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20 Fielded PV Module Reliability  
  and Durability

Fielded module performance is essential not only to 
PV project profitability, but also to the solar indus-
try’s long-term viability. For this article, we reached 
out to seven subject matter experts—technical due 
diligence specialists, independent engineers, system 
risk assessors, researchers, O&M service providers and 
so forth—to find out what industry stakeholders can 
do to optimize module reliability and durability in the 
field and to identify and remedy unavoidable perfor-
mance problems.
COMPILED BY DAVID BREARLEY

     

32 2016 Single and 3-Phase String 
  Inverter Specifications 

Updated for 2016, SolarPro’s current string-inverter 
dataset includes 143 string inverter models from 13 
manufacturers. A Nationally Recognized Testing Labo-
ratory (NRTL) has listed all products in the table to the 
UL 1741 standard. In addition, most of the inverters 
are identified in the CEC list of eligible inverters per 
SB1 guidelines. All of the manufacturers represented 
maintain one or more established US sales and techni-
cal support offices.   
COMPILED BY JOE SCHWARTZ

46 Solar Workforce  
  Development 2.0 

Continual growth in the solar industry requires com-
panies to keep increasing the scale of business. As they 
do, they must carefully nurture and maintain the work-
place flexibility that comes so naturally to young com-
panies with fresh ideas. Companies can no longer rely 
on creating jobs and letting the biggest stars on staff 
shine brightest. They will have to deliberately increase 
the supply of skilled labor, carving out pathways for 
people to pursue solar not only as an adventurous job 
for innovative pioneers, but as a long-lasting career.
BY MATTHEW HIRSCH 
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the Wire Industry Currents

[Portage, IN]    Fronius USA began manufacturing the Primo non-
isolated string inverter line at its US facility in 2015. The Primo 
product family comprises nine single-phase models with rated 

power outputs ranging from  
3.8 kW to 15 kW. Primo inverter 
features include two MPP track-
ers, onboard Wi-Fi for streamlined 
system commissioning and moni-
toring, and a recently introduced 
option for revenue-grade metering. 
The new option allows for ANSI-
certified production metering at 
2% accuracy with no additional 
hardware or labor required. 
 Fronius USA / 877.376.6487 /  

 fronius-usa.com

Fronius Introduces 
Revenue-Grade  
Metering 

[Vancouver, WA]   The 
next-generation Self-
Grounding System from 
racking and mounting man-
ufacturer SunModo offers 
a proprietary built-in grounding pin that is integral to 
each system component. The Self-Grounding System 
includes mid and end clamps for both portrait- and 
landscape-oriented arrays, as well as rail-to-rail splices 
and a grounding lug. All components provide PV 
system equipment grounding per UL 2703 and NEC 
Section 690.47. SunModo’s new system streamlines 
array installation and eliminates the need for integrators 
to order, stock and manage grounding hardware such 
as clips and straps on the job site. 

SunModo / 360.844.0048 / sunmodo.com  

[San Jose, CA]   SunPower’s recently 
announced Helix platform offers highly 
integrated solutions for commercial and 
industrial low-slope rooftop, carport and 
tracked PV systems. The Helix platform 
incorporates five major component groups: 
modules, mounting hardware, cable man-
agement, power stations and energy ana-
lytics. The ballasted Helix marine-grade 
aluminum dual-tilt and single-tilt rooftop 
mounting systems support snap-in-place 
module installation without tools. The 
Helix cable management system is based 
on premanufactured plug-and-play cabling and cable 
management components. The plug-and-play Helix Power 
Station includes 3-phase string inverters and mounts, an ac 

combiner, and dc branch 
and ac whips that elimi-
nate all manual stripping 
and landing of conduc-
tors on the ac and dc 
sides of the inverter. 
SunPower’s EnergyLink 
software rounds out 
the Helix platform with 
high-resolution system 
monitoring and report-
ing that, for example, 
allows system operators 

to compare energy patterns and identify demand peaks 
across sites.

SunPower / 408.240.5500 / sunpower.com

SunPower LauncheS Integrated SyStem PLatform

SunModo Releases  
Self-Grounding  
Mounting System 
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the Wire

aee hoStS 
uPcomIng deaLer 
conference 
[San Luis Obispo, CA]    AEE Solar is 
hosting its eighth annual Solar Dealer 
Conference from Sunday, January 17, 
through Tuesday, January 19, at the 
Hyatt Regency Mission Bay Resort in 
San Diego, California. The event offers 
more than 12 NABCEP-registered 
continuing education trainings, 
including introductory and advanced 
presentations by Bill Brooks on NEC 
requirements for PV systems. Vendor-
specific technical presentations are 
scheduled, along with a solar prod-
ucts and services expo. The event 
features headline sponsors Outback 
Power, REC Group and SnapNrack. 
Registration is $375 per attendee. 

AEE Solar / 800.777.6609 / aeesolar.com 

[Austin, TX]    A Nationally Recognized Testing Laboratory  has certi-
fied Ideal Power’s Grid-Resilient 125kW Power Conversion System to 
UL 1741, paving the way for its deployment in grid-connected, utility-
interactive systems. Scalable for MW-plus energy storage applications, 
the Grid-Resilient 125kW Power Conversion System features microgrid-
forming capabilities that enable backup power for critical loads in the 
event of grid failures. The product supports 3-phase 480 Vac, 60 Hz 
North American grid standards and 3-phase 400 Vac, 50 Hz applications 
found outside North America. AC output voltage and frequency are 
user-programmable via the unit’s Modbus interface, allowing customers 
worldwide to support both grid-tied and off-grid applications.

Ideal Power / 512.264.1542 / idealpower.com

Ideal Power Receives 
UL Certification

Morningstar Updates  
Charge Controller Line
[Newtown, PA]    Designed for 12 Vdc and 24 Vdc nominal battery-based 
systems, Morningstar’s recently released Prostar MPPT charge controller 
models offer programming options that support lithium and nickel-cadmium 
batteries, as well as flooded and VRLA lead-acid batteries. The new Prostar 
line includes two models: the 25 A PS-MPPT-25 (350 W continuous power 
output at 12 Vdc, 700 W at 24 Vdc) and the 40 A PS-MPPT-40 (550 W at  

12 Vdc, 1,100 W at 24 Vdc). 
Both controllers have a maxi-
mum open-circuit voltage of 
120 Vdc. The UL 1741–certified 
controllers feature four-stage 
charging and seven standard 
battery-charge profile settings as 
well as customization options. 
Optional accessories include 
an LCD meter, a ground-fault 
protection device, a remote tem-
perature sensor and a wire box 
for conduit-ready installations.
 Morningstar / 215.321.4457 /  

 morningstarcorp.com

http://www.idealpower.com
http://www.aeesolar.com
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A stute solar developers understand 
the value of interval meter data. 

They know that these data allow them 
to perform the highest level of utility 
rate analysis possible on behalf of their 
customers. One size does not fit all 
when it comes to the right sizing of a 
solar project. Raw meter data enable 
system analyses that are highly spe-
cific to individual customers and their 
unique load profiles. This article exam-
ines some of the specific advantages 
of working with raw data—such as 
the ability to find the best utility rate 
option or determine the optimal solar 
system size for dollar savings—and 
illustrates how using these data can 
give developers a competitive edge.

What Are Interval Meter Data? 
Interval meter data are a series of 
measurements that a digital or smart 
electric meter captures at predefined 
intervals throughout the day. Utilities 
use these data to calculate a customer’s 
bill. In practice, utilities use many dif-
ferent terms interchangeably to refer to 
interval meter data, including interval 
data, meter data, raw data, demand 
interval data, kilowatt interval data or 
Green Button data. The format for these 
data may also vary among utilities.

Units of measurement. The two 
primary units of measurement for 
interval meter data are kilowatt-hour 
(kWh) and kilowatt (kW). The for-
mer measures energy consumption 
over time; the latter measures power 
demand averaged over a specific inter-
val of time. This basic formula derives 
one from the other: 

energy (kWh) = power (kW) x time (hour)

For example, if the smart meter is 
averaging kW values over a 15-minute 

interval, then the corresponding 
kWh value is one-quarter of the 
kW value, since there are four 
15-minute intervals per hour. 

Interval period. Interval data 
typically come in 60-minute, 
30-minute or 15-minute incre-
ments. As illustrated in Table 
1, the shorter the time interval, 
the higher the number of data 
points and the more granu-
lar the data resolution. For 
example, 15-minute interval 
data contain four times as 
many data points as 60-minute 
interval data.

Why Are Interval Data Valuable? 
Interval meter data are valuable 
because the data resolution is more 
granular than that of monthly sum-
mary data. For example, a monthly 
utility bill for a customer on a time-of-
use rate schedule might include only 
three data points for a given month: 
on-peak, semi-peak and off-peak kWh 
consumption values. By comparison, 
a 15-minute interval data file for the 
same month would contain roughly 
3,000 data points, allowing for a more 
detailed level of data analysis. 

The following are examples of the 
types of analyses that stakeholders can 
perform with interval meter data.

Determine the best utility rate option.  
It is increasingly common for electric 
utilities to offer customers multiple 
rate schedule options, some of which 
are based on time of use. For instance, 
many California homeowners can 
choose between a tiered rate struc-
ture or a voluntary time-of-use rate 
plan. Interval data make it possible 
for project developers and system 
integrators to precisely quantify the 
economic performance of proposed 

PV projects under all of the available 
rate schedule options. With access 
limited to a customer’s monthly 
summary data, it is impossible to 
compare monetary savings based on 
different rate structures.

This type of economic analysis 
is inherently a customer- and PV 
system–specific exercise. For instance, 
my colleagues at Energy Toolbase and 
I pulled interval data for a random 
sample of 30 existing residential PV 
system owners in California and used 
the Energy Toolbase (energytoolbase.
com) software to analyze whether 
these customers would save more 
money by staying on the default tiered 
rate schedule or by opting into the 
voluntary time-of-use plan. When we 
modeled the economic performance 
of these PV systems, we discovered 
that 70% of the customers were better 
off under the time-of-use rate plan 
and 5% were better off on the tiered 
or block plan. The other 25% of these 
customers had full-offset PV systems 
and saw no net difference between 
the rate plans. The average increase in 
monetary savings for those custom-
ers who stood to 

QA Quality Assurance

The Value of Interval Data in Solar  
Project Analysis

C O N T I N U E D  O N  PA G E  1 6

Granularity of Interval Data
Interval 

period

Number of data points

Daily Monthly Yearly

60 minutes 24 720 8,760

30 minutes 48 1,440 17,520

15 minutes 96 2,880 35,040

5 minutes 288 8,640 105,120

Table 1  The shorter the sampling interval period, 
the more granular the interval meter data. 
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benefit from a time-of-use rate plan 
was 36% annually.

Optimize PV system designs. System 
integrators and project developers 
can also use interval data to optimize 
PV system capacity and other design 
variables. This is again a customer- and 
project-specific modeling exercise, the 
results of which vary based on build-
ing load profile, production yield for 
different PV system configurations and 
utility rate plan options. If the cus-
tomer is on a time-of-use rate schedule 
that has a large difference between 
the on-peak and off-peak energy rates 
(such as PG&E’s A-6 electric tariff, with 
peak summer rates at $0.61/kWh and 
off-peak winter rates at $0.146/kWh), 
it is important to ensure that develop-
ers do not oversize a PV system and 
leave money on the table. In this sce-
nario, one could model the economic 
performance of different PV system 

configurations with the goal of identify-
ing the maximum system size where 
the value of the energy credits do not 
drop below $0 over a 12-month net-
metering cycle. Alternately, one could 
use interval data to optimize PV system 
designs based on other project eco-
nomic metrics such as payback period, 
return on investment, internal rate of 
return, net present value or levelized 
cost of energy.

Simulate demand reductions. Since 
interval data demonstrate when 
power demand spikes occur, proj-
ect developers can use these data to 
transparently and ethically estimate 
a customer’s demand charge reduc-
tions, both in kilowatts and in dollars. 
They can accomplish this by parsing 
solar production data by interval 
and overlaying these results on the 
customer’s consumption interval data; 
in this manner, they can derive the 

post-solar peak kW demand for each 
billing cycle. This value is very impor-
tant to many commercial and indus-
trial customers, as demand charges 
may constitute up to half of their total 
electric bill. By comparison, develop-
ers can make only arbitrary assump-
tions—which are naïve at best and 
misleading at worst—about demand 
charge reductions based on monthly 
summary data.

Model future rate structures. In a 
traditional net energy metering (NEM) 
framework, utilities compensate cus-
tomers for energy exports at the full 
retail rate. In this scenario, one does 
not need interval data to calculate 
the monetary savings associated with 
a proposed PV system. However, one 
does need interval data to calculate 
customer savings under any net-
metering framework where the utility 
compensates energy exports at a 

QA
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value less than the full retail rate. The 
California Public Utility Commission, 
for example, is in the process of 
evaluating proposals for a successor 
net-metering tariff, known as NEM 2.0, 

for customer-sited distributed genera-
tion, which may compensate energy 
exports at a flat rate that is lower than 
the retail cost of electricity. Under a 
NEM 2.0–type of framework, interval 

data are essential for modeling when 
customers consume PV-generated 
energy on-site versus exporting it to 
the grid, which will determine their 
savings. Developers could also use 
these data to size PV systems for opti-
mal financial returns under a NEM 2.0 
framework by limiting energy exports.

Analyze energy-storage project eco-
nomics. Project developers and system 
integrators can also use interval data 
to evaluate energy-storage project eco-
nomics. Since a battery management 
control strategy is primarily a function 
of a customer’s unique load profile, it 
is impossible to model the monetary 
savings associated with different 
energy storage applications—such as 
peak demand shaving or time-of-use 
energy arbitrage—without interval 
data. This is an important use case, 
as more and more host customers are 
asking project developers to quantify 
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Rate optimization  This chart compares the relationship between PV system 
capacity and blended electric bill savings ($/kWh) under two different San Diego 
Gas & Electric rate schedule options. This rate schedule optimization exercise 
requires raw interval data.
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the economics of energy storage, 
either in conjunction with PV or as a 
stand-alone option.

Accessing Interval Data 
The number of electric utility custom-
ers with access to interval meter data 
has grown rapidly due to the wide-
spread deployment of smart meters, 
advanced metering infrastructure and 
real-time communication networks. 
Data standards are also making raw 
data more accessible and ubiquitous. 
According to the Green Button website 
(greenbuttondata.org), “more than 60 
million households and businesses can 
use Green Button to access their energy 
usage data from their electric utility.”

The three primary ways that proj-
ect developers and system integrators 
can access interval data are via down-
load from a utility website, by request 
from a utility service representative  
or via a third-party service. Due to  
privacy and security concerns, all of 
these methods specifically require 
customer authorization. 

Download data via a utility web-
site.  Some utilities make raw interval 
data available for download directly 
through their customer web portal, 
which is effectively the Green Button 
option (see “Green Button Initiative”). 
For instance, the three investor-
owned utilities in California—Pacific 
Gas and Electric Company, Southern 
California Edison and San Diego Gas & 

Electric—all allow direct download of 
Green Button data via their websites, 
and more utilities are following suit. 
(Visit greenbuttondata.org for a com-
plete list of utilities that currently offer 
downloadable Green Button data, as 
well as a list of utilities that have made 
a commitment to providing these data 
in the future.) 

Request data from a utility service 
representative. Should a utility not offer 
downloadable Green Button data, a 
service representative may be able 
to retrieve interval meter data upon 
request. Utilities have different internal 
systems for processing these requests. 
Some utilities, for example, have tem-
plate authorization forms to request 
billing and interval data files on behalf 
of a customer. While it never hurts to 
ask for these data, results may vary in 
practice. Some utilities collect interval 
data and make them available upon 
request; some use these data for inter-
nal purposes but choose not to share 
them. Other utilities do not even have 
access to these data for internal use.

Get data from a third party. Generally 
speaking, two different types of third-
party services offer interval data: service 
providers that can access and retrieve 
these data from the utility, or service or 

QA

Interval consumption data  This chart shows 1 month of energy consumption 
data, based on Green Button data with a 15-minute collection interval, for an office 
building in Southern California Edison service territory. This load profile is repre-
sentative of many commercial office buildings where usage typically occurs during 
office hours on weekdays.
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Green Button Initiative 

Green Button data are 
interval meter data 

in a standardized format 
that stakeholders can eas-
ily access at the click of 
a (green) button. The US 
Department of Energy and 
the National Institute of Stan-
dards and Technology facili-
tated a public-private partnership, in response to a White House call to action, 
to develop the Green Button data standard. One of the goals for the standard 
was to provide electricity customers with easy access to their energy usage 
data in a consumer-friendly format. When electric utilities use an interoperable 
data standard, it eliminates the need for software applications that support 
multiple different data formats.

Green Button data are primarily output into an extensible markup language 
(XML) file format. XML is a widely used language that defines a set of rules 
for encoding documents in a machine-readable format. Developers have 
employed XML as the base language for a number of communication protocols 
over the Internet. It is a free and open standard that emphasizes simplicity, 
generality and usability across the Internet. Green Button data are also avail-
able in a CVS file format for use in Microsoft Excel. {
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solution providers that independently 
measure and log interval data.

UtilityAPI (utilityapi.com), for 
example, is a popular software ser-
vice that facilities the easy retrieval of 
interval and billing data from utility 
websites. Project developers can use 
this service to send a link to customers 
whose data they want to access. After 
securely entering their login creden-
tials, customers can authorize the 
utility to send these data directly to 
the requesting party. This streamlines 
the data fetching and retrieval process 
for all parties.

An increasing number of prod-
ucts and services can capture interval 
consumption data independent of the 
utility. While going this route requires 
installing hardware—such as datalog-
gers and communication gateways—it 
also offers some advantages over 

utility-collected interval data. One key 
advantage of using third-party hardware 
is that developers can select the interval 
period to capture the highest-resolution 
data possible. For example, eGauge 
Systems (egauge.net) offers web-based 
energy and power meters that can cap-
ture data at 1-second intervals, which 
provides data resolution 900 times 
higher than that of 15-minute interval 
data. Another advantage of eGauge’s 
system is its ability to measure circuit-
level loads. In other words, developers 
could use the system to measure and log 
consumption data for a specific appli-
ance such as an HVAC unit.

The Future of Interval Data 
I am very bullish on the future of 
interval data and believe that its 
use in PV project development will 
continue to grow rapidly. There are 

instances, such as energy storage 
applications, where interval data 
are already a prerequisite for project 
developers. If the federal invest-
ment tax credit sunsets at the end 
of 2016, downstream solar compa-
nies will need to become that much 
more sophisticated simply to remain 
competitive. If the trend of declining 
incentives and less favorable utility 
rate structures continues, develop-
ers will need to extract every dollar 
of energy savings possible from their 
projects, which will require them to 
leverage raw interval data. In the  
not-too-distant future, optimizing 
system designs and identifying the 
best time-of-use rate plan will be 
a necessity for project developers 
rather than a luxury.

—Adam Gerza / Energy Toolbase / 
San Francisco, CA / energytoolbase.com 
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F
ielded module performance 
is essential not only to PV 
project profitability, but also 
to the solar industry’s long-
term viability. In a report for 
the Solar America Board for 
Codes and Standards (see 
Resources), Mani Tamizh-

Mani and Joseph Kuitche note: “Technology risk—the concern that 
a technology will underperform (durability) or become obsolete 
prematurely (reliability)—is one of the major barriers to PV diffu-
sion and project financing.” In effect, more than 95% of fielded PV 
modules need to meet or exceed manufacturers’ product and power 
warranty terms to satisfy investors. 

Given that PV system service life is measured in decades, the 
acceptable performance standard for PV modules is a high bar to 
meet. The good news is that the industry literature summarized 
by TamizhMani and Kuitche suggests that failure rates (reliability 
losses) and degradation rates (durability losses) are on the order of 
0.005% to 0.1% per year and 0.5% to 0.8% per year, respectively. The 
bad news is that module manufacturers are constantly adapting 
module construction and design to drive down product costs and 
the levelized cost of energy, so past performance is no guarantee of 
future results. 

For this article, I reached out to seven subject matter experts—
technical due diligence specialists, independent engineers, system 
risk assessors, researchers, O&M service providers and so forth—to 
find out what industry stakeholders can do to optimize module reli-
ability and durability in the field and to identify and remedy unavoid-
able performance problems. Not surprisingly, this is a continuous 
process that starts with technical due diligence during product pro-
curement, relies heavily on system design and installation best prac-
tices, and extends through plant operations. 

What steps can industry stakeholders take to  
mitigate the impacts of PV module failures that originate  

directly from production, such as product design or  
manufacturing deficiencies? 

PV module reliability is a cycle. New reliability issues develop when-
ever we introduce new technologies and manufacturing techniques 
into the industry. In addition, we will see new fault modes develop 
over time as our PV fleet ages. Since the entire industry relies on 
innovations to drive the cost reductions that allow solar to thrive, 
these issues are inevitable. C
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Compiled by 
David Brearley

To the extent that 
industry stakeholders 
can optimize fielded 
module performance by 
minimizing hard losses 
due to failures and soft 
losses due to degradation, 
they can enhance the 
solar value proposition for 
customers and strengthen 
the position of companies 
throughout the value chain.

Fielded PV Module
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This does not mean that the industry is experiencing 
or will experience a crisis of reliability. Rather, industry 
stakeholders need to be diligent about identifying and  
correcting module reliability issues early. If we properly 
communicate field data, module manufacturers can pro-
actively remediate reliability issues. Potential-induced 
degradation (PID) is a good example of this feedback loop. 
PID is a failure mode that emerged in PV modules as a con-
sequence of material changes combined with new instal-
lation techniques. Because the industry identified and 
classified this defect, most module manufacturers know 
how to design products that will not experience this fault 
mode in the future. 

—Rob Andrews, chief executive officer, Heliolytics

PV system owners and installers should take two fundamen-
tal measures to significantly mitigate the risk of premature 
PV module failures. First, PV system designers should take a 
holistic approach to product selection and use only properly 
vetted products, installation methods and design principles. 
While innovation is obviously critical to cost reduction, it 
comes with risk, so due diligence is vital. Equipment manu-
facturers are increasingly designing products to integrate 
with other BOS components, and certification protocols are 
adapting, so coordination among vendors is more impor-
tant today than ever before. Secondly, given the underly-
ing nature of certain types of PV module defects, a robust 
supplier-quality program is critical to ensuring long-term 
quality assurance. This involves not only an initial qualifica-
tion of the supplier, but also regular witnessing of produc-
tion and validation testing of randomly sampled finished 

product at a third-party lab. I’ve seen a lot of variation in 
test results between initial samples provided by equipment 
suppliers and random samples selected from inventory by 
buyers or their representatives.

—Brian Grenko, chief executive officer, Amplify Energy 

Stakeholders should engage a due diligence firm to vet the 
supplier before committing large projects to a particular mod-
ule manufacturer or model number. This could be as simple as 
selecting a prevetted module, on the one hand, or as involved 
as conducting third-party tests at the factory, on the other.

