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24 Distributed Inverter Design:
		 Utilizing String Inverters in
		 Large Commercial Systems

System Size
Medium Electric Rate
Medium Irradiance
Medium Trip Cost
Medium Loss Risk

500 kW
$0.20/kWh PPA
1,500 (Northern CA location)
$300 (regional access/truck)
some soiling expected (dust)

86

INVERTER

ZONE

STRING

$7,500

$750

$50

monitoring costs

$0 (baseline)

$920

$2,570

service trip cost

$0 (baseline)

$300

$300

$5,530

$4,580

(annual values)
value of blind spot

If you asked PV system designers to consider using
400 2.5-kW string inverters on a 1 MW PV system,
it would probably be difficult to engage in a serious
discussion. But what about specifying four 250-kW
inverters, 10 100-kW inverters or even 40 25-kW
inverters? This is where the discussion starts to get
interesting. In this article, we present the potential
benefits of the distributed inverter design approach.
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potential savings

54 Grounding Compendium
		 for PV Systems

BY ROB ERLICHMAN

24

PV system grounding encompasses issues ranging
from equipment grounding strategies, including
bonding modules and grounding racking support
structures, to system grounding considerations,
including grounding electrode options. In this article,
we take a practical approach to the NEC requirements
as applied to grounding PV systems.
BY REBEKAH HREN AND BRIAN MEHALIC

86 Determining Optimal
PV System Monitoring
Granularity
Once an afterthought, the selection of
monitoring systems is getting more
attention at earlier stages of project
development. Increasing the
granularity of dc-side monitoring
allows the site operator to detect
many issues that would otherwise
go unnoticed, but what is the
appropriate and economically
feasible level of dc-side monitoring?
How granular should you go?

42 2013 String Inverters
		 Developments and
		Specifications
Integrators working in the
North American market have a
wide range of options and choices
to make when it comes to string
inverters. Our 2013 dataset contains
comprehensive specifications for
111 models from 16 manufacturers.
BY JOE SCHWARTZ
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100		 Training Continuing Education for the Pro

June /July 2013, we overlooked
SolarWorld’s Sunfix Plus racking
system. The flush-mount product

104 Projects System Profiles

utilizes anodized aluminum rails

		 Sunsense Solar, San Miguel Power Association
		 Community Solar Farm
		 ProVision Solar, Hunter Residence

that interface with a serrated
L-foot, which provides vertical and
horizontal adjustability. Serrations
in the L-foot are designed to mate

107		 Advertiser Index

104

The system features pre-assembled
top-clamp hardware and is compatible with Burndy WEEB grounding
devices, as well as composition,

f On the Cover

tile and standing-seam mounting

The VF Outdoor Coalition Campus in Alameda, California, is the headquarters of three

solutions by Quick Mount PV. Visit

VF brands including The North Face, JanSport and lucy. Sunlight Electric utilized a

solarworld.com for additional prod-

distributed design for the campus’ 855 kWdc PV system. The array is comprised of

uct features and specifications.

3,720 Hyundai modules spread over four buildings and 12 carports, with 39 AE Solar
Energy AE TL3 3-phase 480 Vac inverters distributed throughout the array.
Photo: Courtesy Hawkeye Aerial Photography
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OutBack transforms the historical heritage complex of Malankara
Plantations in India to the country’s first net-zero office building.

Off-grid or on,
OutBack powers the solution.
From Baja to Bangladesh, from the Arctic to the Equator, OutBack products make power possible and
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FLEXmax Extreme charge controller

Radian Series inverter / charger

FLEXpower systems

The industry’s first sealed charge controller
eliminates the need for cooling fans making the
FLEXmax Extreme the ultimate choice for use in
extreme environments.

8,000 Watts of grid-tied, off-grid and seamless
Grid/Hybrid operation place OutBack’s Radian
Series at the top of the list for residential,
commercial and institutional applications.

Performance and quality in a pre-wired and
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FLEXmax 80 charge controller
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Energy Storage solutions
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Industry Currents

AE Solar Energy Launches
1 MW Utility-Scale Inverter
AE Solar Energy recently launched the AE
1000NX central inverter for utility-scale projects in North America.
The product has a 1 MWac output power rating and is designed
for 1,000 Vdc applications. The AE 1000NX utilizes a dual-array
configuration (±550–±1,000 Vdc MPPT range) and includes eight
dc busbars per polarity, with an option for 10 busbars per polarity.
AE Solar Energy’s Combiner Level PV Tie offers dc-side conductor
and BOS savings via fieldconnected neutral conductors. The inverter features
advanced utility-interactive
controls, including a range of
frequency and voltage ridethrough profiles that can be
adjusted to meet regional utility requirements. It also offers
a wide reactive power range.
The inverter can be built for
integration into a customerengineered skid solution based on the AE 1000NX PowerStation
platform. This prewired solution allows you to wire multiple
inverters to a medium-voltage transformer, reducing on-site costs
while meeting site-specific interconnection requirements. Integrated inverter data monitoring is included (10 years of storage at
5-minute intervals), and the product is compatible with third-party
monitoring services.

[Fort Collins, CO]

AE Solar Energy / 877.312.3832 / advanced-energy.com

Bentek Solar Releases
Breaker System for
PV Power Plants
[San Jose, CA] The Breaker Universal Safety
System (BUSS) from Bentek Solar allows integrators
to standardize utility-scale array layouts independent
of the dc input configuration of a project’s central
inverters. The freestanding BUSS unit is designed
for grounded and ungrounded PV plants with input
voltages up to 1,000 Vdc. It provides overcurrent
protection and disconnect compliance per 2011 NEC
Section 690.16. The product is configurable for up to
14 dc input circuits ranging from 100 A to 400 A and
accepts 250–1,000 MCM conductors. The Eaton circuit breakers used on the BUSS input are 100% duty
rated with 90°C-rated compression terminals that
allow for potential reductions in the required cable
and conduits. The BUSS output provides a universal
connection to the inverter’s dc input. DC inputs may
be monitored through RS485 or Ethernet interfaces
located within the enclosure.
Bentek Solar / 866.505.0303 / bentek.com

SMA Introduces Non-Isolated
Inverters for the Residential Market
SMA America’s new SB 3000TL-US, SB 4000TL-US and SB 5000TL-US inverters feature a non-isolated topology, dual MPPT inputs and an integrated dc arc-fault circuit interrupter (AFCI) that meets NEC 2011 Section 690.11 arc-fault requirements. The 3 kW, 4 kW and
5 kW products have a 175–480 Vdc MPPT range and a CEC-weighted efficiency of 96.5% at
240 Vac, and interconnect at 208 or 240 Vac. The inverters’ extended operating temperature
range (-40°F to +140°F) allow for installation in nearly all climates. The products also include a
first-of-its-kind Secure Power Supply function: When coupled with SMA’s Emergency Power
Module, the inverters provide up to 1,500 Wac at 120 Vac during grid failures to charge or power
devices such as laptops and cell phones (provided there is sufficient solar irradiation). In addition
to the standard SMA inverter monitoring and control features, the new models can utilize a ZigBee
wireless connection to communicate with home energy management systems.
[Rocklin, CA]

SMA America / 916.625.0870 / sma-america.com
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KACO new energy
Launches 3-Phase
Non-Isolated Models
KACO new energy
recently announced the availability of
its TL3 series of inverters. The groundmounted non-isolated inverter line includes
models with power ratings of 32 kWac,
40 kWac and 50 kWac. The inverters are
available with either one or three MPPT
channels. The 40.0 TL3 and 50.0 TL3 products are listed to UL 1741 for a maximum
dc input of 1,000 Vdc. While the 32.0 TL3
model is listed for 600 Vdc applications at its initial release, KACO plans to
certify the unit for 1,000 Vdc applications in the near future. All models have
a 480 Vac nominal output voltage and feature integrated lockable ac and dc
disconnects that display the switch position to assist with Code compliance
and servicing. The TL3 inverters include an integrated web server and Modbus read and control functions for third-party monitoring.

[Grass Valley, CA]

Power-One
Releases 1,000 Vdc
String Inverters
Developed for commercial and industrial applications,
Power-One’s new wall-mountable
Aurora Trio string inverters are listed
to UL 1741 for 1,000 Vdc applications, feature two MPPT channels
and have CEC-weighted efficiencies
of 97.5%. The non-isolated 20 kW
Trio-20.0-TL and 27.6 kW Trio27.6-TL products are designed for
interconnection to 3-phase 480 Vac
services and have full-power MPPT
ranges of 450–800 Vdc and 520–800
Vdc, respectively. Both models
employ fanless passive cooling and
do not contain electrolytic capacitors. A wide variety of options are
available, including dc switch, fuses
and surge suppression, as well as ac
fused disconnect and surge protection. The units are housed in NEMA
4X enclosures and carry a standard
10-year warranty, with extended 15and 20-year warranty options.

[Camarillo, CA]

Power-One / 805.987.8741 / power-one.com

KACO new energy / 415.931.2046 / kaco-newenergy.com

SolarWorld Announces
Glass-Glass Modules
[Camarillo, CA] SolarWorld’s new Sunmodule Protect products signal a significant
shift in the company’s module construction. In the Protect line, the conventional
polymer-based backsheet is replaced with lightweight glass to increase protection
from environmental factors such as water intrusion and to reduce shear stress that
can cause cell breakage. The new glass-glass modules will carry a 30-year linear
performance warranty that guarantees they will provide 86.85% of
their nameplate rating after 30 years
of operation. The Protect modules
feature the same aluminum frames
as SolarWorld’s current Sunmodule
product lines, allowing integrators
to use conventional racking systems available from SolarWorld and
independent racking suppliers. At
46 pounds, the Protect models have
approximately the same weight as
products utilizing polymer-based
backsheets. The modules will be
available in the second half of 2013.
SolarWorld / 805.388.6590 /
solarworld-usa.com
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GameChange Racking Offers Commercial and
Utility-Scale Mounting Solutions
[New York] GameChange Racking is a
new entrant to the North American solar
industry, with manufacturing facilities in
Kansas, Massachusetts, Michigan, New
Hampshire and Texas. Products include
the ballasted GC Roof System, which uses
two snap-together aluminum components to support modules and ballast. The
components also provide a windscreen
that reduces ballast requirements. Snapin-place wire management strips, clips for
integrated module grounding and provisions for interrow
conduit runs are standard. The GC Ballasted Ground System utilizes galvanized steel tubing for the array’s primary
structural support. The product offers 2-foot ground clearance and is available in 15°, 20°, 25° and 30° tilt angles. A
third product, the GC MaxScale Ground System, uses a

SolarEdge Introduces
3-Phase String
Inverter Line
[Fremont, CA] In addition to offering
single-phase inverter models, SolarEdge
has released three 3-phase commercialscale string inverters for the North American market. The 9 kW SE9kUS inverter
interconnects at 208 Vac, while the
10 kW SE10kUS and 20 kW SE20kUS
inverters interconnect at 480 Vac. The
non-isolated inverters are designed to
work in conjunction with SolarEdge
power optimizers, allowing the inverters
to operate at a fixed input voltage and
achieve a CEC-weighted efficiency of 98% for the 10 kW and
20 kW models. The use of module-level power electronics
allows the inverter to report module-level information via Ethernet or an optional ZigBee wireless connection. SolarEdge’s
new 600 W Commercial Power Optimizer is compatible with all
three SE-US models and enables the connection of two 60-cell
modules to a single power-optimizer unit. SolarEdge’s 3-phase
inverters include integrated ac and dc disconnects to reduce
overall BOS and installation costs.
SolarEdge Technologies / 877.360.5292 / solaredge.com
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single-line post configuration. In an effort to reduce installation time, the system’s steel and aluminum components
bolt together without the use of additional connection
brackets. All GameChange Racking systems are rated for
120 mph wind speeds and are manufactured in the US.
GameChange Racking / 212.359.0200 / gamechangeracking.com

Eaton Announces
1,000 Vdc Switched
PV Combiners
Eaton has expanded its line of switched PV
source-circuit combiners with the introduction of six models (30 A–400 A) rated for 1,000 Vdc applications. The new
combiners incorporate a
standard Eaton visible sidehandle disconnect switch. You
can order several enclosure
options, including NEMA 3R, 4
and 4X. The input fuseholders
are rated at 30 A, and fused
or nonfused output switch
options range from 30 A to
400 A. Models with 3–48 input
circuits are available. Optional
features include surge protection, string-level monitoring,
wireless communication and a
range of lug options for conductor termination.

[Pittsburgh]

Eaton / 855.386.7657 / eaton.com

Reliability Means eveRything.
When you’re worlds away from the grid, or when an unstable
grid makes you dependent on alternate power sources, you’re
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and gel Renewable Energy batteries deliver.
Exceptionally dependable and powerful, Trojan’s proprietary
deep-cycle technology and more than 85 years of battery
know-how make it the most reliable battery in the industry.
Backed by specialized technical support teams and a world–
class warranty, Trojan means reliability.
Regardless of the application, when it comes to renewable
energy storage and backup power, reliability means everything.

Available worldwide. For more information,
call (800) 423–6569, +1 (562) 236–3000 or visit us at TrojanBatteryRE.com
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Bipolar PV Systems and the NEC

T

his article is designed to help
designers, installers and inspectors
of PV systems understand the unique
NEC requirements related to bipolar
PV systems. I start with a brief history
of bipolar PV systems and an overview
of some fundamental definitions. I
conclude with an overview of design
and installation best practices for
building bipolar systems that are safe
and efficient.

it is analogous to the split-phase
120/240 Vac distribution system used
to serve dwellings in the US. Since the
grounded conductor of a bipolar PV
array is connected to the midpoint
of a 3-wire dc system, it even meets
the technical definition of a neutral
conductor as found in NEC Article 100.
Note that the PV output circuit in Figure 1 includes all three of the currentcarrying conductors, and all wires are
run together in the same raceways,
History and Definitions
trenches, disconnects and so forth.
Though they are atypical, bipolar PV
In response to new system topoloarrays have been in use for nearly two
gies and their configuration requiredecades. Omnion Power Engineering,
ments, the code-making panel (CMP)
a pioneering solar inverter manuresponsible for NEC Article 690
facturer that was based in East Troy,
introduced new content related to
Wisconsin, introduced bipolar utilitybipolar PV arrays as part of the 2011
interactive inverters in the mid-1990s.
cycle of revisions. It added the followThe Sacramento Municipal Utility
ing definition for a monopole subarray
District (SMUD) used bipolar Omnion
to Section 690.2: “A PV subarray that
inverters in its residential
has two conductors in the
+
Ungrounded conductor
PV Pioneer program as early
output circuit, one positive
as 1994. Failure rates were
(+) and one negative (-).
high, however (≈15%), and
Two monopole PV subarrays
Neutral point
by the time the NEC was
are used to form a bipolar
N
Grounded conductor
revised in the early 2000s
PV array.”
to address specific safety
This new definition
concerns associated with
clarifies that a negatively
Ungrounded conductor
bipolar PV arrays, Omnion
grounded monopole subwas no longer active in
Figure 1 This figure shows a simplified schematic for a 3-wire array and a positively
the market.
grounded monopole subbipolar PV array. This configuration is used in legacy bipolar
While bipolar PV sysarray can be electrically consystems (prior to 2002).
tems are still the exception
nected together into a single
rather than the rule, both
PV power source, as shown
+
Ungrounded conductor
AE Solar Energy (AESE)
in Figure 2. This 4-wire sysand Ideal Power Converttem schematic is representaGrounded conductor (-)
ers (IPC) currently offer
tive of the bipolar PV arrays
utility-interactive invertused today. Note that the
+
Grounded conductor (+)
ers intended for use with
conductors and connected
bipolar PV arrays. AESE
equipment dedicated to
offers three models in its NX
each of the monopole subUngrounded conductor
inverter series ( formerly the
arrays in Figure 2 may need
Figure 2 This figure shows a simplified schematic for a
Solaron series)—rated at
to be physically separated
250 kW, 333 kW and 500 kW— contemporary 4-wire bipolar PV array, which consists of a
in accordance with NEC
negatively grounded monopole subarray (top) and a positively Section 690.4(G).
that use bipolar PV arrays.
grounded monopole subarray (bottom).
c o n t i n u e d o n pa g e 1 6
The IPV-30kW-480 inverter
14
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from IPC is rated at 30 kW and accommodates bipolar array configurations.
You know that dc power sources,
like PV systems, have one positive and
one negative pole. So what exactly is
a bipolar system? According to the
definition added to NEC Section 690.2
in 2002, a bipolar PV array is defined as
“a photovoltaic array that has two outputs, each having opposite polarity to a
common reference point or center tap.”
Historically, bipolar PV arrays—like
those used with Omnion inverters—
were configured like the 3-wire system
shown in Figure 1. In a 3-wire bipolar
system, there are two ungrounded
current-carrying conductors, both of
which are switched and fused, and one
grounded current-carrying conductor, which is center-tapped between
the positive and negative poles. This
schematic may look familiar, since

What makes our Classic Comp Mount the industry’s most
trusted protection against roof leaks?

The QBlock Elevated Water Seal
Our patented QBlock technology
encloses the EPDM rubber seal – the
ultimate barrier between the rafter and
the rain – inside a cast-aluminum block
and raises it 7/10 of an inch above the
flashing where the rainwater flows. This
completely protects the rubber seal
from the elements for the life of the
solar array.

Rubber seal raised .7”
above the flashing
and rainwater

Don’t risk disastrous roof leaks with inadequate solar mounting products and methods.
Insist on Quick Mount PV and install it right – and enjoy peace of mind for the full life
of every PV system you install.
See how our patented QBlock technology prevents future roof leaks at quickmountpv.com/noleaks

925-478-8269

www.quickmountpv.com
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While I refer to the configuration
in Figure 2 as a 4-wire bipolar configuration, inspectors and plan checkers
are used to applying the term 4-wire
to a 3-phase ac system with a centertapped neutral. In your conversations
with AHJs, therefore, you may wish to
refer to this as “a bipolar array made
up of two separate monopole arrays
that comply with NEC Section 690.7(E).”
While this is a mouthful, it points plan
checkers and inspectors to the specific Code reference that allows 4-wire
bipolar systems, which should expedite
design review and system acceptance.
Design and Deployment
Conceptually, a 4-wire bipolar PV
system is straightforward. As described
in the “Installation and Field Service
Instructions” for IPC’s IPV-30kW-480:
“The inverter operates from two separate photovoltaic arrays with opposite

polarity. The positive array uses
+V
+
positive voltages
and negative
grounding, while
-½V
the negative
array uses negaFigure 3 While the absolute maximum input voltage to a
tive voltages and
4-wire bipolar inverter could be as high as 1,200 Vdc, physipositive groundcally separating the subarray circuit conductors limits the
ing.” This is a
electrical potential outside the inverter to ±600 Vdc.
unique array configuration, one used only with inverters guidance on how the maximum system voltage is determined in a 4-wire
that are designed and listed for use in
bipolar system and under what condibipolar PV systems.
tions. Beyond these Code requirements,
The unique design and installation
many of the best practices related to the
requirements that apply to 4-wire bipodesign and deployment of bipolar PV
lar systems are almost self-explanatory
systems—like subarray balancing—are
when you understand the system as
highly intuitive.
two monopole arrays. Section 690.4(G)
generally requires keeping the monopole
NEC Section 690.4(G). Voltage and
subarrays separate to limit the voltage
current in a contemporary 4-wire
potential in electrical equipment outside bipolar subarray are shown in Figthe inverter. Section 690.7(E) provides
ures 3 and 4. When a 4-wire bipolar
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+

of 600 Vdc to
900 Vdc. Since
+
the maximum
voltage for each
subarray could
be as high as
±600 Vdc under
Figure 4 Arrows indicate the current flow in the positively and
open-circuit
negatively grounded subarrays here. For optimal system perforconditions, the
mance, it is important that the IMP in both subarrays be
absolute maxias balanced as possible.
mum inverter
PV system is operating, the grounded
input voltage is 1,200 Vdc.
current-carrying conductors associSection 690.43(G) was added to
ated with each subarray are connected. the 2011 NEC to ensure that voltages
This effectively puts the subarrays in
in a 4-wire bipolar PV system do not
series, which means that the inverter
exceed the rating of the conductors
input voltage (as measured between
and connected equipment. It states
the ungrounded subarray terminals) is
that if the sum of the subarray voltthe sum of the subarray voltages. As an
ages exceeds the voltage rating of
the electrical equipment used outexample, the full-power MPPT range
side the inverter, then the conducfor the IPV-30kW-480 is ±300 Vdc to
tors associated with each monopole
±450 Vdc, which corresponds with an
subarray must be run separately back
effective inverter input voltage range
-

to the inverter. While it provides an
exception for listed switchgear with
a physical barrier between subarray
disconnecting means, this section
generally requires that monopole subarrays in a 4-wire bipolar system have
separate conduit runs, disconnecting
means and overcurrent protection
devices. The alternative to physical
separation is to use electrical equipment that is UL certified for 2,000 Vdc.
NEC Section 690.7(E). While the absolute voltage in a 4-wire bipolar system
is the sum of the subarray voltages,
generally speaking this increased voltage potential is present only inside the
inverter. Section 690.7(E) clarifies that
the maximum system voltage in bipolar
PV source and output circuits is the
maximum voltage per 2-wire monopole,
provided that three conditions are met.
First, one conductor in each bipolar
subarray must be solidly grounded
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during normal operation. (An exception
is provided that allows ground-fault or
arc-fault devices to open the ground
connection during fault conditions.)
Second, each 2-wire circuit must be connected to a discrete subarray. Third, the
equipment must be clearly marked with
a warning label, as follows:

WARNING
BIPOLAR PHOTOVOLTAIC ARRAY.
DISCONNECTION OF NEUTRAL OR
GROUNDED CONDUCTORS MAY RESULT IN
OVERVOLTAGE ON ARRAY OR INVERTER.

Generally speaking, designers can
meet the first condition by using a
listed inverter according to the manufacturer’s instructions. By keeping
monopole subarrays separate, per Section 690.4(G), and adding an additional
label to the system, installers can meet
the second and third conditions.
Subarray balancing. Ideally, the
monopole subarrays that make up a
bipolar PV array should be identical,
with the exception of the polarity of
the grounded conductor. In practice, it
is most important that current be balanced between the subarrays. Whenever PV devices are connected in series,
the device with the lowest current
limits current in the series circuit. This
is true of PV cells in modules, modules
in PV source circuits and monopole
subarrays in bipolar PV systems.
When designing a bipolar array,
therefore, you need to keep the current
at maximum power (IMP) in both subarrays as close to the same as possible.
You can most easily accomplish this by
using the same type of module and the
same number of source circuits in both
subarrays. Also, you should install the
subarrays at the same tilt and azimuth.
Since both subarrays ultimately operate
as one, what happens in one subarray or
source circuit impacts the performance
of the system as a whole.
Designers should generally adhere
to this balanced subarray concept
with bipolar PV systems unless the
18
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inverter manufacturer
indicates otherwise.
The optimal bipolar
array configuration for
production efficiency
also has balanced
subarray voltages.
However, there are
some product-specific
examples of tolerance
to voltage imbalance.
For example, the installation manual for IPC’s
IPV-30kW-480 provides
system designers with
some flexibility to vary
string lengths between
subarrays. Just be sure
that you understand
what the performance
tradeoffs are, if any.

General recommendations. Subject mat-
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Bipolar BOS components Consult a product applications engineer for balance of system component recommendations. For example, Ideal Power Converter’s
new IPV-30-Combiner, shown here, accommodates six
source circuits per subarray and incorporates remotely
activated dc contactors. If installed within 10 feet of the
array, the combiner meets new NEC 2014 emergencyshutdown requirements (Section 690.12).

ter experts generally
recommend extra due
diligence and attention
to detail when working with bipolar
PV systems, especially for the first
time. This extends from the level of
detail included in your plan sets to
conversations with installers, subcontractors or AHJs.
Tobin Booth is the founder and
CEO of Blue Oak Energy, a full-service
PV system design, engineering and
construction firm that has worked on
several large bipolar systems. Booth
explains: “The biggest challenge is the
learning curve. You cannot simply
create a set of engineering documents
for a bipolar PV system and hand them
over to a contractor. Some explanation
and training is required. I recommend
including very clear instructions for
the field team. For example, call out
seemingly small items like conductor
color coding and polarity labels so that
installers can assemble the system with
little risk of confusion.”
The rules covering conductor color
codes in a bipolar PV system are identical to those governing other electrical

systems. However, in this case, you have
two grounded and two ungrounded
conductors of opposite polarity. For
the grounded conductors, you must
follow NEC Section 200.6. Continuous
white insulation is most common, but
other options are available. Meanwhile,
the ungrounded conductors can be
any color except those allowed for
grounded conductors and green or
green with a yellow stripe.
Since polarity and subarray identification are also critical to anyone
installing or testing a bipolar PV
system, I highly recommend providing
additional labeling at all terminations
and service points, inside electrical
equipment and on its exterior. Ideally,
identify each conductor in each subarray with its own color code, marking
tape, tag or a combination of methods.
Inadequately or incorrectly identified
conductors can lead to installation
mistakes, which could damage equipment, as well as to confusion during
commissioning or servicing, which
could endanger
c o n t i n u e d o n pa g e 2 0

Water and electricity do mix.
Solar PV + Accelera® 300 Heat Pump Water Heater
More than 30 years of experience with heat pumps made it easy
for us to decide, “if it’s a heat pump water heater, it ought to be
a heat pump water heater.” That’s why we have only one backup element, and it’s at the top of the tank. That’s why we don’t
use energy pumping DHW through the heat pump — we transfer
the heat from the refrigerant via a extremely large wrap-around
condenser on the bottom outside of the tank with thermal paste
between it and the tank. That’s why our tank is 80 gallons.
That’s why ours is the largest seller in Europe. And that’s why
we don’t call it a “hybrid,” we call it a heat pump water heater.
The heat pump portion of an Accelera® 300 draws only 500
watts, low enough that solar photovoltaic may be a viable
option. Use the electric back-up element and you’ll probably
need grid-tie, but with a full tank of 140°F water, and a 78.6
gallon first hour rating, daily hot water needs may be satisfied
without it. Solar thermal will always remain a viable solution,
but now there’s another renewable energy option.

