 < 35 yes yes 48/40 no

Advanced Energy AE 3.8 TL 4,180 4 600 100 225–500 19.0 178.0 3,690/3,980/3,981 208/240/277 18.0/17.0/15.0 25 97.0 -40–140 < 38 yes yes 48/40 yes

Advanced Energy AE 5.0 TL 5,500 4 600 100 200–500 26.0 178.0 4,470/4,830/4,830 208/240/277 22.0/21.0/18.0 30 97.0 -40–140 < 38 yes yes 48/40 yes

Advanced Energy AE 6.0 TL 6,600 4 600 100 200–500 32.0 178.0 5,980/6,000/6,000 208/240/277 29.0/25.0/22.0 40 97.0 -40–140 < 38 yes yes 48/40 yes

Advanced Energy AE 7.0 TL 7,700 4 600 100 200–500 37.0 178.0 6,950/6,920/7,000 208/240/277 34.0/29.0/26.0 50 97.0 -40–140 < 38 yes yes 48/50 yes

Carlo Gavazzi ISGA 1 22 2,500 500 120 150–450 14.6 DNR 2,110 240 9.2 DNR 94.5 -4–113 DNR yes yes DNR no

Carlo Gavazzi ISGA 1 33 3,500 500 120 150–450 22.0 DNR 3,180 240 13.8 DNR 95.0 -4–113 DNR yes yes DNR no

Carlo Gavazzi ISGA 1 42 4,500 500 120 150–450 14.6 DNR 4,100 240 19.1 DNR 95.5 -4–113 DNR yes yes DNR no

Carlo Gavazzi ISGA 1 53 5,500 500 120 150–450 18.3 DNR 5,000 240 23.9 DNR 95.5 -4–113 DNR yes yes DNR no

Chint Power Systems CPS SC20KTL-DO/US-480 27,000 600 260 300–550 35.0 x2 70.0 20,000 480 24 65 96.5 -4–140 < 65 yes yes 50/63 yes

Chint Power Systems CPS SCE4KTL-O/US 4,800 600 150 105–500 19.0 19.0 4,000 208/240/277 18.5/18.5/16.4 34 97.0 -13–140 < 50 yes yes 13/31 no

Chint Power Systems CPS SCE5KTL-O/US 6,000 600 150 105–500 26.0 26.0 5,000 208/240/277 22.5/22.5/20.5 44 97.0 -13–140 < 50 yes yes 19/31 no

Chint Power Systems CPS SCE6KTL-O/US 7,200 600 150 105–500 32.0 32.0 6,000 208/240/277 30/28.5/24.6 58 97.0 -13–140 < 50 yes yes 19/48 no

Chint Power Systems CPS SCE7KTL-O/US 8,400 600 150 105–500 37.0 37.0 7,000 208/240/277 35/33.2/28.7 66 97.0 -13–140 < 50 yes yes 19/48 no

Delta Energy Systems SOLIVIA 2.5 TR 3,200 600 150 150–500 8.6 19.0 2,500 208/240 11.0/12.0 15 94.5/95.0 -13–158 < 35 yes no 40 yes

Delta Energy Systems SOLIVIA 3.3 TR 4,000 600 150 150–500 13.0 24.0 3,300 208/240 16.0/14.5 20 95.0/95.5 -13–158 < 35 yes no 40 yes

Delta Energy Systems SOLIVIA 4.4 TR 5,200 600 150 150–500 15.1 31.0 4,400 208/240 24.0/19.5 30 94.5/95.0 -13–158 < 35 yes no 40 yes

Delta Energy Systems SOLIVIA 5.0 TR 6,000” 600 150 150–500 17.2 37.0 5,000 208/240 24.0/22.0 30 94.5/95.0 -13–158 < 35 yes no 40 yes

Eaton PV240 DNR 600 150 105–500 19.0 DNR 3,690/3,980/3,981 208/240/277 18.5/18.5/16.4 DNR 97.0  -13–122 < 40 yes yes DNR yes

Eaton PV250 DNR 600 150 105–500 26.0 DNR 4,470/4,830/4,830 208/240/277 22.5/22.5/20.5 DNR 97.0  -13–122 < 40 yes yes DNR yes

Eaton PV260 DNR 600 150 105–500 32.0 DNR 5,980/6,000/6,000 208/240/277 30.0/28.5/24.6 DNR 97.0  -13–122 < 40 yes yes DNR yes

Eaton PV270 DNR 600 150 105–500 37.0 DNR 6,950/6,920/7,000 208/240/277 35.0/33.2/28.7 DNR 97.0  -13–122 < 40 yes yes DNR yes

Eltek 3.8HE-t 5,000 600 220 230–500 18.0 22.0 3,800 208/240 18.5/16.0 25 97.0 -13–149 < 37 yes no 25 yes

Eltek 4.4HE-t 5,750 600 220 230–500 21.0 25.0 4,450 208/240 21.5/18.5 30 97.0 -13–149 < 37 yes no 25 yes

Exeltech XLGT18A60 2,450 600 235 200–600 9.5 10.0 1,800 120 15.0 20 96.5 -4–104 < 40 yes yes 20/20 no

Fronius USA IG Plus V 3.0-1UNI 3,450 600 260 230–500 14.0 18.0 3,000 208/240/277 14.4/12.5/10.8 20/20/15 95.0/95.5/96.0 -13–131 < 62 yes no 40 yes

Fronius USA IG Plus V 3.8-1UNI 4,400 600 260 230–500 17.8 22.0 3,800 208/240/277 18.3/15.8/13.7 25/20/20 95.0/95.5/96.0 -13–131 < 62 yes no 40 yes

Fronius USA IG Plus V 5.0-1UNI 5,750 600 260 230–500 23.4 29.0 5,000 208/240/277 24.0/20.8/18.1 30/30/25 95.5/95.5/96.0 -13–131 < 62 yes no 60 yes

Fronius USA IG Plus V 6.0-1UNI 6,900 600 260 230–500 28.1 35.0 6,000 208/240/277 28.8/25.0/21.7 40/35/30 95.5/96.0/96.0 -13–131 < 62 yes no 60 yes

Fronius USA IG Plus V 7.5-1UNI 8,600 600 260 230–500 35.1 44.0 7,500 208/240/277 36.1/31.3/27.1 45/40/35 95.0/95.5/96.0 -13–131 < 62 yes no 60 yes

Fronius USA IG Plus V 10.0-1UNI 11,500 600 260 230–500 46.7 58.0 9,995 208/240/277 48.1/41.6/36.1 60/60/45 95.0/95.5/96.0 -13–131 < 64 yes no 80 yes

Fronius USA IG Plus V 11.4-1UNI 13,100 600 260 230–500 53.3 67.0 11,400 208/240/277 54.8/47.5/41.2 70/60/60 95.0/95.5/96.0 -13–131 < 64 yes no 80 yes

Fronius USA IG Plus V 10.0-3 Delta 11,500 600 260 230–500 46.7 58.0 9,995 208/240 27.7/24.0 35/35 95.0/96.0 -13–131 < 64 yes no 80 yes

Fronius USA IG Plus V 11.4-3 Delta 13,100 600 260 230–500 53.3 67.0 11,400 208/240 31.6/27.4 40/35 95.0/96.0 -13–131 < 64 yes no 80 yes

Fronius USA IG Plus V 12.0-3 Wye 13,800 600 260 230–500 56.1 71.0 12,000 277 14.4 20 96.0 -13–131 < 64 yes no 80 yes

Growatt New Energy Growatt 1500TL-US 1,800 450 120 120–400 8.0 DNR 1,500/1,650/1,650 208/240/277 7.2/6.9/6.0 DNR 96.0 -13–140 < 25 yes no DNR no

Growatt New Energy Growatt 2000TL-US 2,300 500 120 120–450 10.0 DNR 1,800/2,000/2,000 208/240/277 8.7/8.3/7.2 DNR 96.5 -13–140 < 25 yes no DNR no

Growatt New Energy Growatt 3000TL-US 3,150 500 120 120–450 15.0 DNR 2,500/2,800/2,800 208/240/277 12.0/13.0/14.0 DNR 96.5 -13–140 < 25 yes no DNR no

Growatt New Energy Growatt 3600MTL-US 3,800 600 120 120–550 10.0/10.0 DNR 3,600 208/240/277 17.4/15.0/13.0 DNR 97.0 -13–140 < 25 yes no DNR no

Growatt New Energy Growatt 4200MTL-US 4,400 600 120 120–550 15.0/15.0 DNR 4,200 208/240/277 20.2/17.5/15.0 DNR 97.0 -13–140 < 25 yes no DNR no

Growatt New Energy Growatt 5000MTL-US 5,200 600 120 120–550 15.0/15.0 DNR 5,000 208/240/277 22.0/19.0/16.7 DNR 97.0 -13–140 < 25 yes no DNR no

Ingeteam Ingecon Sun 3.6 TL U 4,680 550 150 200–450 22.0 22.0 3,600 208/240/277 17.0 DNR 96.5 -4–149 < 51 yes no 32 yes

Ingeteam Ingecon Sun 5 U 6,500 550 150 200–450 30.0 30.0 5,000 208/240/277 25.0 DNR 95.5 -4–149 < 51 yes no 32 yes

Ingeteam Ingecon Sun 5TL U 6,500 550 150 200–450 30.0 30.0 5,000 208/240/277 25.0 DNR 96.5 -4–149 < 51 yes no 32 yes
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Footnote Key
N/A = not applicable
DNR = did not report 
1 With fans operating in actively cooled units
2 With dc/ac disconnect enclosure
3 Available in Canada only
4 Above 510 Vdc input; below 510 Vdc input = 5,700/7,500/9,000/10,500 W 
5 Parallel MPPT configuration 
6 Per MPPT channel

7 Parallel MPPT operation only
8 Example unit shown. Model variations include 208, 480 and 600 (Canada) Vac 
outputs, pos. and neg. grounding, and dc or dc/ac switches.
9 PowerBox specification 
10 Controlled by PowerBoxes 
11 GEC not required (equipment ground only, 10–6 AWG)
12 Firmware update in progress that will allow ac-coupled operation  
13 Option on panel assemblies

Manufacturer Model

Input Data (dc) Output Data (ac) Operation Integrated Disconnects and Combiners

Max. recommended  
PV power at STC  

(W)

Max.  
open-circuit 

voltage
PV start 
voltage

Max. power point 
tracking voltage 

range
Max. usable 
input current

Max.  
short-circuit 

current
CEC rated power 

(W)

Nominal  
output  
voltage

Max. output  
current

Max.  
ac OCPD rating

(A)

CEC weighted 
efficiency  

(%)

Ambient 
temp. range 

 (ºF)

Noise level 
@ 1 m 
(dB) 1

DC disconnect 
standard

AC disconnect 
standard

Disconnect 
amperage rating  

(dc/ac)
Fused combiner 

standard

Advanced Energy PVP2000 2,500 500 130 115–450 18.5 26.0 2,000 240 8.5 20 92.0 -13–104 < 35 yes yes 48/40 no

Advanced Energy PVP2500 3,130 500 155 140–450 19.0 26.0 2,500 240 10.5 20 94.5 -13–104 < 35 yes yes 48/40 no

Advanced Energy PVP2800 3,500 500 195 180–450 16.5 26.0 2,800 208 13.5 20 92.0 -13–104 < 35 yes yes 48/40 no

Advanced Energy PVP3000 3,750 500 185 170–450 19.0 26.0 3,000 240 12.5 20 93.5 -13–104 < 35 yes yes 48/40 no

Advanced Energy PVP3500 4,308 500 215 200–450 18.5 26.0 3,500 240 15.0 20 95.5 -13–104 < 35 yes yes 48/40 no

Advanced Energy PVP4600 5,750 500 220 205–450 24.0 48.0 4,600 208 22.5 30 95.5 -13–104 < 35 yes yes 48/40 no

Advanced Energy PVP4800 6,000 500 215 200–450 25.5 48.0 4,800 240 20.5 30 96.0 -13–104 < 35 yes yes 48/40 no

Advanced Energy PVP5000 3 6,000 500 215 200–450 26.5 48.0 N/A 240 21.0 30 N/A -13–104 < 35 yes yes 48/40 no

Advanced Energy PVP5200 6,500 500 255 240–450 23.0 48.0 5,200 240 22.0 30 96.0 -13–104 < 35 yes yes 48/40 no

Advanced Energy AE 3.8 TL 4,180 4 600 100 225–500 19.0 178.0 3,690/3,980/3,981 208/240/277 18.0/17.0/15.0 25 97.0 -40–140 < 38 yes yes 48/40 yes

Advanced Energy AE 5.0 TL 5,500 4 600 100 200–500 26.0 178.0 4,470/4,830/4,830 208/240/277 22.0/21.0/18.0 30 97.0 -40–140 < 38 yes yes 48/40 yes

Advanced Energy AE 6.0 TL 6,600 4 600 100 200–500 32.0 178.0 5,980/6,000/6,000 208/240/277 29.0/25.0/22.0 40 97.0 -40–140 < 38 yes yes 48/40 yes

Advanced Energy AE 7.0 TL 7,700 4 600 100 200–500 37.0 178.0 6,950/6,920/7,000 208/240/277 34.0/29.0/26.0 50 97.0 -40–140 < 38 yes yes 48/50 yes

Carlo Gavazzi ISGA 1 22 2,500 500 120 150–450 14.6 DNR 2,110 240 9.2 DNR 94.5 -4–113 DNR yes yes DNR no

Carlo Gavazzi ISGA 1 33 3,500 500 120 150–450 22.0 DNR 3,180 240 13.8 DNR 95.0 -4–113 DNR yes yes DNR no

Carlo Gavazzi ISGA 1 42 4,500 500 120 150–450 14.6 DNR 4,100 240 19.1 DNR 95.5 -4–113 DNR yes yes DNR no

Carlo Gavazzi ISGA 1 53 5,500 500 120 150–450 18.3 DNR 5,000 240 23.9 DNR 95.5 -4–113 DNR yes yes DNR no

Chint Power Systems CPS SC20KTL-DO/US-480 27,000 600 260 300–550 35.0 x2 70.0 20,000 480 24 65 96.5 -4–140 < 65 yes yes 50/63 yes

Chint Power Systems CPS SCE4KTL-O/US 4,800 600 150 105–500 19.0 19.0 4,000 208/240/277 18.5/18.5/16.4 34 97.0 -13–140 < 50 yes yes 13/31 no

Chint Power Systems CPS SCE5KTL-O/US 6,000 600 150 105–500 26.0 26.0 5,000 208/240/277 22.5/22.5/20.5 44 97.0 -13–140 < 50 yes yes 19/31 no

Chint Power Systems CPS SCE6KTL-O/US 7,200 600 150 105–500 32.0 32.0 6,000 208/240/277 30/28.5/24.6 58 97.0 -13–140 < 50 yes yes 19/48 no

Chint Power Systems CPS SCE7KTL-O/US 8,400 600 150 105–500 37.0 37.0 7,000 208/240/277 35/33.2/28.7 66 97.0 -13–140 < 50 yes yes 19/48 no

Delta Energy Systems SOLIVIA 2.5 TR 3,200 600 150 150–500 8.6 19.0 2,500 208/240 11.0/12.0 15 94.5/95.0 -13–158 < 35 yes no 40 yes

Delta Energy Systems SOLIVIA 3.3 TR 4,000 600 150 150–500 13.0 24.0 3,300 208/240 16.0/14.5 20 95.0/95.5 -13–158 < 35 yes no 40 yes

Delta Energy Systems SOLIVIA 4.4 TR 5,200 600 150 150–500 15.1 31.0 4,400 208/240 24.0/19.5 30 94.5/95.0 -13–158 < 35 yes no 40 yes

Delta Energy Systems SOLIVIA 5.0 TR 6,000” 600 150 150–500 17.2 37.0 5,000 208/240 24.0/22.0 30 94.5/95.0 -13–158 < 35 yes no 40 yes

Eaton PV240 DNR 600 150 105–500 19.0 DNR 3,690/3,980/3,981 208/240/277 18.5/18.5/16.4 DNR 97.0  -13–122 < 40 yes yes DNR yes

Eaton PV250 DNR 600 150 105–500 26.0 DNR 4,470/4,830/4,830 208/240/277 22.5/22.5/20.5 DNR 97.0  -13–122 < 40 yes yes DNR yes

Eaton PV260 DNR 600 150 105–500 32.0 DNR 5,980/6,000/6,000 208/240/277 30.0/28.5/24.6 DNR 97.0  -13–122 < 40 yes yes DNR yes

Eaton PV270 DNR 600 150 105–500 37.0 DNR 6,950/6,920/7,000 208/240/277 35.0/33.2/28.7 DNR 97.0  -13–122 < 40 yes yes DNR yes

Eltek 3.8HE-t 5,000 600 220 230–500 18.0 22.0 3,800 208/240 18.5/16.0 25 97.0 -13–149 < 37 yes no 25 yes

Eltek 4.4HE-t 5,750 600 220 230–500 21.0 25.0 4,450 208/240 21.5/18.5 30 97.0 -13–149 < 37 yes no 25 yes

Exeltech XLGT18A60 2,450 600 235 200–600 9.5 10.0 1,800 120 15.0 20 96.5 -4–104 < 40 yes yes 20/20 no

Fronius USA IG Plus V 3.0-1UNI 3,450 600 260 230–500 14.0 18.0 3,000 208/240/277 14.4/12.5/10.8 20/20/15 95.0/95.5/96.0 -13–131 < 62 yes no 40 yes

Fronius USA IG Plus V 3.8-1UNI 4,400 600 260 230–500 17.8 22.0 3,800 208/240/277 18.3/15.8/13.7 25/20/20 95.0/95.5/96.0 -13–131 < 62 yes no 40 yes

Fronius USA IG Plus V 5.0-1UNI 5,750 600 260 230–500 23.4 29.0 5,000 208/240/277 24.0/20.8/18.1 30/30/25 95.5/95.5/96.0 -13–131 < 62 yes no 60 yes

Fronius USA IG Plus V 6.0-1UNI 6,900 600 260 230–500 28.1 35.0 6,000 208/240/277 28.8/25.0/21.7 40/35/30 95.5/96.0/96.0 -13–131 < 62 yes no 60 yes

Fronius USA IG Plus V 7.5-1UNI 8,600 600 260 230–500 35.1 44.0 7,500 208/240/277 36.1/31.3/27.1 45/40/35 95.0/95.5/96.0 -13–131 < 62 yes no 60 yes

Fronius USA IG Plus V 10.0-1UNI 11,500 600 260 230–500 46.7 58.0 9,995 208/240/277 48.1/41.6/36.1 60/60/45 95.0/95.5/96.0 -13–131 < 64 yes no 80 yes

Fronius USA IG Plus V 11.4-1UNI 13,100 600 260 230–500 53.3 67.0 11,400 208/240/277 54.8/47.5/41.2 70/60/60 95.0/95.5/96.0 -13–131 < 64 yes no 80 yes

Fronius USA IG Plus V 10.0-3 Delta 11,500 600 260 230–500 46.7 58.0 9,995 208/240 27.7/24.0 35/35 95.0/96.0 -13–131 < 64 yes no 80 yes

Fronius USA IG Plus V 11.4-3 Delta 13,100 600 260 230–500 53.3 67.0 11,400 208/240 31.6/27.4 40/35 95.0/96.0 -13–131 < 64 yes no 80 yes

Fronius USA IG Plus V 12.0-3 Wye 13,800 600 260 230–500 56.1 71.0 12,000 277 14.4 20 96.0 -13–131 < 64 yes no 80 yes

Growatt New Energy Growatt 1500TL-US 1,800 450 120 120–400 8.0 DNR 1,500/1,650/1,650 208/240/277 7.2/6.9/6.0 DNR 96.0 -13–140 < 25 yes no DNR no

Growatt New Energy Growatt 2000TL-US 2,300 500 120 120–450 10.0 DNR 1,800/2,000/2,000 208/240/277 8.7/8.3/7.2 DNR 96.5 -13–140 < 25 yes no DNR no

Growatt New Energy Growatt 3000TL-US 3,150 500 120 120–450 15.0 DNR 2,500/2,800/2,800 208/240/277 12.0/13.0/14.0 DNR 96.5 -13–140 < 25 yes no DNR no

Growatt New Energy Growatt 3600MTL-US 3,800 600 120 120–550 10.0/10.0 DNR 3,600 208/240/277 17.4/15.0/13.0 DNR 97.0 -13–140 < 25 yes no DNR no

Growatt New Energy Growatt 4200MTL-US 4,400 600 120 120–550 15.0/15.0 DNR 4,200 208/240/277 20.2/17.5/15.0 DNR 97.0 -13–140 < 25 yes no DNR no

Growatt New Energy Growatt 5000MTL-US 5,200 600 120 120–550 15.0/15.0 DNR 5,000 208/240/277 22.0/19.0/16.7 DNR 97.0 -13–140 < 25 yes no DNR no

Ingeteam Ingecon Sun 3.6 TL U 4,680 550 150 200–450 22.0 22.0 3,600 208/240/277 17.0 DNR 96.5 -4–149 < 51 yes no 32 yes

Ingeteam Ingecon Sun 5 U 6,500 550 150 200–450 30.0 30.0 5,000 208/240/277 25.0 DNR 95.5 -4–149 < 51 yes no 32 yes

Ingeteam Ingecon Sun 5TL U 6,500 550 150 200–450 30.0 30.0 5,000 208/240/277 25.0 DNR 96.5 -4–149 < 51 yes no 32 yes
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Manufacturer Model

Termination Specifications Mechanical Listing and Warranty

# DC  
string 
inputs

DC term.
size range 

(AWG)

AC term.
size range 

(AWG)

GEC term. 
size range  

(AWG)
Cooling 
method

Enclosure 
NEMA 
rating

Dimensions  
H x W x D  
(inches)

Weight 
(lbs) 

Listing 
agency

Warranty  
std./ext.
(years)

Warranty in 
ac-coupled 

systems

Advanced Energy PVP2000 3 12–6 12–6 14–4 passive 3R 30.4 x 15.6 x 8.1 93 2 ETL 10 DNR

Advanced Energy PVP2500 3 12–6 12–6 14–4 passive 3R 30.4 x 15.6 x 8.1 107 2 ETL 10 DNR

Advanced Energy PVP2800 3 12–6 12–6 14–4 passive 3R 30.4 x 15.6 x 8.1 107 2 ETL 10 DNR

Advanced Energy PVP3000 3 12–6 12–6 14–4 passive 3R 30.4 x 15.6 x 8.1 107 2 ETL 10 DNR

Advanced Energy PVP3500 3 12–6 12–6 14–4 passive 3R 30.4 x 15.6 x 8.1 121 2 ETL 10 DNR

Advanced Energy PVP4600 3 12–6 12–6 14–4 passive 3R 35.0 x 18.1 x 8.6 162 2 ETL 10 DNR

Advanced Energy PVP4800 3 12–6 12–6 14–4 passive 3R 35.0 x 18.1 x 8.6 162 2 ETL 10 DNR

Advanced Energy PVP5000 3 3 12–6 12–6 14–4 passive 3R 35.0 x 18.1 x 8.6 162  2 ETL 10 DNR

Advanced Energy PVP5200 3 12–6 12–6 14–4 passive 3R 35.0 x 18.1 x 8.6 162 2 ETL 10 DNR

Advanced Energy AE 3.8 TL 4 14–6 10–6 14–6 passive 3R 33.5 x 17.5 x 8.5 87 ETL 10 no

Advanced Energy AE 5.0 TL 4 14–6 8–6 14–6 passive 3R 33.5 x 17.5 x 8.5 91 ETL 10 no

Advanced Energy AE 6.0 TL 4 14–6 8–4 14–6 active 3R 33.5 x 17.5 x 8.5 102 ETL 10 no

Advanced Energy AE 7.0 TL 4 14–6 6–4 14–6 active 3R 33.5 x 17.5 x 8.5 102 ETL 10 no

Carlo Gavazzi ISGA 1 22 1 12 12 12 passive 3R 25.9 x 17.9 x 6.7 62 ETL 5/10 yes

Carlo Gavazzi ISGA 1 33 1 12 12 12 passive 3R 25.9 x 17.9 x 6.7 62 ETL 5/10 yes

Carlo Gavazzi ISGA 1 42 2 12 10 10 passive 3R 29.1 x 17.9 x  6.7 78 ETL 5/10 yes

Carlo Gavazzi ISGA 1 53 2 12 10 10 passive 3R 29.1 x 17.9 x  6.7 78 ETL 5/10 yes

Chint Power Systems CPS SC20KTL-DO/US-480 8 10 10 10 active 3R 41.7 x 21.4 x 8.5 132 CSA 5/10,15,20 yes

Chint Power Systems CPS SCE4KTL-O/US 4 8 10 10 active 3R 33.5 x 17.1 x 8.4 86 CSA 5/10 yes