—Paul Hernday, senior performance engineer, Vivint Solar

Especially with large-scale PV projects, it is important that 
module-supply agreement negotiations ensure consis-
tent manufacturing quality across the production sched-
ule. This requires factory and product inspections during 
manufacturing, as well as a clearly defined quality control 
protocol. Stakeholders can also propose accelerated testing 
sequences at the early stages of a PV project. While it is dif-
ficult to extrapolate test results to real-world performance, 
the results are valuable for making relative comparisons 
between different module suppliers and bills of materials. 
These are just a few examples of the types of technical sup-
port services that Enertis provides to industry stakeholders, 
including financial entities, insurance companies, invest-
ment funds, private investors, developers, engineering com-
panies, contractors and equipment suppliers.

—Vicente Parra, PhD, head of quality and testing services, 
Enertis Solar

As an O&M provider to more than 1.5 GW of PV assets, we 
would like to see stakeholders pay more attention to the 
quality control of materials used in the manufacturing pro-
cess. We also recommend that stakeholders implement peri-
odic independent testing, both in the field and at warehouse 
storage facilities.

—Rue Phillips, chief executive officer, True South 
Renewables

The best way to mitigate the effects of module failures is to try 
to eliminate them. Manufacturers can do this by implement-
ing a quality management system (QMS) to make sure that 
they consistently produce a high-quality product. Module 
buyers can insist on working with a manufacturer that has a 
strong QMS. At the National Renewable Energy Laboratory 
(NREL), we are working with stakeholders to develop a mod-
ule quality technical specification, IEC/TS 62941, which will 
apply PV-specific requirements on top of ISO 9001 with the 
objective of improving confidence in the QMS. Qualification 
tests are not lifetime tests, so the only way to get a real 
service-lifetime prediction is by using 
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Comparative testing  The goal of accelerated lifetime testing, 
which exceeds product qualification testing requirements, is 
to differentiate products according to long-term performance 
under specific conditions of use. 
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a product-specific test reinforced by field experience 
and controlled by a QMS.

Should it be impossible to eliminate failures result-
ing from design or manufacturing deficiencies, we 
want to manage the effects by detecting the failures as 
soon as possible. This might include testing a sample 
set of modules before installation, performing a final 
acceptance test after the plant is constructed, and 
performing proactive inspection and performance 
monitoring as part of the plant’s O&M activities. Early 
detection of failures means timely replacement of 
modules and minimal loss of production.

—Timothy Silverman, scientist, NREL 

Quality assurance and supply chain management are 
two of the things that we specialize in at Clean Energy 
Associates (CEA). From our perspective, the best way 
for stakeholders to mitigate manufacturing deficien-
cies is to invest in a robust quality assurance program 
that includes up-front factory audits, 24/7 inline man-
ufacturing oversight, bill-of-material review, process control 
monitoring, preshipment inspection and careful product-
handling practices. Our global engineering services team, 
which is based in Asia, provides these types of services, often 
liaising with Nationally Recognized Testing Laboratories to 
certify and evaluate products and suppliers. 

There is plenty of opportunity for error throughout the 
module production process. We see errors resulting from 
poor cargo-handling practices, inferior materials, poor sol-
dering, inaccurate backsheet measurements and cuts, and 
so forth. While the defects associated with these errors may 
seem small, they can cause serious problems down the line. A 
lot of different variables factor into quality. Some manufactur-
ers have multiple manufacturing facilities or OEM suppliers, 
which means that quality can vary dramatically even for prod-
ucts sold under the same brand. Even with a single factory, 
production quality can vary significantly between the day 
shift and the night shift. Other factories have a few automated 
lines and several highly manual lines; the more manual a pro-
duction line, the more room there is for human error. 

—George Touloupas, technology and quality director, CEA

What are your preferred methods and tools for  
detecting and identifying fielded module failures  

or performance problems? 

Historically, companies approach this through data ana-
lytics or manual on-site testing. While data analytics are 
essential to the proper operation of a PV system, most data 
acquisition configurations have a difficult time identifying a 
string-level failure, let alone a module fault. In many cases, 
it is statistically impossible for data analytics to identify 

distributed module faults. This limitation is due to instru-
ment error and data averaging effects. While asset managers 
can use manual field techniques—such as combiner-level I-V 
curve traces, current clamp comparisons or Voc checks—to 
find module faults, these on-site tests are labor intensive. As 
a result, technicians generally perform manual tests only on 
a subset of fielded modules. 

To address these issues, Heliolytics developed a module- 
level thermal audit process, which uses high-resolution 
infrared and visible imaging to precisely identify mod-
ule faults in the field. By measuring the temperature of 
modules using cameras developed specifically for aerial  
thermal imagery of PV modules, we can detect the full 
range of module fault modes. In addition, we can complete 
the assessment for a 10 MW site in approximately 20 min-
utes. The speed and precision of the assessment allows the 
direct comparison of thermal properties between array 
segments. Module-level thermal audits not only allow field 
personnel to precisely locate faulted modules, ensuring 
prompt remediation, but also facilitate in-depth analy-
ses that can provide deeper insight into the fault modes. 
Generally speaking, module faults that correlate to serial 
numbers are likely due to manufacturing issues, whereas 
faults that correlate to installation date are likely due to 
installation issues.

—Rob Andrews, Heliolytics

We begin the process of looking for module reliability or 
durability issues by using our proprietary PVSAT software to 
remotely examine production and weather data. After scrub-
bing the data to remove errors and validating applicable sys-
tem measurement devices, we apply filters as needed and 
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Module-level thermal audit  In an aerial thermal scan, different 
fault modes—such as string or module outages or hot spots—have 
a unique thermal signature. The submodule thermal signature 
circled in this aerial scan detail indicates a diode-level fault.

Fielded Module Rel iabi l i ty
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generate a series of automated analyses that characterize PV 
system performance and durability. We specifically devel-
oped our software analytics to allow us to remotely diag-
nose certain types of performance issues without incurring 
the costs associated with rolling a truck or removing prod-
uct for third-party laboratory testing. If the production and 
weather data are clean and trustworthy, we can, for example, 
remotely identify certain types of losses—including shading, 
soiling, PID, incident angle effects and so forth—by looking 
for characteristic patterns in the data.

We can also provide on-site inspection and testing ser-
vices to validate PV system safety, quality and performance 
at a high resolution or granularity. For example, we employ 
advanced testing methods such as rapid thermal imaging 
or field EL [electroluminescence] imaging that enable us to 
identify PV module-level defects conventional O&M proto-
cols often miss. When irradiance and wind speed conditions 
are favorable, we use IR [infrared] imaging to quickly identify 
hot spots resulting from cracked cells, failed solder joints or 
damaged bypass diodes. Since hot spots are sometimes dif-
ficult to capture when irradiance levels are below 700 W/m2, 
our team has developed IR capabilities that use unmanned 
aerial vehicles or drones. This more automated approach is 
essential when the on-site inspection time allotment is lim-
ited, as in winter months at northern latitudes. 

—Brian Grenko, Amplify Energy 

Good instrumentation is a bit like an X-ray vision super-
power. It lets you “see” the electrical and thermal processes 
going on deep in your PV system components. Of course, one 
instrument can’t do it all. To measure the performance of a 
PV module, string or subarray, you can’t beat an I-V curve 
tracer. It measures all of the PV performance in detail, and it 
does so faster and more safely than traditional voltmeter and 
clamp-meter methods. It’s the ultimate tool for array perfor-
mance verification and troubleshooting. In many cases, you 
can trace a performance problem back to a particular mod-
ule without even disconnecting the module interconnection 
cables within the source circuit. 

An IR camera pairs well with I-V curve tracing. When the 
I-V curve measurement detects a performance anomaly, for 
example, IR imaging can often locate the cause. Conversely, 
when IR imaging detects an anomaly, I-V curve tracing can 
determine its performance impact. Although it’s a great 
diagnostic tool for PV work, IR imaging has a learning curve. 
It’s easy to conclude you’re seeing PV hot spots, for example, 
when you’re actually detecting reflections, soiling or debris. 
Also, the field of view of IR imagers is still relatively narrow, 
so you need to stand quite far from the array to image mul-
tiple modules, which isn’t always a possibility based on con-
ditions in the field.

—Paul Hernday, Vivint Solar
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The most suitable ways to 
identify module failures 
and underperformance in  
the field are still classic 
methods such as conduct-
ing a visual assessment, 
determining the maximum 
power, analyzing IR ther-
mographs and inspecting 
EL. All of the equipment 
used for these tests must 
meet calibration require-
ments to authenticate 
the test results and meet 
industry standards. This 
ensures that the test mea-
surements are accurate for 
all types of PV modules. 
Mobile PV test solutions 
equipped with high-quality solar simulators, such as our PV 
Mobile Lab, are very practical assets in this context. 

—Vicente Parra, Enertis Solar

High-quality module-level thermal audits using commercial-
grade thermal cameras are the most effective method for iden-
tifying module losses. Our approach to annual testing varies 
from contract to contract. Some contracts require that we test 
100% of the PV source circuits, while others require that we 
test only a subset of source circuits. Personally, I advocate for 
electrical testing on every source circuit and thermal scanning 
on every PV module. In my opinion, commissioning, validation 
and acceptance tests need to play a far more important role in 
the technical and financial diligence process for PV assets. 

—Rue Phillips, True South Renewables

We normally start with an analysis of any available historical 
performance data. On production systems, this is often lim-
ited to yield, which is such a noisy measurement that it can 
be difficult to identify specific problems. We are developing 
more-advanced monitoring techniques that will allow us to 
detect problems within that noisy signal before they become 
major losses in production. If the performance data suggest 
there’s a problem, we proceed with a formal visual inspec-
tion, which usually produces some leads about what could be 
going wrong. From there, we may select modules on which to 
perform outdoor I-V curve measurements, IR thermography 
and outdoor photoluminescence imaging. These techniques 
usually get to the bottom of any remaining mysteries. 

—Timothy Silverman, NREL 

A good monitoring system with data analysis software 
should be able to indicate problems in the field and trigger 

field-testing actions. However, there are cases where prob-
lems may lay hidden for a long time before they set off a low-
performance alarm. An ideal approach is to take proactive 
steps to identify these types of latent issues, while being 
budget conscious. Since most failed modules release ther-
mal energy, regular thermal imaging is a reliable method for 
identifying a large percentage of potential module problems. 
We recommend routine IR thermal imaging as part of a well-
designed preventive maintenance package. Technicians can 
complete these IR tests on the ground or use unmanned aer-
ial drones, depending on the scale of the system. 

Portable EL imaging systems are useful for a more-
detailed analysis of performance issues. This method is min-
imally disruptive to plant operations, as technicians can test 
modules without removing them from the racking. While 
sending modules to an independent laboratory for analy-
sis is another option, it is both costly and time consuming. 
Moreover, concerns about damage resulting from module 
removal, packing and transport can complicate warranty 
claim procedures. A mobile truck-mounted lab is a potential 
solution in cases where a large number of modules need to 
be tested for the purpose of backing warranty claims.

—George Touloupas, CEA

In your experience, what are the most  
common failure modes or performance  

problems for fielded PV modules? 

The majority of the faulted modules in our scans are due 
to string outages. The remaining faults are due to module-
related failure mechanisms, which we categorize as hot 
spots, submodule faults or module faults. Hot spots indicate 
some type of cell or solder issue, the most common of which 
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Mobile testing laboratory  Enertis’ PV Mobile Laboratory is capable of testing module perfor-
mance to IEC standards in the field, which can simplify performance verification for warranty 
claims on large-scale projects.

Fielded Module Rel iabi l i ty



 solarprofessional.com  |  S O L A R PR O                 27

is cell cracking. Submodule faults include a range of failure 
mechanisms—cell or solder issues, junction box wiring or 
diode failure—that engage a bypass diode and cause module 
output to drop by at least 33%. Finally, module faults refer 
to failure modes that de-activate an entire module, such as 

advanced cell damage across an entire module or damaged 
junction box wiring.

It is important to point out that in the case of hot spots 
and diode faults, the module is still capable of produc-
ing power, though likely less than the warrantied output. 
However, all of the module failure modes will decrease the 
effective string voltage and will de-rate the output of the 
remaining modules in the source circuit. Thus, module-level 
faults can have a greater impact on system energy produc-
tion than just the loss of the module itself. 

—Rob Andrews, Heliolytics

In my tenure working for various PV module manufac-
turers over the years, junction box problems perennially 
topped the list of common failure modes. While improve-
ments in materials, ingress protection and electrical con-
tacts have reduced the risk of design-related junction box 
failures, damaged bypass diodes remain a common failure 
mode. PV modules with broken glass also represent a large 
percentage of reported failures. These failures are often 
site induced—whether due to lightning strikes or contact 
damage from debris—and occur on a low but regular basis 
over time.

0.00

0.90

0.20

0.40

0.60

0.80

Total
faults

String
faults

Hot
spots

Module
faults

Submodule
faults

Fa
ilu

re
 r

at
e 

(%
)

Average fault rate  When Heliolytics summarized its thermal 
scan data, which includes sites in the 500 kW–25 MW range 
that are 2 years old on average, it found faults in 0.765% of 
the modules. 
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Unfortunately, some defects in PV module design, mate-
rials and workmanship are not easily detected at the time 
of project commissioning and manifest over time based on 
site conditions. Prolonged UV exposure activates prema-
ture EVA or backsheet yellowing. Snail trails evolve from 
solar cell microcracks after exposure to humidity. PV mod-
ules prone to PID degrade prematurely in warm, wet or salty 
environments, depending on the PV system grounding con-
figuration. Improved durability test standards have made  
it easier to detect these problems, most of which are an unin-
tended consequence of product design optimization.

—Brian Grenko, Amplify Energy 

Within the first 2 years of operation, there are three failures 
or defects that we detect most often in the field: potential-
induced degradation, which is most common in hot and 
humid climates; polymer discoloration; and snail trails, 
which are associated with internal cell cracks. We also find 
module junction box failures in module infancy. As systems 
age, we start to see hot spots, the effects of environmental 
corrosion and simple electrical insulation losses, such as 
scratched backsheets, caused by mishandling during mod-
ule installation.

—Vicente Parra, Enertis Solar

We mainly examine systems that are at least 10 years old,  
so we often see cracked cells, 
failed diodes and delaminations. 
Some systems have widespread 
hot spots due to failed intercon-
nects. We have also seen broken 
glass due both to internal elec-
trical failures and to impacts. We 
often encounter performance 
problems due to soiling, shade 
and snow. Sometimes different 
system design or O&M prac-
tices could have reduced these 
losses, but they are unavoidable 
in some cases based on location 
and climate.

—Timothy Silverman, NREL 

The module defects that we dis-
cover most often on-site include 
potential-induced degradation, 
cell microcracks, hotspots, cell 
or cell-string spacing issues, 
polymer delamination, busbar 
and connector oxidation or cor-
rosion, encapsulant discolor-
ation, sealant failure and frame 
corrosion. The majority of these 

defects will lead to performance degradation over time. We 
also see junction box and connector failures that can lead to 
arcing and pose a fire hazard. 

—George Touloupas, CEA

What types of PV module failures are most likely  
to result from mishandling or from system design  

deficiencies? Do you have any recommended  
best practices for avoiding these issues? 

We have seen two fault mechanisms where installation or design 
practices clearly led to cell damage. We traced the first fault 
mechanism to overtightened module-mounting clamps, which 
caused cell damage near the module frame. We traced the sec-
ond fault mechanism to a lack of access pathways, which caused 
technicians to walk on the flush-mounted modules. In this case, 
we were able to see the technicians’ favorite walking routes in the 
hot-spot patterns associated with the cracked cells.

—Rob Andrews, Heliolytics

Physical damage to the glass, frame or backsheet that is 
easy to identify through visual inspection reveals many ship-
ping and handling issues. However, mishandling can also 
result in cell microcracks, which are significantly more dif-
ficult to detect. While PV module manufacturers usually 
conduct EL imaging in the factory to identify microcracks 

for quality assurance pur-
poses, few industry players 
have the capability to do so 
in the field. Over time, micro-
cracks in fielded PV modules 
can develop into hot spots. 
Generally accepted best prac-
tices for mitigating shipping 
damage include packaging PV 
modules vertically to reduce 
vibrational stress and design-
ing structurally sound pallets 
optimized for packing into 
shipping containers. 

Ergonomically, two peo-
ple are needed to handle a 
PV module properly. I always 
cringe when I see someone 
balancing a 72-cell PV mod-
ule overhead by resting it on a 
hard hat. This practice is not 
only a safety concern, but also 
causes dendritic microcracks 
in cells.

—Brian Grenko, Amplify 
Energy 

Mishandling  The cracked cells in this EL image are due 
to forklift damage in the field. Walking on modules or over 
tightening module clamps can cause similar damage. 
Cell cracks result in hot spots and degraded performance 
over time.

C
o

u
rt

e
sy

 E
n

e
rt

is

Fielded Module Rel iabi l i ty



 solarprofessional.com  |  S O L A R PR O                 29

It is well documented that most PV modules 
leave the factory with some degree of micro-
cracking, and that transportation and handling 
induce additional cell cracking. Mishandling 
can also gouge the module backplanes, allow-
ing greater moisture ingress and possibly con-
tributing to PID. Installers should never stand 
on modules or module frames. It’s important to 
realize that cell cracks are not immediately vis-
ible to the eye and are not audible. Evidence of 
cell cracks—such as snail trails or hot spots—
might not appear for many months.

—Paul Hernday, Vivint Solar

Unfortunately, it’s not uncommon to see module 
glass breakage or internal cell cracking due to 
improper handling, both in the field and during 
transit to the site on a pallet. At the commis-
sioning stage, we see damage reports associ-
ated with backsheet scratches. These are easy 
to detect via EL since perforations damage the 
back surface field of the PV cell. On-site training 
is a good way to mitigate these problems. You 
can also implement quality control activities at 
different project stages, such as preshipment, 
post-shipment (seaport or on-site), during 
installation and after mounting. 

—Vicente Parra, Enertis Solar

Mishandling leads primarily to cracked cells. These cracks 
are not visible to the eye and do not cause a detectable loss 
of performance until thermal cycling causes the gridlines 
bridging the cracks to break. This delay makes it difficult 
to definitively attribute the performance degradation to 
mishandling. The solution is to communicate to install-
ers that stepping on modules, dropping modules or drop-
ping objects onto modules can cause invisible, permanent  
damage. In some cases, the selection of mounting hard-
ware can determine whether an installer is forced to step 
on a module.

— Timothy Silverman, NREL 

The primary defects caused by module mishandling include 
microcracks, backsheet punctures, broken glass and frame 
damage. Over time, these defects cause a range of failures such 
as electrical leakage, low-power output, hot spots and arcing 
faults. Simple measures can prevent many of these defects. 

Well-organized logistics can assure that modules are not 
subjected to excessive shocks during transportation. Use inex-
pensive shock stickers, for example, to raise rough-handling 
alarms that initiate on-site screening procedures, such as  
EL testing. It is also very important to follow the manufac-
turer’s installation instructions, as failure to do so may cause 

serious problems and invalidate the warranty. Installers 
should always work in pairs when handling modules. They 
should never walk on modules and should avoid leaning 
on them. Installers should also torque mounting clamps to  
manufacturer-specified values and avoid placing strain on 
junction box cables. 

System design deficiencies may also directly or indirectly 
cause modules to fail. For example, incorrect string length 
will lead to arcing damage due to excessive voltage. Wrong 
material interface between module frame and racking or 
grounding gear will cause electrochemical corrosion. One 
way to avoid these issues is to engage a third-party agency, 
in the early stages of a project, to evaluate system design and 
installation practices.

—George Touloupas, CEA

What steps can project stakeholders take  
to expedite PV module warranty claims? 

We have found that it is possible to expedite warranty return 
processes by combining full-site coverage for module fault 
detection activities with strong, consistent documentation. 
On one project, for example, our module-level thermal audit 
detected a large number of submodule faults. By analyzing 
serial numbers, we found a strong correlation between these 
faults and a specific manufacturing batch, which suggested 
a manufacturing defect. Since we knew the exact locations of 
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Potential-induced degradation  After IV-curve tracing confirmed that mod-
ules were underperforming at this site, Amplified Energy captured these EL 
images in the field to reveal PID as the root cause of the problem. 
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the faulty modules, we collected a sample set of faulted mod-
ules for follow-up testing. When these tests revealed that the 
sample modules exhibited a common fault mode, we used 
our high-resolution thermal audit dataset to initiate a war-
ranty return process for all of the modules exhibiting these 
particular submodule fault characteristics. Highly consis-
tent data made this claims process possible. We collected 
all of the data at the same time, using the same instrument.

—Rob Andrews, Heliolytics

I recommend that PV system operators familiarize themselves 
with the PV module warranty, which should clearly define 
each party’s responsibilities and the process for obtaining 
service in the event of a claim. It’s reasonable for manufactur-
ers to request certain information about the claim to expe-
dite processing, such as a detailed explanation of the problem 
and affected serial numbers. In previous roles, I was able to 
administer many customer claims quickly and remotely, pro-
vided the quality of data was sufficient. At Amplify Energy, 
we often identify PV module defects when conducting  
on-site inspection and testing. To address these issues in a 
safe, efficient and cost-effective manner, we work with PV 
module manufacturers to make authorized immediate repairs 
on their behalf, such as bypass diode replacement and back-
sheet repair. Certain solar operations and maintenance firms 
provide a similar service for inverters.

—Brian Grenko, Amplify Energy 

At Solmetric, which is a wholly owned subsidiary of 
Vivint, we occasionally hear from customers who 
indicate that manufacturers respond more positively 
to module warranty claims that are accompanied 
by carefully measured I-V curves. This makes sense, 
because when a PV module company sends a perfor-
mance engineer out to the field to examine a problem 
array, their main tool is an I-V curve tracer. IR imag-
ing can also substantiate claims. The most common 
example of this is hot spots at failing bonds between 
cells or at solder bonds between ribbon busbars. 
Another best practice is to compile statistics about 
trends in module performance or the appearance of 
physical defects. Sometimes a module maker recog-
nizes a pattern it has seen before, and replaces a batch 
of modules without waiting for more modules to fail. 

—Paul Hernday, Vivint Solar

It would expedite claims and generally improve the 
warranty process if OEMs documented an accepted 
process for testing and confirming failures in the 
field. On one project, the OEM insisted that the sys-
tem owner purchase replacement modules before 
they would provide a refund against the faulty mod-

ules returned for failure confirmation. 
—Rue Phillips, True South Renewables

Manufacturer warranties are limited and generally biased 
unfavorably against the buyers. As a result, the claim pro-
cess may prove lengthy, complicated and costly. Resolution 
times depend on the nature of the defect, which may compli-
cate the proof, as well as the commercial policy and general 
standing of the manufacturer. No two cases are alike, and 
there is no general rule that describes the course of a war-
ranty claim. Tier 1 manufacturers are not necessarily more 
efficient in honoring their warranties than smaller suppliers. 
The best things buyers can do are to choose modules that 
have been extensively tested and preventatively implement 
quality assurance measures throughout project develop-
ment. The earlier a problem is identified, the easier it is for 
the manufacturer to provide a remedy.