› The most efficient water heater available in the U.S.A.
› #1 in Energy Star ratings with a 2.51 Energy Star
energy factor

› COP typically between 3–6
› 50 gallons of 140°F water can be drawn before
activation of single 1700 W back-up element

›
›
›
›
›

20 square foot condenser wraps around outside of tank
240 V, 15 A circuit breaker
Operating temperature range from 42–108°F
Reduces hot water costs by up to 80%

Visit us at Intersolar booth #7727

Reliable German technology & manufacturing backed
by a 10 year warranty

Simply the Best
800.582.8423
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personnel. Comprehensive labeling
and identification not only improves
system safety and serviceability but
also expedites field inspections.
Another important consideration
is the physical separation of the subarrays. To the extent that you need to
keep combiners, disconnects and conduits separate to meet Code, the array
layout should accommodate this as
much as possible. Booth advises: “Ideally, you want congruent subarrays. In
other words, the designer should consider how to optimize the physical and
electrical layout such that installers
can assemble the subarrays without
confusion or wasted time.”
Bill Brooks, the principal at Brooks
Engineering, works on developing
codes and standards related to PV
systems and providing training
resources to AHJs. Since bipolar PV
systems may be new to plan checkers

and inspectors, Brooks encourages
system designers and integrators to
actively engage AHJs early in the design
process to ensure that everyone is on
the same page. Brooks explains: “The
terminology that is currently used in
the NEC and the PV industry in general
is often misleading and potentially
confusing. For example, some AHJs
get hung up on the solidly grounded
requirement in 690.7(E)(1) as it applies
to bipolar subarrays. While it is true
that today’s bipolar inverters do not
maintain a hard connection to ground
under all operation conditions, technically neither does a grounded inverter,
which connects to ground through a
fusible link.”
Brooks continues: “If you refer to
Section 690.41, you see that the alternative to solidly grounded is ‘other methods that accomplish equivalent system
protection’ and ‘utilize equipment

listed and identified for the use.’ Arguably, all grid-connected PV systems—
even conventional grounded PV
systems—comply with Section 690.41
via this clause. My experience is that
AHJs generally understand that modern
inverters provide protection equivalent
to being solidly grounded, even if the
methods by which this is achieved are
not self-evident.”
If an AHJ has questions or concerns regarding a proposed bipolar
PV system, an inverter manufacturer’s
applications engineer should be able
to address these. Brooks concludes:
“Generally speaking, modern bipolar
inverters are designed to provide the
same safety and efficiency benefits as
ungrounded PV systems, along with
the performance benefits of highervoltage bipolar arrays.”
—Jason Fisher / HelioSage Energy /
Charlottesville, VA / heliosage.com

Pitched Roof Mounting Made Easy
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Next Generation of Micro Inverter Has Arrived!

Introducing the new Intelligrated™ ResidentialAC module
Canadian Solar is offering a product that addresses the issues of the ﬁrst generation micro inverters.
The ResidentialAC module is designed to save time and materials during installation and provide
homeowners with a piece of mind - truly achieving a reliable 25yr solar system and faster ROI.
Key Beneﬁts
•

•

•

•

•

Faster ROI for the Homeowner
- Higher power class module (250WDC Poly or Mono)
- 85°C operating temperate ability
Installation Savings
- Reduced module prep. due to micro inverter pre-installation
- Grounding materials reduced
Signiﬁcant Hardware Reliability
- ZigBee wireless communications
- Opto-Isolators and Electrolytic Capacitors both removed
Differentiation
- Scalable technology to 300WAC
- Ability to mix & match portrait and landscape with one sku
- Closer to one-stop shopping (one credit line for micro inverter
and module)
Peace of Mind & Minimized Risks
- Canadian Solar is a Bankable Partner
- Bundled Product Warranty (No ﬁnger-pointing)
- PV Module with 3rd Party 25yr Re-assurance
www.canadiansolar.com

inquire.us@canadiansolar.com
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Using Thermal Imaging to Troubleshoot
Solar Water Heating Systems
hermal imaging cameras, also
referred to as infrared (IR) cameras, are becoming common tools
for PV system troubleshooting. The
devices are also very well suited
for diagnosing performance issues
in solar water heating (SWH) systems. After all, SWH systems collect,
transport and store heat. The ability
to accurately determine temperature
differentials between points in the
system provides crucial visibility into
an installation’s performance. In the
past, I relied on noncontact infrared
thermometers for recording equipment temperatures during system
commissioning and troubleshooting.
IR thermometers are limited, however:
You measure the temperature of the
specific point you are aiming at, and it
is easy to miss hot spots. An IR camera
allows you to capture a thermal image
of a larger area and visually displays
the temperature and temperature gradients of objects in the image.
While several good IR cameras are
available, I use a Fluke TiR32. With a
list price of approximately $8,000, it is
expensive, but it provides information
that is otherwise impossible to capture
in the field. The TiR32 has a 2% accuracy
range, which is more than adequate for
measuring temperatures in solar heating systems. The following case study
illustrates the effectiveness of using a
thermal imaging camera for SWH system troubleshooting.
System Configuration
The Ramsey County Law Enforcement
Center is a pretrial holding center
for approximately 400 inmates in
downtown St. Paul, Minnesota. A 35collector solar heating array was
installed on the facility’s roof in October
2012. The project was one of several
SWH installations completed by the City
22
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of St. Paul and funded in part with an
American Recovery and Reinvestment
Act (ARRA) grant. Prior to the system’s
installation, the center’s potable water
was heated by a hot water loop supplied
by District Energy, a nonprofit company
that operates the largest biomass-fueled
hot water district heating system in
North America. It supplies heat for more
than 185 buildings and cooling for 100
more in downtown St. Paul.
Westwood Professional Systems
managed and Karges-Faulconbridge
engineered the construction of the
Ramsey County Law Enforcement Center installation. With an estimated peak
production of approximately 75 kW
(93 MWh annually), the solar heating
project was expected to reduce the center’s dependency on the city’s hot water
system and the related monthly expense
by 40% to 50%. The array’s 35 Solar Skies
NSC-40 collectors and array-side piping
are filled with a 50% glycol solution to
withstand St. Paul’s frigid winters. Each
collector has an absorber plate area of
36.9 ft2 and holds 1.21 gallons of glycol
solution. The system uses two Sondex
A/S PHE heat exchangers. The SWH

system transfers heat to a branch of the
District Energy hot water line, and that
branch then flows through a second
heat exchanger to heat the correctional
facility’s domestic water.
A LI-COR LI-200SA pyranometer
mounted at the array measures solar
irradiance. An Alerton BACtalk controller continuously calculates the amount
of heat that the system should produce
based on the current level of irradiance and compares it to the expected
heat loss within the collectors due to
the ambient temperature at the array.
As soon as this number is greater than
0, a pump turns on to circulate glycol
through the collectors. The heated fluid
flows through the first heat exchanger
that is installed in line with the District
Energy heat system. A temperature sensor in this line activates a second pump
when the temperature reaches 100° F,
allowing domestic water to flow through
the second heat exchanger. A temperature sensor on the domestic side of the
second heat exchanger signals the controller to stop circulation of the domestic hot water when temperatures reach
140°F and allows the District Energy

Thermal imaging Using the Fluke TiR32
IR camera, the technician was able to
measure component and piping temperatures throughout the system, and
identify points of unwanted heat loss,
such as several valves that were difficult
to fully insulate.

Temperature discrepancy Temperatures of approximately 129°F (53.7°C)
were measured in the piping near the
domestic loop control sensor. The faulty
sensor was reading 140°F and causing
the system to underperform.

Co u r t e s y C ar i W i l l i ame t t e (2 )
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heat line to absorb the heat from
the glycol. Because the building is
located on the farthest end of the
City’s hot water line, it should always
be able to absorb any excess heat. In
case it does not, an alarm signals the
hot water on the secondary side of
the first heat exchanger to flow directly
from the District Energy return header if
the glycol system exceeds 200°F.
Commissioning and
Troubleshooting
During the system’s initial testing
and commissioning, the commissioning agent raised concerns about the
circulating pumps: They were allowing
the domestic water system to heat to
approximately 129°F rather than the
140°F design temperature. The source
of the problem was difficult to track.
All gauges and sensors on the new
system appeared to be operating at

The ability to accurately determine
temperature differentials between points
in the system provides crucial visibility
into a SWH installation’s performance.
the preset 140°F, but the existing water
storage tank was reaching only 129°F.
An extremely congested mechanical
room and a lack of labeling on the
piping (custom labels had not yet been
applied) complicated troubleshooting.
During the troubleshooting process, I used the Fluke thermal imaging
camera to verify that the solar collectors were operating correctly, with
no impedance to fluid flow. I did not
identify any problems, which pointed to
an issue elsewhere in the system. Using
the camera, I was able to quickly trace
which of the two pump systems was
running at a specific time and identify

the subsystem’s associated piping. Heat loss was
evident around valves that
could not be fully insulated
and several pipe joints that
still needed insulation.
Using the IR camera, I verified that the temperature of the piping
near the point of the control sensor
for the domestic water loop was 129°F.
However, the sensor was reading 140°F
and signaling the system to divert heat
to the District Energy hot water system,
away from the domestic system. The IR
camera allowed me to quickly identify
this faulty sensor and then document
the issue.
With the faulty temperature sensor replaced, on mostly clear days the
system now produces hot water at the
expected design temperature of 140°F.
—Cari Williamette / EcoVision Electric /
Minneapolis, MN / ecovisionelectric.com

It can’t control the sun,
but it can monitor its energy.
Monitoring your photovoltaic plants has never been more
accurate or user friendly than with the Solar-Log 1200.
It has become the new standard with its responsive full
color touch screen display and smart, performance
oriented online presence.
We invite you to visit us at Intersolar to get a hands-on
demonstration of the Solar-Log 1200 and see for yourself
why we are the world’s market leader in photovoltaic
monitoring solutions. You can also find more information
by visiting www.solar-log.net
San Francisco
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Distributed Inverter
Utilizing String Inverters in Large Com

F

By Rob Erlichman

or the past decade, designers and installers working in the North American PV industry have welcomed the challenges presented by larger, more
complex systems. Inverter manufacturers also
embraced the challenge and began to offer highcapacity string and central inverters to meet
the design and power-conditioning demands of
these larger solar projects. My company, Sunlight Electric, completed its first PV installation in 2002. The project utilized a single SMA America Sunny Boy 2,500 W inverter. As system sizes
grew, we installed multiple string inverters coupled with an ac
aggregation panel to meet a given system’s capacity requirements. In 2004 we installed our first project that utilized a central inverter. It was an important milestone for the company,
and we had a sense of accomplishment in knowing that we had
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graduated from “beginner” to “expert” inverters. However, in
recent years we have taken a step back and have been developing large commercial systems based on distributed designs that
utilize multiple string inverters.
Today, for projects between 100 kW and 1 MW, designers
can specify one or more central inverters, or they can create
a distributed design that utilizes numerous wall-mountable
string inverters. In the abstract, designing a 1 MW PV system consisting of 400 2.5-kW string inverters does not seem
all that far-fetched. Intuitively we appreciate that there are
major benefits to distributed designs in terms of fault tolerance and performance. After all, the Tesla Roadster battery
pack consists of approximately 7,000 individual cells, and
Google employs nearly 2 million servers across 12 data centers around the world.

Design
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Henry Dziuba, the president and general manager of SMA
America, points out that “distributed inverter designs have
long been a best practice in Europe.” New string inverter products allow integrators to deliver robust and cost-effective
distributed systems for their customers. In this article, I present the potential benefits of the distributed inverter design
approach and discuss engineering and installation best practices for integrating these systems based on the evolution of
our design approach at Sunlight Electric.

mercial Systems
Despite this intuitive understanding, if you asked PV system designers to consider using 400 2.5-kW inverters on a
1 MW PV system, it would probably be difficult to engage in a
serious discussion of the relative merits of such a design. The
foregone conclusion is that this approach would not be cost
effective due to greater inverter, labor and BOS costs. But
consider two 500 kW inverters versus a single 1 MW inverter.
Savvy designers and engineers recognize the benefit of the
increased fault tolerance. After all, the chances of both
inverters failing at the same time would be considerably less
than the chance of a single inverter failure. But what about
specifying four 250-kW inverters, 10 100-kW inverters or
even 40 25-kW inverters? This is where the discussion starts
to get interesting.
Despite tendencies in the US toward utilizing central
inverters for commercial- and small utility-scale projects,

Distributed versus centralized Distributed inverter designs
are common in the European market and are beginning to
gain traction in the US. WIRSOL Benelux developed this
999 kW PV system in Londerzeel, Belgium. The installation
deploys 41 Power-One Aurora Trio 3-phase inverters to optimize production across multiple roof planes.

Benefits of a Distributed Inverter Design
For commercial-scale projects, we began using central inverters at the earliest possible opportunity. In 2004 we specified
our first central inverter: a Xantrex PV225 (225 kW) model for
a 179 kWdc project at Frog’s Leap Winery in Napa, California.
We did not even consider utilizing multiple string inverters,
and we ruled out using two 75 kW central inverters because
the cost of the single 225 kW inverter was actually lower.
A few years later, when we were designing a 125 kWdc
ground-mount project for ZD Wines in Napa, we added the
distributed approach to our list of options. We considered
specifying a Xantrex PV225 central inverter, but the cost penalty of purchasing an additional 100 kW of capacity would
have made the economics prohibitive. By then, SMA America had introduced the Sunny Boy 6000-US, and we realized
that the distributed approach allowed a better matching of
the PV array and inverter capacities. In this case, the string
inverter option was also the most economical solution. With
a higher weighted efficiency and a lower cost per watt, the
6 kW string inverter also won out over the 30 kW and 40 kW
central inverter models that were available at the time. After
we ruled out using a single large central inverter and multiple smaller central inverters, the best co n t i n u e d o n p a g e 2 7
solarprofessional.com | S o l a r P r o
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Distributed Inverter Design
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Distributed design
ac aggregation
NEC Section
705.12(D) addresses
aggregating the ac
output of multiple
string inverters on
the load side of
the service disconnecting means. In
this system, the
ac output of seven
Ideal Power Converters IPV-30kW-480
inverters is split
across two separate
services via two
400 A panels.

option appeared to be specifying 18 string inverters. As part outdoor environments require an inverter pad and often an
of our typical stakeholder sign-off process, I contacted SMA’s associated shade structure, consuming potentially valuable
technical support staff to discuss integrating 18 SB 6000-US space and adding cost that does not necessarily add value
inverters and learned there were even more compelling ben- for the customer.
efits associated with a distributed inverter design.
Optimized inverter-to-array ratio. Central inverters
have larger power-capacity increments than string
“Our analysis indicates that string inverters
inverters do, making it more difficult to optimize
make sense in a lot more applications than
the ratio between the inverter and array capacities. The distributed approach gives designers more
many integrators assume due to more MPPT
flexibility to optimize the ratio between the invertpoints, greater design flexibility, and lower
er’s dc input capacity and the size of the PV array,
and can reduce a project’s total inverter cost and
installation and BOS costs.”
improve the owner’s ROI.
—Ryan Parsons, national sales manager
Decreased dc BOS cost. Using string inverters
with integrated combiner boxes eliminates the need
of utility markets, Power-One
for separate dc source-circuit combiners. In comparison, the higher-capacity dc inputs on a central
inverter are designed to accept PV output circuits
that are aggregated in separate dc combiner boxes, which
Maximizing uptime. In the event of an inverter failure, a
drives up conductor sizes and associated costs.
distributed design increases the PV system’s ability to conCost-effective granular monitoring. Using multiple string tinue operating near its intended production levels. If one
inverters in a distributed design increases the number of inverter fails, the loss is equal to the capacity of the inverter.
inverter-direct monitoring points. A centralized design For example, in the ZD Wines project, a single inverter failure
requires zone- or string-level monitoring to provide a similar would result in a loss of just 5.5% of the total system capacity.
level of system performance visibility. In many systems, uti- Alternatively, if the system utilized a single central inverter, a
lizing inverter-direct monitoring yields sufficient monitoring failure would result in a 100% loss of the system’s production.
granularity at a lower cost.
Easy replacement and improved uptime. Two technicians
Reduced space and infrastructure requirements. String can remove and replace a wall-mounted string inverter in
inverters can be mounted on an existing wall, carport col- a matter of hours. The low cost per unit for a string inverter
umn or racking structure. Central inverters located in enables system owners to keep a spare in stock or on-site,
solarprofessional.com | S o l a r P r o
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so just one truck roll can restore operation. Alternatively,
repairing or replacing a central inverter typically requires
the inverter manufacturer to deploy a specialized technician and heavy equipment to remove and replace the unit
if necessary. This may take days or even weeks to schedule
and complete.
Design flexibility. Where necessary, installers can strategically deploy string inverters to maximize array production
that varying array conditions may otherwise limit. The distributed approach provides increased design flexibility to
address adverse site conditions, such as localized shading and
variable array orientations and pitches, because each string
inverter employs one or more MPPT channels.
After getting SMA’s input on the benefits of distributed
inverter design for large commercial projects, it seemed too
good to be true. The only downside was increased labor costs
to install the individual inverters and the added ac aggregation panel or panels required to combine the inverter
outputs before tying into the site’s main service. Having conducted our analysis on potential designs for the ZD Wines
system, we determined that the savings and benefits of a
distributed design more than offset the added costs. Since
I had not seen anyone in California deploy such a system, I
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asked the technical support representative at SMA if anyone
had done anything like this, and I can still recall his reply:
“We do this in Europe all the time! Americans just love their
big iron.”
Wall-Mountable String Inverters for
3-Phase Applications
Recent developments are reframing the distributed versus
central inverter discussion. In 2007, SMA America introduced its Sunny Tower system. At the time, it integrated six
6-kW or 7-kW inverters into a pre-engineered unit designed
for 3-phase applications. The product allowed integrators to
work with familiar equipment, and it eased the transition
to working with larger 3-phase systems. Since then, several
manufacturers have introduced string inverters developed
for 3-phase applications, ranging in rated capacity from
9 kW to 30 kW. The lightweight units mount directly on a
wall, rack or carport column and, depending on the product, interconnect to 3-phase distribution systems at 208, 277
or 480 Vac. They offer inverter-direct monitoring, and some
models, such as the Aurora Trio units from Power-One, are
listed for 1,000 Vdc maximum input voltages. This higher dc
voltage rating increases the possible number of modules per

C ou r te sy S M A Ame r i c a

In the same square foot of
roof area, will your project
benefit from …
¬

Greater Power Output?

¬

20-40% higher module density?

¬

30% lower racking cost?

3-Phase SMA string inverters The wall-mountable Sunny
Tripower TL-US 12 kW, 15 kW, 20 kW and 24 kW inverters
are listed for 1,000 Vdc applications and interconnect at
480 Vac. Availability in the US is projected for Q3 2013. US
models will ship with gray covers.

source circuit and offers further reductions in the number
of dc components and installation labor hours.
Currently, eight manufacturers offer high-capacity
wall-mountable string inverters developed specifically for
3-phase applications in North America: AE Solar Energy,
Chint Power Systems, Fronius USA, Ideal Power Converters,
KACO new energy, Power-One, SMA America and SolarEdge
Technologies. Table 1 (p. 30) lists the relevant models that
are available in the US or will be launched in the near future.
Comprehensive specifications for these inverters, as well as
string inverters developed for single-phase applications, are
included in the “2013 String Inverters: Developments and
Specifications” article (pp. 42–52). This dataset also identifies lower-capacity string inverters with 208 Vac outputs that
can be effectively deployed in 3-phase applications. These
new and improved string inverter offerings strengthen the
case for considering the distributed design approach for
commercial projects as large as 1 MW or even larger.
Whether new products are filling a market niche and
enabling new designs, or the market is driving manufacturers to meet the needs of their customers, the use of distributed designs in commercial and small-scale utility projects
is catching on. “We are seeing great response from the
marketplace on our line of 12 kW–24 kW string inverters
for larger commercial projects,” says Mike Dooley, the vice
president of marketing for AE Solar Energy. “Our customers are starting to understand the benefits of distributed
string inverter designs.” Dziuba of SMA agrees: “As new
products have become available in the US market, string
inverter designs are increasing in popularity. With many
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Table 1: Wall-Mountable String Inverters Designed for 3-Phase Interconnection (9 kWac and larger)
Manufacturer

Model

Max. opencircuit voltage
(Vdc)

AE Solar Energy

AE 3TL REFUsol 012K-UL

±500

12,000

480

97.5

2011

yes

AE Solar Energy

AE 3TL REFUsol 016K-UL

±500

16,000

480

97.5

2011

yes

AE Solar Energy

AE 3TL REFUsol 020K-UL

±500

20,000

480

97.5

2011

yes

AE Solar Energy

AE 3TL REFUsol 024K-UL

±500

23,200

480

98

2011

yes

Chint Power Systems

CPS SC20KTL-DO/US-480

600

20,000

480

96.5

2012

yes

Fronius USA

IG Plus V 10.0-3 Delta

600

9,995

208/240

95/96

2007

yes

Fronius USA

IG Plus V 11.4-3 Delta

600

11,400

208/240

95/96

2007

yes

Fronius USA

IG Plus V 12.0-3 Wye277

600

12,000

277

96

2007

yes

IPV-30kW-480

±600

30,000

480

96.5

2012

no

Ideal Power Converters
KACO new energy

1

CEC-rated
Power
(Wac)

Nominal
output voltage
(Vac)

CEC-weighted
efficiency
(%)

Year of US
Introduction

Manufacturer
offers central
inverter models

XP10U-H4

600

10,000

480

97

2011

yes

Power-One

PVI-10.0-I-OUTD-US

520

10,000

208/480

96/97

2010

yes

Power-One

PVI-12.0-I-OUTD-US

520

12,000

480

97

2010

yes

Power-One

Trio-20.0-TL-OUTD-US

1,000

20,000

480

97.5

2013

yes

Power-One

Trio-27.6-TL-OUTD-US

1,000

27,600

480

97.5

2013

yes

SMA America

SB 9000TL-US

600

9,000

208/240

98/98

2010

yes

SMA America

SB 10000TL-US

600

10,000

208/240

97.5/98

2010

yes

1

SMA America

Sunny Tripower 12000TL-US

1,000

12,000

480

97.5

2013

yes

SMA America

Sunny Tripower 15000TL-US

1,000

15,000

480

97.5

20131

yes

SMA America

Sunny Tripower 20000TL-US

1,000

20,000

480

97.5

20131

yes

SMA America

1

Sunny Tripower 24000TL-US

1,000

24,000

480

98

2013

yes

SolarEdge Technologies

SE9kUS

±250

9,000

208

96.5

2013

no

SolarEdge Technologies

SE10kUS

±500

10,000

480

98

2013

no

SolarEdge Technologies

SE20kUS

±500

20,000

480

98

2013

no

Projected availability Q3 2013.

projects, this concept provides compelling advantages,
including increased design flexibility, simpler O&M and a
superior financial outcome.”
Several inverter manufacturers currently offer string
inverters developed for 3-phase applications as well as highercapacity central inverters (see Table 1). A related development
is Advanced Energy’s acquisition of REFUsol in May 2013.
Steve Reed, the string inverter product manager at AE Solar
Energy (Advanced Energy’s solar division), states, “The foremost factor in Advanced Energy’s decision to acquire REFUsol was the added flexibility and choice that we can offer our
customers.” The REFUsol product line offers “a compelling
price-to-performance ratio, ease of installation, improved
uptime, and quick serviceability for commercial applications
where flexibility and modular design are essential,” Reed says.
Industry Opinions on Distributed Inverter Design
Although a distributed design is not always the most costeffective option, many manufacturers and installers point to
30
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benefits of the approach. Ryan Parsons, the national sales
manager of utility markets at Power-One, a manufacturer of
both string and central inverters, states, “Our analysis indicates that string inverters make sense in a lot more applications than many integrators assume due to more MPPT
points, greater design flexibility, and lower installation and
BOS costs.”
Dan Wishnick, a manager of business development at
Siemens Industry, which provides PPA funding for the US
municipal, educational and health care markets, states:
“In our experience, the sweet spot for the distributed
string inverter design is just about anything under 10 MW.
We find the costs to be comparable or lower for the distributed approach.”
Reed from AE Solar Energy adds: “We see the string
inverter product used predominantly for commercial
and small utility-scale projects. It works for both roof- or
ground-mount applications, but lends itself especially
well to carports and multiple azimuth co n t i n u e d o n p a g e 3 3
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hen analyzing and comparing distributed and central
inverter designs, several variables require consideration, and the ideal approach varies from site to site. Key
considerations include the following.
Uptime. The distributed inverter design reduces lost
output in the event of inverter failure. Typically the technician replaces string inverters with new ones or repairs
them offline. In most cases, spares should be kept on-site
to reduce downtime. However, while the repair time for a
central inverter may be several days, a service plan can
increase uptime. The skill of the available labor and the
mean time to repair (MTTR) can sometimes drive the choice
between a distributed inverter approach and a central
inverter approach.
Reliability. To best assess the reliability of the system
as a whole, the comparison should take into account the
respective failure rate and the number of inverters that will
be deployed.
O&M. The distributed inverter approach can reduce
maintenance because string inverters do not require the
preventive maintenance that is typical for central inverters,
such as inspection of the cooling system and thermographic imaging.
Investment performance. To capture all of the financial
advantages and disadvantages of each approach, the system designer may calculate several financial metrics, including return on investment, levelized cost of energy (LCOE),
internal rate of return and net present value.
Space constraints. System designers need to answer a
range of questions when determining which approach best
fits a project. For example, is there limited room for a wall
mount or enough space for an inverter pad? Do they have
to mount the inverter or inverters on a roof, or is there room
on the ground? For carport applications, is there space for
a central inverter on the ground, or can installers mount
string inverters on columns within the carport?
Code compliance and interconnection requirements.
System designers need to consider the varying codes and
utility requirements for each project location and select an
inverter model that meets those requirements.
—Steve Reed / AE Solar Energy / Fort Collins, CO / 		
advanced-energy.com {
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and angled applications.” Reed states that the
direct benefits include “lower total cost, primarily driven by lower BOS costs” and “higher and
more consistent energy production in systems
with adverse conditions, such as shading, soiling, arrays with multiple orientations and spaceconstrained projects.” He points out, “For larger
systems, this cost reduction is lessened, and
other factors, such as LCOE and site labor, may
become more important.”
Jim Curran Sr., the president of Shamrock
Renewable Energy Services, a solar integrator
located in Northern California, notes, “Our analysis of BOS and installation labor costs of distrib- DC combiners or string inverters? The fragmented nature of carport
uted inverter designs indicates an average savings arrays lends itself to distributed inverter design. In distributed systems,
of $.05 per watt-dc, or approximately 3%.” So even the string inverters replace traditional dc combiner boxes and may
if string inverters cost a few cents per watt more provide increased flexibility when laying out the array.
than central inverters, the decrease in other costs
often offsets the additional cost of specifying string
inverters. This allows integrators to assess and compare A Distributed Inverter Design Case Study
design approaches on other factors, such as the benefits of Distributed inverter systems are now ingrained in our design
inverter-direct monitoring, design flexibility, and increased process at Sunlight Electric. They are our default solution for
fault tolerance and system availability.
commercial systems with capacities co n t i n u e d o n p a g e 3 9
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Code Considerations for Distributed Inverter Systems

T

he dc side of a distributed inverter system is analogous
to a group of small 10 kW–20 kW PV systems and is very
similar to typical residential or small commercial installations. In
projects that utilize central inverters, 100 A or 200 A dc circuits
are common. In distributed systems, the PV source circuits are
typically 20 A or 30 A. As a result, distributed designs limit the
maximum potential fault current on the dc side of the system.
Although there will be a significant number of smaller circuits
to work with, the elimination of the dc combiner boxes and the
ease of installing smaller, more manageable conductors may
make the project more cost effective.
In distributed designs, a portion of the source-circuit
combining is essentially moved from the dc side to the ac
side of the inverters. As a result, you need to address the
distance between the array, the inverters and the point of
interconnection, as well as the overall system layout. You
can install wall-mountable string inverters within or near their
respective rooftop arrays per NEC Section 690.14(D), locate
them among carport arrays or colocate them at an alternative
ground-level location.
When evaluating options for inverter locations, you
should include in the analysis a review of the economics
of the length of ac or dc wire runs in relation to conductor
size and voltage drop (see “Voltage Drop in PV Systems,”
SolarPro magazine, February/March 2010). You should also
consider potential voltage-rise impacts (see “Voltage Rise

Co u r t es y S u n li g h t E le ct ri c
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Inverter aggregation panels Installing inverter ac aggregation panels within 10 feet of one another allows installation of the feeder tap between the two panelboards per
NEC Section 240.21(B)(1).