Chint Power Systems CPS SCE5KTL-O/US 4 8 10 10 active 3R 33.5 x 17.1 x 8.4 90 CSA 5/10 yes

Chint Power Systems CPS SCE6KTL-O/US 4 8 8 8 active 3R 33.5 x 17.1 x 8.4 101 CSA 5/10 yes

Chint Power Systems CPS SCE7KTL-O/US 4 8 6 8 active 3R 33.5 x 17.1 x 8.4 101 CSA 5/10 yes

Delta Energy Systems SOLIVIA 2.5 TR 3 14–6 14–6 14–6 passive 4X 25.6 x 16.8 x 9.1 58 ETL 10/15,20 yes

Delta Energy Systems SOLIVIA 3.3 TR 3 14–6 14–6 14–6 passive 4X 25.6 x 16.8 x 9.1 58 ETL 10/15,20 yes

Delta Energy Systems SOLIVIA 4.4 TR 3 14–6 14–6 14–6 passive 4X 29.3 x 16.8 x 9.1 82 ETL 10/15,20 yes

Delta Energy Systems SOLIVIA 5.0 TR 3 14–6 14–6 14–6 passive 4X 29.3 x 16.8 x 9.1 82 ETL 10/15,20 yes

Eaton PV240 4 4 10–6 14–6 active 3R 33.3 x 17.1 x 8.3 86 ETL 5/10 no

Eaton PV250 4 4 8–6 14–6 active 3R 33.3 x 17.1 x 8.3 90 ETL 5/10 no

Eaton PV260 4 4 8–4 14–6 active 3R 33.3 x 17.1 x 8.3 101 ETL 5/10 no

Eaton PV270 4 4 6–4 14–6 active 3R 33.3 x 17.1 x 8.3 101 ETL 5/10 no

Eltek 3.8HE-t 3 20–6 10–6 10–4 passive 3R/4X 28.4 x 13.9 x 6.5 49 UL 10/15,20 no

Eltek 4.4HE-t 3 20–6 10–6 10–4 passive 3R/4X 28.4 x 13.9 x 6.5 49 UL 10/15,20 no

Exeltech XLGT18A60 1 16–12 14–12 14–4 passive 3R 17.2 x 9.5 x 5.8 14 ETL 5/10 yes

Fronius USA IG Plus V 3.0-1UNI 6 14–6 14–4 14–4 active 3R 17.1 x 26.5 x 9.9 55 CSA 10/15,20 no

Fronius USA IG Plus V 3.8-1UNI 6 14–6 14–4 14–4 active 3R 17.1 x 26.5 x 9.9 55 CSA 10/15,20 no

Fronius USA IG Plus V 5.0-1UNI 6 14–6 14–4 14–4 active 3R 17.1 x 38.1 x 9.9 81 CSA 10/15,20 no

Fronius USA IG Plus V 6.0-1UNI 6 14–6 14–4 14–4 active 3R 17.1 x 38.1 x 9.9 81 CSA 10/15,20 no

Fronius USA IG Plus V 7.5-1UNI 6 14–6 14–4 14–4 active 3R 17.1 x 38.1 x 9.9 81 CSA 10/15,20 no

Fronius USA IG Plus V 10.0-1UNI 6 14–6 14–4 14–4 active 3R 17.1 x 49.7 x 9.9 110 CSA 10/15,20 no

Fronius USA IG Plus V 11.4-1UNI 6 14–6 14–4 14–4 active 3R 17.1 x 49.7 x 9.9 110 CSA 10/15,20 no

Fronius USA IG Plus V 10.0-3 Delta 6 14–6 14–4 14–4 active 3R 17.1 x 49.7 x 9.9 110 CSA 10/15,20 no

Fronius USA IG Plus V 11.4-3 Delta 6 14–6 14–4 14–4 active 3R 17.1 x 49.7 x 9.9 110 CSA 10/15,20 no

Fronius USA IG Plus V 12.0-3 Wye 6 14–6 14–4 14–4 active 3R 17.1 x 49.7 x 9.9 110 CSA 10/15,20 no

Growatt New Energy Growatt 1500TL-US 1 18–10 18–12 18–12 passive 3R 18.3 x 14.1 x 6.5 32 ETL 10/15 yes

Growatt New Energy Growatt 2000TL-US 1 18–10 18–12 18–12 passive 3R 18.3 x 14.1 x 6.5 33 ETL 10/15 yes

Growatt New Energy Growatt 3000TL-US 1 18–10 18–12 18–12 passive 3R 18.3 x 14.1 x 6.5 35 ETL 10/15 yes

Growatt New Energy Growatt 3600MTL-US 2 18–10 18–10 18–10 passive 3R 25.6 x 14.1 x 7.4 62 ETL 10/15 yes

Growatt New Energy Growatt 4200MTL-US 2 18–10 18–10 18–10 passive 3R 25.6 x 14.1 x 7.4 62 ETL 10/15 yes

Growatt New Energy Growatt 5000MTL-US 2 18–10 18–10 18–10 passive 3R 25.6 x 14.1 x 7.4 62 ETL 10/15 yes

Ingeteam Ingecon Sun 3.6 TL U 4 6 6 6 active 3R 27.4 x 14.2 x 13.3 44 ETL 10/20 no

Ingeteam Ingecon Sun 5 U 4 6 6 6 active 3R 27.4 x 14.2 x 13.3 168 ETL 10/20 no

Ingeteam Ingecon Sun 5TL U 4 6 6 6 active 3R 28.4 x 14.2 x 7.0 62 ETL 10/20 no
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Manufacturer Model

Input Data (dc) Output Data (ac) Operation Integrated Disconnects and Combiners

Max. recommended  
PV power at STC  

(W)

Max.  
open-circuit 

voltage
PV start 
voltage

Max. power point 
tracking voltage 

range
Max. usable 
input current

Max.  
short-circuit 

current
CEC rated power 

(W)

Nominal  
output  
voltage

Max. output  
current

Max.  
ac OCPD rating

(A)

CEC weighted 
efficiency  

(%)

Ambient 
temp. range 

 (ºF)

Noise level 
@ 1 m 
(dB) 1

DC disconnect 
standard

AC disconnect 
standard

Disconnect 
amperage rating  

(dc/ac)
Fused combiner 

standard

Ingeteam Ingecon Sun 6TL U 7,000 550 150 200–450 32.0 33.0 6,000 240/277 26.2 DNR 96.5 -4–149 < 51 yes no 32 yes

Ingeteam Ingecon Sun 15 U 20,000 600 300 300–550 52.0 100.0 15,000 208/480 47.0/20.0 50/25 95.0 14–149 < 69 yes yes DNR no

Ingeteam Ingecon Sun 25 U 33,000 600 300 300–550 87.0 200.0 25,000 208/480 78.0/34.0 100/50 95.5 14–149 < 69 yes yes DNR no

KACO new energy 1502xi 2,000 550 125 125–400 14.3 21.5 1,500 208/240 8.0/8.0 15 95.0/95.5 -4–140 < 35 yes yes 40/36 no

KACO new energy 2502xi 3,000 550 200 200–450 13.5 21.5 2,500 208/240 12.5/12.5 20 95.0/95.5 -4–140 < 35 yes yes 40/36 no

KACO new energy 3502xi 4,000 600 200 200–510 18.5 28.0 3,500 208/240 16.0/17.0 25 95.5/95.5 -13–140 < 35 yes yes 40/36 no

KACO new energy 5002xi 6,000 600 200 200–510 26.5 40.0 5,000 208/240 24.0/24.0 30 95.0/95.5 -13–140 < 45 yes yes 40/36 no

KACO new energy 6400xi 8,000 550 320/365 320–550/365–550 21.0 36.0 6,400 208/240 31.0/27.0 50 96.5 -4–140 < 45 yes no 16 per pole yes

KACO new energy 7600xi 9,500 550 320/365 320–550/365–550 24.0 36.0 7,600 208/240 37.0/32.0 50 96.5 -4–140 < 45 yes no 16 per pole yes

Motech Industries PVMate 2900U 3,600 600 235 200–550 16.0 24.0 2,700/2,900 208/240 13.0 20 95.5/96.0 -13–130 < 35 yes yes 30/30 yes

Motech Industries PVMate 3000U 3,600 600 235 200–550 16.0 24.0 2,800/3,000 208/240 13.5 20 95.5/96.0 -13–130 < 35 yes yes 30/30 yes

Motech Industries PVMate 3840U 4,900 600 235 200–550 20.0 24.0 3,330/3,840 208/240 16.0 20 95.5/96.0 -13–130 < 55 yes yes 30/30 yes

Motech Industries PVMate 4000U 4,900 600 235 200–550 20.0 24.0 3,500/4,000 208/240 16.8 25 95.5/96.0 -13–130 < 55 yes yes 30/30 yes

Motech Industries PVMate 4900U 6,200 600 235 200–550 25.0 30.0 4,300/4,900 208/240 20.7 30 96.0/96.0 -13–130 < 57 yes yes 30/30 yes

Motech Industries PVMate 5000U 6,700 600 235 200–550 25.0 30.0 4,400/5,000 208/240 22.2 30 96.0/96.0 -13–130 < 57 yes yes 30/30 yes

Motech Industries PVMate 5300U 6,700 600 235 200–550 25.0 30.0 4,600/5,300 208/240 22.1 30 95.5/96.0 -13–130 < 57 yes yes 30/30 yes

Motech Industries PVMate 6500U 7,000 600 260 230–500 35.0 44.0 6,500 208/240/277 31.3/27.1/23.5 55 95.5/96.0/96.0 -13–149 < 47 yes yes 40/40 yes

Motech Industries PVMate 7500U 8,000 600 260 230–500 35.0 44.0 7,500 208/240/277 36.1/31.3/27.1 55 95.5/96.0/96.0 -13–149 < 47 yes yes 40/40 yes

Power-One UNO-2.0-I-OUTD-S-US 2,100 520 200 170–470 12.5 15.0 2,000 208/240/277 10.0 15 95.5/96.0/95.5 -13–140  < 50 yes no 16 no

Power-One UNO-2.5-I-OUTD-S-US 2,600 520 200 205–470 12.8 15.0 2,500 208/240/277 12.0 15 96.0/95.5/96.0 -13–140  < 50 yes no 16 no

Power-One PVI-3.0-OUTD-S-US 3,500 600 200 160–530 10.0 6 12.5 6 3,000 208/240/277 14.5/14.5/12.0 20/20/15 96.0 -13–140  < 50 yes no 25 no

Power-One PVI-3.6-OUTD-S-US 4,150 600 200 120–530 16.0 6 20.0 6 3,600 208/240/277 17.2/16.0/16.0 25/20/15 96.0 -13–140  < 50 yes no 25 no

Power-One PVI-3.8-I-OUTD-S-US-PG 4,000 520 200 160–470 7 25.0 7 31.2 7 3,300/3,800/3,800 208/240/277 16.0 20 96.0/96.5/96.5 -13–140  < 50 yes no 25 no

Power-One PVI-3.8-I-OUTD-S-US-NG 4,000 520 200 160–470 5 12.5 6 20.0 6 3,300/3,800/3,800 208/240/277 16.0 20 96.0/96.5/96.5 -13–140  < 50 yes no 25 no

Power-One PVI-4.2-OUTD-S-US 4,820 600 200 140–530 5 16.0 6 20.0 6 4,200 208/240/277 20.0 25 96.0 -13–140  < 50 yes no 25 no

Power-One PVI-4.6-I-OUTD-S-US-PG 4,800 520 200 170–470 7 28.0 7 34.0 7 4,600 208/240/277 22.5/20.0/20.0 30/25/25 96.0/96.5/96.5 -13–140  < 50 yes no 25 no

Power-One PVI-4.6-I-OUTD-S-US-NG 4,800 520 200 170–470 5 14.0 6 20.0 6 4,600 208/240/277 22.5/20.0/20.0 30/25/25 96.0/96.5/96.5 -13–140  < 50 yes no 25 no

Power-One PVI-5000-OUTD-US 5,300 600 200 200–530 5 18.0 6 22.0 6 5,000 208/240/277 24.0/20.0/18.0 30 96.0/96.5/96.5 -13–140  < 50 yes no 25 no

Power-One PVI-6000-OUTD-US 6,400 600 200 200–530 5 18.0 6 22.0 6 6,000 208/240/277 29.0/25.0/21.6 30 96.0/96.5/96.5 -13–140  < 50 yes no 25 no

Power-One 8 PVI-10.0-I-OUTD 10,500 520 200 220–470 5 24.0 6 29.0 6 10,000 208/480/600 30.0/14.0/10.6 35/20/20 96.0/97.0/97.0 -13–140  < 50 yes yes 32/40 yes

Power-One 8 PVI-12.0-I-OUTD 12,300 520 200 250–470 5 25.0 6 29.0 6 12,000 480/600 16.0/12.8 20 97.0 -13–140  < 50 yes yes 32/40 yes

REFUsol 012K-UL 14,400 500 200 125–450 27.5/27.5 44.0/44.0 12,000 480/277 14.5 20 97.5 -13–131 < 45 yes no 30 per pole yes

REFUsol 016K-UL 19,200 500 200 125–450 33.0/33.0 44.0/44.0 16,000 480/277 19.3 20 97.5 -13–131 < 45 yes no 30 per pole yes

REFUsol 020K-UL 24,000 500 200 125–450 37.5/37.5 44.0/44.0 19,650 480/277 24.1 20 97.5 -13–131 < 45 yes no 30 per pole yes

REFUsol 024K-UL 27,840 500 200 125–450 40.0/40.0 44.0/44.0 22,230 480/277 27.9 20 98.0 -13–131 < 45 yes no 30 per pole yes

Schneider Electric Conext TX 2800 NA 3,100 600 190 195–550 14.9/15.4 24.0 2,650/2,800 208/240 13.0/11.8 15 94.5/94.5 -13–149 < 35 yes yes 30 no

Schneider Electric Conext TX 3300 NA 3,500 600 190 195–550 17.5/18.0 24.0 3,100/3,300 208/240 15.2/14.0 20 94.5/95.0 -13–149 < 35 yes yes 30 no

Schneider Electric Conext TX 3800 NA 3,700/4,200 600 190 195–550 19.5/20.8 24.0 3,500/3,800 208/240 16.8/16.0 25 95.5/95.5 -13–149 < 35 yes yes 30 no

Schneider Electric Conext TX 5000 NA 4,800/5,400 600 235 240–550 20.5/22.5 24.0 4,500/5,000 208/240 22.0/21.0 30 95.5/96.0 -13–149 < 35 yes yes 30 no

SMA America SB 700-US

875 250 150 125–200 7.0 18.0 700 120 6.6 15

91.5 -13–113 DNR no no N/A no750 200 125 100–160 7.0 18.0 600 120 5.7 15

575 150 95 77–120 7.0 18.0 460 120 4.4 15

SMA America SB 2000HF-US 2,500 600 220 175–480 15.0 25.0 2,000 208/240 10.0/8.5 25 95.0 -13–113 < 38 yes no 36 yes

SMA America SB 2500HF-US 3,125 600 220 220–480 15.0 25.0 2,500 208/240 12.0/10.4 25 95.0 -13–113 < 38 yes no 36 yes

SMA America SB 3000HF-US 3,750 600 220 220–480 15.0 25.0 3,000 208/240 14.4/12.5 25 95.0 -13–113 < 38 yes no 36 yes

SMA America SB 3000-US 3,750 500 228 175–400/200–400 17.0 24.0 3,000 208/240 15.0/13.0 30 95.0/95.5 -13–113 < 40 yes no 36 yes

SMA America SB 3800-US 4,750 600 285 250–480 18.0 25.0 3,800 240 16.0 30 96.0 -13–113 < 42 yes no 36 yes

SMA America SB 4000-US 4,375/5,000 600 285 220–480/250–480 18.0 25.0 3,500/4,000 208/240 17.0 30 95.5/96.0 -13–113 < 37 yes no 36 yes

SMA America SB 5000-US 6,250 600 300 250–480 21.0 36.0 5,000 208/240/277 24.0/21.0/18.0 50 95.5 -13–113 < 44 yes no 36 yes

SMA America SB 6000-US 7,500 600 300 250–480 25.0 36.0 6,000 208/240/277 29.0/25.0/22.0 50 95.5/95.5/96.0 -13–113 < 45 yes no 36 yes

SMA America SB 7000-US 8,750 600 300 250–480 30.0 36.0 7,000 208/240/277 34.0/29.0/25.0 50 95.5/96.0/96.0 -13–113 < 46 yes no 36 yes
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Manufacturer Model

Input Data (dc) Output Data (ac) Operation Integrated Disconnects and Combiners

Max. recommended  
PV power at STC  

(W)

Max.  
open-circuit 

voltage
PV start 
voltage

Max. power point 
tracking voltage 

range
Max. usable 
input current

Max.  
short-circuit 

current
CEC rated power 

(W)

Nominal  
output  
voltage

Max. output  
current

Max.  
ac OCPD rating

(A)

CEC weighted 
efficiency  

(%)

Ambient 
temp. range 

 (ºF)

Noise level 
@ 1 m 
(dB) 1

DC disconnect 
standard

AC disconnect 
standard

Disconnect 
amperage rating  

(dc/ac)
Fused combiner 

standard

Ingeteam Ingecon Sun 6TL U 7,000 550 150 200–450 32.0 33.0 6,000 240/277 26.2 DNR 96.5 -4–149 < 51 yes no 32 yes

Ingeteam Ingecon Sun 15 U 20,000 600 300 300–550 52.0 100.0 15,000 208/480 47.0/20.0 50/25 95.0 14–149 < 69 yes yes DNR no

Ingeteam Ingecon Sun 25 U 33,000 600 300 300–550 87.0 200.0 25,000 208/480 78.0/34.0 100/50 95.5 14–149 < 69 yes yes DNR no

KACO new energy 1502xi 2,000 550 125 125–400 14.3 21.5 1,500 208/240 8.0/8.0 15 95.0/95.5 -4–140 < 35 yes yes 40/36 no

KACO new energy 2502xi 3,000 550 200 200–450 13.5 21.5 2,500 208/240 12.5/12.5 20 95.0/95.5 -4–140 < 35 yes yes 40/36 no

KACO new energy 3502xi 4,000 600 200 200–510 18.5 28.0 3,500 208/240 16.0/17.0 25 95.5/95.5 -13–140 < 35 yes yes 40/36 no

KACO new energy 5002xi 6,000 600 200 200–510 26.5 40.0 5,000 208/240 24.0/24.0 30 95.0/95.5 -13–140 < 45 yes yes 40/36 no

KACO new energy 6400xi 8,000 550 320/365 320–550/365–550 21.0 36.0 6,400 208/240 31.0/27.0 50 96.5 -4–140 < 45 yes no 16 per pole yes

KACO new energy 7600xi 9,500 550 320/365 320–550/365–550 24.0 36.0 7,600 208/240 37.0/32.0 50 96.5 -4–140 < 45 yes no 16 per pole yes

Motech Industries PVMate 2900U 3,600 600 235 200–550 16.0 24.0 2,700/2,900 208/240 13.0 20 95.5/96.0 -13–130 < 35 yes yes 30/30 yes

Motech Industries PVMate 3000U 3,600 600 235 200–550 16.0 24.0 2,800/3,000 208/240 13.5 20 95.5/96.0 -13–130 < 35 yes yes 30/30 yes

Motech Industries PVMate 3840U 4,900 600 235 200–550 20.0 24.0 3,330/3,840 208/240 16.0 20 95.5/96.0 -13–130 < 55 yes yes 30/30 yes

Motech Industries PVMate 4000U 4,900 600 235 200–550 20.0 24.0 3,500/4,000 208/240 16.8 25 95.5/96.0 -13–130 < 55 yes yes 30/30 yes

Motech Industries PVMate 4900U 6,200 600 235 200–550 25.0 30.0 4,300/4,900 208/240 20.7 30 96.0/96.0 -13–130 < 57 yes yes 30/30 yes

Motech Industries PVMate 5000U 6,700 600 235 200–550 25.0 30.0 4,400/5,000 208/240 22.2 30 96.0/96.0 -13–130 < 57 yes yes 30/30 yes

Motech Industries PVMate 5300U 6,700 600 235 200–550 25.0 30.0 4,600/5,300 208/240 22.1 30 95.5/96.0 -13–130 < 57 yes yes 30/30 yes

Motech Industries PVMate 6500U 7,000 600 260 230–500 35.0 44.0 6,500 208/240/277 31.3/27.1/23.5 55 95.5/96.0/96.0 -13–149 < 47 yes yes 40/40 yes

Motech Industries PVMate 7500U 8,000 600 260 230–500 35.0 44.0 7,500 208/240/277 36.1/31.3/27.1 55 95.5/96.0/96.0 -13–149 < 47 yes yes 40/40 yes

Power-One UNO-2.0-I-OUTD-S-US 2,100 520 200 170–470 12.5 15.0 2,000 208/240/277 10.0 15 95.5/96.0/95.5 -13–140  < 50 yes no 16 no

Power-One UNO-2.5-I-OUTD-S-US 2,600 520 200 205–470 12.8 15.0 2,500 208/240/277 12.0 15 96.0/95.5/96.0 -13–140  < 50 yes no 16 no

Power-One PVI-3.0-OUTD-S-US 3,500 600 200 160–530 10.0 6 12.5 6 3,000 208/240/277 14.5/14.5/12.0 20/20/15 96.0 -13–140  < 50 yes no 25 no

Power-One PVI-3.6-OUTD-S-US 4,150 600 200 120–530 16.0 6 20.0 6 3,600 208/240/277 17.2/16.0/16.0 25/20/15 96.0 -13–140  < 50 yes no 25 no

Power-One PVI-3.8-I-OUTD-S-US-PG 4,000 520 200 160–470 7 25.0 7 31.2 7 3,300/3,800/3,800 208/240/277 16.0 20 96.0/96.5/96.5 -13–140  < 50 yes no 25 no

Power-One PVI-3.8-I-OUTD-S-US-NG 4,000 520 200 160–470 5 12.5 6 20.0 6 3,300/3,800/3,800 208/240/277 16.0 20 96.0/96.5/96.5 -13–140  < 50 yes no 25 no

Power-One PVI-4.2-OUTD-S-US 4,820 600 200 140–530 5 16.0 6 20.0 6 4,200 208/240/277 20.0 25 96.0 -13–140  < 50 yes no 25 no

Power-One PVI-4.6-I-OUTD-S-US-PG 4,800 520 200 170–470 7 28.0 7 34.0 7 4,600 208/240/277 22.5/20.0/20.0 30/25/25 96.0/96.5/96.5 -13–140  < 50 yes no 25 no

Power-One PVI-4.6-I-OUTD-S-US-NG 4,800 520 200 170–470 5 14.0 6 20.0 6 4,600 208/240/277 22.5/20.0/20.0 30/25/25 96.0/96.5/96.5 -13–140  < 50 yes no 25 no

Power-One PVI-5000-OUTD-US 5,300 600 200 200–530 5 18.0 6 22.0 6 5,000 208/240/277 24.0/20.0/18.0 30 96.0/96.5/96.5 -13–140  < 50 yes no 25 no

Power-One PVI-6000-OUTD-US 6,400 600 200 200–530 5 18.0 6 22.0 6 6,000 208/240/277 29.0/25.0/21.6 30 96.0/96.5/96.5 -13–140  < 50 yes no 25 no

Power-One 8 PVI-10.0-I-OUTD 10,500 520 200 220–470 5 24.0 6 29.0 6 10,000 208/480/600 30.0/14.0/10.6 35/20/20 96.0/97.0/97.0 -13–140  < 50 yes yes 32/40 yes

Power-One 8 PVI-12.0-I-OUTD 12,300 520 200 250–470 5 25.0 6 29.0 6 12,000 480/600 16.0/12.8 20 97.0 -13–140  < 50 yes yes 32/40 yes

REFUsol 012K-UL 14,400 500 200 125–450 27.5/27.5 44.0/44.0 12,000 480/277 14.5 20 97.5 -13–131 < 45 yes no 30 per pole yes

REFUsol 016K-UL 19,200 500 200 125–450 33.0/33.0 44.0/44.0 16,000 480/277 19.3 20 97.5 -13–131 < 45 yes no 30 per pole yes

REFUsol 020K-UL 24,000 500 200 125–450 37.5/37.5 44.0/44.0 19,650 480/277 24.1 20 97.5 -13–131 < 45 yes no 30 per pole yes

REFUsol 024K-UL 27,840 500 200 125–450 40.0/40.0 44.0/44.0 22,230 480/277 27.9 20 98.0 -13–131 < 45 yes no 30 per pole yes

Schneider Electric Conext TX 2800 NA 3,100 600 190 195–550 14.9/15.4 24.0 2,650/2,800 208/240 13.0/11.8 15 94.5/94.5 -13–149 < 35 yes yes 30 no