—George Touloupas, CEA

David Brearley / SolarPro / Ashland, OR /  

david.brearley@solarprofessional.com / solarprofessional.com

RESOURCES

TamizhMani, GovindaSamy (Mani) and Joseph Kuitche, “Accelerated 

Lifetime Testing of Photovoltaic Modules,” Solar America Board for Codes 

and Standards, July 2013
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Preshipment inspection  Inspecting modules at the factory is one 
way to improve fielded module reliability and durability. This chart 
describes the distribution of the defects that CEA found at a Tier 1 
module manufacturing facility while conducting a 30-plus MW quality 
assurance project on behalf of an international developer. 
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U
pdated for 2016, SolarPro’s current string-inverter 
dataset includes 143 string inverter models from 
13 manufacturers. A Nationally Recognized Testing 
Laboratory (NRTL) has listed all the products in the 

table to the UL 1741 standard. In addition, most of the invert-
ers are identified in the CEC list of eligible inverters per SB1 
guidelines. All of the manufacturers represented maintain one 
or more established US sales and technical support offices.   

The last edition of our string-inverter dataset was pub-
lished in the August/September 2014 issue of SolarPro, where 
I identified some high-level trends that included an increas-
ing shift to transformerless, non-isolated topologies, and the 
development of higher-power, higher-voltage 3-phase string 
inverters for commercial, industrial and select utility projects. 
These trends have continued over the past 18 months. More 
than 85% of the string inverters in this year’s dataset are non-
isolated. As well, this year’s dataset features 55 3-phase units 
and 47 string inverters listed for applications over 600 Vdc. 
Notably, the highest-capacity inverter represented has a rated 
power output of 60 kW and weighs a mere 121 pounds.

On the vendor front, Advanced Energy was a significant 
exit from the inverter market, taking Refusol’s acquired line 
of 3-phase string inverters with it. SolarMax was another 
market exit worth mentioning. Finally, SolarEdge made a big 
splash at the Solar Power International conference with the 
announcement of its new MOSFET-based HD Wave topology. 
Corresponding datasheets and installation manuals were not 
available when I aggregated values for the 2016 edition of the 
SolarPro string inverter specifications dataset. I will update 
the Excel-based version of this dataset when these specifica-
tions are released.

Visit solarprofessional.com to download a Microsoft 
Excel file containing the inverter specifications compiled in 
this table. SolarPro permits and encourages solar design and 
installation companies to integrate this data with their own 
sales and design databases.

Joe Schwartz / SolarPro  / Ashland, OR / 

joe.schwartz@solarprofessional.com / solarprofessional.com

Manufacturers

ABB / 877.261.1374 / abb.com/solarinverters

Chint Power Systems / 855.584.7168 / chintpower.com/na

Delta Americas / 510.668.5100 / delta-americas.com

Fronius USA / 877.376.6487 / fronius-usa.com

Ginlong / 866.438.8408 / ginlong-usa.com 

HiQ Solar / 408.970.9580 / hiqsolar.com

Ingeteam / 408.524.2929 / ingeteam.com

KACO new energy / 415.931.2046 / kaco-newenergy.com

Schneider Electric / 888.778.2733 / schneider-electric.com

SMA America / 916.625.0870 / sma-america.com

SolarEdge Technologies / 877.360.5292 / solaredge.us

Sungrow North America / 619.397.8000 / sungrow.ca

Yaskawa (Solectria Solar) / 978.683.9700 / solectria.com
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Manufacturer Model Topology

Input Data (dc) Output Data (ac) Operation

Max. recommended 
PV power at STC  

(W)

Max.  
open-circuit 

voltage
PV start 
voltage

Operating  
voltage range

# MPP 
trackers

MPPT  
voltage range

Max. #  
dc source  
circuits

Max.  
usable input  

current1

Max.  
short-circuit  

current
Rated power 

(W)
Nominal output 

voltage # of phases Max. output current
CEC-weighted efficiency 

(%)
Ambient temp. range 

(°F)

ABB UNO-2.0-I-OUTD-S-US-A isolated 2,100 520 200 2 90–520 1 170–470 2 12.5 15 2,000 208/240/277 1 10 95.5 -13–140

ABB UNO-2.5-I-OUTD-S-US-A isolated 2,600 520 200 2 90–520 1 200–470 2 12.8 15 2,500 208/240/277 1 12 95.5/96/96 -13–140

ABB UNO-7.6-TL-OUTD-S-US-A non-isolated DNR 600 200 2 90–580 2 165–480 4 2 × 24 2 × 30 7,600 208/240/277 1 36.5/32/27.5 96.5 -13–140

ABB UNO-8.6-TL-OUTD-S-US-A non-isolated DNR 600 200 2 90–580 2 185–480 4 2 × 24 2 × 30 8,600 240/277 1 36/31 96.5 -13–140

ABB PVI-3.0-TL-OUTD-S-US-A non-isolated 3,500 600 200 2 90–580 2 160–530 4 2 × 10 2 × 12.5 3,000 208/240/277 1 14.5/14.5/12 96 -13–140

ABB PVI-3.6-TL-OUTD-S-US-A non-isolated 4,150 600 200 2 90–580 2 120–530 4 2 × 16 2 × 20 3,600 208/240/277 1 17.2/16/16 96 -13–140

ABB PVI-3.8-TL-OUTD-S-US-A non-isolated DNR 600 200 2 90–580 2 140–530 4 2 × 16 2 × 20 3,800 208/240/277 1 16 96 -13–140

ABB PVI-4.2-TL-OUTD-S-US-A non-isolated 4,820 600 200 2 90–580 2 140–530 4 2 × 16 2 × 20 4,200 208/240/277 1 20 96 -13–140

ABB PVI-5000-TL-OUTD-US-A non-isolated 5,300 600 200 2 90–580 2 145–530 4 2 × 18 2 × 22 5,000 208/240/277 1 27/23/20 96/96.5/96.5 -13–140

ABB PVI-6000-TL-OUTD-US-A non-isolated 6,400 600 200 2 90–580 2 175–530 4 2 × 18 2 × 22 6,000 208/240/277 1 30/28/24 96/96.5/96.5 -13–140

ABB TRIO-20.0-TL-OUTD-S1-US-480-A non-isolated 22,000 1,000 360 3 200–950 2 450–800 8 2 × 25 2 × 30 20,000 480 3 27 97.5 -22–140

ABB TRIO-27.6-TL-OUTD-S1-US-480-A non-isolated 30,000 1,000 360 3 200–950 2 520–800 8 2 × 30.9 2 × 36 27,600 480 3 36 97.5 -22–140

Chint Power Systems CPS SC14KTL-DO/US-208 non-isolated 19,000 600 300 180–580 2 300–540 8 2 × 25 2 × 45 14,000 208 3 39 96 -13–140

Chint Power Systems CPS SC20KTL-DO/US-480 non-isolated 27,000 600 300 260–580 2 300–550 8 2 × 35 2 × 45.5 20,000 480 3 24 97 -13–140

Chint Power Systems CPS SCA23KTL-DO/US-480 non-isolated 31,000 1,000 330 300–900 2 480–800 8 2 × 25 2 × 41 23,000 480 3 27.7 98 -13–140

Chint Power Systems CPS SCA28KTL-DO/US-480 non-isolated 38,000 1,000 330 300–900 2 500–800 8 2 × 29 2 × 48 28,000 480 3 33.7 98 -13–140

Chint Power Systems CPS SCA36KTL-DO/US-480 non-isolated 54,000 1,000 330 240–950 2 540–800 8 2 × 35 107 36,000 480 3 43.5 98 -13–140

Delta SOLIVIA 3.0 TL non-isolated 3,600 600 120 120–550 1 200–500 2 18 24 3,000 208/240 1 15.6 97.5 -13–158

Delta SOLIVIA 3.8 TL non-isolated 4,560 600 120 120–550 1 200–500 2 20 24 3,800 208/240 1 19.7 97.5 -13–158

Delta SOLIVIA 5.2 TL non-isolated 6,240 600 120 120–550 2 200–500 4 2 × 15 2 × 24 5,200 208/240 1 27 97.5 -13–158

Delta SOLIVIA 6.6 TL non-isolated 7,920 600 120 120–550 2 200–500 4 2 × 18 2 × 24 6,600 208/240 1 34.3 97.5 -13–158

Delta SOLIVIA 7.6 TL non-isolated 9,120 600 120 120–550 2 200–500 4 2 × 20 2 × 24 7,600 208/240 1 39.6 97.5 -13–158

Fronius USA GALVO 1.5-1 isolated 2,400 420 140 120–420 1 120–335 3 13.4 16.7 1,500 208/240 1 7.2/6.3 94/94.5 -40–122

Fronius USA GALVO 2.0-1 isolated 3,200 420 140 120–420 1 120–335 3 17/17.9 22.4 2,000 208/240 1 9.1/8.3 94.5 -40–122

Fronius USA GALVO 2.5-1 isolated 3,800 550 185 165–550 1 165–440 3 16.1 20.1 2,500 208/240 1 12/10.4 95 -40–122

Fronius USA GALVO 3.1-1 isolated 4,500 550 185 165–550 1 165–440 3 18.7/20 25 3,100 208/240 1 14.1/12.9 95.5 -40–122

Fronius USA PRIMO 3.8-1 non-isolated 6,000 600 80 80–600 2 200–480 4 2 × 18 2 × 22.5 3,800 208/240 1 18.3/15.8 95 -40–131

Fronius USA PRIMO 5.0-1 non-isolated 7,800 600 80 80–600 2 240–480 4 2 × 18 2 × 22.5 5,000 208/240 1 24/20.8 95.5 -40–131

Fronius USA PRIMO 6.0-1 non-isolated 9,300 600 80 80–600 2 240–480 4 2 × 18 2 × 22.5 6,000 208/240 1 28.8/25 96 -40–131

Fronius USA PRIMO 7.6-1 non-isolated 11,700 600 80 80–600 2 250–480 4 2 × 18 2 × 22.5 7,600 208/240 1 36.5/31.7 96 -40–131

Fronius USA PRIMO 8.2-1 non-isolated 12,700 600 80 80–600 2 270–480 4 2 × 18 2 × 22.5 7,900/8,200 208/240 1 38/34.2 96.5 -40–131

Fronius USA PRIMO 10.0-1 non-isolated 12,000 600 80 80–600 2 220–480 6 33/18 5 41.3/22.5 5 9,995 208/240 1 48.1/41.6 96 -40–140

Fronius USA PRIMO 11.4-1 non-isolated 13,700 600 80 80–600 2 240–480 6 33/18 5 41.3/22.5 5 11,400 208/240 1 54.8/47.5 96 -40–140

Fronius USA PRIMO 12.5-1 non-isolated 15,000 600 80 80–600 2 260–480 6 33/18 5 41.3/22.5 5 12,500 208/240 1 60.1/52.1 96 -40–140

Fronius USA PRIMO 15.0-1 non-isolated 18,000 600 80 80–600 2 320–480 6 33/18 5 41.3/22.5 5 13,750/15,000 208/240 1 66.1/62.5 96.5 -40–140

Fronius USA SYMO 10.0-3 208/240 non-isolated 13,000 600 200 200–600 2 300–500 6 25/16.5 5 37.5/24.8 5 9,995 208/240 3 27.7/24 96.5 -40–140

Fronius USA SYMO 12.0-3 208/240 non-isolated 15,500 600 200 200–600 2 300–500 6 25/16.5 5 37.5/24.8 5 11,995 208/240 3 33.3/28.9 96.5 -40–140

Fronius USA SYMO 10.0-3 480 non-isolated 13,000 1,000 200 200–1,000 2 300–800 6 25/16.5 5 37.5/24.8 5 9,995 480 3 12 96.5 -40–140

Fronius USA SYMO 12.5-3 480 non-isolated 16,000 1,000 200 200–1,000 2 350–800 6 25/16.5 5 37.5/24.8 5 12,495 480 3 15 97 -40–140

Fronius USA SYMO 15.0-3 280 non-isolated 19,500 1,000 325 325–1,000 1 325–850 6 50 75 15,000 208 3 41.6 96.5 -40–140

Fronius USA SYMO 15.0-3 480 non-isolated 19,500 1,000 200 200–1,000 2 350–800 6 33/25 5 49.5/37.5 5 14,995 480 3 18 97 -40–140

Fronius USA SYMO 17.5-3 480 non-isolated 23,000 1,000 200 200–1,000 2 400–800 6 33/25 5 49.5/37.5 5 17,495 480 3 21 97.5 -40–140

Fronius USA SYMO 20.0-3 480 non-isolated 26,000 1,000 200 200–1,000 2 450–800 6 33/25  5 49.5/37.5 5 19,995 480 3 24 97.5 -40–140

Fronius USA SYMO 22.7-3 480 non-isolated 29,500 1,000 200 200–1,000 2 500–800 6 33/25 5 49.5/37.5 5 22,727 480 3 27.3 97.5 -40–140

Fronius USA SYMO 24.0-3 480 non-isolated 31,000 1,000 200 200–1,000 2 500–800 6 33/25 5 49.5/37.5 5 23,995 480 3 28.9 97.5 -40–140

Ginlong Solis-2.5K-2G-US non-isolated 2,900 600 120 100–500 2 125–500 2 10/10 5 2 x 15.6 2,500 208/240 1 13.3 96.5 -13–140

Ginlong Solis-3K-2G-US non-isolated 3,500 600 120 100–500 2 150–500 2 10/10 5 2 x 15.6 3,000 208/240 1 15.7 96.5 -13–140

Ginlong Solis-3.6K-2G-US non-isolated 4,200 600 120 100–500 2 180–500 2 10/10 5 2 x 15.6 3,600 208/240 1 16 96.5 -13–140

2016 Single and 3-Phase String Inverter Specifications

String Inverter Guide
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Manufacturer Model Topology

Input Data (dc) Output Data (ac) Operation

Max. recommended 
PV power at STC  

(W)

Max.  
open-circuit 

voltage
PV start 
voltage

Operating  
voltage range

# MPP 
trackers

MPPT  
voltage range

Max. #  
dc source  
circuits

Max.  
usable input  

current1

Max.  
short-circuit  

current
Rated power 

(W)
Nominal output 

voltage # of phases Max. output current
CEC-weighted efficiency 

(%)
Ambient temp. range 

(°F)

ABB UNO-2.0-I-OUTD-S-US-A isolated 2,100 520 200 2 90–520 1 170–470 2 12.5 15 2,000 208/240/277 1 10 95.5 -13–140

ABB UNO-2.5-I-OUTD-S-US-A isolated 2,600 520 200 2 90–520 1 200–470 2 12.8 15 2,500 208/240/277 1 12 95.5/96/96 -13–140

ABB UNO-7.6-TL-OUTD-S-US-A non-isolated DNR 600 200 2 90–580 2 165–480 4 2 × 24 2 × 30 7,600 208/240/277 1 36.5/32/27.5 96.5 -13–140

ABB UNO-8.6-TL-OUTD-S-US-A non-isolated DNR 600 200 2 90–580 2 185–480 4 2 × 24 2 × 30 8,600 240/277 1 36/31 96.5 -13–140

ABB PVI-3.0-TL-OUTD-S-US-A non-isolated 3,500 600 200 2 90–580 2 160–530 4 2 × 10 2 × 12.5 3,000 208/240/277 1 14.5/14.5/12 96 -13–140

ABB PVI-3.6-TL-OUTD-S-US-A non-isolated 4,150 600 200 2 90–580 2 120–530 4 2 × 16 2 × 20 3,600 208/240/277 1 17.2/16/16 96 -13–140

ABB PVI-3.8-TL-OUTD-S-US-A non-isolated DNR 600 200 2 90–580 2 140–530 4 2 × 16 2 × 20 3,800 208/240/277 1 16 96 -13–140

ABB PVI-4.2-TL-OUTD-S-US-A non-isolated 4,820 600 200 2 90–580 2 140–530 4 2 × 16 2 × 20 4,200 208/240/277 1 20 96 -13–140

ABB PVI-5000-TL-OUTD-US-A non-isolated 5,300 600 200 2 90–580 2 145–530 4 2 × 18 2 × 22 5,000 208/240/277 1 27/23/20 96/96.5/96.5 -13–140

ABB PVI-6000-TL-OUTD-US-A non-isolated 6,400 600 200 2 90–580 2 175–530 4 2 × 18 2 × 22 6,000 208/240/277 1 30/28/24 96/96.5/96.5 -13–140

ABB TRIO-20.0-TL-OUTD-S1-US-480-A non-isolated 22,000 1,000 360 3 200–950 2 450–800 8 2 × 25 2 × 30 20,000 480 3 27 97.5 -22–140

ABB TRIO-27.6-TL-OUTD-S1-US-480-A non-isolated 30,000 1,000 360 3 200–950 2 520–800 8 2 × 30.9 2 × 36 27,600 480 3 36 97.5 -22–140

Chint Power Systems CPS SC14KTL-DO/US-208 non-isolated 19,000 600 300 180–580 2 300–540 8 2 × 25 2 × 45 14,000 208 3 39 96 -13–140

Chint Power Systems CPS SC20KTL-DO/US-480 non-isolated 27,000 600 300 260–580 2 300–550 8 2 × 35 2 × 45.5 20,000 480 3 24 97 -13–140

Chint Power Systems CPS SCA23KTL-DO/US-480 non-isolated 31,000 1,000 330 300–900 2 480–800 8 2 × 25 2 × 41 23,000 480 3 27.7 98 -13–140

Chint Power Systems CPS SCA28KTL-DO/US-480 non-isolated 38,000 1,000 330 300–900 2 500–800 8 2 × 29 2 × 48 28,000 480 3 33.7 98 -13–140

Chint Power Systems CPS SCA36KTL-DO/US-480 non-isolated 54,000 1,000 330 240–950 2 540–800 8 2 × 35 107 36,000 480 3 43.5 98 -13–140

Delta SOLIVIA 3.0 TL non-isolated 3,600 600 120 120–550 1 200–500 2 18 24 3,000 208/240 1 15.6 97.5 -13–158

Delta SOLIVIA 3.8 TL non-isolated 4,560 600 120 120–550 1 200–500 2 20 24 3,800 208/240 1 19.7 97.5 -13–158

Delta SOLIVIA 5.2 TL non-isolated 6,240 600 120 120–550 2 200–500 4 2 × 15 2 × 24 5,200 208/240 1 27 97.5 -13–158

Delta SOLIVIA 6.6 TL non-isolated 7,920 600 120 120–550 2 200–500 4 2 × 18 2 × 24 6,600 208/240 1 34.3 97.5 -13–158

Delta SOLIVIA 7.6 TL non-isolated 9,120 600 120 120–550 2 200–500 4 2 × 20 2 × 24 7,600 208/240 1 39.6 97.5 -13–158

Fronius USA GALVO 1.5-1 isolated 2,400 420 140 120–420 1 120–335 3 13.4 16.7 1,500 208/240 1 7.2/6.3 94/94.5 -40–122

Fronius USA GALVO 2.0-1 isolated 3,200 420 140 120–420 1 120–335 3 17/17.9 22.4 2,000 208/240 1 9.1/8.3 94.5 -40–122

Fronius USA GALVO 2.5-1 isolated 3,800 550 185 165–550 1 165–440 3 16.1 20.1 2,500 208/240 1 12/10.4 95 -40–122

Fronius USA GALVO 3.1-1 isolated 4,500 550 185 165–550 1 165–440 3 18.7/20 25 3,100 208/240 1 14.1/12.9 95.5 -40–122

Fronius USA PRIMO 3.8-1 non-isolated 6,000 600 80 80–600 2 200–480 4 2 × 18 2 × 22.5 3,800 208/240 1 18.3/15.8 95 -40–131

Fronius USA PRIMO 5.0-1 non-isolated 7,800 600 80 80–600 2 240–480 4 2 × 18 2 × 22.5 5,000 208/240 1 24/20.8 95.5 -40–131

Fronius USA PRIMO 6.0-1 non-isolated 9,300 600 80 80–600 2 240–480 4 2 × 18 2 × 22.5 6,000 208/240 1 28.8/25 96 -40–131

Fronius USA PRIMO 7.6-1 non-isolated 11,700 600 80 80–600 2 250–480 4 2 × 18 2 × 22.5 7,600 208/240 1 36.5/31.7 96 -40–131

Fronius USA PRIMO 8.2-1 non-isolated 12,700 600 80 80–600 2 270–480 4 2 × 18 2 × 22.5 7,900/8,200 208/240 1 38/34.2 96.5 -40–131

Fronius USA PRIMO 10.0-1 non-isolated 12,000 600 80 80–600 2 220–480 6 33/18 5 41.3/22.5 5 9,995 208/240 1 48.1/41.6 96 -40–140

Fronius USA PRIMO 11.4-1 non-isolated 13,700 600 80 80–600 2 240–480 6 33/18 5 41.3/22.5 5 11,400 208/240 1 54.8/47.5 96 -40–140

Fronius USA PRIMO 12.5-1 non-isolated 15,000 600 80 80–600 2 260–480 6 33/18 5 41.3/22.5 5 12,500 208/240 1 60.1/52.1 96 -40–140

Fronius USA PRIMO 15.0-1 non-isolated 18,000 600 80 80–600 2 320–480 6 33/18 5 41.3/22.5 5 13,750/15,000 208/240 1 66.1/62.5 96.5 -40–140

Fronius USA SYMO 10.0-3 208/240 non-isolated 13,000 600 200 200–600 2 300–500 6 25/16.5 5 37.5/24.8 5 9,995 208/240 3 27.7/24 96.5 -40–140

Fronius USA SYMO 12.0-3 208/240 non-isolated 15,500 600 200 200–600 2 300–500 6 25/16.5 5 37.5/24.8 5 11,995 208/240 3 33.3/28.9 96.5 -40–140

Fronius USA SYMO 10.0-3 480 non-isolated 13,000 1,000 200 200–1,000 2 300–800 6 25/16.5 5 37.5/24.8 5 9,995 480 3 12 96.5 -40–140

Fronius USA SYMO 12.5-3 480 non-isolated 16,000 1,000 200 200–1,000 2 350–800 6 25/16.5 5 37.5/24.8 5 12,495 480 3 15 97 -40–140

Fronius USA SYMO 15.0-3 280 non-isolated 19,500 1,000 325 325–1,000 1 325–850 6 50 75 15,000 208 3 41.6 96.5 -40–140

Fronius USA SYMO 15.0-3 480 non-isolated 19,500 1,000 200 200–1,000 2 350–800 6 33/25 5 49.5/37.5 5 14,995 480 3 18 97 -40–140

Fronius USA SYMO 17.5-3 480 non-isolated 23,000 1,000 200 200–1,000 2 400–800 6 33/25 5 49.5/37.5 5 17,495 480 3 21 97.5 -40–140

Fronius USA SYMO 20.0-3 480 non-isolated 26,000 1,000 200 200–1,000 2 450–800 6 33/25  5 49.5/37.5 5 19,995 480 3 24 97.5 -40–140

Fronius USA SYMO 22.7-3 480 non-isolated 29,500 1,000 200 200–1,000 2 500–800 6 33/25 5 49.5/37.5 5 22,727 480 3 27.3 97.5 -40–140

Fronius USA SYMO 24.0-3 480 non-isolated 31,000 1,000 200 200–1,000 2 500–800 6 33/25 5 49.5/37.5 5 23,995 480 3 28.9 97.5 -40–140

Ginlong Solis-2.5K-2G-US non-isolated 2,900 600 120 100–500 2 125–500 2 10/10 5 2 x 15.6 2,500 208/240 1 13.3 96.5 -13–140

Ginlong Solis-3K-2G-US non-isolated 3,500 600 120 100–500 2 150–500 2 10/10 5 2 x 15.6 3,000 208/240 1 15.7 96.5 -13–140

Ginlong Solis-3.6K-2G-US non-isolated 4,200 600 120 100–500 2 180–500 2 10/10 5 2 x 15.6 3,600 208/240 1 16 96.5 -13–140

Footnote Key
1 Per MPP tracker
2 Adjustable: 120–350 Vdc
3 Adjustable: 250–500 Vdc
4 Wiring box is available in multiple product variants
5 MPPT 1/MPPT 2
6 600 Vdc, 150–500 Vdc MPPT model available 
7 Connector approved as load-break disconnect 

8 1502x–5002x inverters without disconnects  
 available. Electrical specs are identical  
 for x and xi models
9 Integrated Tigo Energy Maximizer  
 Management Unit
10 Supplies PV power at < 550 Vdc
11 Module-level MPP tracking

12 Available with Smart Module Mode for Tigo  
 and Ampt compatibility
13 With optional PSD disconnect
14 DC disconnect dimensions: 12 × 7 × 7.5 in.
15 DC disconnect weight: 8 lbs.
16 DC disconnect dimensions: 11.7 × 7.3 × 7.5
17 With SMA Connection Unit 1000-US

18 570–800 @ 400 Vac
19 98% CEC efficiency @ 400 Vac
20 P400 power optimizer 
21 P600 power optimizer 
22 P700 power optimizer 
23 -40–140°F version available
DNR = Did not report
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Manufacturer Model

Integrated Disconnects and Combiners Mechanical Listing and Warranty

DC 
disconnect 
standard

AC 
disconnect 
standard

Fused 
combiner 
standard

Arc-fault 
protection

Cooling 
method

Enclosure 
NEMA 
rating

Dimensions  
H × W × D  

(in.)
Weight       
(lbs.) 