Co u r t es y I d ea l P ow er Co n v er t e r s

Chimney Rock Winery This 271 kW rooftop installation
utilizes a distributed inverter design consisting of 21
12-kW Fronius IG Plus V 12.0-3 Wye277 3-phase inverters to electrically optimize the integration of two different
module types. To meet the customer’s energy goals while
staying within budget, high-efficiency SunPower modules
are specified for only a portion of the array.

Considerations for Utility-Interactive PV Systems,” SolarPro
magazine, June/July 2012). Some system designers may
prefer to minimize the length of dc wiring to reduce the risk
of potential dc arc faults. Other important factors include
available mounting space, exposure to the elements and
direct sun, security and ease of maintenance. Note that
installing central inverters anywhere other than at ground
level requires cranes or other heavy equipment.
Chimney Rock Winery. The Chimney Rock Winery PV system, a project that Sunlight Electric developed with Summit
Engineering, the electrical engineering service provider, illustrates code requirements related to the ac circuit aggregation
in distributed designs. Midrange efficiency modules were not
sufficient to meet the customer’s goal of completely offsetting
its utility bill. However, specifying higher-efficiency modules for
the entire project would have significantly increased the total
project cost. Sunlight Electric designed a hybrid system that
utilized 230 W Hyundai Heavy Industries modules and highefficiency 320 W SunPower modules. They designed the
271 kW project as two independent systems: a 124.9 kW
Hyundai module array and a 145.9 kW SunPower module
array. Sunlight Electric selected 12 kW 3-phase Fronius
IG Plus V 12.0-3 Wye277 inverters for the installation. The
Hyundai array deploys 10 inverters and the SunPower array
deploys 11.
The inverters are mounted on an available exterior wall that
is 150 feet from the existing 480 Vac 3-phase service. Each
inverter is connected to a three-pole 20 A circuit breaker in
co n t i n u e d o n p a g e 3 6
accordance with NEC Sections 690.8
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Code Considerations (continued)

400 A busbar rating X 120% 			

and 690.9. Two 3-phase 400 A panelboards with circuit
breakers suitable for backfeed operation combine the ac
circuits with a dedicated panelboard for each of the two systems. The combined output feeder from the ac panelboards
connects to the load side of the service disconnecting means
via the 400 A utility-required PV system disconnect switch.
NEC requirements for distributed designs. Several Code
requirements impact distributed inverter system designs. The
following calculations, Code requirements, recommendations
and schematic are based on the 2011 NEC.
P When interconnecting on the load side of the service disconnecting means, inverter aggregation panels should comply
with NEC Section 705.12(D). In particular, Section 705.12(D)(2)
limits the sum of the ampere rating of overcurrent protection
devices (OCPDs) on circuits that provide power to the panel’s
busbar and feeders to no more than 120% of the rating of the
busbar or conductor.
For example, the Chimney Rock Winery project uses two
400 A panelboards to aggregate the 21 inverters (see Schematic 1). Per NEC Section 705.12(D)(2), the maximum sum of
the OCPDs capable of supplying power to either panelboard is
480 A. Calculations:
Schematic 1 This single-line drawing shows the
combining of two ac inverter aggregation panels on
the load side of a single utility-required PV system
disconnect switch.
400 A circuit breaker
in the main
switchboard

Utility-required
PV system
disconnect switch
(400 A)

Hyundai array inverter aggregation panel, 10 inverters:
Main circuit breaker rating			
Combined rating of inverter backfeed breakers
Sum of OCPDs supplying power to the panel		

200 A

Hyundai array:
124.9 kWdc
543 230-W modules,
10 Fronius IG Plus V
12.0–3 inverters
Fronius IG Plus V
12.0–3 inverter
(1 of 10)
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200 A
200 A
400 A

SunPower array inverter aggregation panel, 11 inverters:
Main circuit breaker rating			
Combined rating of inverter backfeed breakers
Sum of OCPDs supplying power to the panel		

200 A
220 A
420 A

The output from the combined PV arrays totals 302.4 A
(21 inverters x 14.4 A) at 480 V and connects to a threepole 400 A circuit breaker in the main switchboard via the
utility-required PV system disconnect switch.
P NEC Section 230.95 requires ground-fault protection of
equipment for “solidly grounded wye electric services of more
than 150 volts to ground but not exceeding 600 volts phaseto-phase for each service disconnect rated 1,000 amperes
or more.” A main breaker with ground-fault protection often
provides this protection. Note that NEC Section 705.12(D)(3)
requires interconnection of utility-interactive inverters on the
line side of ground-fault–protection devices. Keep this in mind
when assessing the PV point of interconnection on commercial
facilities.
P The lower costs and off-the-shelf availability of ac load
centers make them tempting alternatives to costlier panelboards that typically have longer lead times, especially since
NEC Section 705.12(D)(6) approves the common plug-on
breakers used in ac load centers for connection to utilityinteractive inverters. However, you need co n t i n u e d o n p a g e 3 8

Installed per NEC
240.21(B)(1)
Sized per NEC
705.12(D)(2)

480 A

Inverter
aggregation:
400 A 480/277 Vac
3-phase
panelboard
(2 total)

Sized per NEC
705.12(D)(2)

200 A

SunPower array:
145.9 kWdc
456 320-W modules,
11 Fronius IG Plus V
12.0–3 inverters
3–P 20 A

Fronius IG Plus V
12.0–3 inverter
(1 of 11)
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Code Considerations (continued)

to calculate the required bus and available interrupting current
(AIC) ratings; load centers may not have sufficient ratings for
larger PV systems. If they have a sufficient rating for a given
project, you should weigh load-center wire fill and general
construction standards against their potential benefits and
the system’s expected operation of 20–30 years.

P You should provide required arc-flash hazard warning
labels per NEC Section 110.16 and make sure the equipment
is rated no less than the available fault current at that point in
the system per NEC Section 110.9.
P When the inverters are colocated, auxiliary gutters are
a good choice for simplifying the raceways and conductor
installation. NEC Section 366.22(A) limits the conductor fill
in auxiliary gutters to a maximum of 20% and requires that
you observe the ampacity adjustment factors from Section

What’s your Return
Will your array deliver
the ROI you expect?

P Design the inverter interconnections per NEC Section
705.100(B) so that they will not significantly imbalance the
service voltage should a loss or imbalance occur on one or
more phases.
P Ungrounded string inverters must comply with the overcurrent and ground-fault–protection, disconnecting and labeling requirements in NEC Section 690.35.
P Designs exceeding 600 Vdc must comply with NEC Article
490: “Equipment, Over 600 Volts, Nominal.”
—Terry Szalai, PE / Summit Engineering / Santa Rosa, CA /
summit-sr.com {

on Irradiance™?
©2011 Chevron Energy Solutions

P Feeders to and between inverter aggregation panels
should comply with NEC Section 240.21(B). For the Chimney
Rock Winery installation, the inverter aggregation panels are
located within 10 feet of each other and the feeder tap installation complies with NEC Section 240.21(B)(1).

310.15(B)(3)(a) where you are installing 30 or more currentcarrying conductors. You must determine if the permitting
agency and local inspector will allow the installation of the PV
system ac and dc conductors in the same raceway. Interpretations of NEC Section 690.4(B) vary, but at a minimum the
identification and grouping requirements should ensure that
conductors are clearly marked and grouped when sharing a
raceway. As always, make sure to install the conductors in a
neat and workmanlike manner per NEC Section 110.12.

Find out quickly and conclusively with the
Solmetric® PV Analyzer. I-V curve tracing and
built-in PV models equip the PVA to measure
performance with more detail
and in less time during
commissioning and O&M.
*Now shipping with
v2.0 Software!

Safety
Find pinched wires and leakage problems
before they become dangerous with the
Megger® MIT430 Insulation Resistance
Tester, available from Solmetric. PVA 2.0
software manages your meg-test data.
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of up to 250 kWdc. We have deployed systems as large as
855 kWdc using this approach and have found the benefits
to be compelling in increasingly larger systems. One of our
recent proposals is a 743 kWdc system that interconnects to
a 480 Vac 3-phase commercial electrical service. Traditionally, we would consider the project an excellent fit for two AE
Solar Energy 333NX ( formerly Solaron 333) 3-phase 480 Vac
central inverters. We analyzed using 26 AE Solar Energy AE
3TL REFUsol 024K-UL string inverters, each with 12 source
circuits of 10 modules per string. In the past, our inverter
selection process for a project like this was relatively simple.
It included reviewing the inverter cost per watt, the possible
source-circuit and dc-aggregation configurations, and a few
other minor considerations. A distributed inverter design
requires deeper analysis.
Inverter costs. With matching warranties applied, the equipment costs for the central and string inverter designs were
comparable. The cost for 27 string inverters (26 to deploy and a
spare to keep on hand) was within 1% of the cost of the central
inverter options we analyzed.
Labor and BOS costs. There would be increased labor and
equipment costs associated with installing 26 string inverters and the required inverter ac aggregation panels. Would

we simply be moving cost from the dc to the ac side of the
system? The string inverter’s integrated dc source-circuit
combiners eliminated the need for separate combiner boxes
and reduced the overall costs for the required dc BOS components. The distributed design also avoided material and labor
costs for the concrete pad required to support 4,000 pounds
of inverters and the associated shade structure. Working with
Shamrock Renewable Energy Services, our installation partner, and its subcontractor, IE Systems, we determined that
the price premium for labor and BOS costs for the distributed
design would be approximately $27,000, or about 1% of the
total project cost.
Inverter performance. In this case, there were only modest
differences in the CEC-weighted efficiency of the two different options—97.5% for the central inverters compared to 98%
for the string inverters. This application would have a uniform
array tilt and orientation. As such, there was no significant
production benefit to having 26 individual string inverter
MPPT channels compared to two channels in the dual central
inverter design.
Space utilization. The prospective client had plenty of space
for two ground-mounted inverters and the associated pad, so
this was not a major design driver.
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Granular monitoring. In this system, inverter-direct monitoring was the lowest-cost option and provided a sufficient
level of granularity. It also provided the buyer with greater
confidence that a technician could quickly identify, locate and
address any underperformance issues. In comparison, the
central inverter approach required zone-level monitoring at a
minimum, or smart combiners for string-level monitoring, to
achieve an acceptable level of dc-side monitoring granularity.
Maximizing uptime. The benefits of a more fault-tolerant
design and improved uptime were relatively easy to quantify.
To demonstrate these benefits to the client, we presented a
worst-case inverter failure scenario for each design approach.
In the case of the central inverter design, should one of two
inverters fail on a Saturday morning, in all likelihood we
would not be able to dispatch a service technician until Tuesday. If we could not repair the unit ourselves, we would call
the manufacturer that Tuesday to open a support case and
schedule one of its field technicians to visit the site as soon
as possible. With luck, the technician would arrive before the
end of the first week. If we could not repair the inverter within
the first week, we would be looking at early the following week
for restored operation. In this admittedly worst-case scenario,
half of the system could be down for as many as 10 days.
If this failure were to occur in June, the customer would
have to make unexpected utility purchases exceeding
19,000 kWh. Under PG&E’s Small General Time-of-Use
Service rate plan—which the client selected to capture premium energy rates during peak PV generation hours—the
effective rate for 19,000 kWh would be $0.286/kWh, for a
total loss of $5,434. Based on the California performancebased incentive rates during that time, the lost PV generation would add another $475 in losses. Thus, the net loss
during a single central inverter failure could be as high as
$5,909 over the 10-day period.
Our experience indicates that these worst-case failures
do happen. Joshua Weiner, the president of SepiSolar, a specialized solar engineering firm, advises PV system designers
to request mean time between failure (MTBF) rates for the
inverters they are considering, in writing, from primary providers or independent sources like Black & Veatch Bankability
Reports. Weiner says, “If you can get MTBF data, the calculus
becomes MTBF rates multiplied by the number of units considered for both central and distributed options.” Although
not always readily available, inverter MTBF data are quite
valuable for estimating inverter failures over the life of the
system. A designer can perform a detailed reliability analysis
that accounts for the higher number of inverters deployed in
a distributed design.
The loss would be considerably smaller should one of the
26 string inverters fail in the distributed design. If that failure
were to happen on a Saturday morning in June, in all likelihood our technician would not be on-site until Tuesday. If we
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could not repair the unit, we would simply swap it out with
the spare string inverter already on-site. The total value of lost
production would be $600 for the customer, and we would
complete the operation in a single truck roll. In the meantime,
we could send the failed unit back to the manufacturer for a
replacement, so a new spare inverter would be on-site.
The fault-tolerant distributed approach and its improved
uptime minimize the potential financial losses due to an
inverter failure. In either scenario, assuming that one inverter
may fail over the life of the system, the financial losses for the
customer could be $5,909 or $600—a difference of $5,309—
depending on the design approach. This begs the question:
Is it worth paying an additional $27,000 for the distributed
design? At first glance, it does not seem so. However, since
the system expense qualifies for the 30% federal investment
tax credit and will depreciate at a combined state and federal
marginal tax rate of 40%, the true after-tax premium for the
distributed design is approximately $8,100.
To spend an additional $8,100 to avoid a loss of $5,309
due to a worst-case scenario comes closer to making sense.
Since each of the proposed options includes a 20-year inverter
warranty, the added cost would more than break even if this
worst-case failure were to happen twice in 20 years, which is
certainly within the realm of possibility.
In this case, the system owner and operator recognized
the benefit of granular inverter-direct monitoring and the distributed design’s potential to minimize revenue losses in the
event of an inverter failure. With this deeper understanding,
the prospective customer found that the distributed approach
provided sufficient peace of mind to justify the added up-front
expense. Our comparison not only proved valuable for our
potential client, but also validated our opinion that distributed designs are worth considering for large-scale commercial applications. The introduction of higher-capacity 3-phase
string inverters listed for 1,000 Vdc applications will make the
value proposition even more compelling.
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2013
String
Inverters

Developments and Specifications
By Joe Schwartz

Integrators working in the North American market have a wide range
of options and choices to make when it comes to string inverters.
Our 2013 dataset contains extensive specifications for

T

he solar industry news wires have been buzzing in recent months with announcements
of inverter manufacturer acquisitions and
reports of fragmentation of the inverter supplier base due to shifts in sales capacities in
core markets such as Europe, Asia and North
America. For example, according to IMS Research, the total
global market share for the 10 largest inverter manufacturers fell more than 4% in 2012.
While these developments—and their potential impacts
on the solar industry—are fascinating to watch, many integrators are more interested in changes and advancements in
the specific products they install. In this regard, the past year
has been a great one for the industry. Several string inverter
manufacturers have brought new products to market that
offer higher power capacities and interconnection voltages,
and features that increase design flexibility.
The core of this article presents comprehensive electrical,
operational and mechanical specifications for 111 singleand 3-phase string inverters currently available in North
America. Before you dig into the specs, the following information will help orient you to some of the high-level and
model-specific changes that have occurred.
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111 single- and 3-phase models from 16 manufacturers.
Notable Acquisitions and
US Market Entries
Noteworthy developments
in inverter manufacturing
include Advanced Energy’s
acquisition of REFUsol and
ABB’s acquisition of PowerOne. In addition, SolarMax, a
Swiss inverter manufacturer, recently announced plans for a
North American market entry.
While Advanced Energy’s announcement that it was acquiring REFUsol caught many industry pros by surprise, the pairing
appears to be a great fit. REFUsol’s 3-phase 480 Vac inverters
have been gaining traction in the US market and round out
the commercial and utility-scale product portfolio of AE Solar
Energy, Advanced Energy’s solar division. Advanced Energy
noted that the acquisition would extend its geographical distribution into growth markets where REFUsol has a strong presence, including India, Asia and Eastern Europe.
At the time of publication, ABB’s acquisition of Power-One
is still in process and the two companies are acting independently until the merger is complete. Therefore, related products are listed under Power-One in the following dataset.

Once completed, the acquisition will establish ABB, a global
power and automation technology group, as the second largest
inverter manufacturer in terms of global market share.
Another recent development is an announcement by
SolarMax, an established brand outside North America, of
plans to expand into the US. SolarMax will be introducing a
line of 1,000 Vdc string inverters with rated power capacities
ranging from 12 kW to 18 kW. The products will have multiple MPPT inputs and NEMA 4X enclosures. A 75 kW 3-phase
480 Vac central inverter is also scheduled for launch in 2013.
US Market Exits
The 2012 version of our string inverter dataset included 121
products from 18 manufacturers, with six manufacturers

entering the US market that year: Carlo Gavazzi, Chint
Power Systems, Eaton, Eltek, Growatt New Energy and
REFUsol. This represented a 33% increase in the number of
string inverter manufacturers operating in North America
compared to the previous year. In 2013, the number of manufacturers offering string inverter products in the US headed
the other direction and fell by two, for a current total of 16.
The number of available models dropped to 111.
Over the last year, three string inverter manufacturers
either have discontinued production or no longer have a
distribution presence in North America. Delta Energy Systems ceased the distribution of its Soliva string inverter line
in North America, but continues to supply versions of these
models to the European, Australian and Indian markets.
solarprofessional.com | S o l a r P r o
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Exeltech’s non-isolated XLGT string inverter is no longer in
production. Additionally, there is currently no US distribution for Growatt New Energy inverters due to contractual
issues between the joint venture partners. However, a resolution of these issues is reportedly under way.
Changes in String Inverter Portfolios
Several manufacturers have changed up their North American string inverter lineup since we published our 2012 dataset. The following highlights do not include enhancements
made to existing models.
AE Solar Energy (AESE). With the acquisition of REFUsol,
AESE added four high-capacity, 3-phase 480 Vac string inverters to its portfolio. As part of its overall market strategy, AESE
discontinued production of all nine of its PVP string inverters. This move marks AESE’s clear shift out of the residential
market and points to a new core focus on string and central
inverter solutions for commercial and utility applications.
Danfoss. Danfoss manufactures 1 MW–1.5 MW SLX central inverters at its Illinois facility. In 2012 the company began
branding and distributing four Eltek string inverter models
(2 kW–4.4 kW) in the US. While these products are rebranded,
we include them in our dataset to familiarize integrators with
Danfoss DLX string inverter models.
Eltek. Two additional single-phase string inverter models from Eltek (2 kW and 2.9 kW) are now available in the
US market.
Ingeteam. Ingeteam added three non-isolated string inverters (7.5 kW, 8.6 kW and 10 kW) to its US product lineup.
KACO new energy. KACO new energy teamed up with Tigo
Energy to develop 6400M and 7600M (6.4 kW and 7.6 kW)
models, which feature an integrated Tigo Maximizer Management Unit for use with Tigo’s module-level electronics.
In addition, KACO new energy recently released its TL3
3-phase central inverter models (32 kW, 40 kW and 50 kW).
These models are listed for 1,000 Vdc applications and are
available with one or three MPPT channels. However, because
the products are ground mounted, they are not included in
our 2013 string inverter dataset.
Motech Americas. To streamline its US product offerings,
Motech discontinued the distribution of its 3 kW, 3.8 kW, 4 kW
and 5 kW string inverters in North America. Its current lineup
includes six models ranging from 2.9 kW to 7.5 kW.
Power-One. Power-One recently launched its 3-phase
480 Vac Aurora Trio string inverter products in the US. The
20 kW and 27.6 kW models are the only string inverters
currently listed for 1,000 Vdc applications in the US.
SMA America. It has been a long run, but SMA is officially
retiring its SB 700-US (700 W) model. In the last year, SMA
added several string inverters to its lineup, including three
non-isolated models (3 kW, 4 kW and 5 kW) that feature an
integrated arc-fault circuit interrupter and a Secure Power
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Supply function that provides up to 1,500 W of power during
grid failures, given that there is sufficient solar irradiance.
SMA also introduced 6 kW, 7 kW and 11 kW non-isolated
products. Four non-isolated 3-phase 480 Vac Sunny Tripower models (12 kW, 15 kW, 20 kW and 24 kW) are scheduled for launch in Q3 2013.
SolarEdge Technologies. For commercial and industrial
projects, SolarEdge introduced three non-isolated 3-phase
string inverters (9 kW, 10 kW and 20 kW) that work in conjunction with the company’s module-level power optimizers.
2013 String Inverter Specifications
Products included in SolarPro’s 2013 string inverter dataset
have to meet these criteria: They are listed to the UL 1741
standard; are included in the CEC’s list of eligible inverters
per SB1 guidelines as of April 15, 2012; are in production and
available in the North American market; are wall mountable;
and have an output rating of up to 30 kWac.
We include specifications for both single- and 3-phase
string inverters in the dataset. This 2013 version includes
specifications that indicate a model’s topology (isolated or
non-isolated), the number of MPPT channels and the number
of ac output phases. Notably, 48% of the listed models have
non-isolated topologies, and five manufacturers now offer
products with two independent MPPT channels. Additionally,
six manufacturers have products with 3-phase ac outputs.
The specifications included in the following table are also
available in Microsoft Excel format on solarprofessional.com
for noncommercial use.
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String Inverter Specifications

2013 String Inverter Specifications Guide
Input Data (dc)

Manufacturer
AE Solar Energy
AE Solar Energy
AE Solar Energy
AE Solar Energy
Carlo Gavazzi
Carlo Gavazzi
Carlo Gavazzi
Carlo Gavazzi
Chint Power Systems

Model
AE 3TL REFUsol 012K-UL
AE 3TL REFUsol 016K-UL
AE 3TL REFUsol 020K-UL
AE 3TL REFUsol 024K-UL
ISGA 1 22
ISGA 1 33
ISGA 1 42
ISGA 1 53
CPS SCE4KTL-O/US

Topology
non-isolated
non-isolated
non-isolated
non-isolated
non-isolated
non-isolated
non-isolated
non-isolated

Max.
PV power
at STC
(W)
14,400
19,200
24,000
27,800
2,500
3,500
4,500
5,500

non-isolated

4,800

600

150

1

225–500

19

19

Chint Power Systems
Chint Power Systems
Chint Power Systems
Chint Power Systems
Danfoss
Danfoss
Danfoss
Danfoss
Eaton
Eaton
Eaton
Eaton
Eltek
Eltek
Eltek
Eltek
Fronius USA
Fronius USA
Fronius USA
Fronius USA
Fronius USA
Fronius USA
Fronius USA
Fronius USA
Fronius USA
Fronius USA
Ideal Power Converters
Ingeteam
Ingeteam
Ingeteam
Ingeteam
Ingeteam
Ingeteam
Ingeteam
KACO new energy
KACO new energy
KACO new energy
KACO new energy
KACO new energy
KACO new energy
KACO new energy
KACO new energy
KACO new energy
Motech Americas
Motech Americas
Motech Americas

CPS SCE5KTL-O/US
CPS SCE6KTL-O/US
CPS SCE7KTL-O/US
CPS SC20KTL-DO/US-480
DLX 2.0 UL
DLX 2.9 UL
DLX 3.8 UL
DLX 4.4 UL
PV240
PV250
PV260
PV270
2.0 HE-t UL
2.9 HE-t UL
3.8 HE-t UL
4.4 HE-t UL
IG Plus V 3.0-1 UNI
IG Plus V 3.8-1 UNI
IG Plus V 5.0-1 UNI
IG Plus V 6.0-1 UNI
IG Plus V 7.5-1 UNI
IG Plus V 10.0-1 UNI
IG Plus V 11.4-1 UNI
IG Plus V 10.0-3 Delta
IG Plus V 11.4-3 Delta
IG Plus V 12.0-3 Wye277
IPV-30kW-480
Ingecon Sun Lite 5 U
Ingecon Sun Lite 3.6TL U
Ingecon Sun Lite 5TL U
Ingecon Sun Lite 6TL U
Ingecon Sun Lite 7.5TL U
Ingecon Sun Lite 8.6TL U
Ingecon Sun Lite 10TL U
1502xi 4
2502xi 4
3502xi 4
5002xi 4
6400xi
7600xi
6400M 5
7600M 5
XP10U-H4
PVMate 2900U
PVMate 3840U
PVMate 4900U

non-isolated
non-isolated
non-isolated
non-isolated
isolated
isolated
isolated
isolated
non-isolated
non-isolated
non-isolated
non-isolated
isolated
isolated
isolated
isolated
isolated
isolated
isolated
isolated
isolated
isolated
isolated
isolated
isolated
isolated
isolated 3
isolated
non-isolated
non-isolated
non-isolated
non-isolated
non-isolated
non-isolated
isolated
isolated
isolated
isolated
non-isolated
non-isolated
non-isolated
non-isolated
non-isolated
isolated
isolated
isolated

6,000
7,200
8,400
27,000
2,625
3,750
5,000
5,750
DNR
DNR
DNR
DNR
2,625
3,750
5,000
5,750
3,450
4,400
5,750
6,900
8,600
11,500
13,100
11,500
13,100
13,800
37,500
6,500
5,000
6,500
7,400
9,250
10,700
12,300
2,000
3,000
4,000
6,000
8,000
9,500
8,000
9,500
12,000
3,600
4,900
6,200

600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
±600
550
550
550
550
550
550
550
550
550
600 6
600 6
600 6
600 6
600 6
600 6
600
600
600
600

150
150
150
260
230
230
230
230
150
150
150
150
230
230
230
230
260
260
260
260
260
260
260
260
260
260
±100
150
150
150
150
150
150
150
125
200
200
200
320/365
320/365
320/365
320/365
250
235
235
235

1
1
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
varies 7
varies 7
2
1
1
1

200–500
200–500
200–500
300–550
230–500
230–500
230–500
230–500
105–500
105–500
105–500
105–500
230–500
230–500
230–500
230–500
230–500
230–500
230–500
230–500
230–500
230–500
230–500
230–500
230–500
230–500
±300–±450
200–450
200–450
200–450
200–450
225-450
250-450
300-450
125–400
200–450
200–510
200–510
320–510/365–510
320–510/365–510
320–510/365–510
320–510/365–510
200–550
200–550
200–550
200–550

26
32
37
2x 35
9.5
13.5
18
21
19
26
32
37
9.5
13.5
18
21
14
17.8
23.4
28.1
35.1
46.7
53.3
46.7
53.3
56.1
2x 50
30
22
30
32
35
35
35
14.3
13.5
18.5
26.5
21
24
21
24
2x 18.6
16
20
25

26
32
37
2x 35
11.5
16.5
22
25
DNR
DNR
DNR
DNR
11.5
16.5
22
25
18
22
29
35
44
58
67
58
67
71
2x 60
30
22
30
33
35
35
35
21.5
21.5
28
40
36
36
36
36
2x 23
24
24
30

Motech Americas

PVMate 5300U

isolated

6,700

600

235

1

200–550

25

30
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Max.
open-circuit
voltage
±500
±500
±500
±500
500
500
500
500

PV start
voltage
±200
±200
±200
±200
120
120
120
120

# MPPT
circuits
1
1
1
1
1
1
2
2

MPPT
voltage range
±125–450
±125–450
±125–450
±125–450
150–450
150–450
150–450
150–450

Max.
usable input
current 1
2x 27.5
2x 33
2x 37.5
2x 40
14.6
22
2x 14.6
2x 18.3

Max.
short-circuit
current
2x 44
2x 44
2x 44
2x 44
DNR
DNR
DNR
DNR

Footnote Key
1
2
3
4

5
6
7

Per MPPT circuit
With fans operating
Isolated without transformer
1502x–5002x inverters without disconnects available.
Electrical specs are identical for x and xi models.
Integrated Tigo Energy Maximizer Management Unit
Supplies PV power at < 550 Vdc
Module-level MPPT

Output Data (ac)

Adjustable: 120–350 Vdc
Example unit. Variations include 208, 480 and 600 (Canada)
Vac outputs, pos. and neg. grounding, and dc or dc/ac switches
10
Example unit shown. Variations include dc fuses, 2 x 8 dc
input terminals, dc surge protection and ac fused disconnect
11
Adjustable: 250–500 Vdc
12
GEC not required. EGC specification listed
13
DC disconnect dimensions: 12 x 7 x 7.5 in.