Schneider Electric Conext TX 3300 NA 3,500 600 190 195–550 17.5/18.0 24.0 3,100/3,300 208/240 15.2/14.0 20 94.5/95.0 -13–149 < 35 yes yes 30 no

Schneider Electric Conext TX 3800 NA 3,700/4,200 600 190 195–550 19.5/20.8 24.0 3,500/3,800 208/240 16.8/16.0 25 95.5/95.5 -13–149 < 35 yes yes 30 no

Schneider Electric Conext TX 5000 NA 4,800/5,400 600 235 240–550 20.5/22.5 24.0 4,500/5,000 208/240 22.0/21.0 30 95.5/96.0 -13–149 < 35 yes yes 30 no

SMA America SB 700-US

875 250 150 125–200 7.0 18.0 700 120 6.6 15

91.5 -13–113 DNR no no N/A no750 200 125 100–160 7.0 18.0 600 120 5.7 15

575 150 95 77–120 7.0 18.0 460 120 4.4 15

SMA America SB 2000HF-US 2,500 600 220 175–480 15.0 25.0 2,000 208/240 10.0/8.5 25 95.0 -13–113 < 38 yes no 36 yes

SMA America SB 2500HF-US 3,125 600 220 220–480 15.0 25.0 2,500 208/240 12.0/10.4 25 95.0 -13–113 < 38 yes no 36 yes

SMA America SB 3000HF-US 3,750 600 220 220–480 15.0 25.0 3,000 208/240 14.4/12.5 25 95.0 -13–113 < 38 yes no 36 yes

SMA America SB 3000-US 3,750 500 228 175–400/200–400 17.0 24.0 3,000 208/240 15.0/13.0 30 95.0/95.5 -13–113 < 40 yes no 36 yes

SMA America SB 3800-US 4,750 600 285 250–480 18.0 25.0 3,800 240 16.0 30 96.0 -13–113 < 42 yes no 36 yes

SMA America SB 4000-US 4,375/5,000 600 285 220–480/250–480 18.0 25.0 3,500/4,000 208/240 17.0 30 95.5/96.0 -13–113 < 37 yes no 36 yes

SMA America SB 5000-US 6,250 600 300 250–480 21.0 36.0 5,000 208/240/277 24.0/21.0/18.0 50 95.5 -13–113 < 44 yes no 36 yes

SMA America SB 6000-US 7,500 600 300 250–480 25.0 36.0 6,000 208/240/277 29.0/25.0/22.0 50 95.5/95.5/96.0 -13–113 < 45 yes no 36 yes

SMA America SB 7000-US 8,750 600 300 250–480 30.0 36.0 7,000 208/240/277 34.0/29.0/25.0 50 95.5/96.0/96.0 -13–113 < 46 yes no 36 yes

Footnote Key
N/A = not applicable
DNR = did not report 
1 With fans operating in actively cooled units
2 With dc/ac disconnect enclosure
3 Available in Canada only
4 Above 510 Vdc input; below 510 Vdc input = 5,700/7,500/9,000/10,500 W 
5 Parallel MPPT configuration 
6 Per MPPT channel

7 Parallel MPPT operation only
8 Example unit shown. Model variations include 208, 480 and 600 (Canada) Vac 
outputs, pos. and neg. grounding, and dc or dc/ac switches.
9 PowerBox specification 
10 Controlled by PowerBoxes 
11 GEC not required (equipment ground only, 10–6 AWG)
12 Firmware update in progress that will allow ac-coupled operation  
13 Option on panel assemblies
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Manufacturer Model

Termination Specifications Mechanical Listing and Warranty

# DC  
string 
inputs

DC term.
size range 

(AWG)

AC term.
size range 

(AWG)

GEC term. 
size range  

(AWG)
Cooling 
method

Enclosure 
NEMA 
rating

Dimensions  
H x W x D  
(inches)

Weight 
(lbs) 

Listing 
agency

Warranty  
std./ext.
(years)

Warranty in 
ac-coupled 

systems

Ingeteam Ingecon Sun 6TL U 4 6 6 6 active 3R 28.4 x 14.2 x 7.0 62 ETL 10/20 no

Ingeteam Ingecon Sun 15 U 2 12–6 12–6 DNR active 3R 57.8 x 36.9 x 29.5 DNR ETL 5/20 no

Ingeteam Ingecon Sun 25 U 2 4 10–4 DNR active 3R 57.8 x 36.9 x 29.5 DNR ETL 5/20 no

KACO new energy 1502xi 3 12–4 12–4 12–4 passive 3R 30.0 x 14.0 x 8.3 42 TUV 10 conditional

KACO new energy 2502xi 3 12–4 12–4 12–4 passive 3R 32.0 x 14.0 x 8.3 52 TUV 10 conditional

KACO new energy 3502xi 3 12–4 12–4 12–4 passive 3R 36.0 x 14.0 x 9.3 69 TUV 10 conditional

KACO new energy 5002xi 3 8–4 8–4 8–4 active 3R 36.0 x 14.0 x 9.3 70 TUV 10 conditional

KACO new energy 6400xi 4 10–6 10–6 10–6 active 3R 44.2 x 14.0 x 8.9 95 TUV 10 conditional

KACO new energy 7600xi 4 10–6 10–6 10–6 active 3R 44.2 x 14.0 x 8.9 95 TUV 10 conditional

Motech Industries PVMate 2900U 3 12–6 12–6 12–6 passive 3R 28.8 x 17.9 x 6.9 51 UL 10 no

Motech Industries PVMate 3000U 3 12–6 12–6 12–6 passive 3R 28.8 x 17.9 x 6.9 51 UL 10 no

Motech Industries PVMate 3840U 4 12–6 12–6 12–6 active 3R 28.8 x 17.9 x 6.9 51 UL 10 no

Motech Industries PVMate 4000U 4 12–6 12–6 12–6 active 3R 28.8 x 17.9 x 6.9 51 UL 10 no

Motech Industries PVMate 4900U 4 12–6 12–6 12–6 active 3R 28.8 x 17.9 x 8.3 62 UL 10 no

Motech Industries PVMate 5000U 4 12–6 12–6 12–6 active 3R 28.8 x 17.9 x 8.3 62 UL 10 no

Motech Industries PVMate 5300U 4 12–6 12–6 12–6 active 3R 28.8 x 17.9 x 8.3 62 UL 10 no

Motech Industries PVMate 6500U 5 10–6 8–6 8–6 active 3R 28.8 x 17.2 x 8.2 90 UL 10 no

Motech Industries PVMate 7500U 5 10–6 8–6 8–6 active 3R 28.8 x 17.2 x 8.2 90 UL 10 no

Power-One UNO-2.0-I-OUTD-S-US 2 20–6 20–6 20–6 passive 4X 30.3 x 14.4 x 6.3 38 CSA 10/15,20 no

Power-One UNO-2.5-I-OUTD-S-US 2 20–6 20–6 20–6 passive 4X 30.3 x 14.4 x 6.3 38 CSA 10/15,20 no

Power-One PVI-3.0-OUTD-S-US 2 6 10–4 10–4 10–4 passive 4X 33.7 x 12.8 x 8.3 46 CSA 10/15,20 no

Power-One PVI-3.6-OUTD-S-US 2 6 10–4 10–4 10–4 passive 4X 33.7 x 12.8 x 8.3 46 CSA 10/15,20 no

Power-One PVI-3.8-I-OUTD-S-US-PG 2 6 10–4 10–4 10–4 passive 4X 34.6 x 12.8 x 8.3 61 CSA 10/15,20 no

Power-One PVI-3.8-I-OUTD-S-US-NG 2 6 10–4 10–4 10–4 passive 4X 34.6 x 12.8 x 8.3 61 CSA 10/15,20 no

Power-One PVI-4.2-OUTD-S-US 2  6 10–4 10–4 10–4 passive 4X 33.7 x 12.8 x 8.3 46 CSA 10/15,20 no

Power-One PVI-4.6-I-OUTD-S-US-PG 2 6 10–4 8–4 10–4 passive 4X 34.6 x 12.8 x 8.3 61 CSA 10/15,20 no

Power-One PVI-4.6-I-OUTD-S-US-NG 2 6 10–4 8–4 10–4 passive 4X 34.6 x 12.8 x 8.3 61 CSA 10/15,20 no

Power-One PVI-5000-OUTD-US 2 6 10–4 10–4 10–4 passive 4X 38.6 x 12.8 x 7.7 66 CSA 10/15,20 no

Power-One PVI-6000-OUTD-US 2 6 10–4 10–4 10–4 passive 4X 38.6 x 12.8 x 7.7 66 CSA 10/15,20 no

Power-One 8 PVI-10.0-I-OUTD 3 6 12–4 12–4 20–6 passive 4X 37.7 x 25.4 x 8.7 114 CSA 10/15,20 no

Power-One 8 PVI-12.0-I-OUTD 3 6 12–4 12–4 20–6 passive 4X 37.7 x 25.4 x 8.7 114 CSA 10/15,20 no

REFUsol 012K-UL 12 8–12 6–10 10–6 passive 3R/4X 37.0 x 21.0 x 11.0 108 UL 5/15 yes

REFUsol 016K-UL 12 8–12 6–10 10–6 passive 3R/4X 37.0 x 21.0 x 11.0 108 UL 5/15 yes

REFUsol 020K-UL 12 8–12 6–10 10–6 passive 3R/4X 37.0 x 21.0 x 11.0 108 UL 5/15 yes

REFUsol 024K-UL 12 8–12 6–10 10–6 passive 3R/4X 37.0 x 21.0 x 11.0 108 UL 5/15 yes

Schneider Electric Conext TX 2800 NA 3 14–6 14–6 12–4 passive 3R 35.0 x 16.0 x 7.3 67 CSA 10 yes

Schneider Electric Conext TX 3300 NA 3 14–6 14–6 12–4 passive 3R 35.0 x 16.0 x 7.3 70 CSA 10 yes

Schneider Electric Conext TX 3800 NA 3 14–6 14–6 12–4 passive 3R 38.9 x 16.0 x 7.3 80 CSA 10 yes

Schneider Electric Conext TX 5000 NA 3 14–6 14–6 12–4 passive 3R 38.9 x 16.0 x 7.3 84 CSA 10 yes

SMA America SB 700-US 2 10–6 14–6 14–6 passive 3R 13.0 x 11.0 x 7.0 51 UL 10/20 yes

SMA America SB 2000HF-US 3 10–6 10–6 10–6 active 3R 14.0 x 29.0 x 7.0 51 UL 10/20 yes

SMA America SB 2500HF-US 3 10–6 10–6 10–6 active 3R 15.0 x 29.0 x 7.0 51 UL 10/20 yes

SMA America SB 3000HF-US 3 10–6 10–6 10–6 active 3R 16.0 x 29.0 x 7.0 51 UL 10/20 yes

SMA America SB 3000-US 4 10–6 10–6 10–6 active 3R 18.0 x 14.0 x 9.0 84 UL 10/20 yes

SMA America SB 3800-US 4 10–6 10–6 10–6 active 3R 18.0 x 14.0 x 9.0 84 UL 10/20 yes

SMA America SB 4000-US 4 10–6 10–6 10–6 active 3R 18.0 x 14.0 x 9.0 84 UL 10/20 yes

SMA America SB 5000-US 4 10–6 10–6 10–6 active 3R 18.5 x 24.0 x 9.0 141 UL 10/20 yes

SMA America SB 6000-US 4 10–6 10–6 10–6 active 3R 18.5 x 24.0 x 9.0 141 UL 10/20 yes

SMA America SB 7000-US 4 10–6 10–6 10–6 active 3R 18.5 x 24.0 x 9.0 141 UL 10/20 yes
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Manufacturer Model

Input Data (dc) Output Data (ac) Operation Integrated Disconnects and Combiners

Max. recommended  
PV power at STC  

(W)

Max.  
open-circuit 

voltage
PV start 
voltage

Max. power point 
tracking voltage range

Max. usable 
input current

Max.  
short-circuit 

current
CEC rated power 

(W)

Nominal  
output  
voltage

Max. output  
current

Max.  
ac OCPD rating

(A)

CEC weighted 
efficiency  

(%)

Ambient 
temp. range 

 (ºF)
Noise level 

@ 1 m (dB) 1

DC disconnect 
standard

AC disconnect 
standard

Disconnect 
amperage rating  

(dc/ac)
Fused combiner 

standard

SMA America SB 8000-US 10,000 600 365 300–480 30.0 36.0 7,680/8,000 240/277 32.0/29.0 50 96.0/96.0 -13–113 < 49 yes no 36 yes

SMA America SB 8000TL-US 10,000 600 360 300–480 28.0 45.0 8,000 208 40.0 60 98.0 -13–113 < 46 yes no 36 yes

SMA America SB 9000TL-US 11,250 600 360 300–480 31.0 45.0 9,000 208 44.0 60 98.0 -13–113 < 46 yes no 36 yes

SMA America SB 10000TL-US 12,500 600 360 300–480 35.0 45.0 10,000 208 48.0 60 97.5 -13–113 < 46 yes no 36 yes

SolarEdge SE 3000A-US 3,750 500 5 9 5–60 9 N/A 10 30.0 3,000 208/240 14.5/12.5 40 97.5 -4–120 DNR yes yes 30/40 N/A

SolarEdge SE 3800A-US 4,750 500 5 9 5–60 9 N/A 10 30.0 3,800 208/240 18.5/16.0 40 97.0/97.5 -4–120 DNR yes yes 30/40 N/A

SolarEdge SE 5000A-US 6,250 500 5 9 5–60 9 N/A 10 30.0 5,000 208/240/277 24.0/21.0/18.5 40 97.5/98.0 -4–120 DNR yes yes 30/40 N/A

SolarEdge SE 6000A-US 7,500 500 5 9 5–60 9 N/A 10 30.0 5,200/6,000 208/240/277 25.0/25.0/22.0 40 97.0/97.5/98.0 -4–120 DNR yes yes 30/40 N/A

SolarEdge SE 7000A-US 8,750 500 5 9 5–60 9 N/A 10 30.0 5,200/6,000/7,000 208/240/277 25.0/25.0/25.0 40 97.0/97.5/98.0 -4–120 DNR yes yes 30/40 N/A

Solectria Renewables PVI 1800 2,200 400 150 125–350 11.0 13.0 1,800 208/240 8.7/7.5 15 92.5 -13–131 < 35 no 13 no 13 N/A 13 no

Solectria Renewables PVI 2500 3,200 400 150 125–350 15.0 18.0 2,500 208/240 12.0/10.4 15 92.0/93.0 -13–131 < 52 no 13 no 13 N/A 13 no

Solectria Renewables PVI 3000 3,600 600 235 200–550 16.0 24.0 2,700/2,900 208/240 13.0 20 95.5/96.0 -13–131 < 35 yes yes 30/30 yes

Solectria Renewables PVI 4000 4,900 600 235 200–550 21.0 24.0 3,400/3,900 208/240 16.3 25 95.5/96.0 -13–131 < 55 yes yes 30/30 yes

Solectria Renewables PVI 5000 6,200 600 235 200–550 25.0 30.0 4,300/4,900 208/240 20.7 30 96.0/96.0 -13–131 < 57 yes yes 30/30 yes

Solectria Renewables PVI 5300 6,700 600 235 200–550 25.0 30.0 4,600/5,300 208/240 22.1 30 95.5/96.0 -13–131 < 57 yes yes 30/30 yes

Solectria Renewables PVI 6500 8,100 600 260 230–500 35.0 55.0 6,500 208/240/277 31.3/27.1/23.5 40/35/30 95.5/96.0/96.0 -13–131 < 47 yes yes 44/45 yes

Solectria Renewables PVI 7500 9,300 600 260 230–500 35.0 55.0 7,500 208/240/277 36.1/31.3/27.1 50/40/35 95.5/96.0/96.0 -13–122 < 47 yes yes 44/45 yes

Solectria Renewables PVI 3000S 3,700 600 235 200–550 16.0 24.0 2,800/3,000 208/240 13.5/13.5 20 95.5/96.0 -13–131 < 35 yes yes 30/30 yes

Solectria Renewables PVI 4000S 5,000 600 235 200–550 21.0 24.0 3,500/4,000 208/240 16.8/16.8 25 95.5/96.0 -13–131 < 55 yes yes 30/30 yes

Solectria Renewables PVI 5000S 6,300 600 235 200–550 25.0 30.0 4,400/5,000 208/240 21.1/21.1 30 96.0/96.0 -13–131 < 57 yes yes 30/30 yes
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With fiberglass-reinforced enclosures from Allied Moulded 
Products, you’ll get outstanding protection from the elements  
even while you are harnessing their power. Made with our exclusive 
Ultraguard® formulation that withstands the harshest extremes 
in temperature and UV radiation—it’s the right solution in any 
environment. Now backed by the industry’s most comprehensive 
warranty, other alternatives simply don’t compare.   

To learn more, visit alliedmoulded.com.
Visit us at Intersolar, N.A., booth #9557. 
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*Results confirmed by independent lab tests of leading enclosure manufacturers.
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Manufacturer Model

Input Data (dc) Output Data (ac) Operation Integrated Disconnects and Combiners

Max. recommended  
PV power at STC  

(W)

Max.  
open-circuit 

voltage
PV start 
voltage

Max. power point 
tracking voltage range

Max. usable 
input current

Max.  
short-circuit 

current
CEC rated power 

(W)

Nominal  
output  
voltage

Max. output  
current

Max.  
ac OCPD rating

(A)

CEC weighted 
efficiency  

(%)

Ambient 
temp. range 

 (ºF)
Noise level 

@ 1 m (dB) 1

DC disconnect 
standard

AC disconnect 
standard

Disconnect 
amperage rating  

(dc/ac)
Fused combiner 

standard

SMA America SB 8000-US 10,000 600 365 300–480 30.0 36.0 7,680/8,000 240/277 32.0/29.0 50 96.0/96.0 -13–113 < 49 yes no 36 yes

SMA America SB 8000TL-US 10,000 600 360 300–480 28.0 45.0 8,000 208 40.0 60 98.0 -13–113 < 46 yes no 36 yes

SMA America SB 9000TL-US 11,250 600 360 300–480 31.0 45.0 9,000 208 44.0 60 98.0 -13–113 < 46 yes no 36 yes

SMA America SB 10000TL-US 12,500 600 360 300–480 35.0 45.0 10,000 208 48.0 60 97.5 -13–113 < 46 yes no 36 yes

SolarEdge SE 3000A-US 3,750 500 5 9 5–60 9 N/A 10 30.0 3,000 208/240 14.5/12.5 40 97.5 -4–120 DNR yes yes 30/40 N/A

SolarEdge SE 3800A-US 4,750 500 5 9 5–60 9 N/A 10 30.0 3,800 208/240 18.5/16.0 40 97.0/97.5 -4–120 DNR yes yes 30/40 N/A

SolarEdge SE 5000A-US 6,250 500 5 9 5–60 9 N/A 10 30.0 5,000 208/240/277 24.0/21.0/18.5 40 97.5/98.0 -4–120 DNR yes yes 30/40 N/A

SolarEdge SE 6000A-US 7,500 500 5 9 5–60 9 N/A 10 30.0 5,200/6,000 208/240/277 25.0/25.0/22.0 40 97.0/97.5/98.0 -4–120 DNR yes yes 30/40 N/A

SolarEdge SE 7000A-US 8,750 500 5 9 5–60 9 N/A 10 30.0 5,200/6,000/7,000 208/240/277 25.0/25.0/25.0 40 97.0/97.5/98.0 -4–120 DNR yes yes 30/40 N/A

Solectria Renewables PVI 1800 2,200 400 150 125–350 11.0 13.0 1,800 208/240 8.7/7.5 15 92.5 -13–131 < 35 no 13 no 13 N/A 13 no

Solectria Renewables PVI 2500 3,200 400 150 125–350 15.0 18.0 2,500 208/240 12.0/10.4 15 92.0/93.0 -13–131 < 52 no 13 no 13 N/A 13 no

Solectria Renewables PVI 3000 3,600 600 235 200–550 16.0 24.0 2,700/2,900 208/240 13.0 20 95.5/96.0 -13–131 < 35 yes yes 30/30 yes

Solectria Renewables PVI 4000 4,900 600 235 200–550 21.0 24.0 3,400/3,900 208/240 16.3 25 95.5/96.0 -13–131 < 55 yes yes 30/30 yes

Solectria Renewables PVI 5000 6,200 600 235 200–550 25.0 30.0 4,300/4,900 208/240 20.7 30 96.0/96.0 -13–131 < 57 yes yes 30/30 yes

Solectria Renewables PVI 5300 6,700 600 235 200–550 25.0 30.0 4,600/5,300 208/240 22.1 30 95.5/96.0 -13–131 < 57 yes yes 30/30 yes

Solectria Renewables PVI 6500 8,100 600 260 230–500 35.0 55.0 6,500 208/240/277 31.3/27.1/23.5 40/35/30 95.5/96.0/96.0 -13–131 < 47 yes yes 44/45 yes

Solectria Renewables PVI 7500 9,300 600 260 230–500 35.0 55.0 7,500 208/240/277 36.1/31.3/27.1 50/40/35 95.5/96.0/96.0 -13–122 < 47 yes yes 44/45 yes

Solectria Renewables PVI 3000S 3,700 600 235 200–550 16.0 24.0 2,800/3,000 208/240 13.5/13.5 20 95.5/96.0 -13–131 < 35 yes yes 30/30 yes

Solectria Renewables PVI 4000S 5,000 600 235 200–550 21.0 24.0 3,500/4,000 208/240 16.8/16.8 25 95.5/96.0 -13–131 < 55 yes yes 30/30 yes

Solectria Renewables PVI 5000S 6,300 600 235 200–550 25.0 30.0 4,400/5,000 208/240 21.1/21.1 30 96.0/96.0 -13–131 < 57 yes yes 30/30 yes

Footnote Key
N/A = not applicable
DNR = did not report 
1 With fans operating in actively cooled units
2 With dc/ac disconnect enclosure
3 Available in Canada only
4 Above 510 Vdc input; below 510 Vdc input = 5,700/7,500/9,000/10,500 W 
5 Parallel MPPT configuration 
6 Per MPPT channel

7 Parallel MPPT operation only
8 Example unit shown. Model variations include 208, 480 and 600 (Canada) Vac 
outputs, pos. and neg. grounding, and dc or dc/ac switches.
9 PowerBox specification 
10 Controlled by PowerBoxes 
11 GEC not required (equipment ground only, 10–6 AWG)
12 Firmware update in progress that will allow ac-coupled operation  
13 Option on panel assemblies

Solar™

Contact us at:
(866) 489-4472
info@haticonsolar.com
www.haticonsolar.com

• Proprietary Bearing Block 
   provides up to a 35° tilt with ±8° 
   side to side adjustability
• 12 inches of vertical adjustability
• Click-style clamps
• Adjustable clamps fit all modules 
   on the market
• Shallow embedment depth
• Follows terrain contours
• Meets ARRA and Ontario FIT
   requirements

Faster, Simpler – Better
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Manufacturer Model

Termination Specifications Mechanical Listing and Warranty

# DC  
string 
inputs

DC term.
size range 

(AWG)

AC term.
size range 

(AWG)

GEC term. 
size range  

(AWG)
Cooling 
method

Enclosure 
NEMA 
rating

Dimensions  
H x W x D  
(inches)

Weight 
(lbs) 

Listing 
agency

Warranty  
std./ext.
(years)

Warranty in 
ac-coupled 

systems

SMA America SB 8000-US 4 10–6 10–6 10–6 active 3R 18.5 x 24.0 x 9.0 145 UL 10/20 yes

SMA America SB 8000TL-US 6 10–6 10–6 10–6 active 3R 18.5 x 24.0 x 9.0 77 UL 10/20 yes

SMA America SB 9000TL-US 6 10–6 10–6 10–6 active 3R 18.5 x 24.0 x 9.0 77 UL 10/20 yes

SMA America SB 10000TL-US 6 10–6 10–6 10–6 active 3R 18.5 x 24.0 x 9.0 77 UL 10/20 yes

SolarEdge SE 3000A-US 2 10–6 10–6 N/A 11 passive 3R 27.5 x 12.5 x 7.5 52 ETL 12/20 no 12

SolarEdge SE 3800A-US 2 10–6 10–6 N/A 11 passive 3R 27.5 x 12.5 x 7.5 52 ETL 12/20 no 12

SolarEdge SE 5000A-US 2 10–6 10–6 N/A 11 passive 3R 27.5 x 12.5 x 7.5 52 ETL 12/20 no 12

SolarEdge SE 6000A-US 2 10–6 10–6 N/A 11 passive 3R 27.5 x 12.5 x 7.5 52 ETL 12/20 no 12

SolarEdge SE 7000A-US 2 10–6 10–6 N/A 11 passive 3R 27.5 x 12.5 x 7.5 52 ETL 12/20 no 12

Solectria Renewables PVI 1800 1 10–6 10–6 10–6 passive 4X 18.5 x 13.1 x 5.6 34 UL  5/10 yes

Solectria Renewables PVI 2500 1 10–6 10–6 10–6 active 4X 23.6 x 13.1 x 5.6 36 UL  5/10 yes

Solectria Renewables PVI 3000 3 10–6 10–6 10–6 active 3R 28.8 x 17.9 x 6.9 47 ETL 10 yes

Solectria Renewables PVI 4000 4 10–6 10–6 10–6 active 3R 28.8 x 17.9 x 6.9 48 ETL 10 yes

Solectria Renewables PVI 5000 4 10–6 10–6 10–6 active 3R 28.8 x 17.9 x 8.3 59 ETL 10 yes

Solectria Renewables PVI 5300 4 10–6 10–6 10–6 active 3R 28.8 x 17.9 x 8.3 60 ETL 10 yes

Solectria Renewables PVI 6500 5 10–6 8–6 10–6 active 3R 28.8 x 17.3 x 8.2 89 ETL 10 yes

Solectria Renewables PVI 7500 5 10–6 8–6 10–6 active 3R 28.8 x 17.3 x 8.2 89 ETL 10 yes

Solectria Renewables PVI 3000S 3 10–6 10–6 10–6 active 3R 28.8 x 17.9 x 6.9 51 ETL 10 yes

Solectria Renewables PVI 4000S 4 10–6 10–6 10–6 active 3R 28.8 x 17.9 x 6.9 51 ETL 10 yes

Solectria Renewables PVI 5000S 4 10–6 10–6 10–6 active 3R 28.8 x 17.9 x 8.3 62 ETL 10 yes
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Renusol America is a leading 
innovator in at-roof and pitch-
roofed mounting systems for PV 
panels in the US solar industry. 
With system installations in 22 
states, Renusol America is located 
in Atlanta, GA with distribution 
across the country.