Listing 
agency

Warranty 
std./ext. 

(yrs.)

ABB UNO-2.0-I-OUTD-S-US-A yes 4 no no 4 yes 4 passive 4X 30.3 × 14.4 × 6.3 43 CSA 10/15, 20

ABB UNO-2.5-I-OUTD-S-US-A yes 4 no no 4 yes 4 passive 4X 30.3 × 14.4 × 6.3 43 CSA 10/15, 20

ABB UNO-7.6-TL-OUTD-S-US-A yes 4 no no 4 yes 4 passive 4X 29.3 × 22.9 × 8.8 82 CSA 10/15, 20

ABB UNO-8.6-TL-OUTD-S-US-A yes 4 no no 4 yes 4 passive 4X 29.3 × 22.9 × 8.8 82 CSA 10/15, 20

ABB PVI-3.0-TL-OUTD-S-US-A yes 4 no yes 4 yes 4 passive 4X 33.8 × 12.8 × 8.7 47 CSA 10/15, 20

ABB PVI-3.6-TL-OUTD-S-US-A yes 4 no yes 4 yes 4 passive 4X 33.8 × 12.8 × 8.7 47 CSA 10/15, 20

ABB PVI-3.8-TL-OUTD-S-US-A yes 4 no yes 4 yes 4 passive 4X 33.8 × 12.8 × 8.7 47 CSA 10/15, 20

ABB PVI-4.2-TL-OUTD-S-US-A yes 4 no yes 4 yes 4 passive 4X 33.8 × 12.8 × 8.7 47 CSA 10/15, 20

ABB PVI-5000-TL-OUTD-US-A yes 4 no yes 4 yes 4 passive 4X 41.4 × 12.8 × 8.6 60 CSA 10/15, 20

ABB PVI-6000-TL-OUTD-US-A yes 4 no yes 4 yes 4 passive 4X 41.4 × 12.8 × 8.6 60 CSA 10/15, 20

ABB TRIO-20.0-TL-OUTD-S1-US-480-A yes 4 no yes 4 yes 4 passive 4X 41.7 × 27.6 × 11.5 157 CSA 10/15, 20

ABB TRIO-27.6-TL-OUTD-S1-US-480-A yes 4 no yes 4 yes 4 passive 4X 41.7 × 27.6 × 11.5 168 CSA 10/15, 20

Chint Power Systems CPS SC14KTL-DO/US-208 yes yes yes option active 4 41.6 × 21.4 × 8.5 141 ETL 10/15, 20

Chint Power Systems CPS SC20KTL-DO/US-480 yes yes yes option active 4 41.6 × 21.4 × 8.5 141 ETL 10/15, 20

Chint Power Systems CPS SCA23KTL-DO/US-480 yes yes yes option active 4X 39.4 × 23.6 × 9.1 122 CSA 10/15, 20

Chint Power Systems CPS SCA28KTL-DO/US-480 yes yes yes option active 4X 39.4 × 23.6 × 9.1 122 CSA 10/15, 20

Chint Power Systems CPS SCA36KTL-DO/US-480 yes yes yes option active 4 39.4 × 23.6 × 9.1 145 CSA 10/15, 20

Delta SOLIVIA 3.0 TL yes no yes yes passive 4 17.5 × 15.8 × 8.5 43 UL 10/15, 20

Delta SOLIVIA 3.8 TL yes no yes yes passive 4 17.5 × 15.8 × 8.5 43 UL 10/15, 20

Delta SOLIVIA 5.2 TL yes no yes yes passive 4 26.8 × 15.8 × 8.5 65 UL 10/15, 20

Delta SOLIVIA 6.6 TL yes no yes yes passive 4 26.8 × 15.8 × 8.5 65 UL 10/15, 20

Delta SOLIVIA 7.6 TL yes no yes yes passive 4 26.8 × 15.8 × 8.5 65 UL 10/15, 20

Fronius USA GALVO 1.5-1 yes no no yes active 4X 24.7 × 16.9 × 8.1 36 CSA 10/15, 20

Fronius USA GALVO 2.0-1 yes no no yes active 4X 24.7 × 16.9 × 8.1 36 CSA 10/15, 20

Fronius USA GALVO 2.5-1 yes no no yes active 4X 24.7 × 16.9 × 8.1 37 CSA 10/15, 20

Fronius USA GALVO 3.1-1 yes no no yes active 4X 24.7 × 16.9 × 8.1 37 CSA 10/15, 20

Fronius USA PRIMO 3.8-1 yes no no yes active 4X 24.7 × 16.9 × 8.1 47 CSA 10/15, 20

Fronius USA PRIMO 5.0-1 yes no no yes active 4X 24.7 × 16.9 × 8.1 47 CSA 10/15, 20

Fronius USA PRIMO 6.0-1 yes no no yes active 4X 24.7 × 16.9 × 8.1 47 CSA 10/15, 20

Fronius USA PRIMO 7.6-1 yes no no yes active 4X 24.7 × 16.9 × 8.1 47 CSA 10/15, 20

Fronius USA PRIMO 8.2-1 yes no no yes active 4X 24.7 × 16.9 × 8.1 47 CSA 10/15, 20

Fronius USA PRIMO 10.0-1 yes no yes yes active 4X 28.5 × 20.1 × 8.9 83 CSA 10/15, 20

Fronius USA PRIMO 11.4-1 yes no yes yes active 4X 28.5 × 20.1 × 8.9 83 CSA 10/15, 20

Fronius USA PRIMO 12.5-1 yes no yes yes active 4X 28.5 × 20.1 × 8.9 83 CSA 10/15, 20

Fronius USA PRIMO 15.0-1 yes no yes yes active 4X 28.5 × 20.1 × 8.9 83 CSA 10/15, 20

Fronius USA SYMO 10.0-3 208/240 yes no yes yes active 4X 28.5 × 20.1 × 8.9 92 CSA 10/15, 20

Fronius USA SYMO 12.0-3 208/240 yes no yes yes active 4X 28.5 × 20.1 × 8.9 92 CSA 10/15, 20

Fronius USA SYMO 10.0-3 480 yes no yes yes active 4X 28.5 × 20.1 × 8.9 77 CSA 10/15, 20

Fronius USA SYMO 12.5-3 480 yes no yes yes active 4X 28.5 × 20.1 × 8.9 77 CSA 10/15, 20

Fronius USA SYMO 15.0-3 280 yes no yes yes active 4X 28.5 × 20.1 × 8.9 78 CSA 10/15, 20

Fronius USA SYMO 15.0-3 480 yes no yes yes active 4X 28.5 × 20.1 × 8.9 96 CSA 10/15, 20

Fronius USA SYMO 17.5-3 480 yes no yes yes active 4X 28.5 × 20.1 × 8.9 96 CSA 10/15, 20

Fronius USA SYMO 20.0-3 480 yes no yes yes active 4X 28.5 × 20.1 × 8.9 96 CSA 10/15, 20

Fronius USA SYMO 22.7-3 480 yes no yes yes active 4X 28.5 × 20.1 × 8.9 96 CSA 10/15, 20

Fronius USA SYMO 24.0-3 480 yes no yes yes active 4X 28.5 × 20.1 × 8.9 96 CSA 10/15, 20

Ginlong Solis-2.5K-2G-US yes no no yes passive 4X 25.9 x 13.3 x 6.5 33 ETL 10/15, 20

Ginlong Solis-3K-2G-US yes no no yes passive 4X 25.9 x 13.3 x 6.5 33 ETL 10/15, 20

Ginlong Solis-3.6K-2G-US yes no no yes passive 4X 25.9 x 13.3 x 6.5 33 ETL 10/15, 20

String Inverter Guide
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GET MORE WITH
THE WORLD’S ONLY TRUE
COMMERCIAL SOLUTION

MORE POWER... 
WITH THE SUNNY TRIPOWER TL-US

Maximize your system’s energy production with the 
Sunny Tripower’s class-leading effi  ciency and proven 

reliability. And with SMA’s OptiTrac Global Peak MPP 
tracking, challenging rooftops are no longer a concern. 

MORE FLEXIBILITY...
WITH SMA TECHNOLOGY

The Sunny Tripower TL-US makes design simple and 
repeatable. Two MPP trackers, 600 or 1000 V DC 

operation, powerful monitoring options, and the SMA 
ReadyRack™ rooftop kit make it ideal for any application. 

MORE PROFIT...
WITH SMA’S COMMERCIAL O&M

Commercial projects aren’t complete when you turn the 
power on. SMA’s #1-ranked service team protects against 

lost profi t through a host of essential O&M services and 
helps realize the full potential of your PV investment. 

Learn more at SMA-America.com

http://www.sma-america.com
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Manufacturer Model Topology

Input Data (dc) Output Data (ac) Operation

Max. recommended 
PV power at STC  

(W)

Max.  
open-circuit 

voltage
PV start 
voltage

Operating  
voltage range

# MPP 
trackers

MPPT  
voltage range

Max. #  
dc source  
circuits

Max.  
usable input  

current1

Max.  
short-circuit  

current
Rated power 

(W)
Nominal output 

voltage # of phases Max. output current
CEC-weighted efficiency 

(%)
Ambient temp. range 

(°F)

Ginlong Solis-4K-2G-US non-isolated 4,600 600 120 100–500 2 145–500 2 10/18 5 15.6/23.4 5 4,000 208/240 1 21 97 -13–140

Ginlong Solis-4.6K-2G-US non-isolated 5,300 600 120 100–500 2 165–500 3 10/18 5 15.6/23.4 5 4,600 208/240 1 23.8 97 -13–140

Ginlong Solis-5K-2G-US non-isolated 5,800 600 120 100–500 2 180–500 3 10/18 5 15.6/23.4 5 5,000 208/240 1 23.8 97 -13–140

Ginlong Solis-1P6K-3G-US non-isolated 6,900 600 120 100–500 3 200–500 3 3 x 10 3 x 15.6 6,000 208/240 1 31.7 97 -13–140

Ginlong Solis-1P7K-3G-US non-isolated 8,000 600 120 100–500 3 233–500 3 3 x 10 3 x 15.6 7,000 208/240 1 37 97 -13–140

Ginlong Solis-1P7.6K-3G-US non-isolated 8,700 600 120 100–500 3 190–500 3 3 x 10 3 x 15.6 7,600 208/240 1 40.1 97 -13–140

Ginlong Solis-1P8K-3G-US non-isolated 9,200 600 120 100–500 4 200–500 4 4 x 10 4 x 15.6 8,000 208/240 1 42.3 97 -13–140

Ginlong Solis-1P9K-3G-US non-isolated 10,400 600 120 100–500 4 200–500 4 4 x 10 4 x 15.6 9,000 208/240 1 47.6 97 -13–140

Ginlong Solis-1P10K-3G-US non-isolated 11,500 600 120 100–500 4 250–500 4 4 x 10 4 x 15.6 10,000 208/240 1 45.9 97 -13–140

Ginlong Solis-6K-US 6 non-isolated 7,200 1,000 330 200–980 2 200–800 4 2 x 15 DNR 6,000 480 3 10 96.5 -13–140

Ginlong Solis-10K-US 6 non-isolated 12,000 1,000 330 200–980 2 200–800 4 2 x 15 DNR 10,000 480 3 16.7 96.5 -13–140

Ginlong Solis-15K-US non-isolated 18,000 1,000 330 200–980 2 200–800 4 2 x 18 DNR 15,000 480 3 25.1 97.3 -13–140

Ginlong Solis-20K-US non-isolated 24,000 1,000 330 200–980 2 200–800 4 2 x 18 DNR 20,000 480 3 30.4 97.3 -13–140

Ginlong Solis-25K-US non-isolated 30,000 1,000 330 200–980 4 200–800 8 4 x 18 DNR 25,000 480 3 33.3 97.5 -13–140

Ginlong Solis-30K-US non-isolated 36,000 1,000 330 200–980 4 200–800 8 4 x 18 DNR 30,000 480 3 39.7 97.5 -13–140

Ginlong Solis-36K-US non-isolated 43,200 1,000 330 200–980 4 200–800 8 4 x 18 DNR 36,000 480 3 47.8 97.5 -13–140

Ginlong Solis-40K-US non-isolated 48,000 1,000 330 200–980 4 200–800 8 4 x 18 DNR 40,000 480 3 53 97.5 -13–140

HiQ Solar TrueString TS208-5k75 non-isolated 12,000 1,000 200 200–850 2 325–525 2 2 × 10 30 5,750 208 3 16 97 -40–150

HiQ Solar TrueString TS480-8k non-isolated 16,000 1,000 200 200–850 2 425–850 2 2 × 10 30 8,000 480 3 16 98 -40–150

Ingeteam INGECON SUN 1Play 2.8TL U M non-isolated 3,600 850 125 90–750 2 125–750 4 2 × 11 DNR 2,800 208/240 1 16 97.5 -13–149

Ingeteam INGECON SUN 1Play 3.3TL U M non-isolated 4,300 850 125 90–750 2 125–750 4 2 × 11 DNR 3,300 208/240 1 16 97.5 -13–149

Ingeteam INGECON SUN 1Play 5TL U M non-isolated 6,500 850 125 90–750 2 125–750 4 2 × 11 DNR 5,000 208/240 1 26.2 97.5 -13–149

Ingeteam INGECON SUN 1Play 6TL U M non-isolated 7,800 850 125 90–750 2 125–750 4 2 × 11 DNR 6,000 208/240 1 26.2 97.5 -13–149

Ingeteam INGECON SUN 3Play 18TL U M480 non-isolated 24,100 1,000 200 200–820 2 200–820 4 30/20 5 DNR 18,000 480 3 22 98 -13–149

Ingeteam INGECON SUN 3Play 24TL U M480 non-isolated 32,200 1,000 200 200–820 2 200–820 4 2 × 27 DNR 24,000 480 3 29 98 -13–149

Ingeteam INGECON SUN 3Play 40TL U M480 non-isolated 53,600 1,000 200 200–820 2 200–820 4 2 × 40 DNR 40,000 480 3 48 98 -13–149

KACO new energy 1502xi 8 isolated 2,000 550 125 125–550 1 125–400 3 14.3 21.5 1,500 208/240 1 7.2/6.25 95/95.5 -4–140

KACO new energy 2502xi 8 isolated 3,000 550 200 200–550 1 200–450 3 13.5 21.5 2,500 208/240 1 12/10.4 95/95.5 -4–140

KACO new energy 3502xi 8 isolated 4,000 600 10 200 200–550 1 200–510 3 18.5 28 3,500 208/240 1 16.8/14.6 95/95.5 -13–140

KACO new energy 5002xi 8 isolated 6,000 600 10 200 200–550 1 200–510 3 26.5 40 5,000 208/240 1 24/20.8 95/95.5 -13–140

KACO new energy 6400xi non-isolated 8,000 600 10 320/365 320–510/365–510 1 320–510/365–510 4 21 36 6,400 208/240 1 31/27 96.5 -4–140

KACO new energy 7600xi non-isolated 9,500 600 10 320/365 320–510/365–510 1 320–510/365–510 4 24 36 7,600 208/240 1 37/32 96.5 -4–140

KACO new energy 6400M 9 non-isolated 8,000 600 10 320/365 320–510/365–510 varies 11 320–510/365–510 4 21 36 6,400 208/240 1 31/27 96.5 -13–140

KACO new energy 7600M 9 non-isolated 9,500 600 10 320/365 320–510/365–510 varies 11 320–510/365–510 4 24 36 7,600 208/240 1 37/32 96.5 -13–140

KACO new energy 2.0 TL1 non-isolated DNR 600 10 150 125–550 1 190–510 1 11 13 2,000 208/240 1 9.7/8.3 96.5 -13–140

KACO new energy 3.0 TL1 non-isolated DNR 600 10 150 125–550 2 140–510 2 2 × 11 2 × 13.2 3,000 208/240 1 14.5/12.5 96.5 -13–140

KACO new energy 4.0 TL1 non-isolated DNR 600 10 150 125–550 2 185–510 2 2 × 11 2 × 13.2 4,000 208/240 1 19.2/16.7 96.5 -13–140

KACO new energy 5.0 TL1 non-isolated DNR 600 10 150 125–550 2 215–510 2 2 × 11 2 × 13.2 4,600/5,000 208/240 1 22/20 96.5 -13–140

KACO new energy XP10U-H4 non-isolated 12,000 600 250 200–600 2 280–550 4 2 × 18.6 2 × 37 10,000 480 3 12.1 97.5 -13–140

KACO new energy 10.0 TL3 US non-isolated DNR 600 250 200–600 2 280–550 4 2 × 18.6 2 × 37 10,000 480 3 12.1 97.5 -13–140

KACO new energy 32.0 TL3 M1 non-isolated DNR 600 250 200–600 1 310–550 1 108 165 32,000 480 3 38 97 -13–140

KACO new energy 40.0 TL3 M1 non-isolated DNR 1,000 250 200–1,000 1 390–850 1 108 165 40,000 480 3 48 97.5 -13–140

KACO new energy 50.0 TL3 M1 non-isolated DNR 1,000 250 200–1,000 1 480–850 1 108 165 50,000 480 3 60 97.5 -13–140

KACO new energy 32.0 TL3 M3 12 non-isolated DNR 600 250 200–600 3 310–550 6 3 × 36 3 × 55 32,000 480 3 38 97 -13–140

KACO new energy 40.0 TL3 M3 12 non-isolated DNR 1,000 250 200–1,000 3 390–850 6 3 × 36 3 × 55 40,000 480 3 48 97.5 -13–140

KACO new energy 50.0 TL3 M3 12 non-isolated DNR 1,000 250 200–1,000 3 480–850 6 3 × 36 3 × 55 50,000 480 3 60 97.5 -13–140

Schneider Electric CL18000 NA non-isolated 22,800 1,000 DNR 250–1,000 2 300–800 8 32.0 2 × 36 18,000 480 3 25 97.5 -13–140

Schneider Electric CL25000 NA non-isolated 31,800 1,000 DNR 250–1,000 2 500–800 8 26.5 2 × 36 25,000 480 3 33 98 -13–140

String Inverter Guide
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Manufacturer Model Topology

Input Data (dc) Output Data (ac) Operation

Max. recommended 
PV power at STC  

(W)

Max.  
open-circuit 

voltage
PV start 
voltage

Operating  
voltage range

# MPP 
trackers

MPPT  
voltage range

Max. #  
dc source  
circuits

Max.  
usable input  

current1

Max.  
short-circuit  

current
Rated power 

(W)
Nominal output 

voltage # of phases Max. output current
CEC-weighted efficiency 

(%)
Ambient temp. range 

(°F)

Ginlong Solis-4K-2G-US non-isolated 4,600 600 120 100–500 2 145–500 2 10/18 5 15.6/23.4 5 4,000 208/240 1 21 97 -13–140

Ginlong Solis-4.6K-2G-US non-isolated 5,300 600 120 100–500 2 165–500 3 10/18 5 15.6/23.4 5 4,600 208/240 1 23.8 97 -13–140

Ginlong Solis-5K-2G-US non-isolated 5,800 600 120 100–500 2 180–500 3 10/18 5 15.6/23.4 5 5,000 208/240 1 23.8 97 -13–140

Ginlong Solis-1P6K-3G-US non-isolated 6,900 600 120 100–500 3 200–500 3 3 x 10 3 x 15.6 6,000 208/240 1 31.7 97 -13–140

Ginlong Solis-1P7K-3G-US non-isolated 8,000 600 120 100–500 3 233–500 3 3 x 10 3 x 15.6 7,000 208/240 1 37 97 -13–140

Ginlong Solis-1P7.6K-3G-US non-isolated 8,700 600 120 100–500 3 190–500 3 3 x 10 3 x 15.6 7,600 208/240 1 40.1 97 -13–140

Ginlong Solis-1P8K-3G-US non-isolated 9,200 600 120 100–500 4 200–500 4 4 x 10 4 x 15.6 8,000 208/240 1 42.3 97 -13–140

Ginlong Solis-1P9K-3G-US non-isolated 10,400 600 120 100–500 4 200–500 4 4 x 10 4 x 15.6 9,000 208/240 1 47.6 97 -13–140

Ginlong Solis-1P10K-3G-US non-isolated 11,500 600 120 100–500 4 250–500 4 4 x 10 4 x 15.6 10,000 208/240 1 45.9 97 -13–140

Ginlong Solis-6K-US 6 non-isolated 7,200 1,000 330 200–980 2 200–800 4 2 x 15 DNR 6,000 480 3 10 96.5 -13–140

Ginlong Solis-10K-US 6 non-isolated 12,000 1,000 330 200–980 2 200–800 4 2 x 15 DNR 10,000 480 3 16.7 96.5 -13–140

Ginlong Solis-15K-US non-isolated 18,000 1,000 330 200–980 2 200–800 4 2 x 18 DNR 15,000 480 3 25.1 97.3 -13–140

Ginlong Solis-20K-US non-isolated 24,000 1,000 330 200–980 2 200–800 4 2 x 18 DNR 20,000 480 3 30.4 97.3 -13–140

Ginlong Solis-25K-US non-isolated 30,000 1,000 330 200–980 4 200–800 8 4 x 18 DNR 25,000 480 3 33.3 97.5 -13–140