DC disconnect weight: 8 lbs.
Per MPPT tracker
DC disconnect dimensions: 11.7 x 7.3 x 7.5
17
Power optimizer specification
18
When using commercial power optimizers
19
-40–140 version available
20
Option on panel assemblies
DNR = Did not report

8

14

9

15

Operation

16

Integrated Disconnects and Combiners

CEC-rated
power
(W)
12,000
16,000
20,000
23,200
2,110
3,180
4,100
5,000

Nominal
output
voltage
480
480
480
480
240
240
240
240

# of
phases
3
3
3
3
1
1
1
1

Max.
output current
14.5
19.3
24.1
27.9
9.2
13.8
19.1
23.9

Max.
ac OCPD
rating
(A)
20
20
20
20
DNR
DNR
DNR
DNR

CECweighted
efficiency
(%)
97.5
97.5
97.5
98
94.5
95
95.5
95.5

Ambient
temp. range
(ºF)
-13–131
-13–131
-13–131
-13–131
-4–113
-4–113
-4–113
-4–113

Noise
level
(dBA) 2
< 45
< 45
< 45
< 45
DNR
DNR
DNR
DNR

DC
disconnect
standard
yes
yes
yes
yes
yes
yes
yes
yes

AC
disconnect
standard
no
no
no
no
yes
yes
yes
yes

Disconnect
rating
(Adc/Aac)
30
30
30
30
DNR
DNR
DNR
DNR

Fused
combiner
standard
yes
yes
yes
yes
no
no
no
no

4,000

208/240/277

1

18.5/18.5/16.4

25

97

-13–122

< 50

yes

yes

13/31

no

5,000
6,000
7,000
20,000
2,000
2,900
3,800
4,400
3,690/3,980/3,981
4,470/4,830/4,830
5,980/6,000/6,000
6,950/6,920/7,000
2,000
2,900
3,800
4,400
3,000
3,800
5,000
6,000
7,500
9,995
11,400
9,995
11,400
12,000
30,000
5,000
3,600
5,000
6,000
7,500
8,600
10,000
1,500
2,500
3,500
5,000
6,400
7,600
6,400
7,600
10,000
2,700/2,900
3,330/3,840
4,300/4,900

208/240/277
208/240/277
208/240/277
480
208/240
208/240
208/240
208/240
208/240/277
208/240/277
208/240/277
208/240/277
208/240
208/240
208/240
208/240
208/240/277
208/240/277
208/240/277
208/240/277
208/240/277
208/240/277
208/240/277
208/240
208/240
277
480
208/240/277
208/240/277
208/240/277
240/277
208/240/277
240/277
277
208/240
208/240
208/240
208/240
208/240
208/240
208/240
208/240
480
208/240
208/240
208/240

1
1
1
3
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
3
3
3
3
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
3
1
1
1

22.5/22.5/20.5
30/28.5/24.6
35/33.2/28.7
27.3
10/8.5
14/12
18.5/16
21.5/18.5
18.5/18.5/16.4
22.5/22.5/20.5
30/28.5/24.6
35/33.2/28.7
10/8.5
14/12
18.5/16
21.5/18.5
14.4/12.5/10.8
18.3/15.8/13.7
24/20.8/18.1
28.8/25/21.7
36.1/31.3/27.1
48.1/41.6/36.1
54.8/47.5/41.2
27.7/24
31.6/27.4
14.4
37
24.1
17.4
25.5
26.2
36.1
36.1
36.1
8
12.5/12
17/16
24
31/27
37/32
31/27
37/32
12.1
13
16
20.7

30
40
50
65
15
15
25
30
DNR
DNR
DNR
DNR
15
15
25
30
20/20/15
25/20/20
30/30/25
40/35/30
45/40/35
60/60/45
70/60/60
35/35
40/35
20
70
DNR
DNR
DNR
DNR
DNR
DNR
DNR
15
20
25
30
50
50
50
50
20
20
20
30

97
97
97
96.5
96.5
96.5
97
97
97
97
97
97
96.5
96.5
97
97
95/95.5/96
95/95.5/96
95.5/95.5/96
95.5/96/96
95/95.5/96
95/95.5/96
95/95.5/96
95/96
95/96
96
96.5
95.5
96.5
96
96.5
97
97
97.5
95/95.5
95/95.5
95
95/95.5
96.5
96.5
96.5
96.5
97
95.5/96
95.5/96
96

-13–122
-13–122
-13–122
-4–140
-13–149
-13–149
-13–149
-13–149
-13–122
-13–122
-13–122
-13–122
-13–149
-13–149
-13–149
-13–149
-13–131
-13–131
-13–131
-13–131
-13–131
-13–131
-13–131
-13–131
-13–131
-13–131
-13–113
-4–150
-4–150
-4–150
-4–150
-4–150
-4–150
-4–150
-4–140
-4–140
-13–140
-13–140
-4–140
-4–140
-13–140
-13–140
-13–140
-13–131
-13–131
-13–131

< 50
< 50
< 50
< 65
< 37
< 37
< 37
< 37
< 40
< 40
< 40
< 40
< 37
< 37
< 37
< 37
< 62
< 62
< 62
< 62
< 62
< 64
< 64
< 64
< 64
< 64
< 45
< 51
< 51
< 51
< 51
< 51
< 51
< 51
< 35
< 35
< 35
< 45
< 45
< 45
< 45
< 45
< 45
< 35
< 55
< 57

yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
no
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

yes
yes
yes
yes
no
no
no
no
yes
yes
yes
yes
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
yes
yes
yes
yes
no
no
no
no
yes
yes
yes
yes

19/31
19/48
19/48
50/63
25
25
25
25
DNR
DNR
DNR
DNR
25
25
25
25
40
40
60
60
60
80
80
80
80
80
N/A
45
45
45
45
45
45
45
40/36
40/36
40/36
40/36
64
64
64
64
20/20
30/30
30/30
30/30

no
no
no
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
no
no
no
no
yes
yes
yes
yes
yes
yes
yes
yes

4,600/5,300

208/240

1

22.1

30

95.5/96

-13–131

< 57

yes

yes

30/30

yes
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Termination Specifications

Manufacturer
AE Solar Energy
AE Solar Energy
AE Solar Energy
AE Solar Energy
Carlo Gavazzi
Carlo Gavazzi
Carlo Gavazzi
Carlo Gavazzi
Chint Power Systems

Model
AE 3TL REFUsol 012K-UL
AE 3TL REFUsol 016K-UL
AE 3TL REFUsol 020K-UL
AE 3TL REFUsol 024K-UL
ISGA 1 22
ISGA 1 33
ISGA 1 42
ISGA 1 53
CPS SCE4KTL-O/US

Chint Power Systems
Chint Power Systems
Chint Power Systems
Chint Power Systems
Danfoss
Danfoss
Danfoss
Danfoss
Eaton
Eaton
Eaton
Eaton
Eltek
Eltek
Eltek
Eltek
Fronius USA
Fronius USA
Fronius USA
Fronius USA
Fronius USA
Fronius USA
Fronius USA
Fronius USA
Fronius USA
Fronius USA
Ideal Power Converters
Ingeteam
Ingeteam
Ingeteam
Ingeteam
Ingeteam
Ingeteam
Ingeteam
KACO new energy
KACO new energy
KACO new energy
KACO new energy
KACO new energy
KACO new energy
KACO new energy
KACO new energy
KACO new energy
Motech Americas
Motech Americas
Motech Americas

CPS SCE5KTL-O/US
CPS SCE6KTL-O/US
CPS SCE7KTL-O/US
CPS SC20KTL-DO/US-480
DLX 2.0 UL
DLX 2.9 UL
DLX 3.8 UL
DLX 4.4 UL
PV240
PV250
PV260
PV270
2.0 HE-t UL
2.9 HE-t UL
3.8 HE-t UL
4.4 HE-t UL
IG Plus V 3.0-1 UNI
IG Plus V 3.8-1 UNI
IG Plus V 5.0-1 UNI
IG Plus V 6.0-1 UNI
IG Plus V 7.5-1 UNI
IG Plus V 10.0-1 UNI
IG Plus V 11.4-1 UNI
IG Plus V 10.0-3 Delta
IG Plus V 11.4-3 Delta
IG Plus V 12.0-3 Wye277
IPV-30kW-480
Ingecon Sun Lite 5 U
Ingecon Sun Lite 3.6TL U
Ingecon Sun Lite 5TL U
Ingecon Sun Lite 6TL U
Ingecon Sun Lite 7.5TL U
Ingecon Sun Lite 8.6TL U
Ingecon Sun Lite 10TL U
1502xi 4
2502xi 4
3502xi 4
5002xi 4
6400xi
7600xi
6400M 5
7600M 5
XP10U-H4
PVMate 2900U
PVMate 3840U
PVMate 4900U

Motech Americas

PVMate 5300U

Mechanical

# DC
string
inputs
12
12
12
12
1
1
2
2

DC wire
range
(AWG)
12–8
12–8
12–8
12–8
10
12
10
10

AC wire
range
(AWG)
10–6
10–6
10–6
10–6
12
12
10
10

GEC wire
range
(AWG)
10–6
10–6
10–6
10–6
12
12
10
10

4

10–8

10–8

4
4
4
8
3
3
3
3
4
4
4
4
3
3
3
3
6
6
6
6
6
6
6
6
6
6
2x 1
4
4
4
4
4
4
4
3
3
3
3
4
4
4
4
4
3
4
4

10–8
10–8
10–6
18–4
20–6
20–6
20–6
20–6
14–6
14–6
14–6
14–6
20–6
20–6
20–6
20–6
14–6
14–6
14–6
14–6
14–6
14–6
14–6
14–6
14–6
14–6
1/4" stud
16–6
16–6
16–6
16–6
16–6
16–6
16–6
12–4
12–4
12–4
12–4
12–4
12–4
12–4
12–4
24–8
12–6
12–6
12–6

10–8
10–8
10–6
10–8
10–6
10–6
10–6
10–6
10–6
10–6
10–6
10–6
10–6
10–6
10–6
10–6
14–4
14–4
14–4
14–4
14–4
14–4
14–4
14–4
14–4
14–4
1/4" stud
16–6
16–6
16–6
16–6
16–6
16–6
16–6
12–4
12–4
12–4
12–4
12–4
12–4
12–4
12–4
24–8
12–6
12–6
12–6

4

12–6

12–6

Listing and Warranty

Cooling
method
passive
passive
passive
passive
passive
passive
passive
passive

Enclosure
NEMA
rating
3R/4X
3R/4X
3R/4X
3R/4X
3R
3R
3R
3R

Dimensions
HxWxD
(in.)
37 x 21 x 11
37 x 21 x 11
37 x 21 x 11
37 x 21 x 11
26 x 17.9 x 6.7
26 x 17.9 x 6.7
29.1 x 17.9 x 6.7
29.1 x 17.9 x 6.7

Weight
(lbs.)
108
108
108
108
62
62
78
78

Listing
agency
UL
UL
UL
UL
ETL
ETL
ETL
ETL

Warranty
std./ext.
(yrs.)
5/10,15
5/10,15
5/10,15
5/10,15
5/10
5/10
5/10
5/10

10

active

3R

33.4 x 17 x 8.4

86

CSA

5/10

10
8
8
10–8
10–4
10–4
10–4
10–4
14–6
14–6
14–6
14–6
10–4
10–4
10–4
10–4
14–4
14–4
14–4
14–4
14–4
14–4
14–4
14–4
14–4
14–4
12–6
16–6
16–6
16–6
16–6
16–6
16–6
16–6
12–4
12–4
12–4
12–4
12–4
12–4
12–4
12–4
18–4
12–6
12–6
12–6

active
active
active
active
passive
passive
passive
passive
active
active
active
active
passive
passive
passive
passive
active
active
active
active
active
active
active
active
active
active
active
active
active
active
active
active
active
active
passive
passive
passive
active
active
active
active
active
active
passive
active
active

3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
3R
4X
3R
3R
3R

33.4 x 17 x 8.4
33.4 x 17 x 8.4
33.4 x 17 x 8.4
41.6 x 21.4 x 8.5
28.4 x 13.9 x 6.5
28.4 x 13.9 x 6.5
28.4 x 13.9 x 6.5
28.4 x 13.9 x 6.5
33.3 x 17.1 x 8.3
33.3 x 17.1 x 8.3
33.3 x 17.1 x 8.3
33.3 x 17.1 x 8.3
28.4 x 13.9 x 6.5
28.4 x 13.9 x 6.5
28.4 x 13.9 x 6.5
28.4 x 13.9 x 6.5
26.5 x 17.1 x 9.9
26.5 x 17.1 x 9.9
38.1 x 17.1 x 9.9
38.1 x 17.1 x 9.9
38.1 x 17.1 x 9.9
49.7 x 17.1 x 9.9
49.7 x 17.1 x 9.9
49.7 x 17.1 x 9.9
49.7 x 17.1 x 9.9
49.7 x 17.1 x 9.9
36.5 x 15 x 10.8
27.4 x 14.2 x 13.1
28.4 x 14.2 x 7
28.4 x 14.2 x 7
28.4 x 14.2 x 7
28.4 x 14.2 x 7
28.4 x 14.2 x 7
28.4 x 14.2 x 7
30 x 14 x 8.3
32 x 14 x 8.3
35.9 x 14 x 9.3
35.9 x 14 x 9.3
44.1 x 14 x 8.9
44.1 x 14 x 8.9
44.1 x 14 x 8.9
44.1 x 14 x 8.9
37.2 x 16.5 x 7.9
28.8 x 17.9 x 6.9
28.8 x 17.9 x 6.9
28.8 x 17.9 x 8.3

90
101
101
132
49
49
51
51
86
90
101
101
49
49
51
51
55
55
81
81
81
110
110
110
110
110
97
168
53
62
62
64
64
64
42
52
69
70
95
95
108
108
100
51
51
62

CSA
CSA
CSA
CSA
UL
UL
UL
UL
ETL
ETL
ETL
ETL
UL
UL
UL
UL
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA
ETL
ETL
ETL
ETL
ETL
ETL
ETL
ETL
TUV
TUV
TUV
TUV
TUV
TUV
TUV
TUV
ETL
UL
UL
UL

5/10
5/10
5/10
5/10,15, 20
10/15, 20
10/15, 20
10/15, 20
10/15, 20
10
10
10
10
10/15, 20
10/15, 20
10/15, 20
10/15, 20
10/15, 20
10/15, 20
10/15, 20
10/15, 20
10/15, 20
10/15, 20
10/15, 20
10/15, 20
10/15, 20
10/15, 20
10/20
10/20
10/20
10/20
10/20
10/20
10/20
10/20
10/15, 20
10/15, 20
10/15, 20
10/15, 20
10/15, 20
10/15, 20
10/15, 20
10/15, 20
10/15, 20
10
10
10

12–6

active

3R

28.8 x 17.9 x 8.3

62

UL

10

c o n t i n u e d o n pa g e 5 0
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Visit us at

Intersolar
booth #8118

SOLAR INVERTER
since 2007

This event is
July 9 – 11, 2013!

CIRCUIT BREAKER
introduced 1936

LOAD CENTER
introduced 1926

SAFETY SWITCH
introduced 1920

We’ve been powering your customers’
homes for over 100 years.
Now, connect to a new kind of power with our solar products and solutions.
Trust the inverter manufacturer that’s already
powering your customers’ home.
The industry has relied on Schneider Electric™ for over 100 years to deliver quality
products and solutions — lighting, security, medium-voltage equipment, and more.
Today everyone can rely on Schneider Electric for solar solutions. We were one of the
first to recognize that turning to solar power is a viable, long-term solution to the planet’s
growing reliance on electricity. That’s why we introduced the Conext™ TX inverter.

Shade tolerant. Easy to install.
The Conext TX inverter can be installed as a single inverter for a single PV array or in
a multiple-inverter configuration for large PV systems or three-phase applications. The
sealed enclosure is detachable which allows the wiring box and its AC/DC connections
to remain intact for easy reinstallation. It is integrated with Fast Sweep MPPT technology
to reduce the impacts of shaded arrays.

NEW!
Now offering
extended warranties.
Schneider Electric is proud to
now offer extended warranties
on all our grid-tie inverters.
The Conext TX comes with a
standard 10-year warranty or
an optional 20-year warranty.

Increase sales today with solar products!

Download our new solar solutions sales tools
and enter to WIN a Google Nexus 10 tablet!
Visit www.SEreply.com Key Code b466u
©2013 Schneider Electric. All Rights Reserved. Schneider Electric and Conext are trademarks owned by Schneider Electric Industries SAS or its affiliated companies.
All other trademarks are property of their respective owners. • www.schneider-electric.com • 998-1189630_US_A
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Input Data (dc)

Manufacturer

Model

Motech Americas
Motech Americas
Power-One
Power-One
Power-One
Power-One
Power-One
Power-One
Power-One
Power-One
Power-One
Power-One
Power-One
Schneider Electric
Schneider Electric
Schneider Electric
Schneider Electric
SMA America
SMA America
SMA America
SMA America
SMA America
SMA America
SMA America
SMA America
SMA America
SMA America
SMA America
SMA America
SMA America
SMA America
SMA America
SMA America
SMA America
SMA America
SMA America
SolarEdge Technologies
SolarEdge Technologies
SolarEdge Technologies
SolarEdge Technologies
SolarEdge Technologies
SolarEdge Technologies
SolarEdge Technologies
SolarEdge Technologies
Solectria Renewables
Solectria Renewables
Solectria Renewables
Solectria Renewables
Solectria Renewables
Solectria Renewables
Solectria Renewables
Solectria Renewables
Solectria Renewables
Solectria Renewables
Solectria Renewables

PVMate 6500U
PVMate 7500U
UNO-2.0-I-OUTD-S-US
UNO-2.5-I-OUTD-S-US
PVI-3.0-OUTD-S-US
PVI-3.6-OUTD-S-US
PVI-4.2-OUTD-S-US
PVI-5000-OUTD-US
PVI-6000-OUTD-US
PVI-10.0-I-OUTD-US 9
PVI-12.0-I-OUTD-US 9
Trio-20.0-TL-OUTD-US 10
Trio-27.6-TL-OUTD-US 10
Conext TX 2800 NA
Conext TX 3300 NA
Conext TX 3800 NA
Conext TX 5000 NA
SB 2000HF-US
SB 2500HF-US
SB 3000HF-US
SB 3000-US
SB 3800-US
SB 4000-US
SB 5000-US
SB 6000-US
SB 7000-US
SB 8000-US
SB 3000TL-US
SB 4000TL-US
SB 5000TL-US
SB 6000TL-US
SB 7000TL-US
SB 8000TL-US
SB 9000TL-US
SB 10000TL-US
SB 11000TL-US
SE3000A-US
SE3800A-US
SE5000A-US
SE6000A-US
SE7000A-US
SE9kUS
SE10kUS
SE20kUS
PVI 1800
PVI 2500
PVI 3000
PVI 3000S
PVI 4000
PVI 4000S
PVI 5000
PVI 5000S
PVI 5300
PVI 6500
PVI 7500

50

Topology

Max.
PV power
at STC
(W)

Max.
open-circuit
voltage

PV start
voltage

# MPPT
circuits

MPPT
voltage range

Max.
usable input
current 1

isolated
isolated
isolated
isolated
non-isolated
non-isolated
non-isolated
non-isolated
non-isolated
isolated
isolated
non-isolated
non-isolated
isolated
isolated
isolated
isolated
isolated
isolated
isolated
isolated
isolated
isolated
isolated
isolated
isolated
isolated
non-isolated
non-isolated
non-isolated
non-isolated
non-isolated
non-isolated
non-isolated
non-isolated
non-isolated
non-isolated
non-isolated
non-isolated
non-isolated
non-isolated
non-isolated
non-isolated
non-isolated
isolated
isolated
isolated
isolated
isolated
isolated
isolated
isolated
isolated
isolated
isolated

7,000
8,000
2,100
2,600
3,500
4,150
4,820
5,300
6,400
10,500
12,300
22,000
30,000
3,100
3,500
3,700/4,200
4,800/5,400
2,500
3,125
3,750
3,750
4,750
4,375/5,000
6,250
7,500
8,750
10,000
3,200
4,200
5,300
7,500
8,750
10,000
11,250
12,500
13,750
3,750
4,750
6,250
7,500
8,750
11,250
12,500
25,000
2,200
3,200
3,600
3,700
4,900
5,000
6,200
6,300
6,700
8,100
9,300

600
600
520
520
600
600
600
600
600
520
520
1,000
1,000
600
600
600
600
600
600
600
500
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
500
500
500
500
500
±250
±500
±500
400
400
600
600
600
600
600
600
600
600
600

260
260
200 8
200 8
200 8
200 8
200 8
200 8
200 8
200 8
200 8
360 11
360 11
190
190
190
235
220
220
220
228
285
285
300
300
300
365
150
150
150
360
360
360
360
360
360
5 17
5 17
5 17
5 17
5 17
12.5 17
12.5 17
12.5 17
150
150
235
235
235
235
235
235
235
260
260

1
1
1
1
2
2
2
2
2
2
2
2
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
1
1
1
1
1
1
varies 7
varies 7
varies 7
varies 7
varies 7
varies 7
varies 7
varies 7
1
1
1
1
1
1
1
1
1
1
1

230–500
230–500
170–470
205–470
160–530
120–530
140–530
200–530
200–530
220–470
220–470
450–800
520–800
195–550
195–550
195–550
240–550
175–480
220–480
220–480
175–400/200–400
250–480
220–480/250–480
250–480
250–480
250–480
300–480
175–480
175–480
175–480
300–480/345–480
300–480/345–480
300–480/345–480
300–480/345–480
300–480/345–480
345–480
5–60 17
5–60 17
5–60 17
5–60 17
5–60 17
10–85 17, 18
10–85 17, 18
10–85 17, 18
125–350
125–350
200–550
200–550
200–550
200–550
200–550
200–550
200–550
230–500
230–500

35
35
12.5
12.8
2x 10
2x 16
2x 16
2x 18
2x 18
2x 24
2x 25
2x 25
2x 30.9
14.9/15.5
17.5/18
19.5/20.8
20.5/22.5
15
15
15
17
18
18
21
25
30
30
2x 15
2x 15
2x 15
20.9/18.1
24.4/21.1
27.9/24.1
31.4/27.1
35/30.2
33.3
10
12.5
16
18
18.5
26.5
13.5
26.5
11
15
16
16
21
21
25
25
25
35
35
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Max.
short-circuit
current
44
44
15
15
2x 12.5
2x 20
2x 20
2x 22
2x 22
2x 29
2x 29
2x 30
2x 36
24
24
24
24
25
25
25
24
25
25
36
36
36
36
2x 19
2x 19
2x 19
45
45
45
45
45
45
30
30
30
30
30
30
30
30
18
18
24
24
24
24
30
30
30
55
55

Footnote Key
1
2
3
4

5
6
7

Per MPPT circuit
With fans operating
Isolated without transformer
1502x–5002x inverters without disconnects available.
Electrical specs are identical for x and xi models.
Integrated Tigo Energy Maximizer Management Unit
Supplies PV power at < 550 Vdc
Module-level MPPT

Output Data (ac)

Adjustable: 120–350 Vdc
Example unit. Variations include 208, 480 and 600 (Canada)
Vac outputs, pos. and neg. grounding, and dc or dc/ac switches
10
Example unit shown. Variations include dc fuses, 2 x 8 dc
input terminals, dc surge protection and ac fused disconnect
11
Adjustable: 250–500 Vdc
12
GEC not required. EGC specification listed
13
DC disconnect dimensions: 12 x 7 x 7.5 in.