Part of the publicly traded 
Centrosolar Group, Renusol is 
a market leader in Europe with 
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PV designers spend a good deal of time 
assessing the optimal size of dc con-
ductors, such as those that run from 
combiner boxes in a large array field 
to the location of the inverter. If these 

conductors are specified too small, power losses erode a mean-
ingful percentage of the potential solar energy harvest. If the 
conductors are specified too large, the cost of the conductors 
themselves becomes a meaningful proportion of overall system 
costs, driving up the levelized cost of energy. Neither situation 
is acceptable, yet there has been little quantitative analysis to 
determine optimal cable size.

In our engineering business designing large solar power 
plants, we frequently wrestle with this problem. We have mod-
eled and analyzed it with the goal of optimizing the size, and 
therefore the cost, of these conductors for our customers. This 
article presents some of the surprising conclusions we have 
found through this analysis, which will help solar contractors 
determine optimal conductor sizing in terms of cost and trans-
mission losses between the array and inverters.

Solar inverters are designed to operate within a wide 
range of dc input voltages to accommodate varying solar 
radiation levels. Determining voltage losses in the cables that 
deliver the solar power to inverters has traditionally been 
done via rules of thumb. For example, it is common practice 
in the electrical design industry to allow no more than a 5% 
voltage drop in cables. Such a limit is justified when designing 
commercial electrical systems for traditional industrial loads, 
such as motors, computer centers and lighting, which could 
be affected by voltages lower than nominal. Solar inverters, 
however, can operate flawlessly at lower dc input voltages—so 
long as they are within the operating voltage input window of 
the inverter. Therefore, if there were no other considerations, 
solar systems could be designed with greater voltage drops 
than 5% on the dc cables.

However, for economic reasons stemming from previously 
high module costs and high projected energy rates, designers 
have historically strived to minimize power losses on the dc con-
ductors as much as possible by increasing the conductor size 
and cross-sectional area and, hence, the conductor cost. Many 
designers minimize losses on these conductors by designing for 
as little as 1.5% voltage drop as a standard for losses.

In this article, we suggest a method for optimally selecting 
the size of solar dc conductors considering only the solar irra-
diation at the site, cable cost, utility tariff rates and financial 
factors. If math is not your passion, we present our key findings 
here in the text and tell you where to skip ahead when we get 
to the equations.

Cable Cost Model
The cost model for installed dc conductors in a solar field con-
sists of three separate elements:

1. D = costs that are proportional to the conductor cross-
sectional area, such as the capital cost of the cable itself and the 
labor required to install it.

2. E = costs that are inversely proportional to the conductor 
cross-sectional area, such as energy losses due to resistance.

3. F = constant costs that are relatively unrelated to con-
ductor cross-sectional area, such as the cost of trenching 
and conduits.

To simplify the model, we have assumed that a small 
variation in fixed costs, such as a slightly wider trench or a 
slightly larger conduit to accommodate larger conductors 
with respect to a reference conductor size, has a negligible 
impact on overall costs compared to the cost of the conduc-
tors themselves. In other words, conduit and trenching costs 
do not change much, even if the required conductors increase 
or decrease a wire size or two.

In addition, as a model simplification, we assume that 
conductor cost is roughly proportional to the conductor’s 
cross-sectional area since conductor material (copper or alu-
minum) is the dominant cost factor. This approximation is 
adequate if we assume that the optimal wire size is within a 
size or two of a wire size at a reference cross-sectional area 
for ampacity.

Ampacity Requirements 
The lower limit for required dc conductor size is derived from 
ampacity considerations. This is the minimum acceptable con-
ductor size when applying ampacity calculations required by 
the National Electrical Code. We use this as our lower limit since 
in the design of large solar arrays, the conductor size derived 
based on required NEC ampacity considerations alone usually 
results in excessive voltage drops due to resistance, and the 
conductors must be upsized.

In this article, we assign the subscript A to all values result-
ing from ampacity calculations. For instance, where S is used 
to indicate a conductor of a particular cross-sectional area, SA 
indicates the cross-sectional area of the minimally sized cable 
that has been selected to satisfy ampacity requirements.

Knowing the conductor cost structure of a minimally sized 
cable SA , the conductor cost at cross-sectional area S may be 
represented by the three cost elements DA , EA and FA as in Equa-
tion 1:

where the conductor cost consists of capital cost, installa-
tion labor, energy losses and fixed costs during the useful life 
of the cable.

It is clear from Equation 1 that as S approaches infinity, 
the first term dominates and Costconductor  becomes very large. 
It is also clear that as S approaches zero, the second term 
dominates and Costconductor  again grows very large. In other 
words, Equation 1 represents a bathtub curve, and we can 
conclude that between the two extremes there must be a 
minimum point between zero and very large. This point cor-
responds to the ideal cable’s minimum cost and is the object 
of our pursuit.
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Our Pursuit and Interesting Result Number One 
Rearranging the terms of Equation 1 and calculating the cable 
cost first derivative using S ÷ SA as the argument, we obtain 
Equation 2:

Since our pursuit is for the lowest cost cable that meets  
the requirements of both ampacity and voltage loss, we can 
substitute zero (the ideal minimum) for the first derivative, 
Costconductor', and then solve for the ratio of S to SA, which assures 
the minimum conductor cost:

This leads to our first interesting and somewhat surprising 
result: The selection of an optimally sized conductor does not 
require any knowledge of the constant cost factor, FA. In other 
words, the costs of trenches and conduits are not relevant to 
the selection of optimally sized conductors.

Note that the derivative of Equation 3 reflects the minimum 
conductor cost function, regardless of the ampacity require-
ment. In the case where S ÷ SA <1, the minimum acceptable 
conductor size must continue to be SA since that is the mini-
mum size required for ampacity. In that instance, we consider 
below whether a designer needs to increase the conductor size 
to reduce voltage losses. In the case where S ÷ SA >1, we develop 
a procedure for selecting the optimally sized conductor.

Calculating Proportional and Inversely  
Proportional Costs

Equation 3 tells us that to calculate S, the optimal cross- 
sectional area of our cable, we need to know the costs that 
are proportional and inversely proportional to the conductor 
cross-sectional area. Understanding the mathematics involved 
is not critical to our conclusions, so if you wish, you may safely 
skip ahead to the next section.

The costs DA that are proportional to conductor area may be 
expressed as:

where U is the unit cost of the conductor itself in dollars per 
meter ($/m), W is the labor (burdened wages) cost to install 
the conductor in dollars per meter ($/m), l is the point-to-point 
length of the conductors in meters (m), and n is the number of 
current-carrying conductors in a particular run.

The costs EA that are inversely proportional to conductor 
area are a function of energy losses related to resistance. The 

smaller the conductor—and hence the less it costs—the greater 
the voltage losses due to resistance.

In a typical commercial installation such as a factory, 
electrical conductors for lighting or motors are designed to 
carry the designated current for 24 hours a day, year round. 
In a solar installation, however, the current carried by con-
ductors from the combiner boxes varies from zero to Imp  with 
the intensity of the sun throughout the day. Because of this 
difference, solar conductors are underutilized from a finan-
cial investment viewpoint because they must be large enough 
to handle the highest current even while they are frequently 
idling throughout the day, carrying much lower currents.

The i2r losses LA in each run of n conductors in a solar field 
may be expressed in watt-hours per year as the sum of the 
losses for each of the 8,760 hours of solar generation in a year 
times the number of conductors:

 

where Ih is the current I in amperes during hour h, and RA is 
the conductor resistance in ohms. We can forecast the hourly 
current for a particular solar field based on the equipment 
being used and site conditions using a software program such 
as PVSyst.

Next, to evaluate this conductor’s economic utilization, we 
can define the shape factor K for the current I as follows:

This equation expresses the cable’s utilization from an eco-
nomic viewpoint as a ratio of the current produced during each 
hour of generation versus the maximum power current if that 
were to be carried by the conductor every hour of the year. As 
Equation 6 shows, only site data and the Imp of the installed PV 
modules are required to calculate the shape factor.

Finally, the resistance of the cable in ohms can be 
expressed as:

where ρ is the specific resistance of the conductor measured in 
ohm-square millimeter per meter (Ω-mm2/m), and l is the length 
of the conductors in meters.

The value of ρ depends on whether the conductor is cop-
per or aluminum. For copper at 75°C, the value of ρ is approxi- 
mately 0.0222, and for aluminum, the value of ρ is  
approximately 0.0352. ρ is not a constant value. It depends on 
conductor temperature, which in turn depends on the cur-
rent being carried and on-site conditions. However, since the 
change in ρ is small during normal conductor operation, we 
have assumed an average ρ that is constant.  C o n t i n u E d  o n  pA g E  6 8
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Now, putting all three of the preceding equations together, 
we can express the annual losses for a particular run of conduc-
tors as:

where a factor of 1,000 was added to express the result in 
kilowatt-hours per year.

The losses in Equation 8 recur every year until the end of 
the cable’s useful life. For solar power plants, we estimate that 
time frame at 25 years. If we assume that the utility buys the 
solar power at a tariff of T dollars per kilowatt-hour, then the 
annual economic loss in dollars over the life of the plant due 
to the use of this run of conductors can be expressed as LA  × T.

This cost must be adjusted for inflation and expressed in 
terms of present value for the 25-year life of the plant. Calcu-
lating the present value of a 25-year, $1 annuity, adjusted for 
inflation (see γ25 Calculations, p. 72), we express this as factor 
γ25, which, when multiplied by the economic loss in the first 
year, yields the total cost for use of this conductor over the 
expected life of the power plant:

Finally, substituting Equation 8 into Equation 9, we arrive 
at an expression for the costs that are inversely proportional to 
conductor area:

In summary, Equations 4 and 10 provide expressions for the 
costs of using a particular cable in a solar plant that are pro-
portional and inversely proportional to the conductor cross-
sectional area.

Interesting Result Number Two
The fun part now is seeing the results that fall out of the  
preceding analysis. Equations 4 and 10 allow us to express 
the proportional and inversely proportional costs of a par-
ticular cable, but those results can be simplified when com-
bined in Equation 3 to solve for our optimally sized cable S 
of ideal cost:
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Equation 11 demonstrates surprising result number 
two from our analysis: The optimal cross-sectional area 
and hence the cost of a particular cable run is independent 
of both cable length and the number of current-carrying 
conductors; those terms have fallen out of the equation. A 
fascinating corollary of this result is that since cable length 
is not a factor in determining optimal conductor size, volt-
age drop, which is a function of conductor length, does not 
affect optimal conductor size either.

Critical Utility Tariff 
First, analyze Equation 11 for the case where S ≥ SA, when the 
optimally sized conductor is greater than the minimum size 
required to meet ampacity requirements. (When S < SA, the size 
of the conductor will be smaller than the minimum required to 
satisfy conductor ampacity requirements. In that case, SA must 
be selected as the optimal conductor size.)

A special case of interest is when S = SA, since this is 
when the optimal conductor cross-sectional area equals the 

minimum cross-sectional area required for ampacity. There-
fore, substituting the value 1 for S ÷ SA in Equation 11 and 
solving for T, we get:

expressed in dollars per kilowatt-hour ($/kWh). Note that the 
utility tariff T in Equation 12 has been designated as Tc  to define 
it as the critical utility tariff at which S = SA, or in other words, the 
utility tariff that would be required for the optimally sized con-
ductor on a particular run to be the same size as that required 
to meet ampacity requirements.

Optimum-Cost Cable and Interesting  
Result Number Three 

For most solar power plants, T will not be equal to Tc , since the 
optimally sized conductor must be greater than the minimum 
size required for ampacity. When the local utility tariff T > Tc ,  
we can substitute Tc from Equation 12 into Equation 11, which 
simplifies to:
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where Tc was calculated as above, as the tariff at which S = SA . 
Rearranging Equation 13 to solve for S, the optimal conductor 
cross-sectional area, we get:

Equation 14 demonstrates our interesting result number 
three: An optimally sized conductor for a particular run in a 
solar power plant depends only on the local utility’s tariff paid 
for delivered solar energy as a function of the critical tariff 
rate at which S = SA. In other words, the cross-sectional area 
S of the optimally sized conductor to be used is expressed as 
a function of only SA, the conductor size required for ampac-
ity; the local utility tariff T; and the critical utility tariff to Tc , 
which we can calculate.

It is also clear from Equation 14 that a special case is 
when T > Tc , as this corresponds to situations in which the 
optimally sized conductor S > SA , the conductor size for 
ampacity. In the case when T < Tc , S cannot be less than  
SA since the minimum acceptable conductor size must be SA,   
as determined by ampacity requirements.

Bringing It All Together
Although the derivation was complex, the result is simple:  
Using a few well-known or easily determined parameters, you 
can follow a simple procedure to find the critical tariff Tc and 
from that derive the optimal conductor size. To calculate Tc ,  
you need the following inputs:

•  Minimum conductor size SA as derived from ampacity  
 calculations,
•  Unit cost U for the cable selected and the labor cost W  
 associated with its installation,
•  Solar insolation at the particular site, to determine K  
 factor,
•  Solar module selected, to determine Imp, 
•  Conductor material (copper or aluminum), to determine  
 ρ, and
•  Expected inflation and discount rates for the next 25  
 years, to determine γ25. 

Once you have calculated Tc and SA, you need to know 
only the local utility’s tariff, T, paid for delivered solar energy 
to calculate the optimal cross-sectional conductor size,  
S, using Equation 14. The metric result of that calculation 
should then be converted to a conductor size in kcmil for  
US installations.

Real-World Example
A real-world example can make all of this tangible. First, we 
calculate the critical utility tariff, which allows us to deter-
mine the optimal conductor size, and then we examine the 
relevance of voltage drop.

McCalmont Engineering designed a large ground-mounted 
solar field for a customer near San Jose, California. The near-
est location for TMY3 insolation data was the San Jose Interna-
tional Airport.

The modules are configured in 12-module strings with 12 
source circuits per combiner box. Combiner box to inverter 
conductor runs are located underground in PVC conduit and 
subject to an ambient temperature less than 30°C. In addi-
tion, each homerun to the inverter was independent (mean-
ing each conduit contained only two conductors plus ground, 
which avoided additional conductor ampacity derating). The 
modules have an Imp of 8.23 A, and hence the Imp of the PV out-
put circuit is 98.76 A. Module Isc is 8.91 A  and the Isc of the PV 
output circuit is 106.92 A. Working voltages are a module Vmp 
of 29.8 V and a string Vmp of 357.6 V.

THE CRITICAL UTILITY TARIFF
First, we solve for Tc . The procedure below guides us through 
the steps:

1. Calculate required cable ampacity: The minimum 
required ampacity of the cable (the circuit Isc and a 1.56 mul-
tiplier per the NEC) is:

 I =106.92 A × 1.56 = 166.8 A

Thermal and bundling correction factors are 1.00 since 
there are no more than two current-carrying conductors per 
conduit. This results in a required cable ampacity of 166.8 A.

2. Select size of cable based on required ampacity: Per 
Table 310.16 of the 2008 NEC, the cable selected is 4/0 AWG, 
THWN-2 aluminum, and per NEC Chapter 9, Table 8, it has 
a cross-sectional area of 107.2 mm2. Based on insulation 
type alone, this cable has a permitted ampacity of 205 A  
at 90°C. This must be further derated for the 75°C rating of 
the inverter terminals, resulting in a maximum ampacity for 
the cable of 180 A, which is greater than the required ampac-
ity above.

3. Obtain cable cost data: The THWN-2 aluminum cable 
specified can be procured for a unit cost of $10.45/m, and we 
have assumed the cost to install it is $1.00/m.

4. Calculate the shape factor: We use PVSyst to calculate 
the shape factor K. For TMY3 weather data at San Jose Airport, 
we find that K = 0.19.  C o n t i n u E d  o n  pA g E  7 2
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5. Calculate the time value of the losses: Assuming 25 years 
of service, an inflation rate of 2% per year and an annual dis-
count rate of 5%, the annuity return factor γ25 is $17.53.

These data are summarized in Table 1.

THE OPTIMALLY SIZED CABLE 
Using the same aluminum cable and assuming an average local 
utility tariff for delivered solar power of 13¢/kWh, what will be 
the optimal size for this cable?  Inserting the values for Tc , SA  
and T into Equation 14, we find:

Consulting NEC Chapter 9, Table 8, we find that the 
closest conductor to this size is 250-kcmil. Therefore, this 
is the optimally sized aluminum cable for this installation.

ASSESSING VOLTAGE DROP 
From the above example, we conclude that we should upsize 
the aluminum conductors for this installation from the 4/0 
AWG size required for ampacity to the optimal economic 
size of 250-kcmil. The key point to recognize here is that this 
result is independent of the length of the conductors. Here 
we demonstrate this surprising result.

First, assume the length of the conductor run is just 50 feet. 
Our optimal cable of 250-kcmil aluminum has a resistance of 
0.100 ohms per 1,000 feet, so at 50 feet and Imp of 98.76 A, the 

voltage drop will be about 
0.494 V. Since Vmp for the 
string is 357.6 V, this is 
about 0.14% voltage drop.

Now instead assume 
the conductor run is 
1,000 feet. Using the same 
sized aluminum conduc-
tor of 250-kcmil, the 
voltage loss is 9.88 V, or 
about 2.8% voltage drop. 
Contrary to our intuition 
to increase the cable size 
in the case of the 1,000-
foot run, we gain nothing 
by doing so because the 
ratio of DA to EA in Equa-
tion 3 remains about 

the same. Increasing the conductor size to reduce voltage 
drop increases its cost (since cost is proportional to cross- 
sectional area) and decreases its energy losses (which 
in the denominator are inversely proportional to cross- 
sectional area). The result is no net gain, and we would 
have the added expense for the larger cable if we did so.

Conclusions 
We have presented an analysis of the key contribut-

ing factors to optimal dc conductor selection in solar plant 
design. Through this analysis, we have found several interest-
ing results. First, selection of an optimally sized conductor 
does not require consideration of fixed costs, such as those 
for trenching or conduits. Second, selection of an optimally 
sized conductor for a particular cable run is independent of 
both cable length and the number of current-carrying con-
ductors. Its fascinating corollary is that voltage drop con-
siderations do not affect the selection of an optimally sized 
conductor either. Third, an optimally sized conductor for a 
particular run depends only on the local utility’s tariff paid for  
delivered solar energy versus the critical tariff rate at which 
the size of the cable is equal to the size required to meet 
ampacity requirements.

The example given here is illustrative of the principles 
involved, which can be complex. But the conclusions are 
straightforward. As we have seen, the selection of an opti-
mally sized dc cable in a large solar power plant is a decision 
that should not be made based on voltage drop, regardless 
of the conductor lengths involved. Instead, designers should 
consider the utility tariff rates paid for the solar power gener-
ated at the site to analyze the economic benefit of the conduc-
tor size selected over the life of the power plant.

 S = 107.2 x             = 115.0 mm213
11.3√

g C O N T A C T
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γ25Calculations 

Time Value of Money

DC Cable Selection

Determining T
c
 

SA 107.2 mm2

U $10.45/m

W $1.00/m

K 0.19

Imp 98.76 A

ρ 0.0382 for Al

γ 25
$17.53

Table 1  Inserting these values 
into Equation 12, we find  
that the critical utility tariff  
Tc = 11.3¢/kWh for aluminum 
conductors.

Year 1 2 3 4 5 6 7  8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Inflated Loss $1.02 $1.04 $1.06 $1.08 $1.10 $1.13 $1.15 $1.17 $1.20 $1.22 $1.24 $1.27 $1.29 $1.32 $1.35 $1.37 $1.40 $1.43 $1.46 $1.49 $1.52 $1.55 $1.58 $1.61 $1.64 

Discounted 
Loss

$0.97 $0.94 $0.92 $0.89 $0.87 $0.84 $0.82 $0.79 $0.77 $0.75 $0.73 $0.71 $0.69 $0.67 $0.65 $0.63 $0.61 $0.59 $0.58 $0.56 $0.54 $0.53 $0.51 $0.50 $0.48 

Present Value $0.97 $1.92 $2.83 $3.72 $4.59 $5.43 $6.24 $7.04 $7.81 $8.56 $9.28 $9.99 $10.68 $11.34 $11.99 $12.62 $13.23 $13.82 $14.40 $14.96 $15.50 $16.03 $16.54 $17.04 $17.53 

A useful cost-analysis tool is a single value 
expressed in the present that can represent the 

changing costs of a value over the full 25-year life of a 
solar power plant. We designate this single value as γ25, 
which represents the present value of a 25-year,  
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Table 2  This table illustrates the calculation of γ25 based on an assumed average annual inflation rate of 2% per year and a 
discount rate of 5% per year.

Year 1 2 3 4 5 6 7  8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Inflated Loss $1.02 $1.04 $1.06 $1.08 $1.10 $1.13 $1.15 $1.17 $1.20 $1.22 $1.24 $1.27 $1.29 $1.32 $1.35 $1.37 $1.40 $1.43 $1.46 $1.49 $1.52 $1.55 $1.58 $1.61 $1.64 

Discounted 
Loss

$0.97 $0.94 $0.92 $0.89 $0.87 $0.84 $0.82 $0.79 $0.77 $0.75 $0.73 $0.71 $0.69 $0.67 $0.65 $0.63 $0.61 $0.59 $0.58 $0.56 $0.54 $0.53 $0.51 $0.50 $0.48 

Present Value $0.97 $1.92 $2.83 $3.72 $4.59 $5.43 $6.24 $7.04 $7.81 $8.56 $9.28 $9.99 $10.68 $11.34 $11.99 $12.62 $13.23 $13.82 $14.40 $14.96 $15.50 $16.03 $16.54 $17.04 $17.53 

$1 annuity, adjusted for both inflation and 
a reasonable discount rate to repre-
sent the time value of money. Since γ25 
is calculated based on an initial value 
of $1.00, we can multiply it by a value 

representing economic losses or costs 
in the first year to yield the total cost of 
that same value over the expected life of 
the power plant. this greatly simplifies 
expected-life economic calculations. {
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W hile ac-coupling system architecture has been 
in development for about two decades and has 
been maturing in recent years, in some ways 
ac coupling is still the Wild West of renewable 
energy applications. The majority of the solar 

industry understands the design and installation of grid-direct 
inverter systems well. In ac-coupled applications, these grid-
direct systems are integrated with battery-based inverter sys-
tems. The effective design and deployment of these combined 
systems quickly becomes complicated on several fronts.

First, ac coupling can be utilized in both utility-interactive 
and off-grid projects. These two system types have both funda-
mental and subtle differences in design requirements and oper-
ation when ac coupling is employed. Second, the majority of 
system designers and installers do not have much, if any, expe-
rience with battery-based systems, and even fewer have experi-
ence with ac-coupled systems. This results in a steep learning 
curve for many. Third, and perhaps most important, while fully 
integrated equipment platforms are available, many ac-coupled 
systems currently utilize equipment from different manufac-
turers. This mix of equipment adds complexity to ac-coupled 

system designs and presents challenges related to the amount 
of experience a given inverter manufacturer has with the use 
of its products in ac-coupled systems and the level of support 
it is able or willing to provide. For example, several grid-direct 
string inverter manufacturers, and most microinverter manu-
facturers, do not offer a warranty or provide support for their 
products if they are installed in ac-coupled systems.