Ginlong Solis-30K-US non-isolated 36,000 1,000 330 200–980 4 200–800 8 4 x 18 DNR 30,000 480 3 39.7 97.5 -13–140

Ginlong Solis-36K-US non-isolated 43,200 1,000 330 200–980 4 200–800 8 4 x 18 DNR 36,000 480 3 47.8 97.5 -13–140

Ginlong Solis-40K-US non-isolated 48,000 1,000 330 200–980 4 200–800 8 4 x 18 DNR 40,000 480 3 53 97.5 -13–140

HiQ Solar TrueString TS208-5k75 non-isolated 12,000 1,000 200 200–850 2 325–525 2 2 × 10 30 5,750 208 3 16 97 -40–150

HiQ Solar TrueString TS480-8k non-isolated 16,000 1,000 200 200–850 2 425–850 2 2 × 10 30 8,000 480 3 16 98 -40–150

Ingeteam INGECON SUN 1Play 2.8TL U M non-isolated 3,600 850 125 90–750 2 125–750 4 2 × 11 DNR 2,800 208/240 1 16 97.5 -13–149

Ingeteam INGECON SUN 1Play 3.3TL U M non-isolated 4,300 850 125 90–750 2 125–750 4 2 × 11 DNR 3,300 208/240 1 16 97.5 -13–149

Ingeteam INGECON SUN 1Play 5TL U M non-isolated 6,500 850 125 90–750 2 125–750 4 2 × 11 DNR 5,000 208/240 1 26.2 97.5 -13–149

Ingeteam INGECON SUN 1Play 6TL U M non-isolated 7,800 850 125 90–750 2 125–750 4 2 × 11 DNR 6,000 208/240 1 26.2 97.5 -13–149

Ingeteam INGECON SUN 3Play 18TL U M480 non-isolated 24,100 1,000 200 200–820 2 200–820 4 30/20 5 DNR 18,000 480 3 22 98 -13–149

Ingeteam INGECON SUN 3Play 24TL U M480 non-isolated 32,200 1,000 200 200–820 2 200–820 4 2 × 27 DNR 24,000 480 3 29 98 -13–149

Ingeteam INGECON SUN 3Play 40TL U M480 non-isolated 53,600 1,000 200 200–820 2 200–820 4 2 × 40 DNR 40,000 480 3 48 98 -13–149

KACO new energy 1502xi 8 isolated 2,000 550 125 125–550 1 125–400 3 14.3 21.5 1,500 208/240 1 7.2/6.25 95/95.5 -4–140

KACO new energy 2502xi 8 isolated 3,000 550 200 200–550 1 200–450 3 13.5 21.5 2,500 208/240 1 12/10.4 95/95.5 -4–140

KACO new energy 3502xi 8 isolated 4,000 600 10 200 200–550 1 200–510 3 18.5 28 3,500 208/240 1 16.8/14.6 95/95.5 -13–140

KACO new energy 5002xi 8 isolated 6,000 600 10 200 200–550 1 200–510 3 26.5 40 5,000 208/240 1 24/20.8 95/95.5 -13–140

KACO new energy 6400xi non-isolated 8,000 600 10 320/365 320–510/365–510 1 320–510/365–510 4 21 36 6,400 208/240 1 31/27 96.5 -4–140

KACO new energy 7600xi non-isolated 9,500 600 10 320/365 320–510/365–510 1 320–510/365–510 4 24 36 7,600 208/240 1 37/32 96.5 -4–140

KACO new energy 6400M 9 non-isolated 8,000 600 10 320/365 320–510/365–510 varies 11 320–510/365–510 4 21 36 6,400 208/240 1 31/27 96.5 -13–140

KACO new energy 7600M 9 non-isolated 9,500 600 10 320/365 320–510/365–510 varies 11 320–510/365–510 4 24 36 7,600 208/240 1 37/32 96.5 -13–140

KACO new energy 2.0 TL1 non-isolated DNR 600 10 150 125–550 1 190–510 1 11 13 2,000 208/240 1 9.7/8.3 96.5 -13–140

KACO new energy 3.0 TL1 non-isolated DNR 600 10 150 125–550 2 140–510 2 2 × 11 2 × 13.2 3,000 208/240 1 14.5/12.5 96.5 -13–140

KACO new energy 4.0 TL1 non-isolated DNR 600 10 150 125–550 2 185–510 2 2 × 11 2 × 13.2 4,000 208/240 1 19.2/16.7 96.5 -13–140

KACO new energy 5.0 TL1 non-isolated DNR 600 10 150 125–550 2 215–510 2 2 × 11 2 × 13.2 4,600/5,000 208/240 1 22/20 96.5 -13–140

KACO new energy XP10U-H4 non-isolated 12,000 600 250 200–600 2 280–550 4 2 × 18.6 2 × 37 10,000 480 3 12.1 97.5 -13–140

KACO new energy 10.0 TL3 US non-isolated DNR 600 250 200–600 2 280–550 4 2 × 18.6 2 × 37 10,000 480 3 12.1 97.5 -13–140

KACO new energy 32.0 TL3 M1 non-isolated DNR 600 250 200–600 1 310–550 1 108 165 32,000 480 3 38 97 -13–140

KACO new energy 40.0 TL3 M1 non-isolated DNR 1,000 250 200–1,000 1 390–850 1 108 165 40,000 480 3 48 97.5 -13–140

KACO new energy 50.0 TL3 M1 non-isolated DNR 1,000 250 200–1,000 1 480–850 1 108 165 50,000 480 3 60 97.5 -13–140

KACO new energy 32.0 TL3 M3 12 non-isolated DNR 600 250 200–600 3 310–550 6 3 × 36 3 × 55 32,000 480 3 38 97 -13–140

KACO new energy 40.0 TL3 M3 12 non-isolated DNR 1,000 250 200–1,000 3 390–850 6 3 × 36 3 × 55 40,000 480 3 48 97.5 -13–140

KACO new energy 50.0 TL3 M3 12 non-isolated DNR 1,000 250 200–1,000 3 480–850 6 3 × 36 3 × 55 50,000 480 3 60 97.5 -13–140

Schneider Electric CL18000 NA non-isolated 22,800 1,000 DNR 250–1,000 2 300–800 8 32.0 2 × 36 18,000 480 3 25 97.5 -13–140

Schneider Electric CL25000 NA non-isolated 31,800 1,000 DNR 250–1,000 2 500–800 8 26.5 2 × 36 25,000 480 3 33 98 -13–140

Footnote Key
1 Per MPP tracker
2 Adjustable: 120–350 Vdc
3 Adjustable: 250–500 Vdc
4 Wiring box is available in multiple product variants
5 MPPT 1/MPPT 2
6 600 Vdc, 150–500 Vdc MPPT model available 
7 Connector approved as load-break disconnect 

8 1502x–5002x inverters without disconnects  
 available. Electrical specs are identical  
 for x and xi models
9 Integrated Tigo Energy Maximizer  
 Management Unit
10 Supplies PV power at < 550 Vdc
11 Module-level MPP tracking

12 Available with Smart Module Mode for Tigo  
 and Ampt compatibility
13 With optional PSD disconnect
14 DC disconnect dimensions: 12 × 7 × 7.5 in.
15 DC disconnect weight: 8 lbs.
16 DC disconnect dimensions: 11.7 × 7.3 × 7.5
17 With SMA Connection Unit 1000-US

18 570–800 @ 400 Vac
19 98% CEC efficiency @ 400 Vac
20 P400 power optimizer 
21 P600 power optimizer 
22 P700 power optimizer 
23 -40–140°F version available
DNR = Did not report
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2016 Single and 3-Phase String Inverter Specifications

Manufacturer Model

Integrated Disconnects and Combiners Mechanical Listing and Warranty

DC 
disconnect 
standard

AC 
disconnect 
standard

Fused 
combiner 
standard

Arc-fault 
protection

Cooling 
method

Enclosure 
NEMA 
rating

Dimensions  
H × W × D  

(in.)
Weight       
(lbs.) 

Listing 
agency

Warranty std./
ext. (yrs.)

Ginlong Solis-4K-2G-US yes no no yes passive 4X 25.9 x 13.3 x 6.5 39 ETL 10/15, 20

Ginlong Solis-4.6K-2G-US yes no no yes passive 4X 25.9 x 13.3 x 6.5 39 ETL 10/15, 20

Ginlong Solis-5K-2G-US yes no no yes passive 4X 25.9 x 13.3 x 6.5 39 ETL 10/15, 20

Ginlong Solis-1P6K-3G-US yes no no yes passive 4X 22.4 x 13.3 x 9.3 34 ETL 10/15, 20

Ginlong Solis-1P7K-3G-US yes no no yes passive 4X 22.4 x 13.3 x 9.3 34 ETL 10/15, 20

Ginlong Solis-1P7.6K-3G-US yes no no yes passive 4X 22.4 x 13.3 x 9.3 34 ETL 10/15, 20

Ginlong Solis-1P8K-3G-US yes no no yes passive 4X 22.4 x 13.3 x 9.3 40 ETL 10/15, 20

Ginlong Solis-1P9K-3G-US yes no no yes passive 4X 22.4 x 13.3 x 9.3 40 ETL 10/15, 20

Ginlong Solis-1P10K-3G-US yes no no yes passive 4X 22.4 x 13.3 x 9.3 40 ETL 10/15, 20

Ginlong Solis-6K-US 6 yes no no option passive 4X 26.1 x 16.9 x 9.3  64 ETL 10/15, 20

Ginlong Solis-10K-US 6 yes no no option passive 4X 26.1 x 16.9 x 9.3  64 ETL 10/15, 20

Ginlong Solis-15K-US yes no no option passive 4X 26.1 x 16.9 x 9.3  71 ETL 10/15, 20

Ginlong Solis-20K-US yes no no option passive 4X 26.1 x 16.9 x 9.3  71 ETL 10/15, 20

Ginlong Solis-25K-US yes no no option passive 4X 27.9 x 20.9 x 14 130 ETL 10/15, 20

Ginlong Solis-30K-US yes no no option passive 4X 27.9 x 20.9 x 14 130 ETL 10/15, 20

Ginlong Solis-36K-US yes no no option passive 4X 27.9 x 20.9 x 14 130 ETL 10/15, 20

Ginlong Solis-40K-US yes no no option passive 4X 27.9 x 20.9 x 14 130 ETL 10/15, 20

HiQ Solar TrueString TS208-5k75 yes 7 yes 7 no yes passive 6 18.7 × 13.2 × 3 24 MET 10/25

HiQ Solar TrueString TS480-8k yes 7 yes 7 no yes passive 6 18.7 × 13.2 × 3 24 MET 10/25

Ingeteam INGECON SUN 1Play 2.8TL U M option no no yes passive 3R 18.5 × 14.2 × 7 44 ETL 10/15, 20

Ingeteam INGECON SUN 1Play 3.3TL U M option no no yes passive 3R 18.5 × 14.2 × 7 44 ETL 10/15, 20

Ingeteam INGECON SUN 1Play 5TL U M option no no yes passive 3R 18.5 × 14.2 × 7 46 ETL 10/15, 20

Ingeteam INGECON SUN 1Play 6TL U M option no no yes passive 3R 18.5 × 14.2 × 7 46 ETL 10/15, 20

Ingeteam INGECON SUN 3Play 18TL U M480 option no option yes active 4 28 × 29 × 10.5 127 ETL 10/15, 20

Ingeteam INGECON SUN 3Play 24TL U M480 option no option yes active 4 28 × 29 × 10.5 129 ETL 10/15, 20

Ingeteam INGECON SUN 3Play 40TL U M480 option no option yes active 4 28 × 29 × 10.5 138 ETL 10/15, 20

KACO new energy 1502xi 8 yes yes no no passive 3R 30 × 14 × 8.3 42 ETL 10/15, 20

KACO new energy 2502xi 8 yes yes no no passive 3R 30 × 14 × 8.3 52 ETL 10/15, 20

KACO new energy 3502xi 8 yes yes no no passive 3R 30 × 14 × 8.3 69 ETL 10/15, 20

KACO new energy 5002xi 8 yes yes no no passive 3R 30 × 14 × 8.3 70 ETL 10/15, 20

KACO new energy 6400xi yes no yes no active 3R 44.1 × 14 × 8.9 95 TUV 10/15, 20

KACO new energy 7600xi yes no yes no active 3R 44.1 × 14 × 8.9 95 TUV 10/15, 20

KACO new energy 6400M 9 yes no yes no active 3R 44.1 × 14 × 8.9 108 TUV 10/15, 20

KACO new energy 7600M 9 yes no yes no active 3R 44.1 × 14 × 8.9 108 TUV 10/15, 20

KACO new energy 2.0 TL1 option no option yes passive 3R 31.9 × 14.5 × 8.6 13 45 13 ETL 10/15, 20

KACO new energy 3.0 TL1 option no option yes passive 3R 31.9 × 14.5 × 8.6 13 48 13 ETL 10/15, 20

KACO new energy 4.0 TL1 option no option yes passive 3R 31.9 × 14.5 × 8.6 13 48 13 ETL 10/15, 20

KACO new energy 5.0 TL1 option no option yes passive 3R 31.9 × 14.5 × 8.6 13 48 13 ETL 10/15, 20

KACO new energy XP10U-H4 option option option no active 4 37 × 16.5 × 7.9 13 100 ETL 10/15, 20

KACO new energy 10.0 TL3 US option option option yes active 4 37 × 16.5 × 7.9 13 100 ETL 10/15, 20

KACO new energy 32.0 TL3 M1 yes yes no no active 3R 53.5 × 33 × 14 381 ETL 5/10, 15, 20

KACO new energy 40.0 TL3 M1 yes yes no no active 3R 53.5 × 33 × 14 381 ETL 5/10, 15, 20

KACO new energy 50.0 TL3 M1 yes yes no no active 3R 53.5 × 33 × 14 381 ETL 5/10, 15, 20

KACO new energy 32.0 TL3 M3 12 yes yes no no active 3R 53.5 × 33 × 14 381 ETL 5/10, 15, 20

KACO new energy 40.0 TL3 M3 12 yes yes no no active 3R 53.5 × 33 × 14 381 ETL 5/10, 15, 20

KACO new energy 50.0 TL3 M3 12 yes yes no no active 3R 53.5 × 33 × 14 381 ETL 5/10, 15, 20

Schneider Electric CL18000 NA option 4 no option 4 option 4 active 3R 42.3 × 26.5 × 10.5 152 CSA 10

Schneider Electric CL25000 NA option 4 no option 4 option 4 active 3R 42.3 × 26.5 × 10.5 152 CSA 10

String Inverter Guide

C O N T I N U E D  O N  PA G E  4 2



http://www.solaredge.com


42 S O L A R PR O   |   January/February 2016

2016 Single and 3-Phase String Inverter Specifications

Manufacturer Model Topology

Input Data (dc) Output Data (ac) Operation

Max. recommended 
PV power at STC  

(W)

Max.  
open-circuit 

voltage
PV start 
voltage

Operating  
voltage range

# MPP 
trackers

MPPT  
voltage range

Max. #  
dc source  
circuits

Max.  
usable input  

current1

Max.  
short-circuit  

current
Rated power 

(W)
Nominal output 

voltage # of phases Max. output current
CEC-weighted efficiency 

(%)
Ambient temp. range 

(°F)

SMA America SB 3000-US isolated 3,750 500 228 DNR 1 175–400/200–400 4 17 36 3,000 208/240 1 15/13 95/95.5 -13–113

SMA America SB 3800-US isolated 4,750 600 285 DNR 1 250–480 4 18 36 3,800 240 1 16 96 -13–113

SMA America SB 4000-US isolated 4,375/5,000 600 285 DNR 1 220–480/250–480 4 18 36 3,500/4,000 208/240 1 17 95.5/96 -13–113

SMA America SB 5000-US isolated 6,250 600 300 DNR 1 250–480 4 21 36 5,000 208/240/277 1 24/21/18 95.5 -13–113

SMA America SB 6000-US isolated 7,500 600 300 DNR 1 250–480 4 25 36 6,000 208/240/277 1 29/25/22 95.5/95.5/96 -13–113

SMA America SB 7000-US isolated 8,750 600 300 DNR 1 250–480 4 30 36 7,000 208/240/277 1 34/29/25 95.5/96/96 -13–113

SMA America SB 8000-US isolated 10,000 600 365 DNR 1 300–480 4 30 36 7,680/8,000 240/277 1 32/29 96 -13–113

SMA America SB 3000TL-US non-isolated 3,200 600 150 125–500 2 175–480 4 2 × 15 36 3,000 208/240 1 15 96.5 -40–140

SMA America SB 3800TL-US non-isolated 4,200 600 150 125–500 2 175–480 4 2 × 15 36 3,330/3,840 208/240 1 16 96.5/97 -40–140

SMA America SB 4000TL-US non-isolated 4,200 600 150 125–500 2 175–480 4 2 × 15 36 4,000 208/240 1 20 96.5/97 -40–140

SMA America SB 5000TL-US non-isolated 5,300 600 150 125–500 2 175–480 4 2 × 15 36 4,550/5,000 208/240 1 22 96.5/97 -40–140

SMA America SB 6000TL-US non-isolated 6,300 600 150 125–500 2 210–480 4 2 × 15 45 5,200/6,000 208/240 1 25 96.5/97 -40–140

SMA America SB 7000TL-US non-isolated 7,300 600 150 125–500 2 245–480 4 2 × 18 45 6,000/7,000 208/240 1 29.2 96.5/96.5 -40–140

SMA America SB 7700TL-US non-isolated 8,000 600 150 125–500 2 270–480 4 2 × 18 45 6,650/7,680 208/240 1 32 96.5/96.5 -40–140

SMA America SB 9000TL-US non-isolated 11,250 600 360 DNR 1 300–480/345–480 6 31/27.1 45 9,000 208/240 1 43.3/37.5 98 -40–140

SMA America SB 10000TL-US non-isolated 12,500 600 360 DNR 1 300–480/345–480 6 35/30.2 45 10,000 208/240 1 48.1/41.7 98 -40–140

SMA America SB 11000TL-US non-isolated 13,750 600 360 DNR 1 345–480 6 33.3 45 11,000 240 1 45.8 98 -40–140

SMA America STP 12000TL-US non-isolated 15,000 1,000 188 150–1,000 2 300–800 8 17 2 × 33 2 × 43 12,000 480 3 14.4 97.5 -13–140

SMA America STP 15000TL-US non-isolated 18,750 1,000 188 150–1,000 2 300–800 8 17 2 × 33 2 × 43 15,000 480 3 18 97.5 -13–140

SMA America STP 20000TL-US non-isolated 25,000 1,000 188 150–1,000 2 300–800 8 17 2 × 33 2 × 43 20,000 480 3 24 97.5 -13–140

SMA America STP 24000TL-US non-isolated 30,000 1,000 188 150–1,000 2 450–800 8 17 2 × 33 2 × 43 24,000 480 3 29 98 -13–140

SMA America STP 60-10-US non-isolated DNR 1,000 DNR DNR 1 685–800 18 1 110 150 60,000 480 18 3 87 98.5 19 -13–140

SolarEdge SE3000A-US non-isolated 4,050 500 8 20 DNR varies 11 8–80 20 2 9.5 45 3,000 240 1 12.5 97.5 -13–140 23

SolarEdge SE3800A-US non-isolated 5,100 500 8 20 DNR varies 11 8–80 20 2 13 45 3,800 240 1 16 98 -13–140 23

SolarEdge SE5000A-US non-isolated 6,750 500 8 20 DNR varies 11 8–80 20 2 16.5/15.5 45 5,000 208/240 1 24/21 97.5/98 -13–140 23

SolarEdge SE6000A-US non-isolated 8,100 500 8 20 DNR varies 11 8–80 20 2 18 45 6,000 240 1 25 97.5 -13–140 23

SolarEdge SE7600A-US non-isolated 10,250 500 8 20 DNR varies 11 8–80 20 2 23 45 7,600 240 1 32 97.5 -13–140 23

SolarEdge SE10000A-US non-isolated 13,500 500 8 20 DNR varies 11 8–80 20 2 33/30.5 45 9,980/10,000 208/240 1 48/42 97/97.5 -13–140 23

SolarEdge SE11400A-US non-isolated 15,350 500 8 20 DNR varies 11 8–80 20 2 34.5 45 11,400 240 1 47.5 97.5 -13–140 23

SolarEdge SE9KUS non-isolated 12,150 500 12.5 21 DNR varies 11 12.5–80 21 2 26.5 45 9,000 208 3 25 96.5 -40–140

SolarEdge SE10KUS non-isolated 13,500 980 12.5 22 DNR varies 11 12.5–105 22 2 13.5 45 10,000 480 3 12 98 -40–140

SolarEdge SE14.4KUS non-isolated 19,400 600 12.5 21 DNR varies 11 12.5–80 21 3 38 45 14,400 208 3 40 97 -40–140

SolarEdge SE20KUS non-isolated 27,000 980 12.5 22 DNR varies 11 12.5–105 22 2 26.5 45 20,000 480 3 24 98 -40–140

SolarEdge SE33.3KUS non-isolated 45,000 980 12.5 22 DNR varies 11 12.5–105 22 3 40 45 33,300 480 3 40 98.5 -40–140

Sungrow SG30KU non-isolated 34,100 1,000 300 280–950 2 480–850 10 2 × 33 2 × 40 30,000 480 3 40 98 -13–140

Sungrow SG36KU non-isolated 41,000 1,000 300 280–950 2 560–850 10 2 × 33 2 × 40 36,000 480 3 48 98 -13–140

Sungrow SG60KU non-isolated DNR 1,000 620 550–950 1 550–850 8 DNR 120 60,000 380 3 96 98.5 -13–140

Sungrow SG60KU-M non-isolated DNR 1,000 300 300–950 4 550–850 16 DNR 200 60,000 480 3 80 98.5 -13–140

Yaskawa (Solectria) PVI 3800TL non-isolated 4,580 600 150 120–550 1 200–500 2 20 DNR 3,300/3,800 208/240 1 15.8 97.5 -13–122

Yaskawa (Solectria) PVI 5200TL non-isolated 6,200 600 150 120–550 2 200–500 4 2 × 15 DNR 5,200 208/240 1 25/21.6 97.5 -13–122

Yaskawa (Solectria) PVI 6600TL non-isolated 8,000 600 150 120–550 2 200–500 4 2 × 18 DNR 6,600 208/240 1 31.7/27.5 97.5 -13–122

Yaskawa (Solectria) PVI 7600TL non-isolated 9,100 600 150 120–550 2 200–500 4 2 × 20 DNR 6,600/7,600 208/240 1 31.7 97.5 -13–122

Yaskawa (Solectria) PVI 14TL non-isolated 19,000 600 300 180–580 2 300–540 8 2 × 25 2 × 45 14,000 208 3 39 96 -13–122

Yaskawa (Solectria) PVI 20TL non-isolated 27,000 600 300 260–580 2 300–550 8 2 × 35 2 × 45.5 20,000 480 3 25.5 97 -13–122

Yaskawa (Solectria) PVI 23TL non-isolated 31,000 1,000 330 300–900 2 480–800 8 2 × 25 2 × 41 23,000 480 3 27.7 98 -13–122