14

9

15

Operation

CEC-rated
power
(W)

Nominal
output
voltage

# of
phases

Max.
output current

Max.
ac OCPD
rating
(A)

6,500
7,500
2,000
2,500
3,000
3,600
4,200
5,000
6,000
10,000
12,000
20,000
27,600
2,650/2,800
3,100/3,300
3,500/3,800
4,500/5,000
2,000
2,500
3,000
3,000
3,800
3,500/4,000
5,000
6,000
7,000
7,680/8,000
3,000
4,000
4,550/5,000
6,000
7,000
8,000
9,000
10,000
11,000
3,000
3,800
5,000
5,200/6,000/6,000
5,200/6,000/7,000
9,000
10,000
20,000
1,800
2,500
2,700/2,900
2,800/3,000
3,400/3,900
3,500/4,000
4,300/4,900
4,400/5,000
4,600/5,300
6,500
7,500

208/240/277
208/240/277
208/240/277
208/240/277
208/240/277
208/240/277
208/240/277
208/240/277
208/240/277
208/480
480
480
480
208/240
208/240
208/240
208/240
208/240
208/240
208/240
208/240
240
208/240
208/240/277
208/240/277
208/240/277
240/277
208/240
208/240
208/240
208/240
208/240
208/240
208/240
208/240
240
208/240
208/240
208/240/277
208/240/277
208/240/277
208
480
480
208/240
208/240
208/240
208/240
208/240
208/240
208/240
208/240
208/240
208/240/277
208/240/277

1
1
1
1
1
1
1
1
1
3
3
3
3
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
3
3
3
1
1
1
1
1
1
1
1
1
1
1

31.3/27.1/23.5
36.1/31.3/27.1
10
12
14.5/14.5/12
17.2/16/16
20
27/23/20
30/28/24
30/14
16
27
36
13/11.8
15.2/14
16.8/16
22/21
9.6/8.3
12/10.4
14.4/12.5
15/13
16
17
24/21/18
29/25/22
34/29/25
32/29
15
20
22
28.8/25
33.7/29.2
38.5/33.4
43.3/37.5
48.1/41.7
45.8
14.5/12.5
18.5/16
24/21/18.5
25/25/22
25/25/25
25
12
24
8.7/7.5
12/10.4
13/13
13.5/13.5
16.3/16.3
16.8/16.8
20.7/20.7
21.1/21.1
22.1/22.1
31.3/27.1/23.5
36.1/31.3/27.1

55
55
15
15
20/20/15
25/20/15
25
30
30
35/20
20
40
50
15
20
25
30
25
25
25
30
30
30
50
50
50
50
30
30
30
45
45
60
60
60
60
40
40
40
40
40
40
40
40
15
15
20
20
25
25
30
30
30
40/35/30
50/40/35

DC disconnect weight: 8 lbs.
Per MPPT tracker
DC disconnect dimensions: 11.7 x 7.3 x 7.5
17
Power optimizer specification
18
When using commercial power optimizers
19
-40–140 version available
20
Option on panel assemblies
DNR = Did not report

8

16

Integrated Disconnects and Combiners

CECweighted
efficiency
(%)

Ambient
temp. range
(ºF)

Noise
level
(dBA) 2

DC
disconnect
standard

AC
disconnect
standard

Disconnect
rating
(Adc/Aac)

Fused
combiner
standard

95.5/96/96
95.5/96/96
95.5
95.5/96/96
96
96
96
96/96.5/96.5
96/96.5/96.5
96/97
97
97.5
97.5
94.5
94.5/95
95.5
95.5/96
97
96.5
96.5
95/95.5
96
95.5/96
95.5
95.5/95.5/96
95.5/96/96
96
96/96.5
96/96.5
96/96.5
98/98.5
98/98.5
98
98
97.5/98
98
97.5
97/97.5
97.5/97.5/98
97/97.5/98
97/97.5/98
96.5
98
98
92.5/92.5
92/93
95.5/96
95.5/96
95.5/96
95.5/96
96/96
96/96
95.5/96
95.5/96/96
95.5/96/96

-13–149
-13–149
-13–140
-13–140
-13–140
-13–140
-13–140
-13–140
-13–140
-13–140
-13–140
-22–140
-22–140
-13–149
-13–149
-13–149
-13–149
-13–113
-13–113
-13–113
-13–113
-13–113
-13–113
-13–113
-13–113
-13–113
-13–113
-40–140
-40–140
-40–140
-40–140
-40–140
-40–140
-40–140
-40–140
-40–140
-13–140 19
-13–140 19
-13–140 19
-13–140 19
-13–140 19
-13–140 19
-13–140 19
-13–140 19
-13–131
-13–131
-13–131
-13–131
-13–131
-13–131
-13–131
-13–131
-13–131
-13–131
-13–122

< 47
< 47
< 50
< 50
< 50
< 50
< 50
< 50
< 50
< 50
< 50
< 50
< 50
< 35
< 35
< 35
< 35
< 38
< 38
< 38
< 40
< 37
< 37
< 44
< 45
< 46
< 49
< 25
< 25
< 29
< 46
< 46
< 46
< 46
< 46
< 46
< 50
< 50
< 50
< 50
< 50
< 50
< 50
< 50
< 35
< 52
< 35
< 35
< 55
< 55
< 57
< 57
< 57
< 47
< 47

yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
no 20
no 20
yes
yes
yes
yes
yes
yes
yes
yes
yes

yes
yes
no
no
no
no
no
no
no
no
no
no
no
yes
yes
yes
yes
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
yes
yes
yes
yes
yes
yes
yes
yes
no 20
no 20
yes
yes
yes
yes
yes
yes
yes
yes
yes

40/40
40/40
16
16
25
25
25
25
25
32
32
36
36
30/30
30/30
30/30
30/30
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
32/42
32/42
32/42
32/42
32/42
32/42
32/42
32/42
N/A 20
N/A 20
30/30
30/30
30/30
30/30
30/30
30/30
30/30
44/45
44/45

yes
yes
no
no
no
no
no
no
no
yes
yes
no
no
no
no
no
no
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
no
no
yes
yes
yes
yes
yes
yes
yes
yes
yes
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2013 String Inverter Specifications Guide
Termination Specifications

Mechanical

# DC
string
inputs

DC wire
range
(AWG)

AC wire
range
(AWG)

GEC wire
range
(AWG)

Listing and Warranty

Cooling
method

Enclosure
NEMA
rating

Dimensions
HxWxD
(in.)

Weight
(lbs.)

Listing
agency

Warranty
std./ext.
(yrs.)
10

Manufacturer

Model

Motech Americas

PVMate 6500U

5

10–6

8–6

8–6

active

3R

28.8 x 17.2 x 8.2

90

UL

Motech Americas

PVMate 7500U

5

10–6

8–6

8–6

active

3R

28.8 x 17.2 x 8.2

90

UL

10

Power-One

UNO-2.0-I-OUTD-S-US

2

20–6

20–6

20–6

passive

4X

30.3 x 14.4 x 6.3

43

CSA

10/15, 20

Power-One

UNO-2.5-I-OUTD-S-US

2

20–6

20–6

20–6

passive

4X

30.3 x 14.4 x 6.3

43

CSA

10/15, 20

Power-One

PVI-3.0-OUTD-S-US

2x 2

10–4

10–4

10–4 12

passive

4X

33.8 x 12.8 x 8.7

47

CSA

10/15, 20

Power-One

PVI-3.6-OUTD-S-US

2x 2

10–4

10–4

10–4 12

passive

4X

33.8 x 12.8 x 8.7

47

CSA

10/15, 20

Power-One

PVI-4.2-OUTD-S-US

2x 2

10–4

10–4

10–4 12

passive

4X

33.8 x 12.8 x 8.7

47

CSA

10/15, 20

Power-One

PVI-5000-OUTD-US

2x 2

8–4

8–4

10–4 12

passive

4X

41.4 x 12.8 x 8.6

60

CSA

10/15, 20

Power-One

PVI-6000-OUTD-US

2x 2

8–4

8–4

10–4 12

passive

4X

41.4 x 12.8 x 8.6

60

CSA

10/15, 20

Power-One

PVI-10.0-I-OUTD-US 9

2x 3

20–6

12–4

20–6

passive

4X

37.7 x 25.4 x 8.7

114

CSA

10/15, 20

Power-One

PVI-12.0-I-OUTD-US 9

2x 3

20–6

12–4

20–6

passive

4X

37.7 x 25.4 x 8.7

114

CSA

10/15, 20

Power-One

Trio-20.0-TL-OUTD-US 10

2x 2

12–1/0

14–4

8–4 12

passive

4X

41.7 x 27.6 x 11.5

157

CSA

10/15, 20

Power-One

Trio-27.6-TL-OUTD-US 10

2x 2

12–1/0

14–4

8–4 12

passive

4X

41.7 x 27.6 x 11.5

168

CSA

10/15, 20

Schneider Electric

Conext TX 2800 NA

3

14–6

14–6

12–4

passive

3R

35 x 15.9 x 7.3

70

CSA

10/20

Schneider Electric

Conext TX 3300 NA

3

14–6

14–6

12–4

passive

3R

35 x 15.9 x 7.3

71

CSA

10/20

Schneider Electric

Conext TX 3800 NA

3

14–6

14–6

12–4

passive

3R

38.9 x 15.9 x 7.3

81

CSA

10/20

Schneider Electric

Conext TX 5000 NA

3

14–6

14–6

12–4

passive

3R

38.9 x 15.9 x 7.3

86

CSA

10/20

SMA America

SB 2000HF-US

3

10–6

10–6

10–6

active

3R

29 x 14 x 7

55

UL

10/15, 20

SMA America

SB 2500HF-US

3

10–6

10–6

10–6

active

3R

29 x 14 x 7

55

UL

10/15, 20

SMA America

SB 3000HF-US

3

10–6

10–6

10–6

active

3R

29 x 14 x 7

55

UL

10/15, 20

SMA America

SB 3000-US

4

10–6

10–6

10–6

active

3R

14 x 18 x 9 13

84 14

UL

10/15, 20

SMA America

SB 3800-US

4

10–6

10–6

10–6

active

3R

14 x 18 x 9 13

84 14

UL

10/15, 20

SMA America

SB 4000-US

4

10–6

10–6

10–6

active

3R

14 x 18 x 9 13

84 14

UL

10/15, 20

SMA America

SB 5000-US

4

10–6

10–6

10–6

active

3R

24 x 18.5 x 9.0 13

141 14

UL

10/15, 20

SMA America

SB 6000-US

4

10–6

10–6

10–6

active

3R

24 x 18.5 x 9.0 13

141 14

UL

10/15, 20

SMA America

SB 7000-US

4

10–6

10–6

10–6

active

3R

24 x 18.5 x 9.0 13

141 14

UL

10/15, 20

SMA America

SB 8000-US

4

10–6

10–6

10–6

active

3R

24 x 18.5 x 9.0 13

145 14

UL

10/15, 20

SMA America

SB 3000TL-US

2 15

10–6

10–6

10–6

passive

3R

20.5 x 19.3 x 7.3 16

53 14

U:

10/15, 20

SMA America

SB 4000TL-US

2 15

10–6

10–6

10–6

passive

3R

20.5 x 19.3 x 7.3 16

53 14

UL

10/15, 20

SMA America

SB 5000TL-US

2

10–6

10–6

10–6

passive

3R

20.5 x 19.3 x 7.3

16

53 14

UL

10/15, 20

SMA America

SB 6000TL-US

6

10–6

10–6

10–6

active

3R

24.1 x 18.4 x 9.5 16

78 14

UL

10/15, 20

SMA America

SB 7000TL-US

6

10–6

10–6

10–6

active

3R

24.1 x 18.4 x 9.5 16

78 14

UL

10/15, 20

SMA America

SB 8000TL-US

6

10–6

10–6

10–6

active

3R

24.1 x 18.4 x 9.5 16

78 14

UL

10/15, 20

SMA America

SB 9000TL-US

6

10–6

10–6

10–6

active

3R

24.1 x 18.4 x 9.5 16

78 14

UL

10/15, 20

SMA America

SB 10000TL-US

6

10–6

10–6

10–6

active

3R

24.1 x 18.4 x 9.5 16

78 14

UL

10/15, 20

SMA America

SB 11000TL-US

6

10–6

10–6

10–6

active

3R

24.1 x 18.4 x 9.5 16

78 14

UL

10/15, 20

SolarEdge Technologies SE3000A-US

2

24–6

24–6

10–6 12

passive

3R

30.5 x 12.5 x 7

51

ETL

12/20, 25

SolarEdge Technologies SE3800A-US

2

24–6

24–6

10–6 12

passive

3R

30.5 x 12.5 x 7.5

55

ETL

12/20, 25

SolarEdge Technologies SE5000A-US

2

24–6

24–6

10–6 12

passive

3R

30.5 x 12.5 x 7.5

55

ETL

12/20, 25

SolarEdge Technologies SE6000A-US

2

24–6

24–6

10–6 12

passive

3R

30.5 x 12.5 x 7.5

55

ETL

12/20, 25

SolarEdge Technologies SE7000A-US

2

24–6

24–6

10–6 12

passive

3R

30.5 x 12.5 x 7.5

55

ETL

12/20, 25

SolarEdge Technologies SE9kUS

2

12–6

12–6

10–6 12

active

3R

30.5 x 12.5 x 10.5

80

ETL

12/20, 25

SolarEdge Technologies SE10kUS

2

12–6

12–6

10–6 12

active

3R

30.5 x 12.5 x 10.5

80

ETL

12/20, 25

SolarEdge Technologies SE20kUS

2

12–6

12–6

10–6 12

active

3R

30.5 x 12.5 x 10.5

80

ETL

12/20, 25

Solectria Renewables

PVI 1800

1

10–6

10–6

10–6

passive

4X

18.5 x 13.1 x 5.6

34

UL

5/10

Solectria Renewables

PVI 2500

1

10–6

10–6

10–6

active

4X

23.6 x 13.1 x 5.6

36

UL

5/10

Solectria Renewables

PVI 3000

3

10–6

10–6

10–6

active

3R

28.8 x 17.9 x 6.9

49

ETL

10

Solectria Renewables

PVI 3000S

3

10–6

10–6

10–6

active

3R

28.8 x 17.9 x 6.9

49

ETL

10

Solectria Renewables

PVI 4000

4

10–6

10–6

10–6

active

3R

28.8 x 17.9 x 6.9

49

ETL

10

Solectria Renewables

PVI 4000S

4

10–6

10–6

10–6

active

3R

28.8 x 17.9 x 6.9

49

ETL

10

Solectria Renewables

PVI 5000

4

10–6

10–6

10–6

active

3R

28.8 x 17.9 x 7

60

ETL

10

Solectria Renewables

PVI 5000S

4

10–6

10–6

10–6

active

3R

28.8 x 17.9 x 7

60

ETL

10

Solectria Renewables

PVI 5300

4

10–6

10–6

10–6

active

3R

28.8 x 17.9 x 7

60

ETL

10

Solectria Renewables

PVI 6500

5

10–6

10–6

10–6

active

3R

28.8 x 17.3 x 8.2

89

ETL

10

Solectria Renewables

PVI 7500

5

10–6

10–6

10–6

active

3R

28.8 x 17.3 x 8.2

89

ETL

10
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www.ingeteam.com
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for residential and larger decentralized
installations. The INGECON SUN Power
U and PowerMax U central inverters
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for commercial and large PV plants with
direct connection to a MV transformer.
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Chicago SPI

12-14 September
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Grounding
Compendium

for PV Systems
Co u r t es y S t r a t a S o la r

By Rebekah Hren and Brian Mehalic
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Why is PV system grounding so
confusing and the subject so contentious? Perhaps because no
concise yet detailed collection of
information related to the topic
has existed—until now, that is.

P

V system grounding encompasses issues ranging
from equipment grounding strategies, including
bonding modules and grounding racking support
structures, to system grounding considerations,
including grounding electrode system options. Grounding PV
systems correctly and effectively is difficult—and the topic is
frequently contentious—because there is no one prescription
for either the design process or the methods and materials.
The difficulty of grounding PV systems also stems from the
interactions of dissimilar metals used for racking structures,
module frames and grounding devices. In addition, PV systems are frequently installed in harsh environments, creating
situations in which traditional equipment and methods for
bonding may not be adequate. Furthermore, PV systems often
cover very large physical areas, interconnect to new or existing services, and include transformers of various voltages and
configurations, all of which add complexity to designing and
installing the grounding system.
Part of the reason why grounding PV systems correctly
and effectively is difficult is that applicable UL standards—
including UL 1703 (Flat-Plate PV Modules and Panels), UL
2703 (Rack Mounting Systems and Clamping Devices for FlatPlate Photovoltaic Modules and Panels) and UL 467 (Grounding and Bonding Equipment)—contain requirements that are
difficult to harmonize with one another and with the National
Electrical Code. Most of the Code requirements related to
grounding and bonding are found in Article 250, which
describes methods and materials for grounding electrical systems. However, solar professionals also need to understand
requirements found in Part V of Article 690 that relate specifically to PV system grounding, as these supplement or modify
Article 250 requirements.
In this article, we take a practical approach to the NEC
requirements as applied to grounding PV systems: bonding
modules, sizing and specifying equipment-grounding conductors, installing ac and dc grounding electrode conductors
and systems, and so forth. In addition, we consider the implications of new methods for mounting modules, in particular
racking solutions listed to UL 2703, and present best practices
related to the design and installation of grounding systems.

Essential Terminology

While NEC Article 100 defines many of the following terms,
here we explain them and put them in context.
Grounded, grounding. Since the NEC defines ground as “the
earth,” these words can mean connected, or connecting, to the
earth. More often they mean connected, or connecting, to a conductive device that is connected to the earth. The electric potential of the earth is assumed to be zero.
Solidly grounded. This describes a direct connection to
ground, one that does not include any additional impedance or
resistance devices.
Bonded, bonding. Components and devices are considered
to be bonded when they are connected in a manner that
establishes electrical continuity and conductivity. A bonding
conductor or bonding jumper is used to establish and maintain a bond.
System grounding. This refers to the practice of intentionally bonding one current-carrying conductor to ground. In
ac systems, the grounded conductor is also known as the
neutral conductor. DC systems can be negatively or positively
grounded—based on the polarity of the grounded conductor—or ungrounded. The dc system grounding connection
is accomplished through the main bonding jumper or, in
the case of separately derived systems, via the system bonding jumper. System grounding on the dc side of a PV system
generally occurs via a ground-fault protection circuit that is
internal to a listed inverter, as shown in Figure 1 (p. 56).
Equipment grounding. This refers to the practice of bonding normally noncurrent-carrying metal equipment—like the
module frames in Figure 1—to establish an electrically continuous path.
Grounding electrode. This is a conductive component
through which an electrical system’s connection to ground
is established. NEC Section 250.52(A) describes allowable
grounding electrodes.
Grounding electrode system. This is what is formed when all
grounding electrodes present at a building or structure are
bonded, as required by NEC Section 250.50.
Grounding electrode conductor (GEC). The GEC connects the
grounded conductor and/or the equipment grounding conductor to the grounding electrode system.
Continuous. When referring to wires used as GECs, this
term indicates that the wire is installed as a single length
of conductor without splices or joints, unless splicing is
accomplished using irreversible crimp connectors or exothermic welds.
Sole connection. This term indicates that a GEC is connected
to only one type of grounding electrode. This term is easily misunderstood. For example, a GEC can be connected to more
than one grounding electrode—say, two ground rods—and still
be considered to have a sole connection. Similarly, multiple
GECs connected to the same grounding electrode are each considered to have a sole connection. When GECs have a sole connection, their maximum size is limited per NEC Sections 250.66
for an ac system and 250.166 for a dc system.
solarprofessional.com | S o l a r P r o
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Transformer-isolated
string inverter (typical)

Negatively grounded PV array (typical)

PV+

A

B

A

Equipment-grounding conductor (EGC)

B

Grounded current-carrying conductors

C

Ungrounded current-carrying conductors

D

Ground fault detection and interruption (GFDI)

E

Grounding electrode conductor (GEC)

F

Grounding electrode

PV- GFDI

C

D

E
F

Figure 1 PV systems deployed using transformer-isolated inverters—even very simple systems like the one shown here—
must meet Code requirements for system grounding in addition to the general requirements related to equipment grounding.

Equipment-grounding conductor (EGC). EGCs are used to
connect all exposed, normally noncurrent-carrying metal
equipment to the grounding-electrode system and to the
grounded conductor if present.
Ground fault. This is an unintentional connection between
an ungrounded current-carrying conductor and a normally
noncurrent-carrying grounding conductor or grounded metal
equipment—such as an enclosure, raceway, module frame or
rack component—characterized by undesired current flow on
the EGC.
Effective ground-fault current path. This refers to an intentionally constructed, electrically conductive low-impedance path
with adequate capacity to conduct ground-fault current.
Voltage to ground. In a grounded electrical system, this term
refers to the nominal or measured difference in electrical potential between a given conductor and the grounded conductor or
ground, as measured in volts. Note that for ungrounded systems, this refers to the difference in electrical potential between
a given conductor and any other conductor in the circuit.
Listed. This term refers to equipment and materials
included in a list published by an evaluation organization that
is acceptable to an AHJ—such as a nationally recognized testing laboratory (NRTL)—and that performs periodic production
inspections. The product listing must either state that designated standards are met or indicate suitability for a specific
purpose. Depending on the evaluating organization, equipment
56
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may need labeling, per the definition in NEC Article 100, to be
considered listed.
Identified. This term applies to equipment that is recognized as suitable for a specific purpose, environment and
application, or as meeting a particular Code requirement.
For example, NRTL-listed and -labeled equipment is considered identified.

Bonding and Equipment Grounding
NEC Sections 250.4(A) and (B) require the bonding of electrically conductive materials and equipment to establish an effective ground-fault current path. Along with Section 250.110,
these sections require the bonding of normally noncurrentcarrying metal components that are likely to become energized
in the event of a fault. While many of these components—such
as metal enclosures and conduit—are common in other types
of electrical installations, PV module frames and racking present unique challenges, as do the harsh environmental conditions that PV arrays are subject to.
The NEC makes a distinction between bonding and grounding, although the words are often used interchangeably. Note
that bonding two pieces of metal does not necessarily accomplish grounding, as the latter requires an effective path to
ground in addition to the bond between the metal pieces. Article 250, Part V, details bonding methods, c o n t i n u e d o n p a g e 5 8
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Steve Szczecinski is a product applications
engineering manager at ERICO, a company that
pioneered exothermic welded connections for electric railway applications. Szczecinski notes: “Exothermic welding is a superior connection system
because it results in maximum contact area with no
voids or gaps, which means no spaces for moisture
to penetrate. Exothermic connections do not loosen
over time due to thermal cycling, and high-current
tests show that exothermic welds can carry more
current than the conductors themselves.”
Appropriate lugs and hardware must be used to
bond enclosures and equipment to the equipmentgrounding system to ensure continuity and sufficient fault-current capacity. Every single point of
bonding is critical: The failure of any one point could
render the equipment-grounding system, as well as
overcurrent protection or ground-fault protection
devices, ineffective.
Bonding enclosures and conduit. NEC Section
250.12 requires the removal of nonconductive
Exothermic welding The controlled chemical reaction inside this graph- materials such as paint from the surfaces used to
ite mold—a CADWELD product from ERICO—is producing molten metal
form the electrically conductive bond. Further,
that will make a permanent copper-to-copper connection between a
in keeping with Section 110.3(B), installers must
supplemental ground rod in a large array field and a bonding jumper.
follow manufacturer instructions, which may
mean using a specific grounding busbar or lug for
bonding,
or
selecting a specific location on the device. Typimaterials and requirements referenced by other Sections of
cally,
enclosure-grounding
points include a threaded boss
Article 250, including Part VII, “Methods of Equipment Groundor
a
flared
hole
to
provide
the minimum two-thread depth
ing.” Article 690, Part V, supplements the requirements for
required
for
bonding
with
thread-forming
or machine screws.
equipment grounding and bonding found in Article 250.
Section
250.97
requires
Note that regardless of system voltage, or whether the
system is grounded or ungrounded, equipment grounding is electrical continuity for metal
required on all PV systems. Equipment grounding is indispens- raceways and cables with
able because it provides a path for ground-fault current, which metal sheaths that contain any
is what enables the operation of the overcurrent protection and conductor other than service
ground-fault protection devices that protect people and prop- conductors for circuits that
erty from harm. The EGC has to continue from the PV array to are over 250 V to ground. Many
the other equipment in the system, and must run with the cir- PV systems have dc voltages of
more than 250 V to ground—or
cuit conductors once they leave the vicinity of the PV array.
between the positive and negative poles in ungrounded sysGrounding and Bonding Connections
To bond two pieces of metal in a Code-compliant manner, you tems—and are subject to this
must make a connection that effectively makes two pieces of requirement. It is especially
metal into one, at least in terms of electrical continuity. Per relevant to PV systems on
Section 250.8(A), permitted methods for making bonding and buildings where the dc circuits
grounding connections include listed pressure connectors, need to be in metallic raceterminal bars, exothermic welds, machine screw–type fasten- way or Type MC (metal clad)
ers engaging not less than two threads or secured with a nut, cable until the first accessible
thread-forming machine screws engaging not less than two disconnect. On large groundthreads, connections that are part of a listed assembly and mounted systems, metallic
other listed means. Devices that depend on solder alone can- raceways provide protection — Steve Szczecinski, ERICO
for cables c o n t i n u e d o n p a g e 6 0
not be used for grounding or bonding equipment.

“Exothermic connections do not loosen
over time due to
thermal cycling, and
high-current tests
show that exothermic
welds can carry more
current than the conductors themselves.”
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We’re proud to be a
2012 Inc. 500 company.
We are growing.
We hope you’ll join
us and grow your
business too.