An Introduction to AC Coupling 
SMA Solar Technology began developing ac-coupling system 
platforms using its inverter products in the 1990s. I was first 
introduced to the concept while editing an article, “AC Mini-
Grids,” for the October/November 2005 issue of Home Power 
magazine authored by Dana Brandt. The article reported on 
one of the first commercially deployed ac-coupled systems, 
which formed a microgrid in a remote village in Uganda. In 
the years that followed, SMA continued to develop and refine 
its products and integrated approach to ac coupling. In addi-
tion, inverter manufacturers Magnum Energy and Schneider 

Compiled by Joe Schwartz

AC Coupling 
in Utility-Interactive  
and Stand-Alone Applications

Manufacturer Model

Recommended ratio  

of ac PV inverter  

power to battery-based 

inverter power

Battery-based inverter  

has frequency-shift control 

functionality to regulate  

ac PV inverters

Diversion load 

recommended

Battery-based 

inverter  

pass-through rating  

(Aac)

Magnum Energy MS-PAE models 0.9:1 yes yes 2x 30

OutBack Power GS8048 and FX models  0.75:1 no yes 60

Schneider Electric XW models 1:1 yes no 25

SMA America Sunny Island models 2:1 yes no1 56
1 Diversion load recommended for Windy Boy inverter systems 

AC-Coupled System Integration Overview

Table 1  This table provides a high-level integration overview for battery-based inverter/charger models that are commonly 
used in ac-coupled systems.
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AC Coupling 

Electric modified some of their battery-based inverter mod-
els for more seamless integration with ac-coupled systems by 
adding frequency-shift functionality to regulate battery charg-
ing. Currently, SMA and Schneider Electric manufacture both 
grid-direct and battery-based inverters that can be utilized to 
develop a complete ac-coupled system using equipment from 
a single manufacturer.

On a basic level, ac-coupled systems differ from their 
more conventional dc-coupled counterparts in one primary 
way—power generated by renewable resources, including PV 
arrays and wind or hydro turbines, is processed by grid-direct 
string inverters connected to the ac-output bus of a battery-
based inverter system. Such systems can also integrate ac 
backup generators, with limitations in some cases, into the 
generation mix. In ac-coupled systems, grid-direct invert-
ers essentially replace dc-charge controllers and frequently 
PV source-circuit combiner boxes as well. The absence of 
the dc-charge control in the system requires different and 
often combined approaches to battery-charge regulation. In  
ac-coupled systems, battery regulation is accomplished using 
several methods, including frequency-phase shift, blackout 
relays, and diversion controllers and loads that regulate the 
ac output of the grid-direct inverters. These approaches can 
range from seamless phase-shift approaches that modulate 

PV array generation based on ac-load 
demand and battery state of charge, to 
potentially complex networks of diver-
sion loads driven by multiple voltage-
sense relays.

This article compiles information 
from several sources to present an 
industry-wide perspective on equip-
ment selection and best practices 
for ac-coupling system design and 
installation in stand-alone and utility- 
interactive systems. Four manufactur-
ers of battery-based inverter/chargers 
provide technical insights related to 
the use of their products in ac-coupled 
system architectures. We also reached 
out to industry colleagues to share their 
direct experiences—both positive and 
negative—with deploying ac-coupled 
systems in the field. This issue of Solar-
Pro also includes a comprehensive grid-
direct inverter product specifications 
table (see pp. 50–62) that identifies 
which string inverter manufacturers 
offer a warranty on and support their 
products in ac-coupled applications.

        t

Magnum Energy Battery-Based Inverters 
By Gary Baxter and Brian Faley, Magnum Energy

Magnum Energy designs and manufactures battery-based 
inverters for use in stand-alone applications and grid-

connected systems that require battery storage to provide 
uninterrupted power during utility-grid failures. In both appli-
cations, Magnum Energy permits and supports ac-coupled  
system designs that synchronize the ac output of utility- 
interactive string inverters from various manufacturers with its 
battery-based inverter/chargers. We have made specific soft-
ware upgrades to some of our inverter models to better support 
ac-coupled systems, and we have additional related products 
in development.

Recommending the addition of a battery-based inverter 
system to your clients with grid-direct string inverter systems 
can be a profitable up-sell. Even when customers have been 
clearly informed that their grid-direct PV system will not pro-
duce power during utility outages, they may have an after-the-
fact realization that they do want a backup system after they 
experience frequent or extended utility-grid failures.
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With the addition of a battery bank, a critical-loads sub-
panel and a diversion control and load, Magnum battery-based 
inverter/chargers can be ac-coupled with existing grid-direct 
inverter systems. The dc side of the existing string inverter sys-
tem does not need to be rewired. The ac input and output cir-
cuits of Magnum MS-PAE inverter/chargers can be connected 
in parallel with a home’s ac wiring without damage to the 
inverter. These models can operate as a stand-alone inverter/ 
charger in Standby mode, which allows battery charging 
from the grid with ac transfer to connected loads. Magnum  
MS-PAE inverters are listed to UL 1741 as stand-alone invert-
ers, not as utility-interactive inverters. These products are not 
designed to export power to the utility grid. Therefore, the ac 
output of the inverter should not be connected directly to the 
utility power-distribution circuits. These inverters can oper-
ate in parallel with the ac-wiring circuits only when the util-
ity power is connected to the ac input of the inverter and the 
inverter is operating in Standby mode.

SYSTEM OPERATION 
When working with ac-coupled systems, it is beneficial to 
understand how a battery-based inverter operates before and 
during a power outage. During normal operation (see Figure 
1), the utility grid provides the ac voltage and frequency ref-
erence required for the synchronization and operation of the 
string inverter. When the Magnum battery-based inverter/
charger operates in Standby mode, the inverter utilizes the 
utility grid and the ac output of the string inverter to maintain 
the battery bank’s state of charge and passes power through 

to the circuits in the critical-loads subpanel. In such a sys-
tem, the Magnum inverter/charger is connected as a backup 
inverter and supplies inverted ac power from the battery to 
the critical loads only when the grid is down. The grid-direct 
string inverters are connected on the load side of the Magnum 
inverter, in parallel with the reference grid power when avail-
able or with the inverter power during a grid failure.

During a utility-power interruption (see Figure 2), both 
the battery-based inverter/charger and the utility-interac-
tive inverter automatically disconnect from the grid. Once 
this occurs, the battery-based inverter begins inverting and 
initially uses energy stored in the battery to power the criti-
cal loads connected to the ac subpanel. Because the ac out-
put of the battery-based inverter is connected to the same 
circuit as the utility-interactive string inverter, the string 
inverter synchronizes with the battery-based inverter’s  
ac-output voltage and frequency. After a required 5-minute 
disconnect, the string inverter reconnects and starts pro-
cessing the power from the PV array, charging the battery 
and supplying power to the critical loads.

With the string inverter synchronized to the output wave-
form of the Magnum inverter/charger, the string inverter pro-
cesses all the energy the PV array generates. When the grid 
is present, household loads normally consume this energy, 
with any excess exported to the utility grid. During a power 
outage, however, noncritical loads terminated in the main 
service panel are not connected to the system, and the utility 
grid is no longer present. As a result, any excess power that the 
loads connected to the system’s subpanel  C o n t i n u e d  o n  pa g e  7 8  
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Figure 1  This block diagram shows the major components of 
a grid-connected ac-coupled system using a Magnum Energy 
inverter under normal operation with the grid present.
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Figure 2  During a utility failure, the Magnum inverter opens 
the parallel connection between its ac input and output and 
provides backup power to the critical loads. In this mode, 
the grid-direct inverter is ac coupled to the battery-based 
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do not consume is pushed back through the ac output of the 
battery-based inverter and into the battery bank.

Since this is not the normal path for incoming current, the 
battery-based inverter/charger cannot regulate the current 
or control the battery voltage. This brings up two important 
points. First, the Magnum battery-based inverter must be rated 
to handle the full power output of the PV array. The maximum 
ac-output power of the PV/string inverter system must be no 
greater than 90% of the continuous power rating of the Mag-
num inverter system. Second, the system must include a means 
to regulate the battery voltage to prevent an overcharge condi-
tion. You can best accomplish this with a two-step regulation 
approach that combines frequency shift with diversion control.

STRING INVERTER REGULATION 
Some Magnum battery-based inverters include a feature 
that allows the ac-output frequency to shift when the battery 
voltage rises to a predetermined level. Magnum’s MS-PAE 
Series inverter/chargers (revision 4.1 and higher) include an 
AC-Coupled Support mode. When activated, this causes the 
inverter-output frequency to shift to 60.6 Hz. This mode is 
enabled using an optional Magnum remote that allows the 
battery type setting to be set to custom. It activates when the 
battery voltage increases by 2 V ( for 24 Vdc nominal invert-
ers) or 4 V ( for 48 Vdc nominal inverters) above the absorb 
voltage setting. The frequency returns to 60.0 Hz when the bat-
tery voltage falls 2 V or 4 V below the absorb voltage setting  
for 24 Vdc and 48 Vdc nominal inverters, respectively. This 
frequency shift protects the battery against overcharging  
by dropping the ac-coupled grid-direct inverter off-line. 
Activating the AC-Coupled Support mode is one method  
of regulating ac-coupled string inverters. However, this  
battery-protection approach does not enable three-stage bat-
tery charging. We therefore recommend that frequency shift  
be viewed as a secondary approach to a primary diversion-
based battery-management system that provides more 
advanced battery-charging functionality.

In most systems, dc or ac diversion loads should be added 
in parallel with the battery to reduce the on/off cycling of the 
grid-direct string inverter that frequency shift would other- 
wise control. Relying solely on the frequency-shift method 
is rather crude because it is essentially a bang-bang control-
ler—off or on—and once the frequency-shift happens, the 
string inverter attempts to reconnect every 5 minutes. While 
this approach is technically sufficient to prevent battery over-
charging, is it optimal to have the battery voltage repeatedly 
swinging around by several volts? A more sophisticated option 
is to employ a diversion-based battery-management system. 
These regulation systems can utilize a dc diversion control-
ler with dc resistive loads and/or ac resistive loads driven by  
dc-controlled relays. In a dc or ac diversion system, three-stage 
battery charging is maintained and the surplus energy from the 

string inverters can be put to work rather than just taking the 
PV system off-line.

To better support ac-coupled systems, Magnum is devel-
oping the AC Diversion Controller, which is optimized for use 
with Magnum MS-PAE Series inverter/chargers. This con-
troller maximizes the use of on-site–generated PV power by 
diverting excess energy to ac loads such as domestic water- 
heater tanks. It includes complete three-stage battery charg-
ing functionality and also supports inverter frequency shift 
as a fail-safe protection against battery overcharging. The AC 
Diversion Controller communicates with Magnum MS-PAE 
Series inverter/chargers and automatically diverts excess cur-
rent into specified diversion loads. When a diversion load such 
as an electric water heater reaches its regulation setpoint, 
excess current is diverted to a resistor bank. Alpha versions 
of the system are currently operating very well with SMA and 
Solectria Renewables string inverters, and additional testing 
is under way. Magnum Energy has started the listing process 
for the AC Diversion Controller system with ETL. The product 
is currently scheduled for release in Q4 2012.

t

OutBack Power Technologies Battery-Based Inverters 
By Phil Undercuffler, OutBack Power Technologies

For many PV system designers, a watershed moment comes 
when they realize that they can connect a grid-direct 

inverter to the output of a battery-based inverter. The flex-
ibility and scalability of these ac-coupled system architectures 
provide benefits over dc-coupled systems in some cases. In the 
retrofit market, ac coupling may be a good solution when cus-
tomers with existing grid-direct systems suddenly realize that 
their substantial investment in solar power is unusable during 
a power outage. Off-grid projects with large daytime ac loads 
and sites with multiple buildings or significant array-to-bat-
tery distances may also be good candidates for an ac-coupled 
design approach. However, today’s higher voltage dc-charge 
controllers have offset some of the commonly perceived advan-
tages of ac coupling. In many applications, dc coupling can pro-
vide more reliable and stable operation than can ac coupling 
and ultimately makes more sense.

OutBack Power Technologies designs and manufactures 
a full range of products, including stand-alone and utility-
interactive battery-based inverter/chargers that can be uti-
lized in both dc- and ac-coupled systems, and high-efficiency 
MPPT dc-charge controllers. While ac coupling seems like a 
simple concept, ac-coupled systems have nearly endless rami-
fications, implications and subtleties. The following insights 
and guidelines, based on my experience  C o n t i n u e d  o n  pa g e  8 0  
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supporting the integration of OutBack products in ac-coupled 
systems, will assist you in the development of optimized and 
reliable ac-coupled installations and help you make informed  
and accurate choices when deciding between ac-coupled and 
dc-coupled system designs.

SYSTEM DESIGN AND OPERATION 
Grid-direct inverters are current-source inverters. They con-
vert power generated by a PV array from dc to ac, but rely 
upon an external ac source to operate because they cannot 
create an independent ac-voltage waveform. In contrast, 
multi-mode battery-based inverter/chargers are voltage-
source inverters. In Stand-Alone mode, they generate an ac 
voltage and frequency supply independent of any external 
ac power source. Some models can also operate in a Utility-
Interactive mode that exports excess PV array generation to 
the utility in a similar fashion to grid-direct inverter systems.

Battery-based voltage-source inverters can provide a 
stable ac voltage and frequency reference that allows grid-
direct current-source inverters to operate when the grid 
is not present. In this operational mode, ac PV generation 
from the string inverters is synchronized with the battery-
based inverter output via a critical-loads subpanel and is 
consumed first by local loads, including battery charging. 
If loads exceed PV production, the system meets the deficit 
with energy pulled from the batteries.

In most ac-coupled systems, the battery-based inverter 
must reliably process the entire output of the connected ac 
PV generation from the string inverters under all conditions. 
My experience indicates that the battery-based inverter must 
be sized to more than 125% of the power rating of the con-
nected ac-coupled array. Multiple OutBack Radian invert-
ers can be stacked in parallel at 120/240 Vac. Our standard 
FX and VFX inverter models can be  C o n t i n u e d  o n  pa g e  8 2  
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stacked in both series and parallel configurations to increase 
capacity as well. If a single FX inverter is ac-coupled with a 240 
Vac grid-direct inverter, an OutBack autotransformer can be 
used to step down the grid-direct inverter’s output voltage to 
120 Vac (see Figure 3 , p. 80). If multiple OutBack inverters are 
stacked to increase capacity in ac-coupled systems, the Power 
Save function must be defeated by setting the master-power 
save level to 1 on the master inverter and the slave-power save 
levels to 1 on all slave inverters. In addition, there should be 
at least 100 Ah of battery capacity at 48 Vdc nominal per 1 kW 
of array power to ensure that the battery capacity is sufficient 
to absorb the PV output without excessive heating, which can 
damage batteries or shorten their service life.

One aspect of ac-coupled systems you should consider 
is that the battery-based inverter must be able to provide a 
stable ac supply to meet the default IEEE regulatory limits 
of the grid-direct inverter. Battery-based inverters used in  
ac-coupled systems must have good voltage regulation and 
must be sized to support the largest expected motor-starting 
surge without allowing voltage to sag or spike. Any instability 
in the ac supply due to poor regulation during power surges 
caused by local loads or excessive voltage drop in the ac wiring 
results in unstable operation and reduced PV output due to the 
grid-direct inverter dropping off-line. In addition, integrators 
have learned—sometimes the hard way—that some grid-direct 
inverters are more sensitive to changes C o n t i n u e d  o n  pa g e  8 4  

M icroinverters, and more recently ac modules, have 
redefined the industry’s notion of modularity over the 

past few years. the modular and expandable platform ac cou-
pling provides makes it seem like a natural fit with the growing 
number of microinverters and ac modules entering the market. 
However, these products are almost entirely absent from the 
ac-coupled application landscape. SolarPro editors asked 
several microinverter and ac module manufacturers, as well as 
two companies that have microinverter products scheduled for 
release in 2012, about the use of their products in ac-coupled 
systems. While the responses were not always definitive, they 
do serve to clarify the manufacturers’ positions.

enphase energy is the leading microinverter manufac-
turer in the uS and is currently expanding its presence in the 
european market. as such, questions from integrators who 
are interested in developing microinverter-based ac-coupled 
solutions often revolve around using enphase products. While 
enphase does informally permit the use of its microinverters 
in ac-coupled systems, it has not devoted internal resources 
to testing or developing support services for its products in 
ac-coupled applications. Considering the comparable sizes of 
the grid-direct and ac-coupled markets, enphase understand-
ably has a deep focus on other priorities. as a result, while this 
is not explicitly stated, its warranty terms currently exclude the 
use of its products in ac-coupled systems. 

enecsys, a european microinverter manufacturer with listed 
and CeC-eligible products for north america, has a similar 
position to enphase. the company does not have any immedi-
ate concerns about using its products in ac-coupled systems 
that operate within normal grid specifications, but its warranty 
coverage does not currently include this use.

exeltech recently released one of the first fully integrated 
ac modules in the uS market. the company does not have 
any warranty restrictions regarding the use of its aC Module 
product in ac-coupled systems, provided that those systems 

meet several conditions. its position could change in the future 
if exeltech finds that the ac-coupled system topology is detri-
mental to its product. general prerequisites it currently notes 
include the following: a means must exist to disconnect the 
system from the utility in the event of grid failure, allowing the 
battery-based inverter to continue providing power to selected 
loads; the battery-based inverter must be designed to work 
with grid-direct inverters in a manner that is not detrimental 
to either device; and the battery-based inverter must employ 
a universal, nondestructive method such as momentary fre-
quency shift to disconnect the ac modules when the batteries 
are fully charged and power production exceeds the require-
ments of the system’s critical loads.

Both power-one and SMa america have microinverter 
launches scheduled for 2012. power-one’s auRoRa Micro 
250 and 300 products (250 W and 300 W, respectively) are in 
final evaluation and beta-site implementation. the expected 
production ship date of these products is July 2012. at this 
point, power-one’s microinverters have not been tested with 
battery-based inverters in ac-coupled applications. SMa has 
scheduled its Sunny Boy 240 (240 W) microinverter for release 
in early fall. deploying the Sunny Boy 240 in ac-coupled 
systems will not void the warranty. the product is designed to 
be compatible with SMa’s Sunny island system with special 
considerations, but the details of these are not yet available.

integrators would undoubtedly welcome microinvert-
ers with full warranties and support for use in ac-coupled 
systems. However, the reality is that the potential market for 
these products in ac-coupled systems pales in comparison 
to the size of the grid-direct market that microinverter and 
ac-module manufacturers are focused on. While only a few 
of these manufacturers have devoted resources toward the 
testing and support of their products in ac-coupled systems, 
it is likely that additional manufacturers will follow suit as  
ac-coupled systems become more common. {

AC Coupling
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in ac supply than others and that several string inverter 
manufacturers do not support the use of their equipment in  
ac-coupled applications.

Another complicating factor is the integration of motor-
driven ac generators with ac-coupled systems. For backup-
generator–based system charging, the battery-based inverter 
must shift its frequency to synchronize with the new ac input 
source when the generator is running. Once connected, the 
generator becomes the new ac voltage and frequency supply 
for the system, including the ac-coupled string inverter. The 
initial inverter/generator synchronization often results in 
the grid-direct inverter disconnecting from the system. Few 
motor-driven generators can provide sufficient voltage and 
frequency regulation to meet the IEEE regulatory require-
ments for grid-direct inverters to ensure stable operation. 
More important, generator electronics can be damaged if they 
are subjected to back-fed current from the string inverters. 
Therefore, ac-coupled systems are often designed to prevent 
input from ac-coupled string inverters and generators at the 
same time. If this is the case, the generator must be sized to 
not only charge the batteries, but also power all ac loads to 
make up for the PV generation that is lost because the string 
inverters are off-line. Frequently, this scenario ends up requir-
ing a larger generator than would be necessary if the PV array 
was simply dc coupled.

CONTROLLING EXCESS GENERATION 
Determining the best approach for regulating excess PV gen-
eration is a primary challenge when designing an ac-coupled 
system for stand-alone or utility-interactive applications. This 
is further complicated when systems utilize equipment from 
different manufacturers. In dc-coupled systems, traditional 
methods of controlling PV power involve some variation of 
pulse-width modulation (PWM) to regulate the output of the 
PV array and optimize battery charging. However, PWM regu-
lation approaches do not apply to ac-output regulation for a 
grid-direct inverter. Therefore, the typical methods available 
for regulating the energy balance in ac-coupled systems are 
to either knock the grid-direct inverter off-line using a black-
out relay or frequency-phase shift, or absorb excess generation 
using diversion loads.

The ideal regulation strategy for a specific application varies 
based on the amount of time the system is expected to operate 
in Off-Grid mode. In grid-tied, ac-coupled systems, the string 
inverter spends most of its time in Grid-Direct mode, where it 
is synchronized to the grid’s voltage and frequency reference. 
Assuming a relatively stable utility supply, the string inverters 
are ac coupled with the battery-based inverter’s output during 
infrequent, short-term outages only. In this case, it is accept-
able to rely on a simple control method such as blackout relays 
or the frequency-shift functionality provided by some battery-
based inverters to drop the string inverters off-line. If the system 

is off-grid or the utility-power source to the site is unstable, a 
more sophisticated regulation approach is recommended.

Knocking the PV generation off-line using frequency shift 
is perhaps the easiest, least expensive way to control excess 
generation. However, when the system is operating within IEEE 
regulatory limits, this approach is an all-or-nothing solution. 
Once the frequency exceeds a window of 59.3 Hz to 60.5 Hz, the 
grid-direct inverter disconnects and ceases to export power. 
In addition, once the inverter is dropped off-line, it remains 
off-line for 5 minutes, and the battery must be able to support 
the full ac load for the duration of the string inverter’s waiting 
period. This is often referred to as the 5-minute sledgehammer. 
Using a blackout relay to drop the string inverter off-line results 
in a similar system operation.

If an ac-coupled system includes multiple string inverters, 
a more sophisticated approach is to utilize multiple staged 
voltage-controlled relays to regulate each inverter’s output. 
This method provides more granular regulation by shedding 
PV generation in smaller increments. In this configuration, as 
the batteries approach full charge, a portion of the PV array 
can be knocked off-line, leaving the remainder operating to 
support the ac load.

Compared to frequency-shift or relay-based regulation 
approaches, using diversion loads to control excess generation 
provides more stable and reliable operation, as well as more 
sophisticated battery-charging functionality. A diversion con-
troller regulates in seconds or milliseconds and provides much 
finer resolution than a 5-minute array/string inverter discon-
nect. PWM diversion controllers shunt excess power to a dc load 
and provide a tapered, temperature-compensated charge to the 
battery. Depending on the size of the array, one possible limita-
tion is that large dc-diversion loads may not be common or read-
ily available. However, ac-diversion loads such as space heaters 
and water heaters are inexpensive and commonly available, and 
can put excess PV generation to good use. When using dc- or  
ac-diversion loads, remember that they must always remain 
available and should be sized to absorb the maximum PV gen-
eration expected. To protect against battery overcharging, you 
should build some redundancy into diversion-load systems.

All OutBack FX and VFX inverter models include a 12 Vdc 
programmable auxiliary output with adjustable standard algo-
rithms that can drive an external relay or contactor to control 
excess generation. OutBack’s Radian inverter includes a 12 Vdc 
auxiliary output as well as a 10 A 250 Vac/30 Vdc dry-contact 
relay that can independently control diversion loads or sup-
plemental relays. One counterintuitive aspect of the OutBack 
inverter auxiliary programming is that the DC Divert function 
is preferred when systems are ac coupled.

NEED FOR STANDARDIZATION 
A general lack of standardization is an issue throughout vari-
ous segments of the PV industry, including  C o n t i n u e d  o n  pa g e  8 6  
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ac-coupled applications. Successful ac coupling requires a 
delicate balance between energy production, battery charging 
and total load demand, and, ideally, communicating that bal-
ance across multiple brands of equipment. Ultimately, indus-
try stakeholders need to develop a universal, interoperable 
method for ac coupling by adopting a standardized control 
structure to ramp up PV production as required.