Yaskawa (Solectria) PVI 28TL non-isolated 38,000 1,000 330 300–900 2 500–800 8 2 × 29 2 × 48 28,000 480 3 33.7 98 -13–122

Yaskawa (Solectria) PVI 36TL non-isolated 54,000 1,000 330 200–950 2 540–800 8 2 × 35 2 × 50 36,000 480 3 43.5 98 -13–122

String Inverter Guide
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Manufacturer Model Topology

Input Data (dc) Output Data (ac) Operation

Max. recommended 
PV power at STC  

(W)

Max.  
open-circuit 

voltage
PV start 
voltage

Operating  
voltage range

# MPP 
trackers

MPPT  
voltage range

Max. #  
dc source  
circuits

Max.  
usable input  

current1

Max.  
short-circuit  

current
Rated power 

(W)
Nominal output 

voltage # of phases Max. output current
CEC-weighted efficiency 

(%)
Ambient temp. range 

(°F)

SMA America SB 3000-US isolated 3,750 500 228 DNR 1 175–400/200–400 4 17 36 3,000 208/240 1 15/13 95/95.5 -13–113

SMA America SB 3800-US isolated 4,750 600 285 DNR 1 250–480 4 18 36 3,800 240 1 16 96 -13–113

SMA America SB 4000-US isolated 4,375/5,000 600 285 DNR 1 220–480/250–480 4 18 36 3,500/4,000 208/240 1 17 95.5/96 -13–113

SMA America SB 5000-US isolated 6,250 600 300 DNR 1 250–480 4 21 36 5,000 208/240/277 1 24/21/18 95.5 -13–113

SMA America SB 6000-US isolated 7,500 600 300 DNR 1 250–480 4 25 36 6,000 208/240/277 1 29/25/22 95.5/95.5/96 -13–113

SMA America SB 7000-US isolated 8,750 600 300 DNR 1 250–480 4 30 36 7,000 208/240/277 1 34/29/25 95.5/96/96 -13–113

SMA America SB 8000-US isolated 10,000 600 365 DNR 1 300–480 4 30 36 7,680/8,000 240/277 1 32/29 96 -13–113

SMA America SB 3000TL-US non-isolated 3,200 600 150 125–500 2 175–480 4 2 × 15 36 3,000 208/240 1 15 96.5 -40–140

SMA America SB 3800TL-US non-isolated 4,200 600 150 125–500 2 175–480 4 2 × 15 36 3,330/3,840 208/240 1 16 96.5/97 -40–140

SMA America SB 4000TL-US non-isolated 4,200 600 150 125–500 2 175–480 4 2 × 15 36 4,000 208/240 1 20 96.5/97 -40–140

SMA America SB 5000TL-US non-isolated 5,300 600 150 125–500 2 175–480 4 2 × 15 36 4,550/5,000 208/240 1 22 96.5/97 -40–140

SMA America SB 6000TL-US non-isolated 6,300 600 150 125–500 2 210–480 4 2 × 15 45 5,200/6,000 208/240 1 25 96.5/97 -40–140

SMA America SB 7000TL-US non-isolated 7,300 600 150 125–500 2 245–480 4 2 × 18 45 6,000/7,000 208/240 1 29.2 96.5/96.5 -40–140

SMA America SB 7700TL-US non-isolated 8,000 600 150 125–500 2 270–480 4 2 × 18 45 6,650/7,680 208/240 1 32 96.5/96.5 -40–140

SMA America SB 9000TL-US non-isolated 11,250 600 360 DNR 1 300–480/345–480 6 31/27.1 45 9,000 208/240 1 43.3/37.5 98 -40–140

SMA America SB 10000TL-US non-isolated 12,500 600 360 DNR 1 300–480/345–480 6 35/30.2 45 10,000 208/240 1 48.1/41.7 98 -40–140

SMA America SB 11000TL-US non-isolated 13,750 600 360 DNR 1 345–480 6 33.3 45 11,000 240 1 45.8 98 -40–140

SMA America STP 12000TL-US non-isolated 15,000 1,000 188 150–1,000 2 300–800 8 17 2 × 33 2 × 43 12,000 480 3 14.4 97.5 -13–140

SMA America STP 15000TL-US non-isolated 18,750 1,000 188 150–1,000 2 300–800 8 17 2 × 33 2 × 43 15,000 480 3 18 97.5 -13–140

SMA America STP 20000TL-US non-isolated 25,000 1,000 188 150–1,000 2 300–800 8 17 2 × 33 2 × 43 20,000 480 3 24 97.5 -13–140

SMA America STP 24000TL-US non-isolated 30,000 1,000 188 150–1,000 2 450–800 8 17 2 × 33 2 × 43 24,000 480 3 29 98 -13–140

SMA America STP 60-10-US non-isolated DNR 1,000 DNR DNR 1 685–800 18 1 110 150 60,000 480 18 3 87 98.5 19 -13–140

SolarEdge SE3000A-US non-isolated 4,050 500 8 20 DNR varies 11 8–80 20 2 9.5 45 3,000 240 1 12.5 97.5 -13–140 23

SolarEdge SE3800A-US non-isolated 5,100 500 8 20 DNR varies 11 8–80 20 2 13 45 3,800 240 1 16 98 -13–140 23

SolarEdge SE5000A-US non-isolated 6,750 500 8 20 DNR varies 11 8–80 20 2 16.5/15.5 45 5,000 208/240 1 24/21 97.5/98 -13–140 23

SolarEdge SE6000A-US non-isolated 8,100 500 8 20 DNR varies 11 8–80 20 2 18 45 6,000 240 1 25 97.5 -13–140 23

SolarEdge SE7600A-US non-isolated 10,250 500 8 20 DNR varies 11 8–80 20 2 23 45 7,600 240 1 32 97.5 -13–140 23

SolarEdge SE10000A-US non-isolated 13,500 500 8 20 DNR varies 11 8–80 20 2 33/30.5 45 9,980/10,000 208/240 1 48/42 97/97.5 -13–140 23

SolarEdge SE11400A-US non-isolated 15,350 500 8 20 DNR varies 11 8–80 20 2 34.5 45 11,400 240 1 47.5 97.5 -13–140 23

SolarEdge SE9KUS non-isolated 12,150 500 12.5 21 DNR varies 11 12.5–80 21 2 26.5 45 9,000 208 3 25 96.5 -40–140

SolarEdge SE10KUS non-isolated 13,500 980 12.5 22 DNR varies 11 12.5–105 22 2 13.5 45 10,000 480 3 12 98 -40–140

SolarEdge SE14.4KUS non-isolated 19,400 600 12.5 21 DNR varies 11 12.5–80 21 3 38 45 14,400 208 3 40 97 -40–140

SolarEdge SE20KUS non-isolated 27,000 980 12.5 22 DNR varies 11 12.5–105 22 2 26.5 45 20,000 480 3 24 98 -40–140

SolarEdge SE33.3KUS non-isolated 45,000 980 12.5 22 DNR varies 11 12.5–105 22 3 40 45 33,300 480 3 40 98.5 -40–140

Sungrow SG30KU non-isolated 34,100 1,000 300 280–950 2 480–850 10 2 × 33 2 × 40 30,000 480 3 40 98 -13–140

Sungrow SG36KU non-isolated 41,000 1,000 300 280–950 2 560–850 10 2 × 33 2 × 40 36,000 480 3 48 98 -13–140

Sungrow SG60KU non-isolated DNR 1,000 620 550–950 1 550–850 8 DNR 120 60,000 380 3 96 98.5 -13–140

Sungrow SG60KU-M non-isolated DNR 1,000 300 300–950 4 550–850 16 DNR 200 60,000 480 3 80 98.5 -13–140

Yaskawa (Solectria) PVI 3800TL non-isolated 4,580 600 150 120–550 1 200–500 2 20 DNR 3,300/3,800 208/240 1 15.8 97.5 -13–122

Yaskawa (Solectria) PVI 5200TL non-isolated 6,200 600 150 120–550 2 200–500 4 2 × 15 DNR 5,200 208/240 1 25/21.6 97.5 -13–122

Yaskawa (Solectria) PVI 6600TL non-isolated 8,000 600 150 120–550 2 200–500 4 2 × 18 DNR 6,600 208/240 1 31.7/27.5 97.5 -13–122

Yaskawa (Solectria) PVI 7600TL non-isolated 9,100 600 150 120–550 2 200–500 4 2 × 20 DNR 6,600/7,600 208/240 1 31.7 97.5 -13–122

Yaskawa (Solectria) PVI 14TL non-isolated 19,000 600 300 180–580 2 300–540 8 2 × 25 2 × 45 14,000 208 3 39 96 -13–122

Yaskawa (Solectria) PVI 20TL non-isolated 27,000 600 300 260–580 2 300–550 8 2 × 35 2 × 45.5 20,000 480 3 25.5 97 -13–122

Yaskawa (Solectria) PVI 23TL non-isolated 31,000 1,000 330 300–900 2 480–800 8 2 × 25 2 × 41 23,000 480 3 27.7 98 -13–122

Yaskawa (Solectria) PVI 28TL non-isolated 38,000 1,000 330 300–900 2 500–800 8 2 × 29 2 × 48 28,000 480 3 33.7 98 -13–122

Yaskawa (Solectria) PVI 36TL non-isolated 54,000 1,000 330 200–950 2 540–800 8 2 × 35 2 × 50 36,000 480 3 43.5 98 -13–122

Footnote Key
1 Per MPP tracker
2 Adjustable: 120–350 Vdc
3 Adjustable: 250–500 Vdc
4 Wiring box is available in multiple product variants
5 MPPT 1/MPPT 2
6 600 Vdc, 150–500 Vdc MPPT model available 
7 Connector approved as load-break disconnect 

8 1502x–5002x inverters without disconnects  
 available. Electrical specs are identical  
 for x and xi models
9 Integrated Tigo Energy Maximizer  
 Management Unit
10 Supplies PV power at < 550 Vdc
11 Module-level MPP tracking

12 Available with Smart Module Mode for Tigo  
 and Ampt compatibility
13 With optional PSD disconnect
14 DC disconnect dimensions: 12 × 7 × 7.5 in.
15 DC disconnect weight: 8 lbs.
16 DC disconnect dimensions: 11.7 × 7.3 × 7.5
17 With SMA Connection Unit 1000-US

18 570–800 @ 400 Vac
19 98% CEC efficiency @ 400 Vac
20 P400 power optimizer 
21 P600 power optimizer 
22 P700 power optimizer 
23 -40–140°F version available
DNR = Did not report
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2016 Single and 3-Phase String Inverter Specifications

Manufacturer Model

Integrated Disconnects and Combiners Mechanical Listing and Warranty

DC 
disconnect 
standard

AC 
disconnect 
standard

Fused 
combiner 
standard

Arc-fault 
protection

Cooling 
method

Enclosure 
NEMA 
rating

Dimensions  
H × W × D  

(in.)
Weight       
(lbs.) 

Listing 
agency

Warranty std./
ext. (yrs.)

SMA America SB 3000-US yes no yes option active 3R 14 × 18 × 9 14 84 15 UL 10/15, 20

SMA America SB 3800-US yes no yes option active 3R 14 × 18 × 9 14 84 15 UL 10/15, 20

SMA America SB 4000-US yes no yes option active 3R 14 × 18 × 9 14 84 15 UL 10/15, 20

SMA America SB 5000-US yes no yes yes active 3R 24 × 18.5 × 9 14 141 15 UL 10/15, 20

SMA America SB 6000-US yes no yes yes active 3R 24 × 18.5 × 9 14 141 15 UL 10/15, 20

SMA America SB 7000-US yes no yes yes active 3R 24 × 18.5 × 9 14 141 15 UL 10/15, 20

SMA America SB 8000-US yes no yes yes active 3R 24 × 18.5 × 9 14 145 15 UL 10/15, 20

SMA America SB 3000TL-US yes no no yes passive 3R 20.5 × 19.3 × 7.3 16 53 15 UL 10/15, 20

SMA America SB 3800TL-US yes no no yes passive 3R 20.5 × 19.3 × 7.3 16 53 15 UL 10/15, 20

SMA America SB 4000TL-US yes no no yes passive 3R 20.5 × 19.3 × 7.3 16 53 15 UL 10/15, 20

SMA America SB 5000TL-US yes no no yes passive 3R 20.5 × 19.3 × 7.3  16 53 15 UL 10/15, 20

SMA America SB 6000TL-US yes no no yes active 3R 20.5 × 19.3 × 7.3 16 53 15 UL 10/15, 20

SMA America SB 7000TL-US yes no no yes active 3R 20.5 × 19.3 × 7.3 16 53 15 UL 10/15, 20

SMA America SB 7700TL-US yes no no yes active 3R 20.5 × 19.3 × 7.3  16 53 15 UL 10/15, 20

SMA America SB 9000TL-US yes no no yes active 3R 24.1 × 18.4 × 9.5  16 78 15 UL 10/15, 20

SMA America SB 10000TL-US yes no no yes active 3R 24.1 × 18.4 × 9.5 16 78  15 UL 10/15, 20

SMA America SB 11000TL-US yes no no yes active 3R 24.1 × 18.4 × 9.5 16 78 15 UL 10/15, 20

SMA America STP 12000TL-US option 17 no option 17 yes active 3R 25.6 × 26.2 × 10.4 121 UL 10/15, 20

SMA America STP 15000TL-US option 17 no option 17 yes active 3R 25.6 × 26.2 × 10.4 121 UL 10/15, 20

SMA America STP 20000TL-US option 17 no option 17 yes active 3R 25.6 × 26.2 × 10.4 121 UL 10/15, 20

SMA America STP 24000TL-US option 17 no option 17 yes active 3R 25.6 × 26.2 × 10.4 121 UL 10/15, 20

SMA America STP 60-10-US option 17 no option 17 no active 3R 29.1 × 22.2 × 11.8 165 ETL 5/10, 15, 20

SolarEdge SE3000A-US yes yes no yes passive 3R 30.5 × 12.5 × 7.2 51 ETL 12/20, 25

SolarEdge SE3800A-US yes yes no yes passive 3R 30.5 × 12.5 × 7.2 51 ETL 12/20, 25

SolarEdge SE5000A-US yes yes no yes passive 3R 30.5 × 12.5 × 7.2 55 ETL 12/20, 25

SolarEdge SE6000A-US yes yes no yes passive 3R 30.5 × 12.5 × 7.2 55 ETL 12/20, 25

SolarEdge SE7600A-US yes yes no yes active 3R 30.5 × 12.5 × 10.5 55 ETL 12/20, 25

SolarEdge SE10000A-US yes yes no yes active 3R 30.5 × 12.5 × 10.5 88 ETL 12/20, 25

SolarEdge SE11400A-US yes yes no yes active 3R 30.5 × 12.5 × 10.5 88 ETL 12/20, 25

SolarEdge SE9KUS yes yes no yes active 3R 30.5 × 12.5 × 10.5 80 ETL 12/20, 25

SolarEdge SE10KUS yes yes no yes active 3R 30.5 × 12.5 × 10.5 80 ETL 12/20, 25

SolarEdge SE14.4KUS yes yes yes yes active 3R 30.5 × 12.5 × 10.5 106 ETL 12/20, 25

SolarEdge SE20KUS yes yes no yes active 3R 30.5 × 12.5 × 10.5 80 ETL 12/20, 25

SolarEdge SE33.3KUS yes yes yes yes active 3R 30.5 × 12.5 × 10.5 106 ETL 12/20, 25

Sungrow SG30KU yes option yes yes active 4X 34.6 × 25 × 9.8 143 CSA 10/15, 20

Sungrow SG36KU yes option yes yes active 4X 34.6 × 25 × 9.8 143 CSA 10/15, 20

Sungrow SG60KU yes yes yes yes active 4X 37.8 × 25 × 10.5 121 CSA 10/15, 20

Sungrow SG60KU-M yes yes yes yes active 4X 36 × 26.2 × 10.9 154 CSA 10/15, 20

Yaskawa (Solectria) PVI 3800TL yes no yes yes passive 4 17.5 × 15.8 × 8.5 43 ETL 10

Yaskawa (Solectria) PVI 5200TL yes no yes yes passive 4 26.8 × 15.8 × 8.5 65 CSA 10

Yaskawa (Solectria) PVI 6600TL yes no yes yes passive 4 26.8 × 15.8 × 8.5 65 CSA 10

Yaskawa (Solectria) PVI 7600TL yes no yes yes passive 4 26.8 × 15.8 × 8.5 65 CSA 10

Yaskawa (Solectria) PVI 14TL yes yes yes yes active 4 41.6 × 21.4 × 8.5 141 ETL 10/15, 20

Yaskawa (Solectria) PVI 20TL yes yes yes yes active 4 41.6 × 21.4 × 8.5 132 ETL 10/15, 20

Yaskawa (Solectria) PVI 23TL yes yes yes yes active 4 39.4 × 23.6 × 9.1 104 CSA 10/15, 20

Yaskawa (Solectria) PVI 28TL yes yes yes yes active 4 39.4 × 23.6 × 9.1 104 CSA 10/15, 20

Yaskawa (Solectria) PVI 36TL yes yes yes yes active 4X 39.4 × 23.6 × 9.1 121 CSA 10/15, 20
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New technology,
crafted with Old World values.

800.582.8423
www.stiebel-eltron-usa.com

For more than 90 years we’ve engineered and manufactured our 
products as though our friends and neighbors were our customers. 
We don’t cut corners. We craft superior products. Our philosophy 
is to make it right, then keep making it better.

We’ve been developing heat pump water heaters since the mid-
1970s. In energy-conscious Germany, with a tolerance for only 
the fi nest engineering, our heat pump water heaters 
have been the best-seller for over 35 years. 

› Self-cleaning evaporator means no fi lter 
and no fi lter maintenance

› 3˝ of insulation for dramatically lower 
standby losses

› Electronic anode for superior, 
maintenance-free protection

› Extra-large roll-bond condenser wraps 
around tank to maximize effi ciency, 
minimize lime problems, and prevent any 
possible contamination of potable water

› Ultra-quiet SPL of 52 dB(a) @ 3.3 ft

› Needs only one 15 A breaker

Accelera® 220 E
58-gallon 

heat pump water heater

Over 90 years of engineering excellence 
1924-2015

Accelera® 300 E
80-gallon 

heat pump water heater

German
Engineering

http://www.stiebel-eltron-usa.com
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R aise your hand if this story sounds familiar: The year 
was 2008. Presidential candidate Barack Obama was invok-
ing a message of hope and change for a wounded country 
emerging from the shadow of 9/11 and a prolonged reces-
sion. Driven by a sense of purpose, and with nothing much to 
lose, Dave Kozin landed a job as an installer at a local solar 
company that was itself just getting off the ground. “Given 
the scarcity of projects for us back then, I often had to find 
other ways to keep myself busy,” Kozin says of the early days 
at Seattle-based A&R Solar. “We didn’t pay ourselves very 
much or very often, so I had a part-time side job selling mat-
tresses out of a storage unit to pay my bills.”

At this point, there ought to be hundreds, if not thou-
sands, of people nodding in recognition. Many solar pro-
fessionals share such humble beginnings in their careers. 
Even if you were not moonlighting in bedroom furniture 
sales while getting a foot in the door, anyone who has been 
around solar long enough has probably made sacrifices and 
worn a few different hats along the way. What is remarkable 
about Kozin’s career is not so much the starting point as it 
is the journey he has made from entry-level installer to chief 
financial officer—all at the same company, a growing busi-
ness that now employs nearly 40 people and expects to gen-
erate revenues of $12 million in the current fiscal year. You 
could say Kozin bears witness to the idea that passion, hard 
work and a little bit of sacrifice lead to success, a popular 
idea among solar industry recruiters. But there is a problem 
with this narrative, which masks the current reality of the 
solar industry. Solar installation companies are facing a new 
crisis: a severe shortage of qualified job applicants. 

Continual growth in the industry requires companies to 
keep increasing the scale of business. As they do, they must 
carefully nurture and maintain the workplace flexibility that 
comes so naturally to young companies with fresh ideas, 

creating opportunities for people to bootstrap themselves 
into leadership positions. As solar starts to converge with 
other cleantech industries, competing for talent and mar-
ket share in the evolving smart GRID technology space, the 
industry will have to confront a new workforce development 
challenge. Companies can no longer rely on creating jobs and 
letting the biggest stars on staff shine brightest. They will have 
to deliberately increase the supply of skilled labor, carving out 
pathways for people to pursue solar not only as an adventur-
ous job for innovative pioneers, but as a long-lasting career.

SIZING UP THE WORKFORCE
Since the 1850s, the US government has been collecting 
data on the type of work people do, revising or replacing 
occupations and entire classification systems to reflect the 
way new industries transform the workplace. Where stat-
isticians once tracked the number of daguerreotypists and 
baking soda makers, they are now keeping tabs on software 
developers and massage therapists. Photovoltaic installers 
entered the group of about 800 federal occupational cat-
egories in 2010. In the same year, The Solar Foundation, an 
industry-backed nonprofit, published its first National Solar 
Jobs Census, a report it has continued to publish annually. 

Differences in data collection methods and definitions 
of occupation titles make it difficult to compare employ-
ment estimates from the government and the industry. 
What is clear is that the figures are wildly divergent. On 
the one hand, the Bureau of Labor Statistics counted 
5,170 solar installers in its latest estimate from May 2014, 
placing the group among the smallest occupational cat-
egories on record, along with hearing aid specialists. The 
National Solar Jobs Census 2014 (see Resources), on the 
other, counted 97,031 workers at solar installation compa-
nies. This figure puts solar installers ahead of established  
sectors in the energy industry, such as coal mining and 
petroleum refining. When you add in almost 77,000 work-
ers from other sectors of the industry, such as manufactur-
ing and project development, the number allows the Solar 
Energy Industries Association to claim on social media 
that the solar industry, with close to 174,000 workers over-
all, has more employees than Google, Apple, Facebook and 
Twitter combined.

To come of age, 
the solar industry 
needs new work-
force development 
strategies.  
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Without delving too deeply into why these employment 
estimates are so widely divergent, it is safe to say that the 
federal government is vastly underreporting the number of 
solar installers in the labor market. For instance, the larg-
est residential solar installer, SolarCity, employed about 
9,000 people at the start of 2015, and roughly half of its 
employees work on the installation side of the business. 
With approximately 4,500 installers, SolarCity deployed  

500 MW of capacity, accounting for 8% of total added 
capacity in the US in 2014. If all solar installers had 
been operating at the same level of efficiency, the 
industry would have needed about 55,600 install-
ers overall in 2014. However, as the largest installer, 
SolarCity has the means, the motivation and the 
stated goal of being more efficient than average. 
The overall number of US installers in that year was 
therefore probably greater than 55,600.

The Bureau of Labor Statistics evaluates solar 
installers as an occupational category only, not as 
a broad industry sector. But solar installation com-
panies also employ people in administration, sales 
and marketing. Once again extrapolating from the 
number of people in these roles at SolarCity, you 
wind up with an employment figure that reflects 
the National Solar Jobs Census more closely than it 
does the government estimate. 

PREVENTING A LABOR SHORTAGE
It is easy to get caught up in the overall job growth 
of the solar industry and lose sight of warning 
signs. After all, the solar workforce is outpacing the 
national average job growth rate. The solar indus-
try’s growth rate accelerated from 13% in 2012 to 
20% in 2013 and to 22% in 2014. 