Rich Nicol – owner of Solartech, an AllSun Tracker installation partner

Rich represents a growing team of solar entrepreneurs who have discovered the AllSun Tracker complete system advantage
for installations large and small. “We now spend less time on system design and more time on sales and installation,
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metal elbows are sometimes used for their superior
mechanical characteristics. As long as the metallic
elbow is under at least 18 inches of cover or encased
in at least 2 inches of concrete, it is considered to be
“isolated from possible contact” and does not need
to be bonded to the equipment-grounding system.
Where expansion fittings are used with metallic raceways, Section 250.98 requires that the
fittings and telescoping raceway sections be electrically continuous. This can be accomplished via
either an internal, built-in flexible bonding jumper
across the expansion gap, or an external fieldinstalled identified bonding jumper that is of sufficient length and flexibility and is appropriate for
the environment.
Bonding modules and racks. UL 467 covers general
devices for grounding. A wide variety of manufacturers produce familiar types of electrical grounding lugs and connectors—ground rods, ground
rod clamps, split bolts, grounding bushings and so
forth—and certify them to UL 467. This standard
is also used to list some PV-specific devices. For
Bonding bushing NEC Section 250.97 requires that metal raceways
example, BURNDY’s stainless steel Wiley WEEB and
containing circuits over 250 V to ground—which includes most PV
ILSCO’s tin-plated aluminum SGB-4 are both listed
power circuits—be bonded for electrical continuity.
to UL 467. When installed correctly, and in a suitable
or are used to transition from underground PVC to enclosures environment, listed products can be used to bond any piece of
and equipment above grade.
metallic equipment in a PV system to an EGC.
The connectors used with metal raceways typically provide
UL 1703, the equipment standard for flat-plate PV modelectrical continuity, in which case installers need to address ules, requires manufacturers either to provide certified modonly connections to enclosures and equipment. Most standard ule frame grounding means with their product or to specify
fittings do not provide continuity when metal raceways enter acceptable means in detail in the installation manual. Until
an enclosure via concentric or eccentric knockouts—unless recently, the most common method for bonding modules
the hole is opened up to its full size. Therefore, most inspectors was to connect a direct-burial–rated lug to a marked groundexpect to see bonding bushings installed wherever metal race- ing hole on the module frame, using a stainless steel threadway is used on the dc side of a PV system.
forming screw. Typically, a copper EGC is connected to each
Exceptions to Section 250.97 apply in the following circum- module’s grounding lug and to lugs connected to metalstances: where there are no reducing washers or concentric or lic support structures, and continued on to the rest of the
eccentric knockouts, or “where a box or enclosure with concen- equipment-grounding system.
While this is certainly an acceptable method, concerns
tric or eccentric knockouts is listed to provide a reliable bondinclude
the following:
ing connection.” In these instances, the following alternatives
to bonding bushings are allowed: threadless connectors and
couplings for metal-sheathed cables, two locknuts (one inside
n Potentially unclear manufacturer instructions
and one outside) for rigid or intermediate metal conduit, one
n Possible galvanic corrosion due to dissimilar materials
locknut inside the box where fittings are used with shoulders
n Inappropriate use of indoor-rated devices
that seat firmly against the enclosure, or a listed fitting. Some
n Connections loosening over time due to expansion
electrical enclosures with eccentric or concentric knockouts
		 and contraction, even when torqued correctly at
are listed as providing a reliable bonding connection. This suit		installation
ability must be identified and generally means that there is only
n Incompatibility between modules and the devices listed
one eccentric knockout ring.
for grounding them
Note that Section 250.86 does not require a metal elbow in
n The expense of the materials and labor to install lugs
an underground nonmetallic conduit to be bonded. Since fric		 and connect an EGC to each module
tion may damage a PVC elbow during a large conductor pull,
c o n t i n u e d o n pa g e 6 2
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UL 2703. The UL 2703 Standard was developed in part to
address perceived shortcomings associated with relying
solely on UL 1703 as a governing standard for grounding PV
modules. For example, many innovative grounding solutions
for PV applications do not originate with module manufacturers, but rather with companies that provide structural mounting solutions.
UL 2703 allows module mounting and clamping components to be evaluated and listed as a grounding means. Many
mounting system manufacturers are already certifying products to the draft UL 2703 standard. UL enlisted the involvement
of subject matter experts from the solar and electrical industries to review public comments and modify the draft, and it is
now seeking ANSI accreditation for the standard.
The advantage of using a racking system that is listed for
bonding module frames per UL 2703 is that it reduces both
materials and labor. The act of installing a module and torquing the mounting hardware to the specified value bonds the
module to the mounting system. Special teeth or nubs that
bite through the anodized finish on module frames and make a
solid low-resistance connection to the rails are often enough to
accomplish the bonding connection; in other cases, the bond is
established with specialized connection hardware. However it
is done, an electrical connection is made simultaneously with
the mechanical connection, and the net result is an electrically
continuous unit.
Note that UL 2703 product listings are often system level,
meaning that the listings apply to specific configurations of
modules, racks, clamps, grounding hardware and so forth. With
a system-level listing, specific product configurations only are
listed. Even a minor change requires additional testing and a
change to the system listing, or the system is not listed. The
entity that initiates the process with the NRTL—which is usually the racking manufacturer—is responsible for choosing the
products to include in the test. Since it is not practical to evaluate every imaginable configuration, listed system options are
limited to the manufacturer’s product configurations.
In a report published by the Solar America Board for
Codes and Standards (Solar ABCs’ Interim Report, March
2011), “Grounding Photovoltaic Modules: The Lay of the Land,”
author Greg Ball expects that UL 2703 can serve a more general purpose than system-level listings: “UL is planning to list
grounding components independent of the racking certification through this standard. There is also the intent to establish subsystem-level testing of bonding—for example, tests
using multiple modules and components connected together,
rather than single connections—and impedance requirements
for metal apparatus containing multiple strings of modules.
It is expected that the standard will quantify ampacity and
cross-sectional area requirements, similar in principle to the
approach taken for the cable tray systems used instead of conduit to support electrical and communication cables.”

C ou r te sy AEE So l a r
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Bonding module frames Until recently, the most common
method for bonding modules was to connect a directburial–rated lug to a marked grounding hole on the module
frame and run a copper EGC to each lug, as shown in the
upper photo. However, products listed to the UL 2703 standard, like this Rapid2+ Grounding Middle Clamp from Schletter, are increasingly popular because the mounting system
itself is used to bond the module frames.
Product selection and installation. System-level listings under
UL 2703 can put a lot of responsibility on PV system designers, installers and inspectors, who must verify that the configuration used is in fact listed. John VanWinkle, an engineer
in training with the mounting system manufacturer Schletter, cautions: “It is important to review module manufacturer
installation instructions to determine what is acceptable. Each
module has different requirements, and each manufacturer will
specify requirements for equipment that is used to secure and
bond the module.”
This is one of the reasons that some manufacturers list PVspecific grounding components to UL 467. Jeremy Turner, the
engineering manager for the racking manufacturer Daetwyler

3294 Heyco 3.4x9.6_Layout 1 1/25/13 2:13 PM Page 1

New from HEYCO
in 2013…

®

Clean Energy, points out:
“There are really two major
components to UL 2703.
On the one hand, there are
grounding and bonding
considerations; on the other,
there are structural considerations, which include
mechanical strength and
material suitability.”
Turner explains: “Different NRTLs have different
interpretations about how
to list products in light of
these separate requirements.
For example, Intertek has
decided to list grounding
and bonding components
separately from structural
components, which makes
sense given all the different types and applications
for racking structures. Since
our stainless steel grounding hardware is listed to UL
467 as connectors, we can
offer integrated grounding
—David Del Vecchio, Strata Solar
and bonding solutions with
all Daetwyler racking products. This hardware provides
multiple redundant ground
paths and is not only designed to break through the anodized
module coatings, but is also vibration resistant so that this
bond is maintained for the life of the product. We use serrated
hardware throughout the rack structures to maintain the system bond and ensure safety.”
Note that when the equipment-grounding system includes
separate rack or cable tray sections, they must be bonded or
identified as EGCs. Among other things, this means that installers need to include bonding means around expansion joints,
unless the joint itself is identified as a bonding jumper or device.
David Del Vecchio is a senior engineer with Strata Solar,
a project developer and EPC. Del Vecchio encourages installers to exceed minimum equipment-grounding requirements
to ensure system safety over time. He cautions: “Your groundfault protection is only as effective as your return ground
path. Let’s assume you are using a UL 2703–listed racking system, and the installation requirements call for a single EGC
connection. What happens if this single connection fails over
time, perhaps because it was under- or over-torqued or otherwise improperly installed? Now you have a section of the array
that is effectively ungrounded.”

“When grounding
rooftop racks, I always
recommend multiple EGC attachments
beyond the minimum
requirements, because
redundant grounding
points in a bonded
section of an array
ensures a return
path for ground-fault
current and GFP
detection.”

HEYClip™ SunRunner®
Cable Clips for Solar Installers
and Integrators
HEYClip™ SunRunner® and
SunRunner® 90° Cable Clips
• The SunRunner’s robust “double-

compression” design securely holds from
(1) 12 gauge USE-2 to (2) 10 gauge
PV-1000 wires

• The SunRunner 90º is designed to mount

at a 90° angle to the original SunRunner and is designed
for use with PV modules mounted in the “landscape”
mode. The SunRunner 90° allows shorter than normal
junction box cables to be run to adjacent modules across
the short side of the PV module frame

• Also for use with other cables from .20˝ (5,0 mm) to .30˝
(7,6 mm) in diameter

• Smooth clip edges prevent damage to cable insulation
• Locking tabs securely fasten clips to module extrusions or
other panels

• Generous lead-in on both clips for installation without tools
• Constructed from corrosion-resistant 304 stainless steel
HEYClip™ SunRunner® 2
and 2-R Cable Clips
• Designed to hold Micro-Inverter

cables .413˝ (10,5 mm) to .472˝
(12,0 mm) in diameter

• Smooth clip edges prevent damage
to cable insulation

• “S” hook clip design fits a wide variety
of extruded aluminum profiles

• SunRunner 2 is designed for commercial solar mounting
frames such as ones used by Unirac, Solar Mount, and
Mountain Systems

• SunRunner 2-R is designed for residential grade racking
systems such as Haticon Solar or equivalent

• Neatly dresses cables on PV panels or mounting frame
channels from .060˝ (1,5 mm) to .250˝ (6,4 mm) thick

• Constructed from heat treated 410 stainless steel for excellent
strength and corrosion protection for outdoor exposure

For FREE samples or product literature,
call toll free 1-800-526-4182, or visit our
website at www.heyco.com
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Del Vecchio concludes: “If a ground fault occurs at a location
without an effective return ground path, there is no groundfault detection. The inverter will continue to run and the consequences can be disastrous. Therefore, when grounding rooftop
racks, I always recommend multiple EGC attachments beyond
the minimum requirements, because redundant grounding
points in a bonded section of an array ensures a return path for
ground-fault current and GFP detection.”
Equipment Grounding Conductors
Per NEC Section 250.118, the Code allows 14 types of
EGCs, which are either run with or used to enclose the circuit
conductors. The EGC must have one or more of the
following characteristics:
n
n
n

A copper, aluminum or copper-clad aluminum conductor [250.118(1)]
Metallic conduits such as RMC, IMC or EMT
[250.118(2), (3), (4)]
Flexible metal conduits or tubing such as FMC, LFMC
or FMT [250.118(5), (6), (7)], provided that numerous
conditions are met; for example, a separate EGC is
often required with flexible metal conduit and tubing

The armor of Type AC cable [250.118(8)]
The copper sheath of a mineral-insulated metal		 sheathed cable [250.118(9)]
n Type MC cable, provided that it contains an EGC or
		 some combination of the metallic sheath and the
		 internal EGC is identified as an EGC [250.118(10)]
n Cable trays or cablebus framework as permitted in
		 392.10 and 392.60 or 370.2 [250.118(11), (12)]
n Metal raceways, auxiliary gutters or surface metal
		 raceways listed as electrically continuous or listed for
		 grounding [250.118(13), (14)]
n
n

Eric Sadler is the engineering sales manager for Snake
Tray, a company that manufactures cable tray wire and cable
management solutions. Sadler notes: “We can say that a
cable tray is a ‘UL Classified’ EGC if it has a cross-sectional
area of continuous bonded steel equal to or greater than 0.2
square inches. In our case, this varies by product line. On one
hand, our 802 Series Mega Snake, which can span distances
up to 20 feet, is UL Classified as an EGC based on its crosssectional diameter. On the other, our 407 Series Solar Snake
Tray is listed to UL 2239, which is a structural standard that
has nothing to do with grounding.”
c o n t i n u e d o n pa g e 6 6

FS Uno™—

Now ETL Classified
The most reliable choice for steel ground mount systems is now
ETL Classified, passing complete grounding requirements.
• 100% high-quality galvanized steel
• South facing and east-west facing configurations available
• 100% IBC code compliant with PE stamps available in most states
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Expertise
looks good
on you.

As the industry mark of excellence, NABCEP certification
provides you with unparalleled opportunity for job
advancement, salary growth and consumer trust.
NABCEP Certified PV Installation Professionals are
recognized as leaders who are committed to providing
exceptional quality and value.

PV Installation
Professional

Experience. Quality. Professionalism. Our promise has never changed.
And our new look only makes certification more attractive.

Apply now for the Fall 2013 exam

Deadline August 2, 2013
Visit nabcep.org or call (800) 654-0021

Meet the faces of NABCEP:
Will Herndon
CEO of Ambassador Energy
“My NABCEP certification provided
me with knowledge I can pass on
to the 15 field construction teams I
am responsible for. There is nothing
else out there like it. It is the clear
solution to fill company field
operation needs.”

However, it is possible to install the
Solar Snake Tray according to Code, Sadler
explains: “To comply with the NEC, the
407 Series product needs to be bonded
to the rest of the grounding system using
listed split bolts, one half of which makes a
compression connection to the tray spline
while the other half connects to a copper
grounding wire. Because it is a continuous metallic pathway, it bonds easily from
unit to unit and to the rest of the system.
When it is mechanically fastened, you get a
bond. To support a ground-fault condition,
every fourth stick is additionally bonded to Cable tray While some large cable trays are UL classified as an EGC based on
a grounding conductor, which is typically the cross-sectional area of continuous bonded steel, other cable tray products
need to be bonded to the equipment-grounding system at regular intervals in
6 AWG copper.”
NEC Article 690 discusses other devices accordance with the manufacturer’s instructions.
and methods of installing EGCs for bonding
PV module frames and racking components. Section 690.43(C)
n A 14 AWG copper EGC (or 12 AWG aluminum) is
addresses the use of a struc		 sufficient for a circuit protected by a 15 amp OCPD,
tural racking system as an
		 which is typical of a fuse rating used in a PV sourceEGC. Metal mounting sys		 circuit combiner box.
tems are allowed for groundn A 6 AWG copper EGC (or 4 AWG aluminum) is
ing purposes provided that
		 sufficient for a circuit protected by a 200 amp OCPD,
either they are identified
		 which is typical of a fuse rating used in PV output
as EGCs or the individual
		 circuits connected to the input combiner of a
racking sections are bonded
		 500 kW inverter.
together and to the grounding system using identified
While the absolute minimum EGC size allowed is 14 AWG,
bonding jumpers. Note that Section 250.120(C) requires that EGCs smaller than 6 AWG be
identified is used here rather “protected from physical damage by an identified raceway or
than listed; this provides cable armor unless installed within hollow spaces of the framAHJs with more leeway when ing members of building or structures and where not subject to
physical damage.” For this reason, many PV system installers
making interpretations.
Sections 690.43(D) and use 6 AWG copper EGCs to bond modules and racking, on roof(E) allow the use of devices mounted systems in particular, and then reduce the EGC to the
that are listed and identified minimum size allowable per Table 250.122 where it transitions
as appropriate for bonding into conduit.
Multiple circuits. What about the common scenario where
module frames to racking
multiple
PV source circuits run in the same raceway, cable
parts
and
adjacent
modules.
—Chuck Ladd, PE, PowerSecure
This presents an alternative tray or enclosure? Chuck Ladd, a solar system designer and
to mechanically attaching a PE with PowerSecure, explains: “The basis for sizing EGCs
grounding lug to a marked grounding point on each module per 250.122 is to protect against a single fault, which is why
frame. The Wiley WEEB from BURNDY is the classic example 250.122(C) allows us to size the EGC for multiple circuits
of a listed module-to-mount (and module-to–adjacent module) based on the largest single overcurrent device and not the
sum of all the overcurrent devices.”
bonding solution.
Sizing EGCs. EGCs for ac and dc circuits in PV systems
As an example, imagine that you need to run six pairs
are sized according to NEC Table 250.122. This table speci- of PV source-circuit conductors from a rooftop array down
fies a minimum allowable conductor size based on the rating to an inverter-integrated input combiner that is fused at
of the overcurrent protection device (OCPD) protecting the 15 A per circuit. If all of the source-circuit conductors are
circuit conductors, and the EGC material (copper, aluminum run in a single conduit, then a single 14 AWG copper EGC
or copper-clad aluminum). For example:
meets the minimum Code requirement. c o n t i n u e d o n p a g e 6 8

“As a policy, we use a
conductor for the
EGC. We never use a
metallic raceway of
any kind as the EGC,
choosing instead to
bond the raceway to
the EGC along with
other equipment.”

66

S o l a r Pr o | August/September 2013

Co ur te sy Br i a n Me ha l i c

Grounding Compendium

We just fast tracked
the future of solar.
More flexible financing options. Faster deal processing. Clean Power Finance
just gave you the keys to closing more solar deals. From flexible credit criteria
to eSignatures and a streamlined deal processing flow, now you can grow
your business even faster.

Find out today how you can close more deals faster.
Call us at 1.866.525. 2123 x 2 or visit www.cpf.com/solarpro

Grounding Compendium

However, if the source-circuit conductors are split between
two separate conduits, then each conduit needs a 14 AWG
copper EGC.
Parallel conductors. Current-carrying conductors are frequently wired in parallel on the ac output of large inverters,
or on the dc side of the system between subarray combiners
and the inverter dc input bus. NEC Section 250.122(F) requires
installation of a full-sized EGC in each of the parallel raceways
or cables, sized based on Table 250.122. This can create difficulties if you want to use cables in parallel. A cable typically
consists of multiple insulated current-carrying conductors,
plus a smaller bare EGC. Since this EGC is sized according to

the ampacity of the circuit conductors, it is likely undersized
if cables are used in parallel.
Proportional size increases. According to Section 250.122(B),
if ungrounded conductors are increased in size, then you must
increase the size of the EGC proportionally. As described in
the NEC 2011 Handbook, this requirement applies when conductors are upsized “to compensate for voltage drop or for any
other reason related to proper circuit operation,” but does not
apply when conductors are upsized “for the purposes of ampacity adjustment, correction, or both.” While 250.122(B) applies to
the ac side of a PV system, the following language in 690.45(A)
exempts PV source and output circuits: c o n t i n u e d o n p a g e 7 0

To Bond or Not to Bond?

M
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accessories—like metal flashings, wind deflectors, perimeter
any metal components in a PV system must be
screens, module clamps, mounting brackets, piers, pilings
bonded to the EGC. According to NEC Section
and so on—needed evaluation as part of a system under
690.43(A), equipment grounding is specifically required
the UL 2703 standard.
for “metal parts of PV module
The STP determined that
frames, electrical equipment, and
system accessories do
conductor enclosures.” Furthernot have to be bonded
more, Section 690.43(B) (which
for equipment-grounding
refers to Section 250.110) requires
purposes, so long as the
an EGC between a PV array and
PV system meets the folother equipment fastened in place
lowing requirements: It is a
or connected by permanent wiring.
parallel power production
Studying these requirements goes
source; the installation
a long way toward answering this
manual clearly defines a
question: What components do you
grounding path; conducneed to bond?
tors are managed in such
But what about the corollary:
a way that if a wire is
What components do you not need
accidentally cut, it cannot
to bond? Do you need to bond metal
fall, droop or move and
wire clips? What about metal roof
make contact with any
flashing? The answers to questions
Bonding jumper Per Section 690.43(C), when
accessories; and groundlike these are subject to interpretation
mounting structures other than building steel are used
ing devices and grounded
based on whether the components
for grounding purposes, you must identify them as
locations are clearly
are likely to become energized.
EGCs or install bonding jumpers between sections.
marked as such. Note that
Fortunately, advances in PV-specific
the STP assumes that an
bonding devices and techniques
appropriately rated groundare making the goal of long-lasting
ing lug with a copper ground wire is clearly marked, since it
low-resistance connections easier to attain. Evolving installais visible on the array.
tion best practices, such as improved wire management, can
Jeff Spies is the vice president of business development
minimize the likelihood of accessories becoming energized.
at Quick Mount PV, a company that manufactures flashed
If you are a system designer, installer or inspector strugroof attachments, and the secretary of NABCEP. He is also
gling to decipher which components are subject to the
one of the industry subject matter experts serving on the
requirements in Sections 690.43 and 250.10, an interpreSTP for UL 2703. Spies explains, “If you wire your system
tation developed by the Standards Technical Panel (STP)
in a UL 2703–compliant manner, then you will not have to
for UL 2703 may offer some guidance. As part of the
ground every mid-clamp or flashing.” {
ANSI accreditation process, the STP considered whether
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Another Industry First By Bentek

6 Requirements One Solution-BUSS
1) Over Current Protection (OCP)
2) NEC 2011 690.16 disconnect
compliance
3) Either RS485 or Ethernet Bentek
Zone Current Monitoring
4) Up to 14 inputs with 1 common
BUSS bar output
Bentek BUSS
Solutions

5) 100A-400A input flexibility
Inverter

6) Inverter BUSSbar Interface (IBI)

10 Bentek Firsts:
600V Circuit Breaker Recombiner
Zone Current Monitoring
Multiple Disconnect Safety System (MDSS)
Circuit Breaker Safety System (CBSS)
Bipolar Circuit Breaker Recombiner (BCBR)
1000V Circuit Breaker Recombiner (CBR)
Visible Blade Fused Disconnect Safety System (FDSS)

www.benteksolar.com.
Info@Bentek.com
1-866-505-0303
2350 Harris Way,
San Jose CA 95131

Construction
Excellence
Since 1888

Theft Detection String Combiner
1000V Ungrounded Disconnect String Combiner

Breaker Universal Safety System (BUSS)

CONNECTING PANELS TO INVERTERS WORLDWIDE

Eaton UL489B
listed 100%
rated breakers
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Breaker Universal
Safety System
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Steel grounding conductors ERICO, a manufacturer of engineered electrical and mechanical components, offers theftdeterring ERITECH copper-bonded steel grounding conductors. Because of the steel core, these conductors are much
harder to cut than copper, slowing potential thieves while
indicating that the conductor material is not valuable copper.

Parallel conductors Where parallel-connected currentcarrying conductors are run in separate raceways—like the
inverter output circuit conductors landed on the lower lugs
inside this ac disconnect—Section 250.122(F) requires that
each raceway include a full-sized EGC.

“Increases in equipment-grounding conductor size to address
voltage drop considerations shall not be required.”
Section 690.45 provides additional EGC size requirements
for the less-common cases of circuits without OCPDs, or systems without ground-fault protection.
Learning from failure
An equipment-grounding system fails when it no longer maintains electrical continuity between all components. To prevent
failures, carefully consider whether the methods and materials
are suitable for the intended use and for the installation environment. Galvanic corrosion, which occurs when dissimilar
metals like aluminum and copper are in direct contact, has
been a common cause of equipment-grounding system failures
in PV arrays. (See “Galvanic Corrosion Considerations for PV
Arrays,” SolarPro magazine, June/July 2011.)
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According to the Solar ABCs’ interim grounding report,
the following materials are generally galvanically compatible:
nickel, tin, zinc, zinc-aluminum alloys, 5000 or 6000 series
aluminum alloys (alloyed with magnesium and silicon), commercially pure aluminum, and stainless steel containing a minimum of 16% chromium. Note that copper is not on this list. PV
system designers and installers must provide reliable means of
galvanic isolation—such as stainless steel washers or components with suitable platings or coatings—when using copper
conductors to bond dissimilar metals.
Appropriate grounding solutions are inherently locationand application-specific. While tin-plated copper grounding
lugs are a de facto industry standard for bonding aluminum
module frames to copper EGCs, they may corrode over time
if installed in a salty, humid or otherwise harsh environment.
While we often see corrosion above ground, it is also a concern
below ground. (See “Corrosion Impacts on Steel Piles,” SolarPro magazine, December/January 2012.) ERICO’s Szczecinski
points out, “All connections below grade must be UL rated for
direct burial as required by Code.” He continues: “Underground
corrosion can be caused by moisture and exposure to oxygen,
chlorides, sulfides, certain soil bacteria or stray currents, especially dc. Long-term studies show that stainless steel grounding electrodes provide the longest service life, but they are used
only in the most corrosive soil conditions due to cost. Copper
grounding conductors provide the optimal combination of
service life and cost. If theft deterrence and cost are important concerns, copper-bonded steel conductors, which have a
copper plating over a steel core, are an c o n t i n u e d o n p a g e 7 2
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alternative to solid copper. While galvanized steel is also an
option, it has the shortest service life; studies show an expected
service life of 15 years, compared with 30 years or more for copper systems.”

System Grounding
With the exception of some 3-phase delta systems, the
vast majority of ac electrical systems in the US are solidly
grounded. So it is not surprising that the vast majority of
PV systems installed to date in the US are grounded on the
dc side. In a grounded PV system, either the positive or the
negative current-carrying conductor is bonded to ground
through the inverter’s ground-fault–protection device. While
the NEC has allowed ungrounded PV systems since the 2005
cycle of revisions, the unavailability of compatible equipment
slowed the adoption of these systems. In recent years, however, ungrounded PV systems, which use non-isolated (transformerless) inverters, have gained significant traction in the
US market. (See “Ungrounded PV Power Systems in the NEC,”
SolarPro magazine, August/September 2012.)
On many larger PV installations, system grounding is
necessary at multiple points, via either a main bonding jumper or a system-bonding jumper. This is not to say
that any source—whether utility service, inverter or transformer—should have more than a single point where the
system grounding connection is made; rather, on large sites
you may encounter multiple transformers, each creating a
separately derived system; multiple inverters,
each requiring GECs
or taps; and even multiple service entrances,
each requiring a systemgrounding connection.
Where transformers
are installed as part of a
PV system, they generally
create separately derived
systems, in which there is
no electrical connection
between the circuit con—Jeff Spies, Quick Mount PV
ductors on the primary
side of the transformer and
those on the secondary
side, other than connections through EGCs, metal enclosures
or raceways. Exceptions are transformers installed as part of
a service or autotransformers with a single winding, which do
not result in separately derived systems.
As an example, consider a step-down transformer installed
to provide power to a data acquisition system that requires
a lower voltage than the inverter ac output connection.

“If you wire your
system in a UL 2703–
compliant manner, then
you will not have to
ground every mid-clamp
or flashing.”
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You likely need to consider this transformer as a separately
derived ac system, in which case it must follow the extensive
requirements found in NEC Section 250.30. Note that where
the transformer, the source of the separately derived system,
is installed outdoors (as is typical in PV systems), Section
250.30(C) requires that a grounding-electrode connection
be made at the transformer “to one or more grounding electrodes in compliance with 250.50.”
DC system ground
PV systems without a direct connection—other than equipment grounding—between grounded conductors on the dc
side of the system and grounded conductors on the ac side
must have dc system grounding. This means that a dc grounded
conductor must be connected to a dc grounding system that
is bonded to the ac grounding system. These general requirements apply to all grounded PV systems, but not to ungrounded
PV systems or systems using ac modules.
Grounded systems. Frequency- or transformer-based
inverters operate using a grounded PV array, and the dc and
ac sides of the system are galvanically isolated. Therefore, dc
system grounding is required, and you must bond the dc and
ac grounding systems. Grid-direct inverters for grounded systems have a marked terminal for connecting the dc GEC.
NEC Section 690.42 requires that the dc system-grounding
connection be made at a single point in the dc circuit.
In grounded utility-interactive PV systems, this systemgrounding connection is made via a listed inverter’s internal
ground-fault–protection device. It is therefore critical for
installers to ensure that the only circuit grounding connection point made is the grounded conductor-to-ground bond
inside the inverter. If an inspector, plan checker or electrician expects to see otherwise, refer them to the Section
690.42 Exception: “This bond, where internal to the groundfault equipment, shall not be duplicated with an external
connection.” Any additional system grounding connection
creates an unwanted parallel path for ground-fault currents.
Ungrounded systems. Transformerless inverters are not isolated and operate using an ungrounded PV array. There is no
dc system grounding at all. Since there is no dc grounded conductor, there is no grounded conductor-to-ground bond. In the
SolarPro magazine article “Ungrounded PV Power Systems in
the NEC” (August/September 2012), John Wiles points out that
if a non-isolated inverter adheres strictly to the UL 1741 standard, it will not even have a marked GEC terminal.
While the NEC has never required a dc GEC for transformerless inverters, language in Section 690.47(B) left room
for misinterpretation by not explicitly addressing this issue.
Therefore, the code-making panel responsible for Article 690
added the following paragraph to Section 690.47 during the
2014 revision cycle: “An ac equipment-grounding system shall
be permitted to be used for equipment c o n t i n u e d o n p a g e 7 4
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grounding of inverters and
other equipment, and the
ground-fault detection reference for ungrounded PV systems.” (Emphasis added.)

Co ur te sy Bl ue Oa k Ene r g y

Systems using ac modules.