One way to achieve this standardization is to use the 
structure codified in the newly adopted German standard 
VDE-AR-N 4105, which lays out a method of frequency-
dependent active power control. Designed for stabilizing 
the European utility grid during periods of excessive renew-
able generation, it outlines a structure whereby PV invert-
ers decrease output at a defined rate as the grid’s frequency 
rises, ramp up production upon return to normal and soften 
the transition upon reconnect. Battery-based inverters 
could use this method to control the output of any num-
ber of VDE-AR-N 4105–compliant grid-direct inverters as 
required, providing designers with freedom of choice when 
selecting components for ac-coupled systems.

t

Schneider Electric Battery-Based  
and Grid-Direct Inverters 
By James Goodnight, Schneider Electric

As interest in and deployment of ac-coupled PV systems 
has grown, Schneider Electric has directed product devel-

opment and support resources toward these applications. 
Currently, many ac-coupled systems utilize equipment from 
multiple inverter manufacturers. This mix of products can cre-
ate issues with system design, installation and operation and 
lead to warranty issues in some cases. Schneider Electric is one 
of two companies that designs and manufactures both utility-
interactive grid-direct inverters and battery-based inverter/
chargers for the North American solar market. Schneider Elec-
tric’s solar inverters now feature the Conext product range 
name, followed by letter designations for the various models. 
The Conext TX is our newest generation of residential grid-
direct inverters and replaces the GT inverter models. The Con-
ext TX integrates with the Conext XW battery-based inverter/
charger to create an ac-coupled system.

CONEXT INVERTER OPERATION 
In residential or light commercial utility-interactive ac-coupled 
PV systems, all energy sources and loads are connected directly 
to the ac bus. This system design topology has benefits over 
dc-coupled systems in some applications.  C o n t i n u e d  o n  pa g e  8 8  
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In ac-coupled systems, the dc infrastructure is kept to a  
minimum by enabling higher voltage PV arrays (up to 600 Vdc). 
Higher voltage arrays minimize system material costs because 
smaller, lower-cost conductors, conduits and BOS components 
can be specified. These components are also more easily han-
dled and installed in the field, which drives down installation 
labor cost.

Array-to-grid efficiency is improved in ac-coupled battery-
based systems as well. In a utility-interactive ac-coupled sys-
tem with battery backup, the array is connected directly to 
the utility grid through a grid-direct inverter. In a dc-coupled 
utility-interactive battery-based system, the array output is 
connected to the battery bank through a charge controller, 
which is then connected to the grid through an inverter/
charger. The ac-coupled design approach increases system 
efficiency by removing a conversion step when the utility 
grid is present.

Grid-present operation. On Schneider Electric’s Conext XW 
battery-based inverter/chargers, each of the two ac inputs 
is equipped with an input relay that closes only when the 
ac source is qualified and is within the parameters of the 
customer-adjustable voltage and frequency ranges. Closing 
the input relay connects the ac source directly to the invert-
er’s ac-output terminals. In this Pass-Through mode, the 
XW essentially behaves like any other load as it charges the 
battery bank using its multi-stage algorithm. This charging 
feature helps deliver good battery performance and opera-
tional life. In ac-coupled systems, if the grid ac voltage and 
frequency are within limits per UL 1741 and CSA C22.2 No. 
107.1, Schneider Electric’s Conext TX grid-direct inverters 
synchronize with the utility-power reference and process 
power from the PV array. Local loads consume the energy 
from the PV array, including the XW charger as it charges the 
battery bank, and any excess is exported directly to the grid.

No-grid–present operation. The battery-based Conext XW 
inverter/charger continuously monitors the utility-input 
voltage and frequency. If the voltage or frequency moves 
outside the acceptable ranges—for example, during a power 
surge or outage—the XW opens its input relay, disconnect-
ing all the inverters from the grid. As soon as the relay 
opens, the XW transfers from Charge mode to Invert mode 
to provide power to the critical loads terminated in the ac 
subpanel using energy stored in the battery. The grid-direct 
Conext TX inverter may detect the temporary loss of ac dur-
ing this transfer and go off-line until it detects a stable ac 
output from the XW for a minimum of 5 minutes.

During utility failures, the XW serves as a voltage source 
for the grid-direct TX inverter, providing tightly controlled 
voltage and frequency on its ac output. The TX inverter 
qualifies and synchronizes with the ac-voltage reference 
provided by the XW just as it would if the utility grid was 
present. The XW’s anti-islanding feature prevents the export 

of power from its AC1 connection during a utility outage, 
and the XW and the TX inverter continue to power backup 
loads. Any excess power from the TX inverter charges the 
battery bank in a Bulk Only mode.

SYSTEM REGULATION 
When the Conext XW inverter/charger is in Invert mode, elec-
trical current flows through it in either direction. If the Con-
ext TX inverter is providing more power to the ac bus than 
the loads can consume, current flows back through the XW 
to charge the battery bank. Unlike in Charge mode, in Invert 
mode the XW does not regulate charging when power is flow-
ing from its ac output to the battery. During brief grid failures, 
this is not a problem if the battery is sufficiently discharged. 
However, if the battery is fully charged and there is not enough 
load on the ac system, and if the TX inverter continues feeding 
power to the ac bus, the battery voltage could potentially rise 
until an overvoltage fault condition (high batt cut out setting) 
is reached. This causes the XW and the entire system to shut 
down, including the ac loads terminated at the subpanel, and 
could result in damage to the battery if high batt cut out is not 
set appropriately for the installed battery type.

To avoid this mishap, the Conext XW inverter/charger 
features integrated frequency-phase–shift protection for  
ac-coupled applications. This strategy varies the line fre-
quency according to a predetermined pattern to prevent the 
grid-direct Conext TX inverter from overcharging the bat-
tery. The XW executes a pattern-generator algorithm that 
varies the line frequency in a linear manner to avoid over-
load. The frequency-generation function of the XW changes 
the ac-coupled grid frequency with a linear rate of change 
of 0.4 Hz/s. When the charge-bulk voltage is exceeded, the 
frequency decreases in a linear progression until the TX 
inverter drops off-line. While the XW and TX inverters are 
in AC-Coupling mode, the XW changes the frequency only 
when the charge-bulk voltage setting is exceeded. You can 
adjust this setting in the custom battery menu.

Once the battery voltage reaches its charge-bulk voltage, 
the Conext XW shifts its output frequency, causing the TX 
to disconnect and begin its 5-minute anti-islanding wait-
ing period. No separate control wiring is required. During 
this period, the ac loads are powered from batteries via the  
XW only. When the 5-minute waiting period is complete, the 
TX reconnects to the XW’s ac output and provides power 
for ac loads and recharging the battery. If the battery is  
fully charged and the ac critical loads are insufficient to absorb 
the PV array’s ac output, the TX on-off cycle continues until the 
grid is restored and the system returns to normal operation.

EQUIPMENT, DESIGN, INSTALLATION AND OPERATION 
Schneider Electric’s Conext XW inverter/chargers and 
TX inverters have been developed to  C o n t i n u e d  o n  pa g e  9 0 
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provide a fully integrated ac-coupled system. However, in some 
applications, ac-coupled systems can be more complex than 
their dc-coupled counterparts, and integrators tend to have 
less experience with ac-coupled systems. Here I address spe-
cific equipment specifications and use of Conext inverters in 
ac-coupled systems, as well as general design details that you 
should consider related to ac-coupled system architectures.

Grid-direct inverter compatibility. Schneider Electric has 
developed and tested the integration of its Conext XW and 
TX products in ac-coupled systems. Although this archi-
tecture may work with UL 1741/CSA 107.1-01–compliant 
inverters from other manufacturers, Schneider Electric has 
not tested these products in ac-coupled systems, so support 
for systems that integrate other vendors’ products with Con-
ext inverters may be limited.

Stand-alone, off-grid systems. To maximize battery perfor-
mance and life, the Conext XW– and TX–based ac-coupling 
architecture is intended for utility-interactive systems con-
nected to a dependable utility grid. Schneider Electric does 
not recommend or support its ac-coupled system architec-
ture for use in stand-alone, off-grid applications.

Power ratings for single Conext XW installations. The battery-
based XW inverter power rating should match or exceed 

the grid-direct TX inverter power rating. Accordingly, the 
XW 6048 (6.0 kW/48 Vdc) is compatible with a single TX 5.0 
(5.0 kW) or TX 3.8 (3.8 kW) inverter, or with one or two TX 
2.8 inverters (2.8 kW each, 5.6 kW total). The XW 4548 (4.5 
kW/48 Vdc) and XW 4024 (4.0 kW/24 Vdc) are compatible 
with a single TX 3.8 or TX 2.8 inverter.

Power ratings for parallel Conext XW installations. In appli-
cations that utilize multiple XW inverter/chargers config-
ured in parallel, the total TX inverter power rating should 
not exceed the power rating of a single XW inverter deployed 
in the system. For example, while two TX 2.8 inverters can be  
connected to a single XW 6048, a stacked pair of XW 6048s 
would also be limited to two TX 2.8 inverters.

Conext XW firmware. To prevent battery damage in  
ac-coupled applications, XW inverter/chargers should be 
updated to the latest firmware that includes the ac-coupling 
feature. At present, XW-specific firmware (version 1.07) is 
available for each North American XW model and can be 
downloaded at schneider-electric.com/conextxw.

Conext XW ac qualification period. The XW and TX prod-
ucts are fully compliant with UL and CSA anti-islanding 
standards. However, for ac-coupled applications, the  
XW inverter/charger’s ac-qualification  C o n t i n u e d  o n  pa g e  9 2 
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period default setting of 10 seconds must be adjusted to  
300 seconds.

Backup generators. Schneider Electric’s ac-coupled sys-
tem has not been tested with a generator providing the ac 
reference for TX inverters. If the system includes a backup 
generator, I recommend installing an “either-or” interlock 
switch to prevent unintended back-feeding of current from 
the TX inverter to the generator (see Figure 4).

System metering. In ac-coupled applications, the power 
metering on the Conext XW may not work reliably when 
the inverter/charger is in Voltage-Source Invert mode and 
power is flowing back into the batteries.

Terminating ac circuits. The designated Conext XW and 
TX ac outputs are typically connected in the critical-loads  
subpanel. Each TX inverter requires its own ac breaker in 
the subpanel, which is connected to the output of the XW 
inverter/charger. Although there is space to add breakers 
for the TX inverters directly into the XW power distribution 
panel, it is more straightforward to install the TX inverter 
breakers in the ac subpanel.

Critical load and battery-bank sizing. Critical loads that are 
terminated in the ac subpanel should be selected based on 
the customer’s essential safety and lifestyle requirements 
during utility failures. It is not practical to back up all of a 
home’s loads. The battery bank should be sized to power 
the critical loads for a specific time period and to avoid 
completely discharging the battery bank during utility out-
ages. An occasional 50%–60% maximum discharge may be 
appropriate. When specifying battery bank Ah capacity for 

ac-coupled systems, the designer should consider potential 
excess current that the TX inverter produces while it is pow-
ering the critical loads in relation to the battery manufac-
turer’s charge-current recommendations.

Alternatives to ac coupling. If array-to-battery distance 
is the primary design driver for an ac-coupled system, you 
should weigh the potential cost and operational benefits 
of utilizing a dc-coupled system architecture with a higher 
voltage dc-charge controller. Schneider Electric manufac-
tures charge controllers rated at 150 Vdc (XW-MPPT60-150) 
and 600 Vdc (XW-MPPT80-600).

t

SMA Battery-Based and Grid-Direct Inverters 
By Greg Smith, SMA America

In both utility-interactive and stand-alone systems, ac cou-
pling offers a scalable system platform based on grid-quality 

alternating current. Due to its modular design, suitable applica-
tions for ac coupling range from small off-grid or grid-tied resi-
dential systems to large stand-alone microgrids developed for 
village electrification projects. AC-coupled systems are more 
scalable than dc-coupled systems and can seamlessly integrate 
diverse charging sources, including PV arrays, wind and hydro 
turbines, and ac backup generators. In addition, ac-coupled 
systems can be more easily expanded than dc-coupled systems 
as ac load and generation capacity is added.

The components that make up an ac-coupled system are 
themselves another benefit of ac coupling. BOS components 
for an ac-coupled system are considerably less expensive and 
more readily available than dc-powered alternatives and sim-
plify everything from system design to ongoing maintenance. 
AC coupling offers increased planning flexibility, since long dis-
tances between the power supply, batteries and loads do not 
pose the same limitations that they do in high-current dc sys-
tems. In ac-coupled microgrids, the connection of additional 
ac-power sources and loads is possible at almost any point in 
the system, allowing for subsequent expansion even years after 
the initial installation.

SMA is no stranger to ac coupling. In fact, it researched the 
feasibility of this approach to battery-based systems throughout 
the 1990s with the Institut für Solare Energieversorgungstechnik 
with funding from the German Ministry of Finance and Tech-
nology. By 2005 it had commercialized ac-coupling technology 
with the development of a fully integrated system platform that 
utilized grid-direct and battery-based inverters and controls. 
Today, SMA continues to expand its offerings for ac-coupled  
systems with the launch of new products like its Multicluster 
Box off-grid ac distribution solution.  C o n t i n u e d  o n  pa g e  9 4
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Figure 4  When a backup ac generator is included in an 
ac-coupled system that uses Schneider Electric’s Conext TX 
grid-direct and XW battery-based inverters, the manufactur-
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switch to prevent the unintended back-feeding of current 
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INTEGRATED EQUIPMENT 
One of the strengths of SMA’s offerings for 
ac-coupled applications lies in the highly 
integrated nature of the products. SMA 
Sunny Island battery-based inverters and 
Sunny Boy and Windy Boy grid-direct 
inverters can be used in conjunction with 
one another and with backup generators 
to form a highly integrated stand-alone ac 
power grid.

Sunny Island inverters. SMA’s ac-coupled 
solution is driven by the bidirectional Sunny 
Island inverter/charger, which is equipped 
with sophisticated ac grid-management 
functions and highly developed battery 
management that includes full system 
monitoring. The Sunny Island continuously 
tracks the batteries’ state of charge, and as 
system manager makes ongoing decisions 
based on those states. For example, dur-
ing operational periods where the batter-
ies are discharged and there is little solar 
generation, the Sunny Island can remotely 
and automatically start a backup generator, 
or even switch off consumer loads using a 
built-in load-shedding relay parameter. The 
Sunny Island also determines the optimum 
strategy for charging the batteries, and in 
doing so increases their service life.

To complement the existing Sunny Island 5 kW 5048-US 
inverter/charger, SMA will soon add two new models to its 
battery-based inverter family: the 4.5 kW 4548-US and the  
6 kW 6048-US. SMA Sunny Island inverters feature peak dc-to-
ac conversion efficiencies of above 95% and offer high-surge 
capabilities for starting and supporting large inductive loads 
such as motors and water pumps. For example, the Sunny 
Island 5048-US model can provide 6.5 kW output for 30 min-
utes, 8.4 kW for 1 minute and 12 kW for 30 seconds at 25°C. US 
Sunny Island inverter models have single-phase 120 Vac output. 
Multiple-inverter systems can be configured for single, split-
phase or 3-phase Vac.

Sunny Boy inverters. SMA manufactures a wide range of grid-
direct string inverters that can be used in ac-coupled appli-
cations. With rated power outputs of 700 W to 10 kW, these 
inverters can be fully integrated with and controlled by SMA 
Sunny Island inverters in ac-coupled systems. In addition, SMA 
manufactures Windy Boy grid-direct inverters that process 
power from wind turbines; these can also be integrated with an 
ac-coupled system platform.

Multicluster Box. For large ac-coupled stand-alone systems, 
SMA manufactures the SMA Multicluster Box (MCB), an off-
grid ac-distribution hub that combines and manages a variety 

of ac-generation sources 
in large-scale Sunny 
Island multicluster sys-
tems. While a Sunny 
Island inverter cluster 
can be used in grid-tied 
battery-backup appli-
cations, the MCB was 
developed for stand-
alone 3-phase 208 Vac 
systems only. A precon-
figured ac-distribution 
board in the MCB allows 

you to easily connect all the ac components in the stand-alone 
grid, including batteries, ac generator and renewable energy 
sources, loads and Sunny Island inverters.

Smartformer. SMA will soon be releasing the recently UL-
listed Smartformer, a 120/240 Vac autoformer designed for sys-
tems that utilize a single Sunny Island inverter in conjunction 
with a single Sunny Boy inverter. The autoformer provides step-
up and step-down options to supply loads with 120 Vac and 240 
Vac and allows coupling of a Sunny Boy inverter with a single 
Sunny Island inverter.

THE MULTICLUSTER PLATFORM 
Developed for off-grid village electrification projects, SMA’s 
multicluster system platform (see Figure 5, p. 96) integrates 
Sunny Island inverters in groups of three, referred to as clusters. 
The inverters in each cluster share a dedicated battery bank 
and are configured for 3-phase ac output. Two, three or four 
3-phase clusters, each consisting of three Sunny Island inverter/
chargers, can be connected in parallel via the MCB for system 
inverter capacities of up to 110 kWac. Additional clusters can 
be connected to the MCB’s distribution board at any time, 
enabling expansion of renewable energy generation capacity. 
Limiting factors of the multicluster system C o n t i n u e d  o n  pa g e  9 6 
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are the number of inverter connections possible on each 
MCB ac-distribution board and the ampacity of their switch-
ing devices. With the exception of the master cluster, main-
tenance or replacement of individual inverters can take 
place during system operation—the only operational differ-
ence during system maintenance is that the total output of 
the system is correspondingly lower.

In ac-coupled multicluster systems, SMA Sunny Boy invert-
ers communicate with Sunny Island battery-based inverters via 
a shielded RS485 communication cable. When the batteries are 
completely charged and the ac-load demand is low, the Sunny 
Island uses frequency-shift power control to gently throttle 
down the power output of the grid-direct SMA inverters. These 
frequency shifts prevent battery overcharging and are inde-
pendent of any other communication functions between the 
inverters. Unlike the operation of ac-coupled solutions from 
other manufacturers that use frequency shift to completely 
drop ac-coupled grid-direct inverters off-line, SMA’s fully inte-
grated approach allows the ac-coupled string inverters to 
remain online during frequency shift while operating at lower 
power levels (see Figure 6).

Most ac-coupled systems that utilize SMA’s battery-based 
and grid-direct inverter products do not require any additional 
components such as relays and remote disconnects to manage 
power production when ac production exceeds the on-site load. 
In addition, if the battery reaches a preset low state-of-charge 
threshold, a load-shedding contactor can be programmed to 
open to prevent an over-discharge of the battery, which could 
cause the individual cluster to disconnect from the system. 
With a portion of the loads off-line, the ac-coupled charging 
sources continue to charge the battery bank. When a sufficient 
battery state of charge is achieved, all loads are automatically 
reconnected to the ac-distribution system.

The MCB includes several heavy-duty contactors. Each 
generator contactor connects grid-forming generators, such as 
those used in high-power diesel generating plants. When the 
generator voltage and frequency parameters are within lim-
its, the Sunny Island synchronizes with the generator voltage 
and frequency reference and uses both generator power and ac 
renewable energy sources to either supplement loads or charge 
the battery banks. If an inverter cluster fails or is switched off, 
the generator contact automatically closes and the generator is 
directly connected to the loads. If the generator fails, the system 
quickly disconnects it and maintains power  C o n t i n u e d  o n  pa g e  9 8 
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Figure 5  SMA’s Sunny Island multicluster system is designed 
to integrate diverse ac-coupled renewable generation sources 
and backup generators with multiple clusters of three Sunny 
Island battery-based inverters. SMA’s new Multicluster Box 
serves as an ac network distribution hub for the system.
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Figure 6  Three battery-based 
inverter manufacturers utilize 
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ac output of grid-direct invert-
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illustrates SMA’s Frequency Shift 
Power Control, which modulates  
the power output of the string 
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to the loads via the batteries and the available renew- 
able energy sources. This system redundancy ensures that 
power is still available for the ac loads, even when one com-
ponent fails.

MULTICLUSTER CASE STUDY 
An example of an off-grid, ac-coupled multicluster power sup-
ply system is on Scotland’s Isle of Eigg. The island is part of 
the Scottish Inner Hebrides chain and is approximately 12 
square miles with a population of 90. Due to high costs, the 
island has not yet been connected to the mainland’s power- 
distribution grid, which is about 10 miles away. Until 2008, 
diesel generators supplied the island with electricity and the 
entire ac-distribution network had to be taken off-line when a 
generator required maintenance.

Since 2008, the islanders have reaped the benefits of a mod-
ern 3-phase electricity grid, 95% of which is supplied by renew-
able energy sources. This ac-coupled hybrid system integrates 
hydroelectric, wind and solar generation. Generator operation 
is limited to times when the combined renewable generation 
sources do not fully meet the load demand. Although grid- 
quality power is now available 24 hours a day, electricity costs 
for the islanders have fallen by more than 60%.

The central element of the stand-alone grid is the SMA 
MCB-12, which serves as the distribution hub for four Sunny 
Island clusters. Each cluster is rated at 15 kWac. Three hydro 
turbines with a total generation capacity of 110 kW, four small 
wind turbines with a total capacity of 24 kW, and a 32 kW PV 
plant provide a diverse supply of electricity. Two 64 kW diesel 
generators serve as backup. Each cluster’s battery bank has a 
storage capacity of 2,242 Ah at 48 Vdc nominal and can meet 
the island’s load for approximately 24 hours.

During normal operation, the master cluster controls the 
entire grid and ensures that the distribution system’s energy  
balance is maintained at all times. Excess energy from the 
renewable sources is stored in each inverter cluster’s battery 
bank. When the battery is fully charged, the master cluster 
reduces the power output of the Sunny Boy and Windy Boy 
inverters using frequency-shift power control. It also activates 
remotely controlled diversion loads such as water-heating 
tanks located in public buildings.

The master cluster starts the diesel generator when the sys-
tem’s battery state of charge falls below 60%. In this case, the 
diesel generator sets the network’s power frequency and the 
Sunny Island clusters are synchronized to the generator’s volt-
age and frequency reference. The overload   C o n t i n u e d  o n  pa g e  1 0 0 
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capacity of the Sunny Island inverter/chargers makes an 
important contribution to the system’s operation. When large 
loads are cycled, the load on the generator does not immedi-
ately change because the Sunny Islands compensate for load 
fluctuations. In this application, the Sunny Island system can 
supply 144 kW of battery power to the grid for 3 seconds. In its 
role as grid manager, the master cluster weighs the alterna-
tives of operating the diesel generator with the highest possi-
ble efficiency while delivering the appropriate charge current 
to the system’s battery banks. As a result, the generator runs 
less frequently, runs more efficiently under partial loading, 
and is not subjected to short start-and-stop cycles.

t

Integrator Perspectives on AC Coupling 
On one hand, equipment manufacturers are able to provide 
valuable technical insights on the use of their products in  
ac-coupled applications. On the other hand, the diverse nature 
of these sometimes complex systems makes the lessons inte-
grators have learned equally important in many instances. 
We surveyed several solar professionals with ac-coupled  
system design and installation experience who graciously 
devoted some time to sharing their experiences from the field.

TOMMY JACOBY, PRINCIPAL,  
JACOBY SOLAR CONSULTING 

When compared to dc-coupled PV systems, ac-coupled systems 
may provide a more efficient means for utilizing array output if 
the majority of a site’s ac loads (including energy exported to 
the grid in utility-interactive systems) is utilized during peak 
solar production hours. Assuming that losses from conduc-
tors are equal in the two systems, and that the majority of the  
ac-load consumption corresponds with PV production, ac- and  
dc-coupled system efficiencies can be compared as shown 
below. This simplified comparison uses sample inverter and 
charge controller efficiencies. More accurate comparisons can 
be developed using equipment-specific efficiency figures. In 
addition, this example does not include any losses associated 
with array power passing through or over the battery bank, 
which would result in a more favorable power output advan-
tage for ac-coupled systems.

AC-coupled PV system. PV production x ac-coupled inverter 
efficiency = available ac power; 10,000 Wdc x 0.95 = 9,500 Wac

DC-coupled PV system. PV production x charge controller 
efficiency x battery-based inverter efficiency = available ac 
power; 10,000 Wdc x 0.95 x 0.95 = 9,025 Wac

When evaluating the cost of ac- versus dc-coupled sys-
tem designs, account for all materials and installation-labor 
savings on the dc side of the system. In ac-coupled systems, 

the grid-direct inverter essentially replaces the dc-charge  
controller, but ac coupling may also eliminate the need for 
a source-circuit combiner box if PV source-circuit fusing is 
included in the ac-coupled grid-direct inverter.

Make sure to compare the power output from the ac-coupled 
portion of the PV system with the pass-through capability of the 
battery-based inverter when designing ac-coupled systems. 
This need applies to both grid-tied and off-grid applications. 
Additionally, be sure to match the grid-direct inverter voltage 
requirements with the battery-based inverter voltage output. For 
example, grid-direct inverters that have 240 Vac output cannot 
be ac coupled with a single battery-based inverter with 120 Vac  
output without the addition of a step-up/step-down trans-
former that lowers overall system efficiency. The SMA Sunny 
Island system requires an RS485 communication cable between 
the Sunny Boy and Sunny Island inverters. This enables full com-
munication between the inverters and allows the battery-based 
Sunny Island inverters to modulate the power output of the 
string inverters based on ac load requirements and battery state 
of charge. While the communication cable can connect invert-
ers over a distance of up to 3,937 feet if necessary, it is advanta-
geous to group inverters as close together as possible.