For years, a historically weak labor market in the 
construction trades created a ready-made pipeline 
from which solar companies could pluck installers, 
warehouse employees, electricians and others who 
came in with relevant experience from day one. But 
as the latest National Solar Jobs Census noted, the 
solar workforce has largely absorbed all that surplus 
labor, putting pressure on employers to step up edu-
cation and training programs. Wage increases might 
also be in order.

The National Solar Jobs Census survey data reflects 
a shortage of qualified solar job applicants. While 
tracking current employment in the industry, the 
census also looks at metrics that help forecast labor 
market trends, such as reported difficulty in the hir-
ing process. The results are relatively constant across 
the five categories of employment that reflect the 
solar industry: installation; manufacturing; sales and 

distribution; project development; and a catch-all category that 
includes research centers, nonprofits and government entities. 

All in all, three out of four employers noted some level 
of difficulty finding employees. Reasons included a lack of 
appropriate skills, a lack of qualifications and competition 
from other employers. To mitigate these challenges and 
build a stronger workforce, the solar industry needs to build 
better career ladders, improve training 

Workforce Development 2.0
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SOLAR INDUSTRY JOBS 2014

Solar employment grew 20x faster 
than the overall economy 

THE U.S. SOLAR INDUSTRY HAD A GREAT YEAR, AND 2015 LOOKS EQUALLY BRIGHT!

2010
2011

2012
2013

2014

86%
JOB GROWTH OVER 
FOUR YEARS
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BY COMPARISON...

2015 Solar Jobs Growth Forecast 

8x GREATER
than Oil, Gas & Coal 
C O M B I N E D

SOLAR INDUSTRY

U.S. businesses added 
nearly 1.8 million jobs over 
2014, a growth rate of 1.1%.  

1.1% 21.8%
U.S. OVERALL

U.S. solar firms added 
more than 31,000 jobs 
over that same period.

INSTALLATION

(97,000)
COAL MINING

(93,000)

MANUFACTURING

SALES & DIST

PROJECT DEV’S
ALL OTHER

TOTAL JOBS BY TYPE

174,000 SOLAR JOBS

80,000 
solar jobs added 

since 2010

2014 JOB GROWTH
One out of every 78 new jobs was created by 
the solar industry

SOLAR COAL

Copyright © 2015 The Solar Foundation. All rights reserved.                 505 9th Street, NW, Suite 800, Washington, DC  20004   |   info@solarfound.org

S O L A R  E M P L O Y E R S  
exceeded their predictions 
in each of the last two years by

2.7%  and  6.2%
R E S P E C T I V E L Y

PROJECTED 2015 GROWTH: 

20.9%

Full details in The Solar Foundation’s 
National Solar Job Census 2014 at:

www.tsfcensus.org

Solar jobs census  This infographic summarizes key findings of The Solar 
Foundation’s National Solar Jobs Census 2014, which estimates that the 
solar industry provides opportunities for approximately 174,000 workers. 
By comparison, 2014 annual reports indicate that Apple, Facebook, Google 
and Twitter combined have slightly more than 159,000 employees.
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Same great conference.
Brand new name.

Solar Power PV Conference & Expo (formerly known as PV America) heads 
back to Boston and will kick off the 2016 year for the Northeast!

February 24-25, 2016 • Westin Boston Waterfront • Boston, MA

Why attend? To ...

 Discover the policy, technology, business, and scientific trends that are impacting the region        
        through timely education
 Identify innovative solutions to be more competitive
 Connect with thousands of your peers that are active in the PV market—including nearly 60         
        exhibitors—and more!

Learn more at www.events.solar

http://www.events.solar
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opportunities, foster diversity and, ultimately, 
retain more skilled workers. 

Build better career ladders. Everyone in the solar 
industry—individuals and companies alike—has 
to answer a few questions. How do employees 
advance in the company? After reaching the next 
level, where can they go from there? Answers vary 
based on an employee’s skill set, but it benefits all 
parties to increase mobility within the workforce.

Everywhere you turn, there are stories about 
solar employees rising to positions of leadership. At 
GRID Alternatives, for example, such stories abound. 
A nonprofit provider of solar job training primarily 
for underserved communities, GRID Alternatives 
brought a lot of its own volunteer trainees on staff 
as it increased employee headcount from 100 to 
250 over the last few years. Erika Symmonds, direc-
tor of workforce development at GRID Alternatives, 
notes that her supervisor, currently in senior man-
agement, started out in the SolarCorps Fellowship, 
one of GRID Alternative’s career development pro-
grams. “Definitely, this is a part of our culture. If you 
go to our staff summit, most of the people you talk 
to are going to say, ‘I started out as a volunteer,’” 
Symmonds says.

Part of her job is to track volunteers once they enter the 
workforce. She says a lot of recruiters tell applicants there 
are opportunities to move up from entry-level installer to 
crew lead within 6 months. GRID Alternatives is building 
out its online volunteer portal and back-end databases so 
that former volunteers can provide feedback about where 
their career paths take them. One person in the office makes 
phone calls for hours daily to collect this information. “It’s 
important that the career piece is there,” Symmonds says. 
“Even though lower-level jobs in solar pay better than a retail 
job, I want to see people moving up in their solar careers.”

At the 2015 Solar Power International convention and 
exhibition in Anaheim, California, the Interstate Renewable 

Energy Council released an updated version of its Solar Career 
Map (see Resources), which charts routes for advancement 
within the solar field. Using 40 occupations, the map shows 
that with continuing education, experienced installers can 
move up to become project managers, commercial and util-
ity solar technicians, contractors and instructors, or they can 
jump directly into work in PV system design and engineering 
for utility interconnections. The map also illustrates how to 
progress between industry sectors, parlaying experience in 
operations into manufacturing opportunities, for example. 
The door is open for people to customize their career path. 

Improve training opportunities. Ted Fawcett did not use a 
map to chart out his professional journey. His career stops 
included work at a startup that reduced postal junk mail, a 
position in the corporate division at Apple and a stint as a 
boat captain in Hawaii. “I have about as nonlinear a career as 
a person could have,” he says. In 2009, Fawcett looked at his 
skill set and interests, and decided to pursue sales positions 
in the solar industry. 

He joined Sungevity with the idea that rapid growth at 
the company would create opportunities. Soon Fawcett was 
leading the sales team and building a division to manage sales 
originated by Sungevity’s installer partners. Success there 
led Fawcett to join Clean Power Finance (CPF), bringing on 
top-tier partners and reselling third-party products through 
the CPF platform. After taking a leave from the industry to 
take care of his newborn child, Fawcett picked back up with 
Admirals Bank, helping the organization form a national 
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Workforce Development 2.0

On the rise  Installation companies account for the majority of US solar 
jobs. SolarCity, for example, employed more than 14,000 people in the 
US as of October 2015, having added, on average, more than 500 new 
employees per month over the calendar year.

“Given the stark differences among employ-
ers in their reporting regarding the use of 
on-the-job training, third-party training and 
credentials, it is becoming clear that the solar 
industry is searching for a consistent frame-
work for training and evaluating talent. This 
may become a problem quickly as the growth 
of the industry accelerates.”

—The Solar Foundation,  

National Solar Jobs Census 2014
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strategy and a sales team for a solar loan product to rival 
lease financing in the residential market. In March 2015, he 
accepted an invitation to join Mosaic, another solar finance 
provider, as vice president of sales.

Looking back at his career in solar so far, Fawcett notes 
that he found the most effective training program not at 
the technology-driven solar companies, but at Admirals 
Bank—a 28-year-old institution that provides a variety 
of core banking services, including checking and savings 
accounts. “Training and development is maybe not the 
biggest priority for very small or rapidly growing or lightly 
funded startups,” he says. At Admirals Bank, Fawcett partici-
pated in a yearlong series of management training sessions 
consisting of monthly meetings and homework assignments 
related to each month’s topic. 

The concept might seem simple, but Fawcett says imple-
mentation takes commitment from leadership, not merely a 
change in perspective. Creating a training program requires 
pulling back from current business models, analyzing the 
competitive landscape and executing new strategies to win. 
“There’s a cost to it,” he says, adding that solar companies have 
reached a point where some, including Sungevity and CPF, 
have started making the investment. “It’s something we are 
thinking about at Mosaic, to be a leader in the industry with 
a diverse talent pool and, given our size, provide training and 
advancement for our employees,” Fawcett says.

Companies without the resources to develop in-house 
training programs can take advantage of third-party ser-
vices. HeatSpring, for example, is an online platform that 
partners with industry experts, including SolarPro, to offer 
a selection of solar-specific e-learning content. These digi-
tal assets are similar to those found at Coursera, Udacity 
and Lynda.com. Several HeatSpring courses are available at 
no charge, while others require an enrollment fee. The next 
step is for top solar employers to join tech leaders—not just 
Google and Facebook, but also AT&T and General Electric—
in driving the ongoing revolution in corporate training.

The need for better training is evident. On the jobs and 
recruiting website glassdoor.com, in September 2015, an 
anonymous reviewer who has been a Vivint Solar employee 

for more than 3 years gave the company a five-star review, 
calling it a “great place [with] room to grow,” but noted that 
“there are no up-trainings for those who have been here for a 
while.” A SolarCity employee in senior management struck a 
similar note in another recent Glassdoor review, describing 
the company as a  “great place to work” but giving this advice 
to management: “More training for sales reps—quick growth 
and hiring may be hurting our brand.” A SunEdison consul-
tant recommended the company and highly rated its chief 
executive officer. Pros included the company’s “great sales 
tools,” and cons indicated that training “was minimal. Learn-
as-you-go type environment.”

Foster diversity. Diversity is a huge topic in the solar 
industry right now, and it has a big impact on employee 
retention. Erica Mackie, GRID Alternatives’ chief executive 
officer and co-founder, and Ahmad Chatila, SunEdison’s 
chief executive officer, have both made a strong case for the 
business value of gender, racial and ethnic diversity in the 
workplace (see Resources). Their organizations have taken 
steps to address the fostering of diverse talent, launch-
ing the Women in Solar Initiative and the Realizing an 
Inclusive Solar Economy program, supporting mentorships 
and professional networking organizations such as Women 
in Cleantech and Sustainability, and hosting events to 
stimulate the exchange of ideas and increase visibility for 
people with diverse perspectives. 

While the solar industry is making some progress in 
terms of inclusivity, it still has a long way to go. According 
to the latest National Solar Jobs Census, the demographic 
breakdown of the workforce is as follows: 22% women, 16% 
Latino and Hispanic, 7% Asian and Pacific Islander, and 6% 
African American.

Elena Lucas, chief executive officer of UtilityAPI, who also 
serves on the board at Women in Cleantech and Sustainability, 
says she focused on gender diversity as the company grew 
from 2 to 11 people during the past year. Four members of the 
team are women—but she readily admits the need to refo-
cus on racial and ethnic diversity in the next round of hiring. 
Another challenge is identifying people from diverse back-
grounds to serve as high-level advocates. As Lucas started 

Employee retention  As the solar industry scales, it has to compete with other industries—including electric utilities  
and technology companies—for talent. The solar industry needs high-quality jobs and well-defined career paths to retain 
skilled employees. 
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assembling an executive advisory board, she could think of 
only two women in leadership roles who had built companies 
in solar or cleantech and who were not potential UtilityAPI 
customers and therefore ineligible to serve on the board.

Retain skilled workers. Employee retention is a huge topic 
among Fortune 500 companies right now. Consider the find-
ings of Deloitte University’s “Global Human Capital Trends 
2015” report (see Resources), which is based on a labor mar-
ket survey of 3,200 respondents. The survey asked business 
leaders to rate the importance of workforce challenges and 
their readiness to meet those challenges, and then it priori-
tized the results, starting with the most important topics 
requiring the greatest attention. Employee retention and 
engagement topped the list. 

The research and consulting firm Great Place to Work 
(see Resources) publishes industry data showing that com-
panies with a strong workplace culture experience less vol-
untary turnover, reducing recruitment and training costs 
and improving financial performance. Employers under-
stand the return on investment of workforce development 
policies. As the Deloitte human capital report shows, many 
of them are doing something about it. Pfizer, AOL, Facebook 
and others are using people analytics to identify workplace  
factors affecting high-performer retention. BP is using 
analytics to evaluate its training programs. The value of 
company-specific training goes beyond skills development 
for employees and managers. It contributes to employee 
engagement and performance.

Workforce Development 2.0

In addition to addressing how to expand the pool of skilled 
labor, it is important to know what type of work the solar 

industry requires now and what it will require in the years 
ahead. Not long after Dave Kozin joined A&R Solar, his official 
title was “director of everything.” The title stuck with him for 
several years until the company started hiring for specific func-
tions such as sales, design and accounting. Every company 
can use a jack-of-all-trades—especially one who excels at all 
trades—but there comes a point when a lack of specialized 
skill and experience can put the company at a disadvantage.

The trouble is that a lot of people come to the solar indus-
try driven to make an impact but without a clear idea of how 
their skills match up with an employer’s needs. Elena Lucas 
was one of those people. Coming out of Detroit, Lucas went 
looking for jobs in the solar industry and with electric vehi-
cle companies, where she could take a hands-on approach 
to changing the unit economics needed to address climate 
change. She was perhaps a little ahead of her time. “I wasn’t 
getting any traction,” Lucas says. “I was looking for policy jobs 
and they weren’t there.”

About 3 years ago, through Pacific Gas & Electric 
Company’s online recruiting portal, Lucas found a position in 
business finance, giving her exposure to an industry leader in 
the deployment of distributed energy resources and energy 
efficiency. Through that experience, she saw how expensive 
it was to manage customer call centers, and she went on to 
help launch a startup, UtilityAPI, that reduces solar-related 
utility administrative costs while making it much easier for 
solar companies to collect utility data.

The day that Lucas signed papers to join UtilityAPI as 
co-founder and chief executive officer, she also received an 
offer to join the business development team at a large solar 
module manufacturer. One of the reasons she stuck with the 

startup route was her desire to run with ideas in a smaller, 
less hierarchical organization. She also recognized that 
while MBAs who could manage sales, operations, product 
management and finance have inundated the industry, solar 
companies still do not have a lot of policy positions. “Some 
cleantech companies are aware of the regulatory engage-
ment necessary to be successful, but the largest companies 
spend millions each year on policy and regulatory efforts. 
How could one new startup make a difference?”she says.

From a workforce development standpoint, the lesson is 
to broadcast a message well known within solar to a much 
larger audience: that it is a burgeoning industry requiring the 
same range of skill sets as any business. “If someone from 
retail is coming to sell solar in retail places, that’s extraor-
dinary knowledge coming to the industry. We need experts 
from other industries to come to solar because a lot of the 
challenges have been faced before,” Lucas says. “Why 
should we reinvent the wheel?” {

Leave No Skill Set Unturned
“Solar employers most frequently focus on  
a candidate’s experience when determin- 
ing whether they would make a good fit. An 
overreliance on experience can cause  
companies to overlook qualified—though 
inexperienced—candidates, and may cause 
them to face even greater difficulty in  
recruiting talent in the face of contracting 
pools of experienced workers.”

—The Solar Foundation,  

National Solar Jobs Census 2014
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Deloitte’s report describes the bottom-line result in this 
example: “Telus, one of Canada’s fastest-growing telecom-
munications companies, recently revitalized its learning 
platforms with improved technology, the assignment of 
‘product managers for learning’ within L&D [learning and 
development], and the adoption of new contextual learning 
tools. Following these steps, employee retention improved 
by 30%.”

Because available data about employee retention is inad-
equate, it is unclear whether younger companies in solar are 

getting the message that employee retention is good busi-
ness. It is never too early, however, for business leaders in 
solar to start addressing employee retention. They can take 
a cue from electric utility companies, which have recently 
seen a rise in employee turnover rates. You might think there 
is little basis for comparison between solar and utilities. The 
solar workforce is comparatively young and rapidly growing. 
Utilities have had a long run of stability, but many employees 
and executives are approaching retirement age.

However, cultural changes in the labor market are affect-
ing both industries in similar ways. In the current environ-
ment, there is far greater transparency about what goes on in 
the workplace. Job applicants routinely do due diligence by 
logging on to social media and finding out what people are 
saying about a prospective employer. Applicants also expect 
employers to accommodate mobility and career development 
in ways that until recently were not the norm. When the job 
market is strong, as it has been in recent years, these factors 
can challenge employers who are struggling with employee 
engagement. In the utility sector, companies are losing more 
new employees and high performers than they have in the 
past, according to a PriceWaterhouseCoopers report on the 
utilities’ changing workforce (see Resources).

Room for improvement  While recent studies have shown a 
positive correlation between gender diversity and financial per-
formance in the power and utility sectors, the latest solar jobs 
census indicates that women hold less than 22% of solar jobs.
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One of the best ways to improve employee retention in 
the long term is to emulate the best practices of success-
ful organizations. The gold standard for workplace culture 
is Fortune’s ranking of the 100 Best Companies to Work For 
(see Resources). Published annually for the last 18 years, this 
list of companies is the benchmark for evaluating the return 
on investment of workplace development and other human 
resource endeavors. Technology companies had a strong 
showing in 2015, led by Google, which topped the rankings 
for the sixth time. Devon Energy, an independent oil and gas 
producer from Oklahoma, represented the energy industry 
and ranked number 38 on the list. The solar industry could 
bolster its reputation as a leader in corporate social respon-
sibility by working to place at least one top employer on this 
list in the future.

A CAREER AND A CAUSE 
Employers in the solar industry have a reputation for start-
ing out ahead of the curve and adapting quickly to change. 
Daniel Sullivan, president and founder of San Diego–based 
Sullivan Solar Power, approaches his team of 170 employees 
with the belief that if you take care of your people, they will 
take care of the company. Sullivan recognizes its employ-
ees as a bargaining unit of the International Brotherhood of 
Electrical Workers, placing it on a short list of the solar com-
panies that have a union shop. “It’s a young industry, but we 
were paying well from the beginning. We were union the day 
we started,” he says.

Steve Johnson, the president of LightWave Solar in 
Nashville, Tennessee, is exploring employee-owned business 

models so the people who helped the business 
expand and flourish can build equity, share in com-
pany profits and carry the enterprise into the future 
as Johnson himself gets older. “That will engender 
the right attitude,” says Johnson, who recently 
turned 64. This style of company leadership is a big 
part of what draws people to careers in solar and 
keeps them engaged when market volatility sends 
everyone for a jolt, reminding us to keep our belts 
tightly fastened while riding the solar coaster.

Fawcett, the Mosaic vice president, asks 
himself from time to time what other industries 
might resonate with him so much that he would 
consider a career change. He has made a habit of 
raising the question with job applicants too, as 
a way of finding out how people perceive their 
own place in the bigger picture and weeding out 
opportunists. One person expressed an interest 
in working on gadgets. That left an impression on 
Fawcett, in part because he sees the appeal and 
also because no other applicant had ever had the 
gumption to acknowledge thinking of anything 
other than solar. 

Is there another industry where Fawcett can picture him-
self working with the same degree of engagement? “Right now 
there isn’t one,” he says. As in 2009, when Fawcett got his first 
taste of the industry, he remains all in on solar.

Matthew Hirsch / Hirsch Media Services / Berkeley, CA / matthew@

hirschmedia.biz / hirschmedia.biz

RESOURCES
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Deloitte University Press, March 2015
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Mapping a path forward IREC’s Solar Career Map identifies 40 solar-
energy occupations across four industry sectors and charts routes for 
advancement between them. To explore the interactive web-based map, 
visit irecsolarcareermap.org.
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Earn Credits Toward Your  
Certification or Recertification
Make plans now to attend NABCEP’s 5th Annual Continuing 
Education Conference at Paradise Point Resort & Spa in San 
Diego, CA from April 4-6, 2016. This is the ideal opportunity for 
NABCEP Certified PV Installation Professionals and PV Technical 
Sales Professionals to obtain all of the continuing education 
credits needed for recertification. Non-certified professionals  
can earn up to 18 hours toward certification eligibility.

The conference will include:
• Three days of in-depth technical training from top  

industry professionals

• The latest product training from select manufacturers

• Full day PV and the NEC course options

• Amazing networking opportunities

Join us in San Diego for three intensive days of PV training,  
education and networking. To find out more, or register for  
the conference, visit www.nabcep.org/ce-2016

R E S P E C T  T H E  R O O F

I would like to personally welcome you to the fourth annual North American Board of Certified Energy Practitioners 

(NABCEP) Continuing Education Conference.  We are very pleased to be working with NABCEP this year to 

provide you with the very best education and tools to ensure your success for the many years ahead.  

As the global specialist in energy management, Schneider Electric has over a 178 year history of innovation, 

international reach and corporate social responsibility.  We’ve contributed to the transformation of multiple 

industries: from iron and steel to shipbuilding and transportation, electricity and now the solar industry. 

In the last 18 months alone we have demonstrated our long-term commitment to the development of the solar 

industry in North America with the launch of several new innovative products and solutions to address the needs of 

all our customers for performance, reliability, ease of installation and service.

We are very proud of our new products which include the Conext XW+ and Conext SW for hybrid applications, 

Conext CL for decentralized commercial and PV power plants and the Conext ComBox and Conext Insight for 

remote monitoring of your distributed PV plants. 

Reliability is at the core of Schneider Electric’s offering to its customer.  We are proud to provide our customers 

with robust long term and highly reliable solutions, understanding the special care needed in the solar industry.  

Over the next three days you have a great opportunity network with and be trained from the very best in the solar 

industry and I’d like to thank each of your for attending  this conference and bringing your expertise and your desire 

to learn to this great event. 

I would also like to thank NABCEP for giving us the opportunity to partner with them this year as the platinum 

sponsor of this conference.  It is with great honor that we are able to help further their mission to support the 

renewable energy and energy efficiency industries, professionals, and stakeholders.

I invite you all to attend our training sessions this week, or stop by our booth to learn more about our many exciting 

new products and solutions!

Serge Goldenberg

Senior Vice President
Schneider Electric Solar Business

http://solar.schneider-electric.com

Gold Sponsors

Silver Sponsors

Media Sponsor

Get the PV Training  
and Education You Need

...in Paradise

http://www.nabcep.org/ce-2016
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Interview An Experienced Perspective

Kate Trono, PE, SunLink
Solar Project Solutions, from Engineering to Racking to O&M

Optimizing PV project economics 
while continuing to ensure per-

formance and reliability is increasingly 
an exercise in removing inefficiencies 
through improved high-level coordina-
tion among stakeholders. While the 
standardization and interoperability of 
components and systems are essential 
to economically solving a project of 
any size, it is the communication of 
cascading decisions within the project 
and the ability to find the best solution 
given a range of competing priorities 
that sets successful projects apart. 

SunLink is one of the companies 
offering the tools to support just such a 
scenario for success. Founded in 2004, 
SunLink has expanded the scope of its 
product and service offerings from rack-
ing systems for commercial rooftops and 
ground-mounted arrays to a next-gen 
SCADA software platform and services 
that include engineering, installation, 
project management and, most recently, 
O&M via its partnership with MaxGen 
Energy Services. By offering an end-to-
end solution for the projects that need 
it (often the small utility or commercial-
scale segment of the industry), SunLink 
has garnered extensive expertise in solar 
project solutions. 