Grounding Electrodes
The effectiveness of a connection to ground varies
based on the type, depth
and quantity of grounding electrode(s), as well as
soil conditions and seasonal variability. NEC Section 250.52 details what
can be used as a grounding
electrode and under what
conditions. Per Section
250.52(A), at least one of
the following is required
for each grounding system:

AC modules are not required
to have a dc system ground.
This is partly established in
NEC Section 690.6(A), which
states, “The requirements
of Article 690 pertaining
to photovoltaic source circuits shall not apply to ac
Grounding electrode The ground rod installed as part of
modules.” Further, this lan- this inverter pad will serve as the grounding electrode for
guage was added to Section the dc system, which must be bonded to the ac grounding
[1] Metal underground
water pipe is suitable for
690.47(C) in the 2011 NEC: electrode and any other electrodes present.
“This section does not apply
use as a grounding electo ac PV modules.” Note that these sections apply specifically trode if it is in contact with the ground for 10 feet or more.
to listed ac modules with no field-serviceable dc wiring, which Note that per Section 250.68(C)(1), if a grounding electrode
is a category of equipment that is distinct from microinvert- connection is made to a water pipe inside a building, it must
ers. (See “Alternating Current PV Modules in the NEC,” Solar- occur within the first 5 feet from the pipe’s point of entrance
Pro magazine, June/July 2012.)
into the building.

PV Systems Circuit Breakers & Disconnects
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suited for photovoltaic systems, guaranteeing maximum protection against
harmful overcurrent and compliance with NEC Article 690, 2011.
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[2] Building steel is suitable provided at least one structural member is in contact with the ground for at least 10
feet, or the structural steel column is bolted to a concreteencased electrode.
[3] Concrete-encased electrodes are suitable assuming that
each electrode is at least 20 feet long and is made of either at
least ½-inch–diameter steel or 4 AWG bare copper. A concreteencased electrode is commonly referred to as a Ufer ground.
Note that a vapor barrier, insulation or gravel backfill between
the concrete and the earth dramatically reduces the electrode’s
effectiveness (and that of building steel).
[4] Ground rings are suitable provided that each ring is
at least 20 feet long and made of 2 AWG copper. The ring
needs to encircle the structure at a depth of 30 inches below
the surface. Ground rings are commonly installed around
large inverter pads and serve as grounding electrodes for
multiple inverters.
[5] Ground rods are suitable provided that each rod is at least
8 feet long; is not less than ⅝ inch in diameter; and is stainless steel, or copper- or zinc-coated steel. Ideally, a ground
rod extends into the permanent moisture level of the soil. If a
ground rod cannot be driven perpendicular to the ground or
at a 45° angle or less, then it can be buried, provided that the

depth is at least 30 inches. Ground rods are common at residential buildings as part of the existing electrical system and
as additional electrodes associated with PV systems; they are
also frequently installed in ground-mounted PV array fields.
[6] Other listed grounding electrodes are allowed, including electrolytic ground rods, also called enhanced or active
ground rods. These refillable tubes contain metallic salts
that leach into the soil, providing a low-resistance path to
ground that improves over time.
[7] Plate electrodes are suitable, provided the surface area
exposed to ground is not less than 2 square feet and the
thickness of the plate is at least 0.06 inch for iron or steel
or not less than ¼ inch for nonferrous metals. Per Section
250.53(H), plate electrodes must be buried at least 30 inches
below grade.
[8] Unlisted local metal underground systems or structures such
as tanks, piping systems or well casings are allowed, provided
they are not bonded to a metal water pipe. Coatings like paint
or enamel can impair the connection to ground and render the
object ineffective as a grounding electrode.
When any of these allowable grounding electrodes are
present at a building or structure, NEC Section 250.50 requires
that they all be connected with bonding jumpers to form a

solarprofessional.com | S o l a r P r o
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as a ground rod, for each row of a ground-mounted PV array.
While the piles or piers that support the racking structure provide an electrically conductive connection to ground, they typically do not meet the Code requirements for use as grounding
electrodes. A critical difference between Section 690.47(D) (as it
appears in NEC 2008 and NEC 2014) and Section 250.32 is that
the former requires a structure-specific GEC sized according
to Section 250.166, whereas the latter requires only the connection of an EGC sized in accordance with Section 250.122 to
equipment, structures, frames and the grounding electrode.
Ladd explains PowerSecure’s conservative design
approach for ground-mounted arrays: “In addition to the
Code-required equipment grounding, we attach each section
of racking together with a bare solid c o n t i n u e d o n p a g e 7 8
Systems over 1,000 V Section 250.190 specifically requires
that fences associated with systems operating over 1,000 V
be grounded. While PV utilization voltages in North America
are not likely to be over 1,000 V, medium voltages are commonly used in ac aggregation systems for PV power plants.
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grounding-electrode system. However, it provides an exception for concrete-encased electrodes: Where these cannot be
accessed without disturbing the concrete, they do not need
to be bonded to the grounding-electrode system. Generally
speaking, options 1–3 and 8 will already be in place; options
4–7 may already be in place or may be installed as part of a
PV system. Note that aluminum and underground gas piping systems are not permitted for use as grounding electrodes,
according to Section 250.52(B).
Supplemental electrodes. Per Section 250.53(A)(2), systems
with a primary electrode that is a rod, pipe or plate require
a supplemental electrode, unless the primary electrode has a
resistance to ground of 25 ohms or less. A valid assessment
of ground resistance requires a fall-of-potential test, which can
be accomplished with meters like ERICO’s ERITECH EST401
Ground Resistance Tester or Fluke’s 1623 GEO Earth Ground
Tester. A three-point fall-of-potential test measures the resistance to ground of ground rods or grids; a four-point fall-ofpotential test measures soil resistivity and can locate areas of
low soil resistance for a better connection to ground.
For smaller PV systems, it may be easier to install a supplemental electrode than to conduct a valid fall-of-potential
test. This Code requirement to have a resistance to ground of
25 ohms or less does not apply to systems with ground rings
or concrete-encased electrodes. Any supplemental electrode
installed to lower the resistance to ground must be positioned
at least 6 feet from the primary electrode, and a supplemental bonding electrode connection must be installed. Note that
25 ohms is a minimum safety provision, which may not be
adequate for all applications. The IEEE 142-2007 Standard,
which covers grounding practices for commercial and industrial power systems, recommends that the resistance to
ground be kept to 5 ohms or less, which can be accomplished
by increasing the grounding electrode surface area.
In the 2008 NEC, Section 690.47(D) requires “additional
electrodes for array grounding” at all ground- and polemounted PV arrays; the electrode must be directly connected
to the array frame or structure using a GEC sized per Section
250.166. While this requirement was deleted during the 2011
cycle of revisions, this should not be interpreted as a signal that
PV arrays do not require additional electrodes. Section 250.32
requires that a grounding electrode be installed at structures
with feeders. As defined in Article 690, a PV array includes a
support structure and foundation, and thus requires an electrode. Furthermore, the code-making panel responsible for
Article 690 approved language for the 2014 NEC that explicitly requires additional electrodes for all ground- and polemounted systems, in accordance with Section 250.52.
For a large ground-mounted system, the question becomes:
What portions of the system are considered separate structures or arrays and thus require grounding electrodes? Many
system engineers choose to install an approved electrode, such
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copper conductor or similar, and attach each row of racking
to a buried bare 1/0 copper wire. There is no Code requirement for this additional grounding. We do this to ensure that
there is no difference in potential between any portion of the
array and also to provide a flow path for lightning energy.”
Grounding Electrode Conductors
The general GEC-sizing requirements for ac systems differ
somewhat from those for dc systems. While allowable GEC
material and installation methods are generally the same
for both the ac and the dc side of the inverter, NEC Article
690 provides some additional options that are unique to
PV systems.
AC GEC sizing. GECs for ac systems are sized per NEC Table
250.66, based on the size of the largest ungrounded service
entrance conductor or equivalent area of parallel conductors.
For example, one 300-kcmil conductor requires a 2 AWG copper GEC (1/0 AWG aluminum); two parallel sets of 300-kcmil
conductors, equivalent to 600-kcmils, require a 1/0 AWG copper GEC (3/0 AWG aluminum).
The minimum size allowable is 8 AWG copper (6 AWG
aluminum). Meanwhile, the maximum GEC size required for
sole connections according to Section 250.66 is also limited

based on the type of electrode that the GEC connects to. For
ground rods or connections to pipes or plate electrodes, the
maximum size required is 6 AWG copper (4 AWG aluminum);
for concrete-encased electrodes (Ufers), the maximum size
required is 4 AWG copper; and for ground rings, the GEC does
not need to be larger than the size of the conductor used for
the electrode, which is at least 2 AWG copper per Section
250.52(A)(5).
DC GEC sizing. GECs for dc systems are sized according to
NEC Section 250.166, which has maximum size limits similar to those in Section 250.66, and the same absolute minimum size of 8 AWG copper (6 AWG aluminum). Sections
250.166(A) and (B) specify that the dc GEC shall be at least
equal in size to the neutral conductor. For systems without a
neutral, the GEC shall be at least equal in size to the largest
conductor in the system, except as allowed under Section
250.166(C) through (E).
In residential and small commercial grid-direct PV systems,
sizing the GEC so that it is equal to the largest dc conductor
is unlikely to present issues for system designers or installers,
even if the current-carrying conductors are upsized due to
voltage drop considerations. In larger grid-direct PV systems,
however, sizing the GEC equal to the c o n t i n u e d o n p a g e 8 0
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largest dc conductor may not even be possible, based on the
size and configuration of the GEC terminal or lug inside the
inverter. Since grid-direct PV systems are inherently current
limited on the dc side, the AHJ may allow sizing of the dc GEC
according to NEC Table 250.66, in which case the maximum
required GEC does not exceed 3/0 copper (250-kcmil aluminum) for a service entrance conductor or a parallel set of service entrance conductors.
Sizing the GEC according to Table 250.66 can prove problematic when systems include batteries—which are capable
of delivering a tremendous amount of current in a fault situation—since battery cables are often sized at 2/0 AWG or larger,
even on systems with an inverter rated at 4 kVA to 6 kVA.
Note that while NEC Table 250.66 requires a maximum
GEC size of 3/0 copper, Section 250.28(D)(1) states that
when service entrance conductor(s) are larger than 1,100kcmil copper (1,750-kcmil aluminum), main and system
bonding jumpers must be sized such that they have at least
12.5% of cross-sectional area of the largest phase conductor.
This can result in bonding jumpers larger than 3/0 AWG copper (250-kcmil aluminum).
According to explanatory text in the NEC Handbook accompanying Section 250.28(D)(1), “the main and system bonding
jumpers are placed directly in the supply-side ground-fault current return path. Therefore…it is necessary to maintain a proportional relationship between the ungrounded conductor and
the main or system bonding jumper.” Thus, on large PV systems,
main bonding jumpers may be larger than the GEC. While dc
system bonding jumpers may also be required to be larger than
the GEC, this component may be built into the inverter (via the
ground-fault protection circuit). Per Section 250.168, the dc
bonding jumper must not be smaller than the dc GEC.
GEC material and installation. NEC Section 250.62 details
allowable materials for GECs: copper, copper-clad aluminum
or aluminum, any of which can be solid, stranded, insulated,
covered or bare. Section 250.64 describes approved GEC
installation methods.
Per Section 250.64(A), aluminum and copper-clad aluminum GECs cannot be used in masonry, soil or corrosive conditions, and they cannot be terminated within 18 inches of the
ground in outdoor locations. Section 250.64 includes requirements for securing GECs and protecting them from physical
damage. Note that 8 AWG GECs must be protected in metal
conduit or tubing (RMC, IMC, or EMT) or PVC conduit. Often
system designers and installers opt to use a larger GEC to avoid
this requirement. GECs larger than 8 AWG need to be protected
only if they are exposed to physical damage, as interpreted by
the AHJ. For example, an unprotected 6 AWG GEC can be run
on a building surface if it is not subject to physical damage.
NEC Section 250.64(C)(1) through (4) requires GECs to be
electrically continuous, so you must splice wire GECs using
irreversible crimp connections that are listed as grounding
80
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and bonding equipment, or by exothermic welding. Follow
installation instructions precisely: With a crimp connection,
use properly sized crimps and install them with the specified
compression tool and die; with exothermic welding, make
sure the form is the correct size and shape. In both cases,
ensure that the conductor is clean and free of damage both
before and after splicing it.
While sections of busbars can be connected to form a
GEC, this practice is more typical of commercial and industrial applications. This allowance does not extend to the
types of busbars seen in combiner boxes or residential-sized
service equipment. Instead, it applies to busbars with a minimum cross-sectional area of ¼ inch thick by 2 inches wide,
as described in 250.64(D)(1). Busbars like this are commonly
used to connect GEC taps to a common GEC—for example, in
a building with multiple transformers.
When a GEC is installed in a ferrous metal raceway, the
raceway must be continuous, per NEC Section 250.64(E).
Typically this is accomplished by bonding the raceway to the
enclosure in which the GEC is terminated, and then using a
bonding bushing or other fitting where the GEC emerges and
connects to the grounding electrode. That bonding jumper
needs to be at least as large as the GEC. As the NEC Handbook
explains, “These bonding connections are necessary so that
the ferrous raceway does not create an inductive choke on the
grounding-electrode conductor.” Another way to eliminate
the choke effect is to use PVC conduit, as allowed in Section
250.64(B).
DC GEC taps. NEC Section 690.47(B) permits a single common dc GEC to serve multiple inverters. The GEC is connected to each inverter via GEC taps, which must be sized in
accordance with Section 250.166. The tap conductors must be
made electrically continuous, using the methods outlined in
Section 250.64.
The rules regarding dc GECs and GEC taps leave more
room for interpretation than those for ac GECs and GEC taps
in NEC Section 250.64(D)(1). The common GEC for a utility- or
service-supplied system is sized based on the service entrance
conductor. DC GEC taps to individual service disconnecting
means are sized based on the conductors supplying each separate service. Circuits on the dc side of a PV system are often
aggregated differently from those on the ac side.
As an example, imagine an 82 kW PV system that is utility interconnected using six 12 kW inverters. Not only are the
dc conductors never aggregated from one inverter to the next,
but also they may never be aggregated before they reach the
inverters. If the inverter model features an integrated sourcecircuit combiner, then the largest dc conductor in the system
could conceivably be 10 AWG copper. In this case, the dc GEC
taps to each inverter need to be at least 8 AWG, per NEC Section
250.166. Technically, you do not need to size the common dc
GEC larger than the largest tap (8 AWG). c o n t i n u e d o n p a g e 8 2
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Figure 2 Whenever you use
transformer-isolated inverters,
you must bond the dc grounding
system to the ac grounding system
using one of the three methods
described in Section 690.47(C).
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Bonding jumper
Option 3: Combined dc GEC and ac EGC
[690.47(C)(3)]

Separate and bonded grounding-electrode systems are
used on residential and commercial retrofits, as well as large
utility-scale systems. A dc grounding electrode, such as a new
Main panel
ground rod or ring, is installed as part of the PV system and
Option 3: Combinedconnected
dc GEC andvia
acaEGC
Option 2: Common dc and ac grounding
dc GEC to the marked point in the inverter. The
[690.47(C)(3)]
electrodes [690.47(C)(2)]
dc grounding electrode is then bonded to the premise’s existing
Main panel
Main panel
ac grounding-electrode
system, such as a ground rod or Ufer, or,
in large-scale systems, to the newly installed ac grounding electrode on the secondary side of a medium-voltage transformer
that is between the inverter and the utility grid.
Combined
f Common grounding electrode. NEC Section 690.47(C)(2)
GEC & EGC
AC GEC
allows for a common grounding electrode (or groundingelectrode system) to serve both the ac and dc systems, as
DC
shown in Option 2 in Figure 2. The dc GEC cannot replace
GEC
Combined
EGC
the required
ac EGC. In the event that the ac grounding elecGEC
&
EGC
AC GEC
AC GEC
However, if an AHJ interprets the PV power circuits as parallel trode is not accessible, the dc GEC can connect directly to
service entrance conductors per Section 250.66, then the size the ac GEC per Section 250.64(C)(1), which allows for irreof the common dc GEC must be based on the sum of the cross- versibly crimped or exothermically welded connections.
sectional areas of all the dc ungrounded conductors.
This method is widely employed for a variety of PV system
Systems with ac and dc grounding requirements. Section types, from residential to utility-scale systems. For example,
690.47(C) was completely rewritten for NEC 2011. This sec- a ground ring around an inverter and transformer pad can
tion applies to transformer-isolated PV systems, which serve as both the ac and the dc grounding electrode. The
do not have a direct connection between the dc grounded allowance for connecting to the ac GEC is helpful when the
Option 3: Combined dc GEC and ac EGC
conductor
and the ac grounded conductor. Therefore, you existing grounding electrode is a Ufer. Be aware, however,
[690.47(C)(3)]
must bond the dc grounding system to the ac grounding sys- that if an existing ac grounding electrode is inaccessible, then
Main panel
tem. Section 690.47(C) specifies
three methods for providing there may be no way to verify that the resistance to ground is
that bond.
less than or equal to 25 Ω, as required in Section 250.53(A)(2).
f Separate and bonded. Per Section 690.47(C)(1), a sepaIn such cases the AHJ may require a supplemental grounding
rate dc grounding-electrode system can be installed, pro- electrode; if so, this must be installed at least 6 feet away from
vided it is bonded to the ac grounding-electrode system, the existing electrode and bonded to it.
as shown in Option 1 in Figure 2. The ac and dc GECs must
f Combined grounding conductor. A combined grounding
be sized based on their respective NEC sections, and the conductor can serve as both the dc GEC and the ac EGC, as
grounding electrodes must be bonded using a conductor no shown in Option 3, Figure 2. While Section 250.121 specifies
Combined
smaller
than
the larger ofACthe
ac or dc GECs. Note that the dc that an EGC cannot be used as a GEC, Section 690.47(C)(3)
GEC
& EGC
GEC
GEC and/or the bonding conductor between the grounding amends this general Code requirement and provides an
electrodes cannot replace the required EGCs.
allowance exclusively for PV systems. c o n t i n u e d o n p a g e 8 4
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Grounding Compendium

On the face of it, installing one conductor instead of two
seems like the simplest and least expensive method. In practice, the requirements associated with installing a combined
grounding conductor may complicate things.
Since the combined grounding conductor serves two functions—dc GEC and ac EGC—it must be sized according to the
function that requires the largest conductor: The size of the ac
EGC is determined based on NEC Table 250.122, and the size
of the dc GEC is determined based on Section 250.166. Further, the combined conductor must either run unspliced or
irreversibly spliced from the inverter to the grounding busbar
in the associated ac equipment, which refers to the ac equipment that the ac GEC connects to. As a result, you must crimp
pigtails to the combined grounding conductor whenever you
need to connect an EGC to any electrical equipment—including disconnect switches, production meters, switchgear and so
forth—located between the inverter and the final termination
point at the ac GEC. Lastly, all other GEC installation requirements still apply, such as bonding ferrous raceways.
While the option to use a combined grounding conductor
is applicable to all PV system types, it is most common on systems that use microinverters with an internal dc system bonding jumper. While the microinverter trunk cable may include an
EGC, the grounding conductor connected to the microinverter
chassis runs from the PV array to the associated ac equipment,
serving as both the dc GEC and the ac EGC.
Ken Gardner, the principal engineer at Gardner Engineering Alternative Energy Services, explains his design
approach for Enphase microinverter systems: “We like to use
the SnapNrack mounting system because then we can use
WEEBs to bond the solar modules and microinverters. We
then run 6 AWG solid copper wire between WEEB bonding
lugs on the rails to a SolaDeck junction box, at which point
we transition to 8 AWG stranded wire using an irreversible
splice. The 8 AWG ground is required because this is the
minimum size conductor allowed for use as a dc GEC for the
microinverters per Section 250.166. The 8 AWG ground also
serves as the EGC and is therefore bonded to the rooftop
junction box. We install the 8 AWG ground with the currentcarrying conductors—typically 8 or 10 AWG for residential
systems—in metal flex, usually run to the main service panel
where we land the ground on the main grounding lug per
Section 690.47(C)(3). In theory, we could use Type MC cable,
but the grounding conductor inside is usually a size smaller
than the main current-carrying conductors and is too small
to serve as a GEC.”
Bonding grounding electrodes. When one or more type of
electrode is present at a single structure, or additional or
supplemental electrodes are installed (whether for the same
or separate systems, services or transformers), they must be
bonded to the grounding-electrode system. Additional electrodes installed in an array field do not need to be bonded to
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the grounding-electrode system except via their connection to
the equipment-grounding system.
NEC Section 250.53(C) covers bonding jumpers in
grounding-electrode systems. It refers to rules in Sections
250.64 and 250.66 regarding the sizing, installation and protection of bonding jumpers, and to Section 250.70, concerning approved methods for making grounding and bonding
connections to electrodes.
Per Section 250.70, installers may use listed means—including lugs, pressure connectors or clamps—and exothermic
welds for making connections to electrodes, provided that the
product is suitable for the intended use and for the environment. For example, clamps used to connect a GEC to a ground
rod must be rated for direct burial. They must also be rated for
use with the materials that they connect to, both the GEC and
the electrode. In addition, they must be rated for the diameter
of the GEC and ground rod. If a clamp or fitting is used to connect multiple conductors to an electrode, then the device must
be listed for use with multiple conductors.
Per Section 250.64(F)(1) through (3), you can bond electrodes to form a grounding-electrode system using one of three
allowable methods:
n Option 1: Run a GEC to any one of the grounding elec-

		 trodes and use bonding jumpers to connect the GEC
		 to all of the additional electrodes.
n Option 2: Run individual GECs to each electrode.
		 (Keep in mind, however, that a bonding jumper is
		 required to connect the ac and dc electrodes in PV
		 systems with transformer-isolated inverters.)
n Option 3: Connect bonding jumpers between each
		 electrode and a busbar of at least ¼ inch by 2 inches,
		 using listed connections or exothermic welds. If you
		 do not use the busbar as the GEC, then you must con		 nect a GEC that is at least as large as the largest bond		 ing jumper to the busbar.
In practice, installers often need to accommodate a combination of electrodes in the field, and the order in which GEC
or bonding connections are made to these electrodes matters.
If you are daisy-chaining two or more types of electrodes using
bonding jumpers, then the GEC or bonding jumper must be as
large as the largest required by any electrode in the chain, until
that electrode is connected.
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Determining

Optimal PV System Monitoring

Granularity

By Casey Miller and Todd Miklos

S

tiff competition in PV development is driving the
need to simultaneously reduce costs and increase
performance of solar assets. EPC contractors and
solar integrators must be able to design, procure
and construct projects at lower total costs to earn
business. Financers, seeking lower capital costs from investors,
apply pressure to reduce production risk on their downstream
EPC, integrator or operations partners. Once an afterthought,
the selection of monitoring systems is getting more attention at
earlier stages of project development because monitoring is an
essential tool for maintaining, managing and optimizing longterm system performance and revenue.
Small improvements in performance can have an amplified
effect on net profit, so visibility is crucial. While most PV sites
are instrumented with a revenue-grade meter, this monitoring
approach alone rarely provides sufficient performance data.
With pressure to balance cost, performance and risk, can developers afford to install additional dc-side data acquisition systems to safeguard against unforeseen losses? Can they afford
not to? Although dozens of variables and risk factors come into
play, an elegantly simple model can help guide these decisions
in an economic and rational way.

and scheduling technicians and on-site procedures. More often
than not, diagnosis and repair require a site visit by a service
technician. This “truck roll” is costly. Owners and operators
must carefully consider the appropriate level of information
needed from each site to guide this decision. How important
is it to avoid performance and revenue losses? What variability
in performance is expected? What level of site instrumentation
is ideal?

A Revenue-Grade Meter Is Not Enough

Commercial-grade monitoring solutions typically start with
a site-level revenue-grade meter to measure the collective ac
power generation at the site. These highly accurate meters can
measure power output with ±0.2% accuracy. So what are the
potential benefits of inverter-, zone-, string- and module-level
monitoring? (See Figure 1.)
Think of the power flow from dc to inversion to ac as one
connected path that is measured at multiple points. A typical monitoring setup has an ac revenue meter at ±0.2% accuracy and an irradiance meter at ±5% accuracy. Operators

Figure 1 Monitoring granularity options

A Call to Action

Monitoring provides visibility, both locally and
remotely, to energy production and its variations,
and assists in qualifying the need for field repairs.
At minimum, monitoring provides the hourly,
daily, weekly, monthly and quarterly assurances
of expected performance. When a deviation or
underperformance occurs, monitoring provides
the first critical step in a longer process of detection, analysis and action.
The best monitoring solutions in the market
create a call to action. The sequence of detectionanalysis-action involves many factors, such as measurement accuracy, appropriate analysis, effective
reporting, weather, identification of a root cause or
causes, prescribing repair tickets, procuring parts,
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500

5% loss is worth several hundred dollars, and over a year it is
worth approximately $4,000. Would you accept such losses if
you could easily prevent them at a fraction of the cost of the
lost revenue?
A similar analysis includes irradiance measurements.
Changes in irradiance are a dominant factor in minute-tominute and day-to-day performance changes. Graphing irradiance and generation on the same plot is a common technique.
It allows you to visually correlate changes in irradiance and
power. If generation drops precipitously but follows a commensurate drop in irradiance, you can easily spot the cause. However, this approach does not detect soiling or partial shading on
an array. A soiled or partially shaded array will also track with
irradiance, but it will not produce as much energy as it could,
as shown in Figure 4.
50

1,200
1,000
800

Power target

30

600

95%
of target

400

20

Generation (kW)

40

Irradiance
Irradiance (W/m2)

often compare readings from the two meters to judge system
performance. However, the accuracy of such comparisons
are at the mercy of the weakest link in the chain. Statistics
on error propagation imply an error of greater than 5% when
taking the difference of these two measurements to judge
performance issues. You need better granularity to achieve
higher accuracy.
We interviewed asset managers who stated they often do
not react to site underperformance unless it is greater than 5%,
or in some cases 10%, of the expected monthly or quarterly target. Why? The combination of irradiance variation, instrumentation noise, normal system variation and lack of granularity
add up to inaction.
For example, Figures 2 and 3 illustrate data from a 350 kWac
PV site in North America. The two plotted graphs include data
from the same system on two consecutive days. Figure 2 shows
these two plots set side by side. They look similar, and at a casual
glance they probably would not cause concern. However, if
overlaid as in Figure 3, these two seemingly normal production
days reveal differences in production of approximately 5%.
In this example, a seemingly indiscernible difference represents 5% in production losses. For a 350 kWac system producing electricity at a value of $0.15/kWh over a month, this
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Figure 4 Tracking irradiance
17:00

14:30

12:00

9:30

7:00

22:30

20:00

17:30

15:00

12:30

10:00

7:30

5:00

0

Time

Figure 2 Similar production curves
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In systems that rely solely on a revenue meter for monitoring, there is no absolute standard with which to compare the
revenue meter data. You do not know if you have a problem
unless it is big, or enough time passes for trending analytics to
spot problems, or if you have adequate site instrumentation—
particularly on the dc side—to detect and identify the issues.
Granular monitoring provides a reliable alternative to the
uncertainty of normal variation and measurement accuracy.