KELLY KEILWITZ, PRINCIPAL,  
WHIDBEY SUN & WIND 

Our most complex ac-coupled system integrates a 21 kW PV 
array and a XZERES 442 wind turbine with two SMA Sunny 
Island 5048-US inverters. The system utilizes a transfer-relay 
contactor to switch the PV output from the grid-connected 
main panel to the critical load panel powered by the Sunny 
Islands when the grid goes down. This strategy avoids an ac 
amperage pass-through bottleneck through the two Sunny 
Islands during normal system operation when the grid is up.

From my perspective, ac-coupled systems offer the follow-
ing advantages:
f  The efficiency of grid-direct inverters is much higher than 

the efficiency of a dc-coupled battery-charging system.
f  PV array stringing options, combiners, and wiring are 

simpler and more flexible in ac-coupled systems than in 
dc-coupled systems.

f  The material and labor cost of installing an ac-coupled 
grid-direct inverter is comparable to the total cost of a 
charge controller, a dc-integration panel and the associ-
ated equipment required for dc-coupled systems.

f  Some inverter combinations, such as those used in SMA’s 
Sunny Island system, work in harmony to reduce grid-
direct–inverter output without fully disconnecting the 
grid-direct inverters. This allows for regulated battery 
charging when the system is in Off-Grid mode and genera-
tion exceeds the ac load. 

f  Renewable energy production metering is simpler in  
ac-coupled systems because it is  C o n t i n u e d  o n  pa g e  1 0 2 
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not necessary to account for grid and renewable 
energy generation that is consumed by critical loads or 
battery charging.
Some disadvantages of ac-coupled systems are also critical 

to consider:
f  When a system is in Off-Grid mode during utility outages, 

many ac-coupled–inverter combinations require an ac 
relay controlled by the battery-based inverter’s aux out-
put to disconnect the grid-direct inverter when genera-
tion exceeds the energy consumed by the critical loads. 
This disconnect relay can cycle repeatedly, resulting in 
a loss of energy production during the 5-minute resyn-
chronization waiting period every time the grid-direct 
inverter reconnects to the system.

f  The capacity of renewable generation sources is limited 
by the ac pass-through capacity of the battery-based 
inverter system. For example, the battery-based inverter 
capacity may need to be increased to handle the pro-
duction of a large PV system even if the critical load 
requirements do not call for it. One work-around is a 
fairly complex contactor-relay setup that switches the 
grid-direct inverter output between the main electrical 
panel and the critical load subpanel.

f  While the frequency-shift regulation approach used in 
SMA’s Sunny Island system works well, the installation 
manual is not as clear or complete as it could be. That said, 
SMA’s documentation, experience, understanding and 
support for ac-coupled systems is likely better than that of 
other manufacturers. Expect to develop a close relation-
ship with the inverter tech support people. Good cell-
phone coverage from the job site is a big advantage.

f  If the grid-direct inverter has a possibility of syncing with a 
backup generator, I instruct the system operator to discon-
nect the grid-direct inverter before running the generator. 
The operator can accomplish this with the installation of 
an either/or interlock switch.

DANA BRANDT, OWNER,  
ECOTECH ENERGY SYSTEMS 

My first experience with ac coupling was in 2003 while I was 
doing graduate studies in renewable energy in Germany. For 
my thesis project, I had the opportunity to design and install 
a hybrid PV-and-generator minigrid system that provided 
power for a rural boarding school located in Bulyansungwe, 
Uganda. This project included two 1.7 kW Sunny Boy 1700E 
inverters and a 3.3 kW Sunny Island 3300, C o n t i n u e d  o n  pa g e  1 0 4 
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and was one of the first deployments of SMA’s ac-coupled 
Sunny Island system.

One of the key advantages of ac coupling is higher system-
production efficiency. Here in Washington state, we have  
a production incentive that pays an elevated rate per ac kWh 
produced. With an ac-coupled system, we can take advantage 
of the high conversion efficiencies of grid-direct string invert-
ers—instead of the lower efficiencies of battery-based inverters. 
This results in a substantial increase in production incentive 
payments. The increased efficiency is also a benefit for off-grid 
systems with a high percentage of daytime loads.

The frequency control used in SMA’s Sunny Island system 
allows the Sunny Island battery-based inverters to incremen-
tally decrease the Sunny Boys’ production when the batteries 
are approaching a full state of charge and ac loads are low. This 
is a very elegant solution. There is a real advantage to keeping 
the array generating at partial capacity instead of turning the 
grid-direct inverters completely off and pulling energy from the 
batteries. This can, of course, also be accomplished in mix-and-
match inverter systems by using a diversion controller and load.

One of the things to watch for in ac-coupled system design is 
that the battery-based inverters typically cannot pass through 
to the grid more power than their rated inverting capacity. This 
means that the battery-based inverter capacity has to be at 
least as large as your grid-direct string inverter capacity, which 
can present an unfortunate bottleneck when you have the typi-
cal large grid-direct system and only a small requirement for 
backup power. To solve this scenario, you can use an automatic 
transfer switch or divide the grid-direct inverter and array 
capacity between the main panel and the critical loads panel.

MARK DICKSON, LEAD DESIGNER AND INSTALLER,  
OASIS MONTANA 

In 2008, Oasis Montana installed an off-grid ac-coupled sys-
tem that integrated two Sunny Boy 3000-US inverters with a 
quad stack of four OutBack VFX3648 battery-based invert-
ers. Because of tall trees around the home, the 5.6 kW pole-
mounted PV array was located 685 feet from the inverters and 
battery. By going with ac coupling, we were able to configure 
the array at high voltage, which reduced wire costs signifi-
cantly. The ac-coupled approach did require more compo-
nents and increased the complexity of the system, however.

In an ac-coupled configuration, ac power produced by the 
Sunny Boy inverters is back-fed through the ac-out terminals 
of OutBack VFX inverters. When you back-feed the Outback 
inverters, all the charging parameters are bypassed and the 
charge you are applying to the batteries is unregulated. In this 
system, we used a series of relays to switch dump loads on and 
off, simulating a three-stage charging process.

A Morningstar Relay Driver monitors the battery-bank 
voltage and controls four different relays. The first three relays 
control three 1,500 Wac electric heaters. Each relay is set at a 

slightly higher regulation voltage. A fourth relay is set at 62 Vdc 
and acts as our fail-safe in case one of the three diversion loads 
malfunctions. This relay is configured to disconnect the com-
bined 240 Vac output of the two Sunny Boy inverters.

In the past few years, higher voltage dc-charge controllers 
such as the MidNite Solar Classic and Xantrex XW-MPPT80-600 
have come to market. On midrange to long wire runs, consider 
using a higher voltage charge controller rather than ac cou-
pling. If you decide to go with ac coupling, I would recommend 
the SMA Sunny Island system because it is fully integrated. 
Based on our crew’s experience, we would not recommend 
mixing equipment from different manufacturers in residential-
scale off-grid ac-coupled systems. We learned this the hard way. 
Some grid-direct inverter manufacturers do not support or 
warranty their products in ac-coupled applications.

LARRY BROWN, OWNER,  
SUN MOUNTAIN 

Here in New York, I am seeing an increase in existing custom-
ers wanting to add battery backup to their grid-direct sys-
tems, as many of them experienced power outages for a week 
or more after Hurricane Irene last season. When the grid goes 
down, clients suddenly become aware that their PV system is 
not functional. During and after an extended power outage, 
that realization really starts to settle in. Because it doesn’t 
require any rewiring on the dc side, ac coupling is a good 
approach for retrofitting these systems. However, it has the 
disadvantage of adding system complexity and therefore cost. 
In New York, the financial incentives are based on kilowatts 
of installed solar modules, so there is no additional incentive 
money for ac-coupled systems.

What currently makes the SMA ac-coupled approach work 
well is that installers can set up all of the inverters to com-
municate with each other. However, in a retrofit, if the Sunny 
Boys and the Sunny Islands are not relatively close to each 
other (say the Sunny Boys are out in a field with the array and 
the Sunny Islands are down in the basement), then the com-
munication part of the system can become problematic. The 
standard approach is running a hardwired communication 
cable between the inverters. However, it may not be practical 
or possible to connect them in retrofitted systems. In that case, 
the Sunny Island inverters still use frequency shift to regulate 
battery charging, but do not modulate the string inverter’s 
power output as they would with the communication cable in 
place. Using only frequency shift, the Sunny Boy inverters drop 
completely off-line and have to go through the 5-minute wait-
ing cycle, which repeats until the combined load in the critical 
loads subpanel and the battery-charging power requirement is 
equal to or greater than the output of the Sunny Boy inverters.

We have installed ac-coupled systems only with SMA equip-
ment and have some suggestions for how SMA could improve 
integration of these systems. The first is C o n t i n u e d  o n  pa g e  1 0 6 
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to make the Sunny Islands capable of providing 120/240 Vac 
output so that only one Sunny Island battery-based inverter is 
necessary. At present, either two Sunny Islands or a step-up/
step-down transformer is required. Two ac inputs, one for the 
grid and one for a generator, would be handy as well. Currently, 
you need to add a separate automatic or manual transfer switch 
if you want to include grid and backup-generator charging.

KENT OSTERBERG, SENIOR ENGINEER,  
BLUE MOUNTAIN SOLAR 

One of the more common applications for ac-coupled systems 
is for homeowners who decide to add battery backup to a grid-
tied PV system. In most cases, I suggest to these customers that 
a generator is a better choice for occasional backup power. 
Folks in hurricane areas may be able to make a better argu-
ment for using batteries to back up grid power. If the PV array 
is a long distance from the batteries, they should consider ac 
coupling. However, with higher-voltage charge controllers such 
as the MidNite Solar Classic 250 and Xantrex XW-MPPT80-600 
available, I would consider those alternatives first.

Keep in mind that in utility-interactive systems, the grid-
direct string inverter that is set up for ac coupling with a  
battery-based inverter is not operating in AC-Coupled mode 
except when grid power is down. So 99% of the time, you will 
not experience any of the annoyances that come with a specific  
ac-coupled system. If the system is off-grid, ac-coupled 
operation is the normal routine and any problems become 
quite apparent. For an off-grid system where the ac-coupled 
inverter is normally the primary charging source, an external 
diversion controller and load should be used in mixed inverter 
systems. Additionally, making the system fail-safe is impor-
tant. For example, if the diversion controller is inadvertently 
turned off or fails, a relay-based approach should be in place 
to disconnect the ac-coupled inverter.

When considering ac coupling, one important question is 
how much support the inverter manufacturer is willing or able 
to provide. At one end of the spectrum, SMA has a fully inte-
grated product line and a training program for its Sunny Island 
system. Other battery-based inverter manufacturers may offer 
only a short white paper on using their products in ac-coupled 
applications, and their technical support staff may have limited 
experience with these systems.

Benefits and Drawbacks of AC Coupling 
Depending on the application and equipment used, ac-coupled 
systems may offer several advantages over their dc-coupled 
counterparts. In large stand-alone microgrid systems, such as 
those found in rural electrification projects in the developing 
world, ac coupling provides an extremely scalable and modular 
platform that can integrate multiple charging sources located 

throughout the system’s distribution network. Large stand-
alone projects here in the US may also benefit from an ac-cou-
pled rather than a dc-coupled design approach. The inverter/
battery cluster platform developed by SMA that is common in 
these large systems allows segmentation of battery storage into 
manageable bank sizes that limit the number of series battery 
strings required to achieve sufficient storage capacity.

In residential systems, ac coupling is one approach that 
can be used to increase PV system voltages (up to 600 Vdc) to 
minimize wire costs when PV arrays are located a significant 
distance from the power-conditioning and -storage equipment. 
It can be a great solution in the retrofit market when custom-
ers want to add battery backup to existing grid-direct systems. 
Finally, ac-coupled systems can achieve higher dc-to-ac conver-
sion efficiencies, especially when the generation matches peri-
ods of high-electricity demand.

In spite of the benefits ac coupling has to offer, it may 
also have some downsides when compared to more standard  
dc-coupled system designs. Again, depending on the applica-
tion and equipment used, system regulation and optimized 
battery charging can be a challenge, especially when equip-
ment from different manufacturers is installed. The intro-
duction of higher voltage charge controllers has offset one of 
the perceived advantages of ac coupling when long-distance 
array-to-battery power transmission is required. In general,  
ac-coupled systems can be more complex in design and instal-
lation, and this is compounded by the fact that the knowledge 
base in the industry to support inexperienced integrators is still 
underdeveloped compared to what is available for the more 
common grid-direct and dc-coupled systems.

In spite of the benefits and drawbacks of ac-coupled sys-
tem architectures, they are an important and viable approach 
for integrators to have in their design toolkit. AC coupling can 
provide solutions for systems that would otherwise have been 
undevelopable. As interest in ac-coupled systems continues to 
grow, installers will continue to learn valuable lessons from the 
field. Correspondingly, manufacturers will continue to develop 
both products and more-robust support services to aid integra-
tors in the design and installation of this modular and scalable 
system platform.
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Interview An Experienced Perspective

Maria and Bob Kingery,  
Southern Energy Management
Growing a Good Business

Southern Energy Man-
agement (SEM) is head-

quartered in Morrisville, 
North Carolina, with offices 
in Charlotte and Wilming-
ton, as well as in Greenville, 
South Carolina. In some 
ways, SEM’s business trajec-
tory mirrors that of many 
solar integration firms. 
The 11-year-old company 
successfully navigated the 
challenges associated with 
rapid growth, geographical 
expansion and the ebb and  
flow of financial incen-
tives. However, several 
aspects of the business set 
it apart. First, Maria and 
Bob Kingery, the company’s 
co-founders, honed their 
business acumen in an 
industry far removed from 
solar—both were part of  
the core team that trans-
formed Burt’s Bees per-
sonal care products  
from a Maine-based cottage industry 
to a multi-million-dollar international 
brand. Secondly, unlike many integra-
tors, SEM has a strong business focus 
on efficiency services and building 
performance rating, in addition to PV 
and solar heating. To date, SEM has 
installed over 20 MW of PV including 
residential, commercial, utility and 
military systems. Maria earned a BA in 
English literature from North Carolina 
State University and currently serves  
as the company’s president. Bob is 
SEM’s CEO and holds a degree in 
mechanical engineering from North 
Carolina State University.

SP: SEM was founded in 2001 and  
now has approximately 120 full-time 
employees. What were some of the key 
business initiatives that enabled this 
rapid growth?
BK:  We had a spike in hiring around 
2007, initially driven by building 
performance and residential solar 
services, mostly solar water heating. 
Energy Star certification became a big 
seller as production builders started 
coming into the fold wanting to differ-
entiate their offerings, so by the end of 
2008 we were working with more than 
300 builder clients. On the solar side, 
the North Carolina market grew tre-
mendously in a short time. In 2007, we 

worked on the state’s 
largest system to date, 
and it was just 30 kW. 
That same year, North 
Carolina adopted a 
Renewable Energy and 
Energy Efficiency  
Portfolio Standard, 
which helped create  
an in-state market for 
our services. As we  
all know, policy is criti-
cal to our success as  
an industry.

We work with 
utilities and commer-
cial clients on multi-
megawatt projects, in 
addition to continuing 
our relationships with 
builders and residential 
customers. Balanc-
ing the various client 
and service types is 
certainly not simple, 
but we believe it allows 

us to provide the best value for our 
customers. So far, it’s paid off. We see 
more and more opportunity for our 
team across all our lines of business 
and in expanding geographies, both on 
the solar side and with our commer-
cial building performance team, which 
travels all over the country.

SP: Promoting sustainability is a  
cornerstone of SEM’s business. How 
are these core values integrated into 
your company? 
MK: Sustainability is the foundation of 
everything we do at SEM, and the inte-
gration starts with the hiring process. 
We’re building  continuEd on PAgE 110  

Maria and Bob Kingery, Southern Energy Management  Maria 
and Bob’s focus on sustainability—in terms of both business and 
the environment—has created a company DNA that is becoming 
increasingly rare in today’s solar industry.
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a world-class team of smart, passion-
ate people who don’t just want to 
take home a paycheck—they want to 
have a positive impact on the world. 
That’s who we want on our team. As a 
business tool, this focus on both what 
we do and how we do it has helped us 
find not just great team members, but 
also business partners who appreci-
ate the long-range view that SEM has 
planned. Operating sustainably also 
helps us save on costs. We have a fleet 
of hybrid vehicles, and we also do a lot 
of little things 
like composting, 
buying gently 
used furniture 
as much as pos-
sible and being 
vigilant about 
our own energy 
use. Done right, 
sustainability 
should add to 
the bottom line, 
not detract from it.

SP: SEM promotes a balanced work 
environment for its team members.  
What does this environment look like for 
your employees?
MK: We try not to take ourselves too 
seriously! We celebrate accomplish-
ments, both big and small, by ringing 
a gong that the entire office can hear. 
Instead of vending machines in the 
break room, we have a “sustainable 
snack” program, and team members 
have input on what kinds of snacks 
are provided. We have a generous 
holiday policy to allow our team 
members to have time to enjoy their 
lives outside of work. While we work 
really, really hard, we do our best to 
enjoy our work and each other along 
the way. Fostering a cooperative 
work environment is advantageous 
because it allows us to attract the 
best people to help us achieve our 
mission, and that separates us from 
our competition.

SP: in 2009 SEM became a certified B 
corporation. is this certification primarily 
used as a metric to guide internal com-
pany decisions or does it have external 
marketing benefits?
MK: B Corp certification is a very big 
deal for us. Anyone can write a mis-
sion statement that sounds nice, but 
B Corps have to go through a third-
party certification process confirming 
that they’re actually doing what they 
say. For us, that means we’re putting 
an emphasis on things other than the 

financial bottom line. 
We provide a benefit 
to the environment 
and society while still 
working as a for-profit 
business. We have a 
B Corp Declaration 
of Interdependence 
up on the wall that 
everyone has signed, 
stating that we envi-
sion a new type of 

business model that “harnesses the 
power of private enterprise to create 
public benefit.”

Being a B Corp is something that 
we talk about quite a bit both inter-
nally and externally. It’s impacting 
everything from SEM’s selection of 
local vendors to community ser-
vice—85% of the team spent at least 4 
hours doing volunteer work in 2011, 
for example. And yes, it does offer 
some marketing benefits and partner-
ships, too. B Corps are well aware of 
each other’s presence, and we do what 
we can to support each other. With 
more than 500 B Corps nationwide so 
far, that’s a lot of opportunity.

SP: SEM offers a suite of efficiency ser-
vices, including Energy Star verification 
for homes, and performance testing and 
benchmarking for commercial buildings. 
Are these services a profitable arm of 
SEM’s business?
BK: Building performance certainly 
isn’t our cash cow, but it is profitable 

on its own merits and it’s been a lot 
of fun to watch that team evolve over 
the years. In fact, its margins are more 
dependable at times than solar’s, since 
it doesn’t have to worry about “solar 
coaster” sales cycles. I understand 
why some companies might not see 
the value, but we view building perfor-
mance and solar as complementary.

SP: SEM has been acknowledged as 
an Energy Star Partner of the Year for 
six years (2007–12), and in 2011 and 
2012 received the Energy Star Award 
for Sustained Excellence. Which of your 
company’s efforts put you in the running 
for this recognition?
BK: That’s all due to a part of the build-
ing performance team that works pri-
marily with builders. Earlier this year, 
we surpassed 10,000 Energy Star home 
ratings, which was a great achieve-
ment. The whole Energy Star program 
has become more mainstream in the 
last few years, because builders recog-
nize that buyers want a house that’s 
efficient, and they’re increasingly savvy 
about energy use. Energy Star certifica-
tion is usually the first step in certify-
ing energy efficiency, and has often 
laid the groundwork for more jobs like 
a LEED certification or a residential 
solar installation.

SP: SEM is very engaged in social media 
marketing strategies. How are these 
efforts managed internally and how effec-
tive are they in terms of client acquisition?
MK: We like being able to engage with 
customers and partners, and social 
media has been great for that. We 
have a smart team that has worked to 
establish and build our online pres-
ence across various platforms. Cur-
rently, one person on our marketing 
and communications team oversees 
our daily interactions in the social 
media space. But he’s not out there on 
his own; he works closely with every 
team member who submits a blog post 
(more than 25  c o n t i n u E d  o n  PA g E  1 1 2 

Interview

“We believe what  
you do is important, 
and we also believe 
how you do it matters 
just as much.”
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RENEWABLE
E n e r g y  A s s o c i a t e s

Your partner 
 in successful PV projects
—from planning 
 to commissioning.

• Preliminary Design
•  Permitting and Construction Documents
•  Installation Support

www.renewableassociates.com
info@ renewableassociates.com

541.754.2001

Don’t miss the fifth national conference on 
educating the renewable energy and energy efficiency workforce 
planned for November 2012. This event offers the most current 
information on instructional strategies, curricula development,  
credentialing, and best practices for training in the renewable 
energy and energy efficiency fields.  

For a full list of presentations, go to www.cewec.org

Mark your calendars for November 2012 and be part 
of the one national event that brings together innovative educators 
who are training today’s clean energy workforce.

SAVE THE DATE!

Organized by:

The Albany Marriott, Wolf Road

Albany, New York
November 13 – Pre Conference Workshops

November 14 and 15 – Conference Sessions

Visit www.cewec.org for more information

Exhibit Space Available - Showcase your organization or company 
to instructors, educational centers, and industry experts. Improve your 
visibility in this increasingly competitive market  — 500 renewable energy 
and energy efficiency educators are expected to attend.

conference media partner



112 S o l a r Pr o  |  august/September 2012

Interview

of us so far!). It can be tough to quan-
tify sometimes, but there is definitely 
value from this level of engagement. 
When potential customers read about 
our PV safety white paper on 
Facebook or see a detailed blog 
post on net-zero construction 
projects, it solidifies our cred-
ibility as dedicated experts and 
adds value for our industry as 
well as for our company. SEM 
has never been interested in 
being the lowest bid for every 
job; we pride ourselves on qual-
ity work, so having that solid 
reputation and being part of a sustain-
able industry is vital.

SP: SEM publishes a newsletter, “Build-
ers Digest,” that is distributed to a net-
work of professional home builders. Has 
working directly with home builders been 
a productive avenue for sales?
BK: We’ve always been intentional 
about adding value for our home-
builder partners. We offer Energy Star 
verification services, green build-
ing verification through a variety of 
programs—such as LEED and the 
National Association of Home Build-
ers’ Green Building program, which we 
helped pioneer—and both solar heat-
ing and PV services.

Like anyone else, builders want 
to work with partners they know and 
trust, especially when they don’t have 
experience with new offerings. We do 
our best to make it easy for them to 
choose the programs and products 
that are right for them, and we place a 
lot of emphasis on education.

The recent changes in the Energy 
Star program (it transitioned from 
version 2.0 to 2.5 to 3.0 in the span of 
a year) are a perfect example of that. 
It was fairly complicated, so our team 
held training sessions to help builders 
prepare for the new guidelines. Builders 
appreciate and benefit from our exper-
tise, and that helps us retain customers 
in an increasingly competitive mar-
ket. It also opens doors to providing 

additional services for builders who 
want to take the next step in differenti-
ating their products.

SP: SEM installs both PV and solar heat-
ing systems. With the recent decreases 
in natural gas prices, residential solar 
water heating systems have become less 
cost effective in many regions. What are 
your perspectives on the state of solar 
hot water for homes?
BK: We do believe that currently PV 
presents the greatest opportunity, but 
there’s still a place for solar heating. The 
advantage of grid-tied PV is that it  
has an infinite amount of storage 
capacity and an infinite amount of 
demand, so it works for everyone. Solar 
water heating is more complex because 
it requires you to calculate production, 
storage and demand to optimize value. 
As for natural gas, while prices are 
currently low, it is still a finite resource 
with potentially volatile price swings. 
Solar heating fixes energy prices for 
15–20 years, so it makes a lot of sense 
for customers with high demand over 
the long term, and in the short term if 
it’s replacing electricity or propane as  
a heating source.

SP: What strategic advice do you have 
for integrators who are considering 
expanding into new sales regions?
MK: When looking to expand, look for 
opportunities that build on existing 
relationships and take advantage of 
market conditions that will be sustain-
able over time. We work with utilities 
and project developers who want a 
reliable partner to build quality systems 

that will last 20–30 years, and that work 
takes us up and down the East Coast. 
But we also concentrate considerable 
effort within our region to allow us to 
maintain a strong presence in our own 
backyard. Strategically, we are focused 
on building a strong company that our 
customers can depend on long after our 
race-to-the-bottom competitors have 
moved on from the industry.