Kate Trono, PE, is the vice president 
of products at SunLink. She heads 
the product management of roof, 
tracker and fixed-tilt mounting sys-
tems; leads the growth and execution 
of the PowerCare services division; 
manages SunLink’s TechHub team 
in expanding electrical and software 
product capabilities; and spearheads 
the Ideation Committee—SunLink’s 
cross-department idea generator. At the 
beginning of her SunLink career, Trono 
also managed a comprehensive 4-month 

earthquake-testing program 
of SunLink’s unattached roof-
mount solar products. Trono 
holds a BS in civil engineering 
and an MS in structural engi-
neering from the University of 
California, Berkeley.
 
SP: What is the status of  
the product development 
effort for the ground-up tracker 
design you mentioned at the 
Solar Power International con-
ference in Anaheim, California?
KT: We’ll be debuting a new 
tracker at SPI 2016. The 
concept really spun out of our 
Ideation Committee. Trackers 
offer a lot in terms of their 
increased energy produc-
tion profile, but currently 
they’re targeted mainly to the 
massive utility-scale market. 
Plenty of inefficiencies can 
be hidden in projects of that 
scale, and custom product 
implementations are not 
unheard of. We’re applying our lessons 
learned from years in the commercial 
rooftop and fixed-tilt space: Products 
that are built upon standard compo-
nents and assembled into systems that 
address any project challenge, whether 
it’s loose soil, steep terrain or a unique 
electrical wiring design, are the holy 
grail of solar solutions. Our mission is to 
deliver the best, most economical prod-
uct for any size project. When we think 
of our challenge in that way, exciting 
things come out of the design process.

SP: SunLink entered the tracker market in 
2014 with the purchase of ViaSol Energy 
Solutions’ tracker technology. What shifts 
in commercial and utility-scale project 

development influenced this decision?
KT: The US has excellent solar 
resources, particularly in direct 
normal irradiation, making it an ideal 
geography for trackers. Thanks to sig-
nificant gains in module efficiencies, 
the economics of trackers got to the 
point where an investment made sense 
for our company and for our custom-
ers. Right now, utility-scale ground-
mount systems are the most profitable 
projects. Trackers only help the eco-
nomics on these projects. While each 
tracker architecture has its pros and 
cons, we wanted a durable solution 
that made sense in the current utility-
scale market. The centralized drive 
approach, using components proven 

Kate Trono, PE, SunLink  In her role as vice presi-
dent of products, Trono heads the management of 
SunLink’s roof, tracker and fixed-tilt ground-mount 
systems, as well as the expansion of the compa-
ny’s PowerCare services division.
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over decades in the heavy equipment 
industry, allows us to deliver a robust, 
reliable product to our partners while 
giving us the experience we needed to 
become tracker experts. 

SP: What was the driver behind the addi-
tion of O&M to SunLink’s service offering? 
How does it improve project economics?
KT: With utility-scale systems, we often 
get only a sliver of insight into how cus-
tomers are comparing different technol-
ogies and how that’s affecting the overall 
financials of a project. We’ll frequently 
hear, “What’s your racking price, and 
I’ll plug that number in.” But what we’ve 
seen since expanding our end-to-end 
project solutions for the commercial 
and small utility projects is that we can 
affect a lot more than just the steel price.

O&M costs become interesting 
when you start talking to the stake-
holders who own the systems. Owners 
may have three monitoring systems 
on one site—the inverter’s system, the 
SCADA portal and a cloud-based data 
monitoring system—and then those 
three monitoring systems are com-
pounded across a multitude of sites. 
Trying to figure out how to determine 
values like portfolio-level IRR, or what 
is actually happening in the systems 
they own or whether they should send 
someone out to a site to service equip-
ment can be extremely difficult. There’s 
just so much data, and it’s all propri-
etary in very closed boxes that can’t 
talk to each other. SunLink is focusing 
on the services and technology that we 
can offer to affect issues like these.
  
SP: How is SunLink addressing pain 
points such as compatibility issues 
between PV plant data monitoring and 
command and control platforms?
KT: The key to this issue is to create 
a secure platform that maintains an 
open environment. I recently read Ted 
Koppel’s bestseller Lights Out, where 
Koppel articulates the concern that 
SCADA systems were designed “before 

the notion of cyber attacks had even 
occurred to anyone.” He interviews 
Craig Fugate, an administrator of 
the Federal Emergency Management 
Agency, saying, “If someone was 
knowledgeable about the functioning 
of a SCADA system and succeeded in 
hacking into it, that individual could 
engineer ‘a series of events that seem 
totally unrelated’ but which could, 
according to Fugate, ‘turn the lights 
out very quickly over large areas.’” So 
for us, the priority is to deploy a com-
plete next-gen SCADA solution, where 
we offer unparalleled energy secu-
rity through both tamper-resistant 
hardware on-site and a hyper-secure 
cloud-based architecture. Basically, 
we’ve taken the lessons learned from 
FinTech and applied them to energy. 
We also need to coexist with legacy 
SCADA systems, since the last thing 
we want is to be another proprietary 
box. So with new or retrofit projects, 
we offer the full security solution. But 
with any other project in a portfolio, 
there’s still front-end compatibility 
and data analytics for superior busi-
ness intelligence. Now you have an 
O&M offering for solar installations on 
a whole new level. 
 
SP: What role does geotechnical testing 
play in SunLink’s service offering? Do you 
think that geotech is being adequately 
addressed industry-wide?  
KT:  Several racking providers offer 
geotechnical services, and preproject 
pile-pullout testing is more often 
than not a requirement, even before 
a racking supplier secures a purchase 
order. For us, geotechnical services 
offer a way to work closely with the 
customer early in the process. We 
can better configure our products to 
more optimally suit the needs of a 
project when we know exactly how 
the foundations will be engineered; 
and we can take risk off the installer, 
which has the added benefit of reduc-
ing project costs. To see the benefits, 

however, racking companies need to 
be more comfortable with construc-
tion practices. There’s a statistical 
nature to using localized pull tests 
to generalize site-wide foundation 
designs, and there’s always going to 
be an element of “whatever it takes” 
to solve challenges encountered dur-
ing construction. By better under-
standing the priorities of installers, 
we’re able to put our project solution 
recommendations in context, offering 
best-practice guidelines from the util-
ity segment to the commercial side of 
the industry. 
 
SP: What are some of SunLink’s more 
sophisticated considerations in engineer-
ing analyses?
KT:  For instance, with roof-mount 
project engineering, the load-sharing 
assumptions of a particular system 
are both complicated to get right and 
essential for proper engineering. To 
understand how strong each indi-
vidual component of a product needs 
to be, we have to do significant testing 
on the stiffness of the system. This is 
something that can get pushed aside 
in the race toward reducing balance of 
system costs, but it is something that 
SunLink takes very seriously. No mat-
ter the size of the project, we’re analyz-
ing the structural behavior of every 
element when subjected to wind load 
gusts and unbalanced snow loads. 

SP: How has SunLink’s testing influenced 
requirements for roof-mount ballast-only 
array mounting systems?
KT: When I first started at SunLink 
as an engineer on our R&D team, I 
headed our shake-table testing. To my 
knowledge, SunLink is still the only 
solar company to have tested full-scale 
models of systems on a shake table. 
Together with Rutherford + Chekene, 
we developed a displacement-based 
analytical model that we verified 
through full-scale testing. We built out 
roofs with different surface conditions 
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on the field station shake table at the 
UC Berkeley PEER laboratory and did a 
week of full-scale seismic testing with 
our ballasted products. This testing, 
underwritten in part by the California 
Public Utilities Commission, proved 
that our models accurately predicted 
how much a ballast-only system would 
move during an earthquake. This 
research then became the basis for 
guidelines published by the Structural 
Engineers Association of California 
PV Committee, which in turn served 
as the basis for the solar provisions in 
the 2015 International Building Code 
(IBC). Because earlier versions of the 
IBC required that all rooftop equipment 
be fastened to the building, the solar 
industry was hampered with a code-
compliance issue that was not intended 
for PV. The 2015 IBC allows the use of 
a displacement-based seismic design 
approach for ballasted nonpenetrat-
ing rooftop arrays, although ultimately 
local AHJs have control over the inter-
pretation of the code. SunLink is con-
tinuing to be a leader for this issue, and 
we are working today to bring greater 
clarity to the standards for ballasted 
roof systems in high seismic zones.  
 
SP: Is the structural design of roof- and 
ground-mounted arrays relatively stan-
dardized at this point, or are new struc-
tural design challenges still coming across 
your desk?
KT: As an industry we’ve come a long 
way, but we still have a lot to learn. Our 
R&D program is as active as ever. Right 
now, for example, we’re working with 
our customers and thought leaders in 
the industry to continue to improve 
understanding of the implications of 
ground-mount racking systems’ stiff-
ness and frequency, for both fixed tilt 
and trackers. 

Structural engineers have long 
thought about the dynamic response 
of bridges and skyscrapers, worrying 
that resonance could (and has) caused 
collapse of otherwise sound designs. 
But solar has never been deployed at 

the scale we’re currently seeing. Since 
structural engineers typically learn the 
most after a series of failures, the low 
volume of installed solar projects and 
relatively short timeline of operation of 
these systems has inhibited the drawing 
of research conclusions. To avoid the 
failures that would spur changes, we’re 
using analytical models to determine 
the frequency of our systems, check-
ing against full-scale installed projects 
to ensure accuracy, and then running 
those models against various wind 
scenarios. The conclusion is always a 
direct correlation: more stiffness equals 
a more robust system. However, adding 
stiffness adds cost. That’s unacceptable 
from a project economics perspective, 
and a tough sell to customers when the 
requirements are not written in any 
structural code. Therefore, the most 
recent approach we’ve taken is the abil-
ity to actively monitor a system in real 
time, using accelerometers to gauge 
how our systems are performing in the 
field. When we match behavior to the 
wind data we’re getting from the site, we 
can use machine learning to teach our 
systems to move out of the way of the 
wind. In this way, we achieve multiple 
goals: We save cost by reducing metal; 
we ensure that our system can with-
stand any wind event without hitting 
resonance; and, by altering the tracker’s 
angle slightly rather than going to stow, 
we limit the extent to which our tracker 
is at a suboptimal tilt. 
 
SP: SunLink recently introduced the 
Large-Scale GMS Portrait ground-mount 
system. What design advantages does 
the portrait system offer?
KT: The industry has been debating 
whether portrait- or landscape- 
oriented modules are the best 
approach in fixed-tilt ground-mount 
systems. We decided to exit that 
debate and provide both. Many of our 
competitors have abandoned land-
scape for portrait because it’s inher-
ently lower cost, since it eliminates 
a layer of structure. However, that 

doesn’t take into account energy pro-
duction. When a module is mounted 
in landscape, the bottom, middle and 
top substrings contain two rows of 12 
cells each. In this orientation, a panel 
with shade on the bottom row of cells 
functions at 66% of its rated output. 
However, a module mounted in por-
trait with shading on the bottom row 
of cells stops producing power entirely. 
We thought it was important to con-
tinue to offer both solutions to serve 
the needs of customers with different 
project priorities.

Given that most manufacturers are 
moving to a portrait orientation, we 
wanted to differentiate our portrait solu-
tion. For example, we can follow a grade 
of up to 20%, whether it is constant 
or rolling terrain. That helps reduce 
project cost because it eliminates some 
civil engineering work and site grading. 
Because of drought issues, site grad-
ing is not permitted in some areas, and 
existing vegetation must be left in place. 
Terrain-following systems can make the 
difference between whether sites like 
these are developed or not.
 
SP: There appears to be a significant 
transformation under way at SunLink.
KT: We’re very proud of our racking 
and mounting legacy, and we believe 
it’s that legacy that sets us apart as 
energy solutions providers. Making 
projects successful from a holistic 
perspective has always been our goal, 
whether through engineering and 
project management, geotechnical and 
installation services or, most recently, 
a complete next-gen SCADA platform 
and O&M resources. Our focus is on 
solving the energy industry’s big-
picture challenges, which are diverse. 
They include driving solar costs down 
so renewable energy is more competi-
tive in more markets, and improving 
grid stability and security for peace of 
mind when you turn the lights on. It’s 
only once we’ve solved these issues 
that the solar industry truly will be 
able to dominate the energy mix.
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Aethercomm is a leading advanced 
technology supplier to the US 

Department of Defense. Aethercomm’s 
recently commissioned PV system will 
generate a projected 415,459 kWh annu-
ally, reduce the contractor’s operations cost 
considerably and free up capital, which it 
can redirect to R&D that will enable it to 
deliver technology solutions to US military 
personnel faster and at lower cost. 

Aethercomm completed the con-
struction of its 50,000-square-foot 
Carlsbad, California, headquarters in 
2010. RA Power & Light conducted a 
detailed structural evaluation and load 
analysis to verify that the 888-module 
Canadian Solar array and ballasted 
SunLink Precision-Modular Roof Mount 
System (RMS) addition would meet all of 
the facility’s structural engineering and 
building code requirements. 

The City of Carlsbad has a reputa-
tion as a solar-friendly municipality,  
well versed in proper commercial PV 
project design and installation. RA 
Power & Light has constructed several 
commercial systems in the city and 
is fluent in local requirements for PV 
installations. In addition, early-stage 
project collaboration with the fire 
department streamlined project plan-
ning and development. The end result 
was zero corrections to the Aethercomm 
plan set and permit package.

The 270.84 kWdc turnkey commercial 
rooftop system comprises 888 Canadian 
Solar 72-cell modules integrated with 
SunLink’s Precision-Modular RMS. The 
system has a Class A fire rating and inte-
grated conductor management.  Its ability 
to withstand a 3-second burst of 90 mph 
wind meets the City of Carlsbad’s building 
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Projects System Profiles 

RA Power & Light
Aethercomm

Overview
DESIGNER: Jeff Bernardino, 

general manager, RA Power & Light, 

rapowerandlight.com

LEAD INSTALLER: Chuck Tapia, site 

foreman, Integrated Power & Lighting, 

integratedpowerandlighting.com

DATE COMMISSIONED:  
October 1, 2015

INSTALLATION TIME FRAME:  
26 days

LOCATION: Carlsbad, CA, 33.1°N

SOLAR RESOURCE: 5.7 kWh/m2/day

ASHRAE DESIGN TEMPS: 77°F 2% 

average high, 39°F extreme minimum

ARRAY CAPACITY: 270.84 kWdc 

ANNUAL AC PRODUCTION: 
415,459 kWh 

http://www.rapowerandlight.com
http://www.integratedpowerandlighting.com
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and safety requirements for PV systems 
on commercial buildings.   

The project’s decentralized power 
conditioning systems include nine roof-
mounted 3-phase Fronius Symo string 
inverters, each with its own disconnect 
at the inverter location. The installation 
team located a master disconnect at 
ground level with the system’s switchgear 
and point of interconnection with San 
Diego Gas & Electric.

RA Power & Light installed Fronius 
weather sensors that provide real-time 
meteorological data, augmenting the 
system’s inverter-level performance opti-
mization and monitoring. The sensors 
upload data to a Fronius Solar online 
platform that enables project stakehold-
ers to access revenue-grade produc-
tion data and system status details. RA 
Power & Light provides clients such as 

Aethercomm with a “Commercial PV 
System Users Guide,” including a com-
plete structural and single-line plan set; 
system specifications; warranty informa-
tion; system operation, monitoring and 
O&M protocols; and emergency shut-
down procedures. 

“We are proud of the results of Aether-

comm’s commercial solar project. The 

installation is an example of how proper 

design, the right suppliers and experi-

enced crews can deliver predictable out-

comes for complicated projects. RA Power 

& Light completed this 12-week project 

in 9 weeks—a testament to the experi-

ence and safety awareness of our teams, 

combined with the benefit of working with 

knowledgeable staff at local municipalities 

and fire departments.”

—Michael Campbell, CEO,  
 RA Power & Light 

Equipment Specifications
MODULES: 888 Canadian Solar 

CS6X-305P, 305 W STC, +5/-0 W, 8.41 

Imp, 36.3 Vmp, 8.97 Isc, 44.8 Voc

INVERTERS: 3-phase, 277/480 Vac 

service; nine Fronius Symo 24.0-3 

480, 23,995 W rated output, 1,000 Vdc 

maximum input, 500–800 Vdc MPPT 

range, 200–1,000 Vdc operating range

ARRAY 1: 18 modules per source 

circuit (5,490 W, 8.41 Imp, 653.4 Vmp, 

8.97 Isc, 806.4 Voc), six source circuits 

per inverter (32.94 kW, 50.46 Imp, 

653.4 Vmp, 53.82 Isc, 806.4 Voc)

ARRAY 2: 18 modules per source 

circuit (5,490 W, 8.41 Imp, 653.4 Vmp, 

8.97 Isc, 806.4 Voc), five source cir-

cuits per inverter (27.45 kW, 42.05 Imp, 

653.4 Vmp, 44.85 Isc, 806.4 Voc)  

ARRAYS 3 & 4: 19 modules per 

source circuit (5,795 W, 8.41 Imp, 

689.7 Vmp, 8.97 Isc, 851.2 Voc), five 

source circuits per inverter (28.98 

kW, 42.05 Imp, 689.7 Vmp, 44.85 Isc, 

851.2 Voc)

ARRAYS 5–9: 20 modules per source 

circuit (6,100 W, 8.41 Imp, 726 Vmp, 

8.97 Isc, 896 Voc), five source circuits 

per inverter (30.5 kW, 42.05 Imp, 726 

Vmp, 44.85 Isc, 896 Voc)  

ARRAY INSTALLATION: Ballasted 

roof mount, modified bitumen roofing, 

SunLink Precision-Modular RMS rack-

ing, 180° azimuth, 10° tilt

SYSTEM MONITORING: Fronius 

inverter-integrated dataloggers,  

environmental monitoring, Fronius 

Solar.web online platform
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The Maine Beer Company (MBC) is 
an award-winning brewery located 

in Freeport, Maine. MBC approached 
Assured Solar Energy (ASE) in late 2014 
with the goal of producing as much 
renewable power as possible at its Beer 
Barn facility. ASE determined that by 
fully utilizing the southwest-facing roof 
of the building and locating two AllEarth 
Solar Trackers on the lawn next to the 
facility, MBC could offset approximately 
half of its power consumption with  
on-site PV generation. 

MBC is located on a heavily trav-
eled section of US Route 1, and MBC 
co-founder David Kleban wanted the 
system to pop visually. He selected poly-
crystalline REC Peak Energy modules to 
match the blue MBC sign and wanted 
the trackers to be visible from the road. 
Since installation, the MBC tasting 
room has seen a noticeable increase in 

traffic, and the system has become a 
local landmark.

The rooftop array experiences 
intermittent shading from grain silos 
adjacent to the building, so the project 
team chose SolarEdge 3-phase 480 Vac 
inverters and optimizers for the entire 
system. The installers connected mod-
ules in pairs to P600 optimizers, provid-
ing individual MPPT for every pair while 
mitigating the effects of partial shading. 
Using 480 Vac inverters and a step-
down transformer allowed the project 
to employ half the number of inverters 
and double the string length compared 
to a 208 Vac 3-phase inverter system.

Site drainage needs dictated the 
steep and uneven slope of the lawn. 
To accommodate the trackers’ precast 
concrete foundations, which installers 
had to bury to a depth of 6 feet, they ter-
raced the lawn with a stone retaining wall. 

Overview
DESIGNER AND LEAD INSTALLER: 

Rob Taisey, president, Assured Solar 

Energy, assuredsolar.com

DATE COMMISSIONED: June 2015

INSTALLATION TIME FRAME: 60 days

LOCATION: Freeport, ME, 43.8°N

SOLAR RESOURCE: 3.76 kWh/m2/day

ASHRAE DESIGN TEMPERATURES: 

86°F 2% avg. high, -10°F extreme min.

ARRAY CAPACITY: 55.12 kWdc

ANNUAL AC PRODUCTION:  

69,500 kWh

Assured Solar Energy
Maine Beer Company

Projects
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Do you have a recent PV  
or solar heating project  
we should consider for  
publication in SolarPro?

Email details and photos to: 

projects@solarprofessional.com

http://www.assuredsolar.com


64 S O L A R PR O   |   January/February 2016

Projects

Assured Solar purchased the foundations 
from AllEarth Renewables and had them 
shipped directly to Scott Dugas Trucking 
and Excavating. Installers built the tracker 
frames on a jig and an excavator lifted 
them onto the masts. Granite blocks pro-
tect the trackers from the adjoining park-
ing lot and driveway. The trackers allow 
MBC to make efficient use of a space that 
would otherwise have been unsuitable for 
solar, to optimize production and to make 
a visible statement about its solar com-
mitment to its customers and community.

Installers located the system’s three 
SolarEdge inverters in the basement 
utility room, and aggregated the inverter 
output circuits in a new 480 Vac panel. To 
interface the 480 Vac 4-wire wye output 
of the inverters with the 208 Vac 3-wire 

service, the electrical engineer, Tim 
Matthews of Swiftcurrent Engineering 
in Yarmouth, Maine, located a 112.5 kVA 
dry-type transformer between the new 
panel and a newly installed 400 A main 
service breaker. The 480 Vac panel also 
allowed MBC to install a high-power cen-
trifuge in its brewing room.

“It was great to work with the entire crew 

at Maine Beer. The project provided 

local employment for our team and our 

subcontractors, and was an opportunity to 

deploy cutting-edge equipment, including 

American-made AllEarth solar trackers, in a 

high-profile installation. It is a highly visible 

example of MBC’s values and increases 

solar awareness among the millions of tour-

ists entering Freeport each year.”

—Rob Taisey, Assured Solar Energy 
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Equipment Specifications
MODULES: 212 REC Peak Energy 

Series REC260PE, 260 W STC, +5/-0 W, 

8.50 Imp, 30.7 Vmp, 9.01 Isc, 37.8 Voc

INVERTERS: 3-phase, 208 Vac service; 

two SolarEdge SE20KUS, 20 kW; one 

SolarEdge SE10KUS, 10 kW; 850 Vdc 

nominal input voltage, 980 Vdc maxi-

mum input voltage, 3-phase 277/480 

Vac inverter output; 106 SolarEdge P600 

Power Optimizers, 600 W, 96 Vdc maxi-

mum input voltage, 12.5–80 Vdc MPPT 

range, two series-connected modules 

per optimizer

ROOFTOP ARRAY: 164 modules total, 

40 or 42 modules per source circuit 

(10.4 kW or 10.9 kW), two source 

circuits (82 modules) per inverter (21.3 

kW); 42.6 kW array total; integrated with 

two SolarEdge SE20KUS inverters 

TRACKERS: Two AllEarth Solar Track-

ers, Series 24, dual-axis GPS-based 

array tracking, 24 modules per tracker, 

one 48-module source circuit (12.5 

kW); integrated with one SolarEdge 

SE10KUS inverter 

ROOFTOP ARRAY INSTALLATION: 

Composition roofing, SnapNRack Series 

100 racking, 215° azimuth, 34° tilt, 

SolaDeck pass-through box 

SYSTEM MONITORING: SolarEdge 

module-level monitoring
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