SP: If you could offer a small integrator 
striving to become larger a single piece 
of advice, what would it be?
MK: Build strong relationships and 
think long-term (which I realize is two, 
but they are closely interrelated and 
one won’t work without the other). Our 
industry is changing rapidly, and there 
are a lot of companies out there that  
are just looking for the next big project 
or the latest hot market. While that may 
look like an attractive way to rapidly 
expand your business, it also has the 
potential to backfire if you’re not strate-
gic about why you are pursuing oppor-
tunities and how they will help you drive 
profitable revenue over the long term. 
What our industry needs is strong play-
ers who have a long-term view—be one 
of those and you will create success for 
yourself and others.

[Immediately prior to publication, Southern 

Energy Management announced the sale of its 

industrial and large commercial solar services 

business to PowerSecure International, which 

will operate the business as a separate subsid-

iary. SEM will retain a 10% ownership in the new 

company in the near term. PowerSecure has the 

option to increase its ownership to 100% begin-

ning in June 2014. SEM will shift its primary focus 

back to residential and small commercial solar 

projects and efficiency services. Bob Kingery 

states, “We want to grow SEM into a bigger,  

better version of how we started off. There’s a 

myth that solar power and energy efficiency are 

out of reach for most homeowners and small 

businesses. That’s not true. It is absolutely 

achievable, and we can’t wait to throw all our 

effort into helping those types of customers make 

smart energy choices.”]

“We value interdependence 
and not just independence  
as a corporation. We do  
business in a way that values 
all of our stakeholders.”
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Let’s 
do the 
math.

Yup. 
A longer 
warranty 
is better.

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

Magnum has you covered with our 
new five-year warranty.
The Magnum Panel (MP) and Mini Panel (MMP) systems make ordering and installing inverters 
and balance of system equipment easy and convenient. 

And now, MP and MMP systems come with extended peace of mind. Extend our new three-year 
warranty to five years simply by installing your MS / MS-PAE on an MP or MMP panel system. 
The five-year warranty also covers Magnum accessories, including the Magnum ME-ARC and 
ME-RC Remotes, the Magnum Router (ME-RTR), Battery Monitor Kit (ME-BMK), and Auto Gen Start 
(ME-AGS-N) installed on MP and MMP systems.
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Training Continuing Education for the Pro

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

C o n t i n u E d  o n  Pa g E  1 1 6

Arizona

Sunny Boy 1
SMA America

Aug 7
Phoenix
sma-america.com

Sunny Boy 2
SMA America

Aug 8
Phoenix
sma-america.com

California

Thermal I
Schüco USA

Aug 8 – Aug 9
Union City
schueco.com/web/us

Technical PV Training 
SolarUniverse

Aug 13 – Aug 17
Livermore
sunprotraining.com

Advanced PV Workshop
Sean White Solar

Aug 18
Sept 15
Lafayette
seanwhitesolar.com

PV Design & Installation  
Intensive
Solar Living Institute

Aug 20 – Aug 24 
Hopland
solarliving.org

Regional Forum
SMA America

Aug 28 
San Diego
smaregionalforums.com

Advanced PV Systems
Solar Living Institute

Sept 4 – Sept 8 
Hopland
solarliving.org

Colorado

Advanced PV System Design  
& the NEC 
Solar Energy International

Aug 6 – Aug 10
Carbondale
solarenergy.org

Solar Business & Technical Sales
Solar Energy International

Aug 13 – Aug 17 
Carbondale
solarenergy.org

Tools & Techniques for O&M 
Solar Energy International

Aug 8 – Aug 17
Paonia
solarenergy.org

Grid-Direct PV Lab Week 
Solar Energy International

 Aug 8 – Aug 24
Paonia
solarenergy.org

Battery-Based PV Lab Week
Solar Energy International

Aug 27 – Aug 31 
Paonia
solarenergy.org

PV Prep Course
Thames Solar Electric

Aug 27 – Aug 29 
Denver
thamessolar.com

PV Seminar
Thames Solar Electric

Sept 17 – Sept 21 
Denver
thamessolar.com

Connecticut

Thermal I
Schüco USA

Sept 24 – Sept 25 
Newington
schueco.com/web/us

PV I
Schüco USA

Sept 26 – Sept 27 
Newington
schueco.com/web/us

Florida

PV Design & Installation
US Solar Institute

Aug 6 – Aug 10
Sept 3 – Sept 7 
Fort Lauderdale
ussolarinstitute.com

Installing PV Systems
Florida Solar Energy Center

Sept 17 – Sept 21
Cocoa
fsec.ucf.edu

Georgia

NABCEP PV Installer Exam Prep
Solairgen

Aug 8 – Aug 22
Dahlonega
solairgen.com

PV Systems Design and Installation
Solairgen

Aug 6 – Aug 10
Sept 10 – Sept 14 
Dahlonega
solairgen.com

Fundamentals of Solar Business  
& Technical Sales 
MAGE Solar Academy

Aug 24 
Dublin
magesolaracademy.com

Advanced Solar Business &  
Technical Sales
MAGE Solar Academy

Aug 27 – Aug 31 
Dublin
magesolaracademy.com

NABCEP PV Installer Exam Prep
MAGE Solar Academy

Sept 13 – Sept 14 
Dublin
magesolaracademy.com

PV Field Inspectors 
MAGE Solar Academy

Sept 17
Dublin
magesolaracademy.com

Fundamentals of Solar Business & 
Technical Sales
MAGE Solar Academy

Sept 20
Dublin
magesolaracademy.com

Electrical Grounding & Bonding
MAGE Solar Academy

Sept 21
Dublin
magesolaracademy.com

Maryland

Solar PV Installer Boot Camp
HeatSpring Learning Instutute

Sept 25 – Sept 27 
Baltimore
heatspring.com

Massachusetts

NABCEP PV Installer Exam Prep 
HeatSpring Learning Instutute

Aug 20 – Aug 21
Boston
heatspring.com

New York

PV Installer’s Course
Ulster BOCES

Aug 6 – Aug 10
Port Ewen
ulsterboces.org

NABCEP PV Entry Level Exam  
Prep Course
Ulster BOCES

Aug 12 – Aug 22
Port Ewen
ulsterboces.org

Pennsylvania

PV Sales & Installer Training
SunWize Sustainable Energy Academy

Aug 14 – Aug 16
Philadelphia
cvent.com/d/tcq12m

Texas

Sunny Island 1 
SMA America

Aug 21
Austin
sma-america.com
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Backwoods
 Solar

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

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

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

America’s most trusted off-grid supplier 

backwoodssolar.com    208-263-4290

The Solar 
Tracker 

Company

Fully Adjustable
Commercial Trackers

Dual-Axis Tracker
40% More Ef cient• 
Pole-mounted/More Ef cient/Runs Cooler• 
Up To 288 sq. ft.~ 4--5 KW Systems• 
Uses Any Module• 
Quick & Easy Installation• 
HD Base Stands Available• 

        (A Division of DH Satellite)
600 N Marquette Rd, Prairie du Chien  WI 53821

608-326-8406 ~ 608-326-4233 (fax)
www.dhsolar.net ~ 800-627-9443

     
SOLAR

y

Call For 
More

Information 

& Pricing

W I R E  M A N A G E M E N T  C L I P S
M A D E  I N  T H E  U . S . A .

W h y  P a y  M o r e ?
EIGHT REASONS TO CHOOSE US!
1. Made in U.S.A.

2. Pricing/Samples
Available

3. Radius Eliminates
Chafing

4. Made from 410
Stainless Steel

5. Inventory
Availability/Quick
Turnaround

6. Scheduled/Blanket
Orders Welcome

7. Ease of Installation

8. Design Flexibility

DCS–1306

DCS–1307

800.539.3939
info@ninefasteners.com
www.ninefasteners.com

Pa r t n e r s  w i t h  t h e  S o l a r  E n e r g y  I n d u s t r y
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Sunny Island 2
SMA America

Aug 22
Austin
sma-america.com

Wisconsin

Model PV Training Program Institute
Midwest Renewable Energy Association

Aug 2 – Aug 5
Madison
midwestrenew.org

PV Curriculum Development
Midwest Renewable Energy Association

Aug 6 – Aug 7
Madison
midwestrenew.org

Solar Thermal Technology Instructor 
Institute
Midwest Renewable Energy Association

Aug 6 – Aug 10
Custer
midwestrenew.org

Advanced PV Installation
Midwest Renewable Energy Association

Aug 8 – Aug 12
Custer
midwestrenew.org

Lead Installer Training,  
Residential PV
Midwest Renewable Energy Association

Aug 8 – Aug 12
Custer
midwestrenew.org

Intermediate PV
Midwest Renewable Energy Association

Aug 13 – Aug 14
Custer
midwestrenew.org

PV Design and Installation Lab
Midwest Renewable Energy Association

Sept 15 – Sept 18
Custer
midwestrenew.org

Online

Allied American University
allied.edu

Allied Schools
training4green.com

Imagine Solar 
imaginesolar.com

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

Training

Post or view professional  
trainings online at:
solarprofessional.com/training
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THINK THERMAL-
THINK SUNEARTH

www.sunearthinc.com

Quality Solar Energy Products

SunEarth, Inc.
8425 Almeria Avenue, Fontana, CA 92335

(909) 434-3100, FAX (909) 434-3101
Distributor inquiries welcome.

The Empire Series Liquid Flat Plate Collector

Introducing...Introducing...

PVSelect.com

Your One-Stop Design Tool for 
Pairing and Comparing Modules and 

Inverters... Fast, Simple & FREE!

j Streamlined module and inverter selection on one Web site

j Over sixty inverters from nine manufacturers

j Over two hundred PV modules from twenty manufacturers

Visit pvselect.com today, a free solar design resource provided bypvselect.com today, a free solar design resource provided by

Just when you thought it
couldn’t get any better...

To find out more, call 888-825-3432 
Or visit www.S-5-Solar.com/sp

S-5!® has made cutting 
edge innovations to 
the industry standards 
for attaching solar 
panels using the  
S-5-PV Kit!
The new stainless steel 
mounting disk provides 
conductivity within a string 
of modules, reducing the 
need for lugs and copper 
wire - resulting in savings 
that can pay for the entire 
S-5! setup!

Listed to the new UL subject 2703, a standard that covers 
both bonding and mounting! ETL Listed to UL 1703.

See us in September at 
SPI booth #1277

www.lmcurbsolar.com
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Projects System Profiles 

The South Burlington Solar Farm is 
unique in that it utilizes a decentral-

ized design with 382 SMA string invert-
ers integrated with dedicated AllEarth 
Renewables AllSun dual-axis trackers. 
This distributed approach provides a 
high degree of redundancy—eliminat-
ing the single point of failure common 
to systems that employ high-capacity 
central inverters and minimizing 
potential downtime from an inverter 
failure—while optimizing power output 
and energy harvest. The 2.13 MW PV 
system is the largest solar farm in North 
America deployed using a distributed 
inverter approach.

The project received financing from 
a local lender, Merchants Bank, and 
is owned by Chittenden County Solar 
Partners. It participates in Vermont’s 
first-in-the-nation Standard Offer Pro-
gram, which is a feed-in-tariff program 
that offers 20-year contracts at a fixed 

price. The program supports solar proj-
ects up to 2.2 MW. Because of the high 
level of interest, projects were chosen by 
lottery. The South Burlington Solar Farm 
received a $0.30/kWh contract.

AllEarth Renewables, the tracker 
manufacturer and EPC contractor, chose 
a decentralized inverter configuration for 
this 25-acre solar farm to maximize reli-
ability and production. Each top-of-pole-
mounted subarray has its own dedicated 
MPPT input to optimize performance. 
Since inverters can be replaced indi-
vidually, O&M expenditures should be 
reduced over the life of the system com-
pared to centralized designs. This design 
also keeps dc wiring costs down since 
the PV source circuits are connected to 
the inverter at the tracker. 

The field wiring is exclusively ac 
circuits. Cable-in-conduit connects the 
output of each string inverter from line 
to neutral inside one of twenty 200 A  

Overview
DESIGNER: Doug MacDonald,  

project engineer, AllEarth Renewables, 

allearthrenewables.com

INSTALLATION TEAM: AllEarth 

Renewables, project EPC; Engineers 

Construction, engineersconstruction. 

com; J.A. Morrissey, jamteam.

com; Omega Electric Construction, 

omegavt.com; Timberline Electric

DATE COMMISSIONED: July 2011 

INSTALLATION TIME FRAME:  

4 months

LOCATION: South Burlington, VT, 

44.2°N

SOLAR RESOURCE: 5.5 kWh/m2/day

HIGH/LOW DESIGN TEMPERATURES: 

per Solar ABCs solar reference map: 

88°F/-15°F

ARRAY CAPACITY: 2.13 MW

ANNUAL AC PRODUCTION:  

3,400 MWh

AllEarth Renewables
South Burlington Solar Farm
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480/277 Vac 3-phase panelboards. 
Each panelboard aggregates 14 to 
22 inverter-output circuits and is 
fed through a dedicated 200 A fused-
disconnecting means. Four 500 kVA 
step-up transformers—configured for 
480/277 Vac on the low side and 12 kV 
on the high side—are daisy-chained 
together and distributed across the 
solar farm. Five inverter aggregation 
subpanels are fed from each trans-
former. MV cable, buried 4 feet below 
grade in conduit, is used for the 1,700-
foot run to the utility connection point. 

Because the PV system is grounded 
and each transformer-isolated inverter 
is connected line to neutral, the utility 
considers the solar farm to be a solidly 
grounded generation source as a whole. 
Therefore, the utility requires no addi-
tional protective relay or main contac-
tor beyond the circuit breakers used to 

protect the individual inverters and the 
fused overcurrent protection devices 
on the secondary and primary sides of 
the transformers.  

The radio communication and 
tracker control equipment are housed 
in a central location, which includes a 
high-speed data modem and a central 
radio designed to communicate and 
receive hourly power, energy, voltage 
and wind speed data from each tracker. 
The site’s innovative use of wireless 
technology allowed the Vermont gover-
nor to formally commission the system 
last July with an Apple iPhone.

“Having 382 trackers in one field out-

performing our expectations not only 

confirms the reliability of our product, but 

also allows us to test new code to boost 

tracker performance further.”
—David Blittersdorf, president and 
CEO, AllEarth Renewables 

Equipment Specifications
MODULES: 9,168 Astronergy 

CHSM6610P–235, 235 W STC,  

-0/+5 W, 8.06 Imp, 29.2 Vmp, 8.56 Isc, 

37.6 Voc

INVERTERS: 382 SMA Sunny Boy 

6000-US inverters; 6.0 kW, 600 Vdc 

maximum input, 250–480 Vdc MPPT 

range, single-phase 277 Vac output, 

strings paralleled at inverter discon-

nect, 15 A fuses; 2,292 kW inverter 

capacity total

TRACKERS: 382 AllEarth Renewables 

AllSun Series 24 Trackers, dual-axis, 

GPS-based azimuth and tilt control

ARRAY: 12 modules per source circuit 

(2,820 W, 8.06 Imp, 350.4 Vmp, 8.56 

Isc, 451.2 Voc), two source circuits per 

inverter (5,640 W, 16.12 Imp, 350.4 

Vmp, 17.12 Isc, 451.2 Voc); 2,154 kW 

array capacity total

ARRAY INSTALLATION: Dual-axis 

tracked ground mount

SYSTEM MONITORING: AllEarth 

Renewables AllSun Tracker proprietary 

monitoring system, web-based data 

display
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The Williams residence is located on a 
mountaintop more than a mile from 

the nearest utility connection point. The 
client considered bringing utility power 
to the site, but aesthetic issues associ-
ated with overhead lines and the high 
cost of running the lines underground 
made an off-grid PV system preferable.

The design load included a ground-
source heat pump for space and water 
heating, which significantly increased 
the system requirements. The final 
design utilizes ac coupling between 
SMA Sunny Boy and Sunny Island 
inverters and a backup generator. A 
Multicluster Box aggregates the Sunny 
Boy, Sunny Island and backup generator 
ac outputs and allows all three sources 
to provide power to the residence 
simultaneously.

Exide Absolyte VRLA batteries were 
specified due to their low maintenance 

requirements and because they can be 
installed horizontally and stacked verti-
cally, which reduces the battery bank’s 
footprint. VRLA batteries require more-
precise charging than their flooded 
counterparts. The sophistication of the 
Sunny Island battery charging was a big 
selling point given the large financial 
investment in storage.

The array, battery and inverter shed 
and backup generator are located 700 
feet from the house to minimize noise 
and improve the project’s aesthetics. 
To overcome the ac voltage drop, the 
system’s 208 Vac 3-phase output was 
stepped up to 480 Vac 3-phase and 
stepped down to split-phase 240 Vac 
at the house. The step-up transformers 
created an inrush current issue that SMA 
helped Western Sun Systems solve.

The client wanted the PV array 
mounted flush to the roof of the battery 

Overview
DESIGNERS: Jim Dunn, Sr., Western 

Sun Systems, westernsunsystems.

com; Phil Boutelle, Real Goods Solar, 

realgoodssolar.com

LEAD INSTALLER: Jim Dunn, Jr., 

Western Sun Systems

DATE COMMISSIONED:  

December 2010

INSTALLATION TIME FRAME: 60 days

LOCATION: Carmel Valley, CA, 36.3°N

SOLAR RESOURCE: 5.5 kWh/m2/day

HIGH/LOW DESIGN TEMPERATURES: 

per Solar ABCs solar reference map: 

77°F/30°F

ARRAY CAPACITY: 39.5 kW 

ANNUAL AC PRODUCTION:  

65 MWh

Western Sun Systems
Williams Residence
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and inverter shed, which was completed 
prior to the PV installation. However, 
the roof was not large enough for the 
required array. To solve this issue, West-
ern Sun engineered a combination roof- 
and ground-mount system designed for  
a 120-mph wind load. The lower section 
of the array is ground mounted, while 
the upper section is secured to the build-
ing’s roof. This approach required custom 
roof brackets compatible with the Unirac 
U-LA ground-mount system. The mount-
ing rails are installed to allow for some 
movement between the roof-mounted 
and ground-mounted array sections.

Another challenge came from the 
local fire department, which required a 
single switch to disconnect the entire 
system. Western Sun developed a relay-
driven disconnect strategy, controlled by 
one of the Sunny Island inverters. When 
the main disconnect switch is physically 
opened, the relay in the master Sunny 
Island inverter opens as well, discon-
necting all the inverters in the system.

“The owners and their general contractor, 

Kevin Raph, helped make this project a 

very enjoyable and successful endeavor. 

We’re very happy with the support we 

received from the SMA staff. Proper bat-

tery management is a key component of 

off-grid systems, and we are very confi-

dent with SMA’s ac-coupled technology.”

—Jim Dunn, Jr., Western Sun Systems

Equipment Specifications
MODULES: 168 SolarWorld Sunmod-

ule SW 235 mono black, 235 W STC, 

+5/-0, 7.77 Imp, 30.3 Vmp, 8.19 Isc, 

37.5 Voc

STRING INVERTERS: Sunny Tower-US 

with six SMA Sunny Boy 6000-US 

inverters; 6.0 kW, 600 Vdc maximum 

input, 250–480 Vdc MPPT range; 36 

kWac output total; string inverters ac 

coupled to 3-phase, 208 Vac SMA 

Sunny Island system

BATTERY-BASED INVERTERS: Nine 

SMA Sunny Island 5048-US, 5.0 kW, 

48 Vdc nominal input, 120 Vac output; 

system configured for 3-phase, 208 

Vac output; Sunny Island inverters are 

grouped in three clusters of three,  

with one inverter in each cluster pro-

viding one leg of the 3-phase output; 

45 kWac output total

INVERTER INTERFACE: groSolar  

MCB-12 Multicluster Box (The 

Multicluster product is currently 

manufactured by SMA. At the time of 

installation, groSolar was manufactur-

ing and listing the product per SMA’s 

design specifications.)

BATTERIES: 48 Exide Absolyte GP 

3-100G23 AGM VRLA, 6 Vdc, 1,260 Ah 

at 20-hour rate; two battery strings per 

three-inverter cluster, 2,520 Ah at 48 

Vdc nominal; 7,560 Ah total

BACKUP GENERATOR: Kohler 80 

kVA propane with noise-attenuating 

enclosure

ARRAY: 14 modules per string (3,290 

W, 7.77 Imp, 424.2 Vmp, 8.19 Isc, 525 

Voc), two source circuits per inverter 

(6,580 W, 15.54 Imp, 424.2 Vmp,  

16.38 Isc, 525 Voc); 39.5 kW total

ARRAY INSTALLATION: Continuous 

roof/ground-mounted array, Unirac 

U-LA racking with custom-engineered 

brackets for roof-mounted array  

section, 180° azimuth, 22° tilt

ARRAY STRING COMBINERS: SMA 

Combi-Switch, four 15 A fuses per 

switch, three switches total

SYSTEM MONITORING: SMA Sunny 

WebBox and eGauge monitoring; Web-

Box monitors Sunny Boy and Sunny 

Island inverters and weather data from 

an SMA sensor box; eGauge monitors 

ac output of Sunny Boy and Sunny 

Island inverters and backup generator
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Acting as guides to their commu-
nity, the Boulder Valley Christian 

Church leaders place a strong empha-
sis on environmental stewardship. As 
a reflection of this commitment, they 
contracted Independent Power Systems 
(IPS) to install a turnkey PV system 
that would both promote the Church’s 
stewardship commitment and reduce 
its operating expenses.

Because the public utility, Xcel 
Energy, limited the system capacity 
eligible for the Colorado incentive pro-
gram, IPS’s final design needed to maxi-
mize energy production. The Church’s 
roof was initially proposed for the array 
location. However, after modeling vari-
ous array configuration scenarios, IPS 
designers determined that the roof ’s 
low angle, combined with sections that 
faced southwest and southeast, would 
not allow for the desired energy yield. A 
ground-mounted array located adjacent 
to the Church’s community garden was 
proposed as an alternative. This would 
increase installation costs per kW but 
result in an estimated 20% increase in 
annual energy production that would 
more than offset the upfront costs.

IPS researched several ground-mount 
racking systems to compare material and 
installation costs. The specified product 
needed to be robust enough to meet the 
site’s 120-mph wind-load and 30-psf snow-
load requirements. The Conergy Solar-
Linea D driven-pile solution was selected 
for the project. The dual-post mounting 
system offered reduced pile-driving time 
and was less expensive in material and 
labor costs compared to other products 
that IPS evaluated because it required 
only a 4-foot pile ground-penetration 
depth. Each racking section was config-
ured to support 26 modules, resulting in 
a streamlined aggregation of 13-module 
source circuits. This design facilitated the 
use of a single 36-circuit combiner box 
and one circuit to the inverter, lowering 
BOS costs.

“Pile location was critical for the racking 

system. If a pile contacted an obstruction 

before the refusal point, or the angle was 

out of tolerance, the options would have 

been limited. Fortunately, we did not hit 

anything serious and our posts went in  

the ground as planned.”
—Simon Wood, Independent  
Power Systems

C
o

u
rt

e
sy

 I
n

d
e

p
e

n
d

e
n

t 
P

o
w

e
r 

S
ys

te
m

s

Overview
DESIGNERS: George Vaughan, project 

engineer; Simon Wood, project man-

ager; Independent Power Systems, 

solarips.com

LEAD INSTALLER: Jonah Coles,  

installation manager, Independent 

Power Systems

DATE COMMISSIONED:  

September 2011

INSTALLATION TIME FRAME: 26 days

LOCATION: Boulder, CO, 40.0°N

SOLAR RESOURCE: 5.6 kWh/m2/day

HIGH/LOW DESIGN TEMPERATURES: 

per Solar ABCs solar reference map: 

93°F/-13°F

ARRAY CAPACITY: 110 kW

ANNUAL AC PRODUCTION:  

168.9 MWh

Equipment Specifications
MODULES: 468 SunPower SER-235P, 

235 W STC, +5/-3%, 7.91 Imp, 29.7 

Vmp, 8.45 Isc, 36.8 Voc

INVERTER: 3-phase, 480 Vac service, 

Satcon PVS-100-UL, 100 kW, 600 Vdc 

maximum input voltage, 315–600 Vdc 

input voltage range

ARRAY: 13 modules per string (3,055 

W, 7.91 Imp, 386.1 Vmp, 8.45 Isc, 

478.4 Voc); 36 source circuits termi-

nated in single combiner box (109.98 

kW, 284.8 Imp, 386.1 Vmp, 304.2 Isc, 

478.4 Voc)

ARRAY INSTALLATION: Conergy 

SolarLinea D ground mount, 180° 

azimuth, 40° tilt

ARRAY STRING COMBINER: Sun-

Power 36-string combiner, 15 A fuses

SYSTEM MONITORING: SunPower 

SMS 2.0 web-based commercial 

monitoring

Projects

IndePendent Power SyStemS
Boulder Valley Christian Church
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