What Is Granular Monitoring?
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Figure 3 Production curves overlaid
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Most designers are familiar with PV instrumentation and
sensors of various types: irradiance meters, revenue-grade
meters, inverter electronics, current transducers (CTs), smart
combiners and other sources of measurement. These components and others used in combination can create a granular monitoring system with short gaps in the measurement
chain and small blind spots in power management. Granular
solarprofessional.com | S o l a r P r o
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Central Inverter
Benefit

Blind spot
Example: blind spot(s)
on 500 kW array
1

Zone

String

Captures 60% of failure
events1, measures dc
and ac data at site level

Provides zone- (or
subarray-) level data

Provides
string-level dc data,
helps guide repair efforts

Up to 5% of the
dc array

Up to 5% of the zone
or ~0.5% of total
generation

Up to 5% of the
string size or ~0.05%
of total generation

25 kW

2.5 kW

250 W

North America. However, with an increasing emphasis on performance management coupled with lower monitoring costs,
both zone and string monitoring make
sense in more systems than might initially
be apparent.

Source: Addressing Solar Photovoltaic Operations and Maintenance Challenges, EPRI, July 2010

Figure 5 Granular detection levels

monitoring allows measurement of small sections of a system,
increasing the likelihood of detecting minor changes in performance (see Figure 5).
Inverter and ac subsystem issues are often cited in the
industry as the leading sources of system failures and energy
loss. In a paper published by the Electric Power Research
Institute (EPRI) in 2010 (see Resources), these two subsystems combined accounted for as much as 60% of the failure
events and 70% of the energy loss in PV systems. This makes
sense, as these complex subsystems are on the ac output
side of the system. Thus, any equipment failure shuts down
energy production of the whole array, or potentially a significant part of it. For this reason alone, inverter monitoring is
recommended as a minimum.
In addition, the increasing use of string inverters and
microinverters for nonresidential applications brings with it
the benefit of more granular array monitoring by simply collecting a data feed from these inverters. For example, if you
deploy 25 20-kW 3-phase string inverters on a 500 kW array,
you can monitor 25 zones if each inverter is connected to the
monitoring gateway. If each inverter offers two monitored
MPPT channels, you can measure a total of 50 10-kW zones.
Collecting data from these inverters then becomes a very economical monitoring approach.
The growing use of microinverters and dc-dc optimizers
provides system operators with module-level performance
data. However, module-level monitoring as a standalone
solution requires a significant change in the system’s inverter
architecture. As a result, in this article we focus on dc-side
granular measurements including inverter, zone (or subarray)
and string monitoring, since these options are available for
any type of PV site design.
Assuming inverter readings are available, the decision to
use zone-, string- or even module-level monitoring has been
a topic of great debate in the industry. Some integrators
consider string monitoring a cheap insurance policy. Others cannot justify the practice because they do not see the
payback. We conducted a customer survey that indicated
that the use of string monitoring may be as low as 10% in
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The Benefits of DC Granular
Monitoring

Figure 6 summarizes a dozen potentially
detectable issues on the dc side of a system, the
corresponding benefits of granular monitoring
and the generalized value of losses. These losses are common and
well documented in the North American PV industry.

Potential Issue

Benefit of
Granular Monitoring

Cumulative soiling

Early detection at small %

Weather damage

Detection, location

Boundary soiling

Nonuniform detection

Seasonal shade

Timely detection, location

Animal activity

Timely detection, location

Zone damage or theft

Timely detection, location

Improper wiring
BOS or tracker damage
Defective or inferior modules
Intermittent shorts
Loose connections
Premature degradation

Loss Value
(% of output)
High
(1–15%)
Medium
(1–10%)

Detection, location
Timely detection, location
Detection, location(s)
Location

Low
(1–5%)

Early detection
Detection, location

Figure 6 Potential performance issues, benefits of granular
monitoring and loss values

The power of granular monitoring lies in its ability to detect
small changes in output that otherwise go undetected. Small
losses in the 1%–15% range are often lost in the noise of measurement accuracy or the uncertainty of expected performance. For example, the irregularity in day 2 output shown in
Figure 7 (p. 90) might easily be mistaken for variation in irradiance or normal variation in performance. Day 3 indicates a
further drop in output, but that matches the drop in irradiance.
Hidden from view in Figure 7 is the loss of an entire string
on day 2. In Figure 8 (p. 90), string monitoring detects the loss of
string 3 on day 2, which continues through the next day. Simple
string alarms would immediately identify this issue. Left alone,
the system would continue to perform but at a lower output
than it should. The power in granular monitoring lies in its ability to detect otherwise imperceptible losses.
Similarly, if you are looking at site-level monitoring information, you can only capture gradual c o n t i n u e d o n p a g e 9 0
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Figure 7 Generation versus irradiance, inverter level
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Figure 8 Generation issues visible at string level

reductions from soiling and module degradation over long
periods. With granular monitoring of subsections of the dc
array, you can detect gradual degradation on shorter time
scales. Figure 9 illustrates a scenario with 0.1% degradation
per day. At the site-aggregate level, this rate of change is
imperceptible and could easily be attributed to normal variations in performance.
Viewed at the zone-monitoring level (35 kW groups versus
350 kW site-level monitoring), the degradation is 10 times more
visible and easier to detect. (See Figure 10.)
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Figure 9 Site-Level monitoring, 0.1% loss/day
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Measurement accuracy and uncertainty in expected performance help explain why asset managers and site operators
commonly do not react to losses of less than 5% or sometimes
even less than 10%. With site-level instrumentation only (such
as revenue-grade and irradiance meters), small losses are
imperceptible and can too easily be associated with changes in
irradiance, temperature or measurement noise. Normal losses
go unnoticed until they stack up to big numbers. Granular
monitoring can arrest these losses by measuring smaller blocks
of power at the zone or string level.
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Figure 10 Zone-Level monitoring, 1% loss/day
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The Analysis Challenge

Increasing the granularity of dc-side monitoring allows the
site operator to detect many issues that would otherwise
go unnoticed, but what is the appropriate and economically
feasible level of dc-side monitoring? How granular should
you go?
This is a difficult question to answer, but you can approach
it in several ways. In a perfect world, you would have at your
fingertips all the data required to develop Pareto distribution graphs and frequency-of-failure data on systems for all
potential combinations of inverters, modules and other key
system components. You would also know the types, amounts
and frequency of soiling for a specific location and array configuration. You would know which installers and EPCs have
the least problems. You would know the mean time to repair
(MTTR) and average cost for each type of site failure. With
this information, you would be able to forecast the expected
failure types, rates and cost for each unique site over a period
of 20-plus years. This bottom-up approach would be ideal, but
this level of information to forecast emerging or unforeseen
failures is clearly not available.
You can simplify this complex challenge by looking at
the problem from a different point of view. By estimating the
value of losses associated with uncertainty and considering the cost of monitoring and service trips, you can assess
whether it makes sense to deploy a granular monitoring solution for a specific installation and determine the appropriate
level of granularity.
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Figure 11 Decision guide inputs

Granular Monitoring Decision Guide Inputs

We propose a simplified decision guide model with six key
inputs. Figure 11 illustrates these key inputs, which are
readily available or can be estimated during project design.
Envect and DECK Monitoring have developed an online
calculator based on this decision guide model. You can
also develop your own decision guide based on the following inputs and related information.
Value of electricity. This represents the annual average value
of the site’s energy production ($/kWh). The number should
combine energy payments and RECs, with adjustments if timeof-use (TOU) uplift, coincident peak, penalties or other elements apply.
For example, if prevailing rates are $0.15/kWh, and
roughly 30% of yearly output will have TOU uplift to $0.25/
kWh (due to PPA schedules or effective net-metering value),
use a weighted average of $0.18 (70% x 0.15 + 30% x 0.25). If
REC payments of $200/MWh also apply, then add $0.20 for a
total of $0.38/kWh.
Insolation factor. This combines several elements (annual
insolation, PV efficiency, loss factors, power inversion efficiency
and others) into a single number. It estimates the annual ac
energy produced by each kW of PV system equipment installed
on the site, with units of kWh/kW. It sounds complex, but it is
easy to determine—simply multiply site insolation by total system derate factor (usually 0.75 to 0.85).
To estimate this factor, look up the site location on a standard PV insolation map that shows kWh/kWp/yr values. For
example, North Central California has a value of roughly 1,850.
Applying a derate value of 0.8, the insolation factor is 1,480
kWh/kW, or approximately 1,500 kWh/kW.
You can also use PVWatts to determine the insolation factor estimate. For example, go online to nrel.gov/rredc/pvwatts,
select Version 1, pick someplace like Sacramento on the map,
enter a PV system size of 1 kW, adjust the derate factor and hit
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calculate. On the table under AC Energy (kWh), the year total
at the bottom is the value you want. In this example, changing
the derate factor to 0.8 results in the value of 1,455 kWh/yr, or
approximately 1,500 kWh/kW for a 1 kW system installed at
this location.
System size. This is the PV nameplate capacity in kWp
(dc). If the system has a dc-ac ratio of well over 1.3, then
consider using the total ac kWp rating of all inverters multiplied by 1.25.
Loss risk. This represents a qualitative assessment of
shading, soiling, dc subsystem and module-level losses as
shown in Figure 6 (p. 88). Do not consider large system failures such as ac subsystem or inverter-level failures, which
site or inverter monitoring would detect. Pick one of two levels—typical or low. A typical or medium-risk site has some
expected soiling, minor intermittent shading, susceptible
quality modules or other risk factors. A site with low risk of
losses has limited to no shading or soiling and is solidly constructed using top-tier modules.
Cost of service trip. This is the weighted typical cost of
deployment to make nominal repairs on a site. If a truck roll
is involved, this number might be several hundred dollars or
more. If transportation involves an airplane, the cost is much
higher. However, if the site has a local maintenance and repair
team, the cost might be low. If you do not know this number,
you should determine this value for a given site.
Cost of monitoring. This is the annual cost of monitoring
hardware and software. Add anticipated service or maintenance costs for the monitoring system if you prefer. If
a third-party company is providing the monitoring solution,
obtain a quote for the site. If you use internal systems or
custom SCADA, this input should be the true loaded cost
with salaries and overhead, not just the incremental monitoring components.

Decision Guide Logic and Examples

Our simplified model starts with an estimate of the potential losses due to measurement accuracy and expected performance uncertainty, referred to as a blind spot. You can
estimate this using the first four input variables, along with
other site-specific design assumptions. You can assume
inverter-level monitoring as the baseline, and then subtract the cost of monitoring and the cost of a service trip to
determine the value that remains. By comparing the differences in this value among zone and string monitoring, you
can quickly determine if one of these is a better option than
inverter-level monitoring. This approach, while based on
simplified assumptions, allows you to frame the decision in
economic terms.
The following model logic is incorporated into an
online calculator that is available by c o n t i n u e d o n p a g e 9 4
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MICRO-INVERTERS?

$ Cost

$ Cost
Delta 1

$ Blind

Delta 2
$ Blind

2. Subtract monitoring and service trip costs.
n Reduce the value of the blind spots for zone and string
monitoring by the annualized monitoring cost. If you

3. Compare.
n Compare the cost-adjusted blind spots to determine
		 which option is best. Figure 12 c o n t i n u e d o n p a g e 9 6

$ Blind

1. Calculate the annual value of the blind spot at
different levels.
n Estimate the inverter-level annual blind spot by
multiplying site size, insolation factor and electricity
value together, and then multiply by 5%. If you have
made universal monitoring system upgrades for higheraccuracy measurements, adjust the blind spot
accordingly. The resulting value is typically in the
thousands of dollars.
n Estimate risk as typical or low using the information
presented in Figure 6 (p. 88) and personal experience.
If you are unsure, select typical. If you have taken precautions and are sure that the risk estimate is low, you
can cut your estimate of exposure for the inverter-level
blind spot in half.

		 would spend more on monitoring than the value of
		 the blind spot, you need not proceed further.
n Reduce the value of the blind spot by at least one
		 service trip. If you cannot afford to take action to fix
		 the issue on-site, then you need not proceed further.

$

contacting Envect or DECK Monitoring. The three monitoring granularity scenarios presented here are based on the
results generated by this calculator.

Inverter

Zone

String

Figure 12 Blind spot comparisons

STRING INVERTERS?

The Best of
Both Worlds!
Micro-inverter energy harvest
at string inverter prices.

Dale thought his mullet gave
him the best of both worlds!

We’ll help you (and Dale) get
the best of both worlds, really!
(916) 679-4044 • www.ussolardistributing.com/seesolaredge
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Maximize

your yield

Harvesting solar energy with SolarMax!
What makes solar power plant operators as happy as farmers?
Quite plainly: maximum results day in and day out. With the
powerful SolarMax inverters you can easily create the best
conditions for maximum energy yields.
SolarMax stands for top-class Swiss quality for more than
20 years: outstanding materials and workmanship, absolute
reliability, efficiency, and durability. Furthermore, we offer our
customers extensive warranty coverage and excellent advice
combined with intelligent solutions for plant monitoring.
Come follow us to the sunny side – seed SolarMax inverters into
your solar power plant.

MT A series

Hall West Level 2 /
Booth 8411

TS A series

www.solarmax.com

homepower.com
The

CONTRACTORS DIRECTORY
From the publisher’s of SolarPro, Home Power magazine has been educating the residential renewable
energy market since 1987. Homeowners everywhere look to us when it comes time to choose a
contractor for their project. Will they find your business listed in our FREE online directory?

.
.
.

Highly Qualified, Highly Educated
Customer Prospects
Over 1,000 Installation
Businesses Are Already Listed
Adding Your Listing Is Fast,
Effective and FREE

Add your business today! Login or register at

homepower.com/contractors
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Monitoring Granularity

n

illustrates the concepts necessary to determine the
blind spots and to compare the differences between
choices. The dollar values of the blind spots are shown
in blue. The monitoring and service trip costs, shown
in red, offset these values.
Do the potential savings offset the costs? If both
zone and string monitoring return positive numbers,
you have choices. Is Delta 1 greater than Delta 2 or
vice versa?

As with any model or analysis, this decision guide
is not absolute—it is only as good as the assumptions used. Despite its simplicity, it does offer an
approach that can appropriately frame and make
sense of the otherwise complex process of choosing
the appropriate level of monitoring granularity.

SCENARIO 1

4. Apply judgment.
n If one result clearly shines, your decision is easy. If the
results offer similar benefits but the site has high
visibility or the potential for higher risks, choose a
more granular option such as string monitoring. If
neither payoff looks compelling, then revert to
inverter-level monitoring. Most important, if the
estimates surprise you or differ from your
previous experience, check your assumptions
and consider why the difference might fit the
specific circumstances.
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System Size
Medium Electric Rate
Medium Irradiance
Medium Trip Cost
Medium Loss Risk

500 kW
$0.20/kWh PPA
1,500 (Northern CA location)
$300 (regional access/truck)
some soiling expected (dust)

INVERTER

ZONE

STRING

$7,500

$750

$50

monitoring costs

$0 (baseline)

$920

$2,570

service trip cost

$0 (baseline)

$300

$300

$5,530

$4,580

(annual values)

potential savings

Scenario 1: Zone monitoring recommended

SCENARIO 2

SCENARIO 1: 500 KW DEPARTMENT STORE ARRAY
Suppose a California department store now under
PPA for $0.20/kWh has experienced slight underperformance, and the integrator wants to know
if more-granular monitoring might be worth the
investment on its next site. A default configuration
of inverter-level monitoring at 5% accuracy has a
blind spot worth $7,500 per year.
Zone monitoring can cut the blind spots to $750,
for a maximum potential benefit of $6,750. From that,
subtract budgetary costs of $1,220 for the additional
monitoring and one unplanned repair. You will see a
plausible benefit of $5,530 per year. Zone monitoring
looks promising under the defined rule set.
String monitoring could provide visibility
down to the $50 level and offer an improvement
of $7,450 over inverter-level monitoring. It also

SCENARIO 2: 250 KW GROCERY STORE ARRAY WITH
LOW-VALUE ELECTRICITY
Now consider a grocery store down the road with a smaller
250 kW array. Due to different financial arrangements, the
value of the electricity ($0.10/kWh) is less than that in Scenario 1. The array is well designed and has low loss risk.
In this case, the decision guide process tends to rule out
options. The potential blind spot is approximately 25% of the
figure in Scenario 1, or roughly $1,880. However, the site’s low
risk cuts the inverter-level exposure c o n t i n u e d o n p a g e 9 8

value of blind spot

Monitoring Granularity Scenarios

The following three examples utilize our decision
guide model logic to illustrate the results for three
scenarios.

offers very fast detection of problems, better analytics
and more guidance on repairs. After subtracting budgetary costs of $2,870, the potential net benefit of avoided loss
equals $4,580. While also better than inverter-level estimates, this does not quite beat zone improvements, so the
recommendation in this scenario is for zone monitoring.

System Size
Low Electric Rate
Medium Irradiance
Medium Trip Cost
Low Loss Risk

250 kW
$0.10/kWh
1,500 (Northern CA location)
$300 (regional access/truck)
little soiling, few factors
INVERTER

ZONE

STRING

$940

$190

$25

monitoring costs

$0 (baseline)

$920

$1,290

service trip cost

$0 (baseline)

$300

$300

-$470

-$675

(annual values)
value of blind spot

potential savings

Scenario 2: Inverter monitoring recommended

FALLS!
SOLAR & GREEN ROOFS

NON-PENETRATING FALL PROTECTION SYSTEMS!

Contractors
& Building
Owners.
Don’t risk lives!
Install Fall
Protection.

763-694-2614

www.railguard.net

2601 Niagara Lane, Plymouth, MN 55447 • Fax: 763.553.1093
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Monitoring Granularity

value by 50% for a value of $940. Zone monitoring would
reduce the grocery store’s blind spot to $190, an improvement
of $750. But the investment in zone monitoring, plus a budget for repair of $1,220, would consume all that benefit and
more. Likewise, the numbers for string-level monitoring do
not hold up. In this case, the model recommends inverterlevel monitoring.

SCENARIO 3

SCENARIO 3: 250 KW GROCERY STORE ARRAY WITH
HIGH-VALUE ELECTRICITY
Now suppose that a similar grocery store has a much higher
electricity value of $0.40/kWh due to legacy performancebased incentives. A qualified electrician who can perform any
necessary repairs at a low cost is just a few doors away. Unfortunately, the site has issues with birds, intermittent shading,
plant debris and other risk factors. The blind spot of inverterlevel monitoring is $7,500 per year. Walking through the numbers, you can see that zone monitoring reduces the blind spot
to $750 and offers $5,680 of potential net benefit.
System Size
HIgh Electric Rate
Medium Irradiance
Low Trip Cost
Medium Loss Risk

250 kW
$0.40/kWh
1,500 (Northern CA location)
$150 (local access/truck)
some soiling expected (dust)
INVERTER

ZONE

STRING

$7,500

$750

$100

monitoring costs

$0 (baseline)

$920

$1,290

service trip cost

$0 (baseline)

$150

$150

$5,680

$5,960

(annual values)
value of blind spot

potential savings

Scenario 3: String monitoring recommended

Now consider string-level monitoring, which allows you to
cut blind spots into small $100 pieces. After the $1,440 allowance for monitoring and incremental repair, the net potential benefit would be $5,960 per year. In this case, zone- and
string-level monitoring granularity are both more favorable
economically than inverter-level monitoring, with string
monitoring at a slight advantage. An additional benefit of
string-level monitoring is that it reduces repair time because
technicians know which section of the array needs servicing
before they arrive on-site.

Summary

These three scenarios reveal that changes in just one or
two inputs can swing the recommendation from one end
of the granularity spectrum to the other. We have modeled
98
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hundreds of combinations of inputs and site factors, and
have drawn the following conclusions:
n Inverter monitoring is very affordable and should be
		 deployed on every site.
n Zone and string monitoring can greatly reduce the
		 blind spot but come at a price, including the cost of
		 monitoring and the service trips to fix the problem
		 and reduce the revenue losses.
n Zone monitoring is often the preferred choice to
		 cost-effectively reduce the blind spot in nominal
		situations.
n String monitoring is recommended where the value of
		 electricity is high, risks are typical or higher, and the
		 site is serviceable at a low cost.

Granular monitoring is an effective tool for detecting
energy and revenue losses that might otherwise go unnoticed due to measurement error or uncertainty concerning
expected performance. These small losses can
quickly add up, significantly affecting system
energy production and revenue. The simple decision guide model that we have outlined allows
the system designer to apply basic principles of
estimated loss and costs to determine if increasing levels of granular monitoring are cost effective. This approach is also well suited for ruling
out choices, such as when the cost of monitoring and a service trip exceeds the value of energy
losses. Our model, when combined with good
judgment, should help the designer understand
the economics at play and simplify an otherwise
complex decision.
Special thanks to DECK Monitoring for providing
the raw site data used to develop the graphs presented in this article. In cooperation with DECK
Monitoring, we conducted more than 20 interviews of asset
managers, site owners, installers and operators during the
article’s development. This article also includes information presented at the PV Power Plants 2012 and Solar Power
International 2012 conferences.
g C O N TAC T
Casey Miller / Envect / Bend, OR / casey@envect.com / envect.com
Todd Miklos / Envect / Fort Collins, CO / todd@envect.com / envect.com
Resources
Addressing Solar Photovoltaic Operations and Maintenance Challenges,
EPRI, July 2010

problem solvers. solution providers.

Polymer Solutions
for your unique

Mounting System

ISOLATORS • MOUNTING PADS
• PERIMETER SEALS • ENCASEMENT SEALS
Call us today to discuss a custom solution.
800.683.0676 | solutions@lauren.com
www.lauren.com

Quality Solar Energy Products

THINK THERMALTHINK SUNEARTH

The Empire Series Liquid Flat Plate Collector

www.sunearthinc.com

Make your next
move count

SunEarth, Inc.

8425 Almeria Avenue, Fontana, CA 92335
(909) 434-3100, FAX (909) 434-3101
Distributor inquiries welcome.

Gain Credibility. Attract students.
IREC program accreditation and trainer certification

www.irecusa.org

solarprofessional.com | S o l a r P r o

99

Training

Continuing Education for the Pro

For additional training opportunities and course details, visit solarprofessional.com/training.
Arizona

SMA Regional Forum
SMA America
Scottsdale
Aug 8
smaregionalforums.com
California

PV Design & Installation Intensive
Solar Living Institute
Hopland
Aug 19 – Aug 23
solarliving.org
Advanced PV Topics & the 2011 NEC
Sean White Solar
San Francisco Bay Area
Aug 31
maximumpowerpointtraining.com

5 Day PV Seminar
Thames Solar Electric
Denver
Sept 9 – Sept 13
thamessolar.com
Grid-Direct PV Lab Week
Solar Energy International
Paonia
Sept 16 – Sept 20
solarenergy.org
Connecticut

SMA Regional Forum
SMA America
Hartford
Sept 17
smaregionalforums.com
Florida

Advanced PV Systems
Solar Living Institute
Hopland
Sept 9 – Sept 13
solarliving.org

PV Design & Installation
US Solar Institute
Ft. Lauderdale
Aug 5 – Aug 9
ussolarinstitute.com

Hands-On PV Practicum
Solar Living Institute
Hopland
Sept 28
solarliving.org

Advanced PV Installation
US Solar Institute
Ft. Lauderdale
Aug 12 – Aug 16
ussolarinstitute.com

Advanced PV Topics & the 2011 NEC
Sean White Solar
San Francisco Bay Area
Sept 28
maximumpowerpointtraining.com

PV Field Training
US Solar Institute
Ft. Lauderdale
Aug 19 – Aug 23
ussolarinstitute.com

Colorado

Georgia

Battery-Based PV Lab Week
Solar Energy International
Paonia
Aug 5 – Aug 9
Sept 23 – Sept 27
solarenergy.org

PV Field Inspectors
MAGE SOLAR Academy
Dublin
Aug 16
magesolaracademy.com

Advanced Grid-Direct PV System
Design & the NEC
Solar Energy International
Paonia
Aug 12 – Aug 16
solarenergy.org
Introduction to Off-Grid Power
Systems
OtherPower
Box Prairie
Aug 17
store.otherpower.com

Grid-Tied Battery Backup
AEE Solar
Atlanta
Aug 16
aeesolar.com
Electrical Grounding & Bonding
MAGE SOLAR Academy
Dublin
Sept 20
magesolaracademy.com

Illinois

New Jersey

Solar Domestic Hot Water
Midwest Renewable Energy Association
Chicago
Sept 21
midwestrenew.org

NABCEP PV Installer Certification
Exam Prep
HeatSpring Learning Instutute
Hampton
Aug 20 – Aug 21
heatspring.com

Massachusetts

NABCEP PV Installer Certification
Exam Prep
HeatSpring Learning Instutute
Raynham
Aug 5 – Aug 30
heatspring.com
Solar Hot Water Design & Installation
HeatSpring Learning Instutute
Cambridge
Aug 13 – Aug 15
heatspring.com
PV Installer Boot Camp
HeatSpring Learning Instutute
Raynham
Aug 20 – Aug 22
heatspring.com
NABCEP PV Installer Certification
Exam Prep
HeatSpring Learning Instutute
Boston
Sept 9 – Sept 10
heatspring.com
Michigan

PV Installer Boot Camp
HeatSpring Learning Instutute
Ann Arbor
Aug 13 – Aug 15
heatspring.com
Minnesota

PV Installer Boot Camp
HeatSpring Learning Instutute
Minneapolis
Aug 18 – Aug 20
heatspring.com
Missouri

PV Installer Boot Camp
HeatSpring Learning Instutute
St. Louis
Sept 24 – Sept 26
heatspring.com

New Mexico

SMA Regional Forum
SMA America
Albuquerque
Aug 6
smaregionalforums.com
New York

PV Installer Boot Camp
HeatSpring Learning Instutute
Rochester
Aug 6 – Aug 8
heatspring.com
Solar Hot Water Design & Installation
HeatSpring Learning Instutute
Rochester
Aug 13 – Aug 15
heatspring.com
North Carolina

Solar Thermal Water Heating
Appalachian State University
Energy Center
Boone
Aug 23
energy.appstate.edu
Oregon

Oregon Code-Compliant PV
Oregon Solar Energy Industries
Association
Medford
Aug 16
oseia.org
Oregon Code-Compliant PV
Oregon Solar Energy Industries
Association
Eugene
Aug 17
oseia.org
Oregon Code-Compliant PV
Oregon Solar Energy Industries
Association
Salem
Aug 23
Aug 24
oseia.org
c o n t i n u e d o n pa g e 1 0 2

100
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100 hr. rate
Amp Hours
441

100 hr. rate
Amp Hours
1250

100 hr. rate
Amp Hours
266

TRAINING
Oregon Code-Compliant PV
Oregon Solar Energy Industries
Association
Bend
Sept 6
Sept 7
oseia.org
Pennsylvania

SMA Regional Forum
SMA America
Philadelphia
Sept 19
smaregionalforums.com
Tennessee

PV Installer Boot Camp
HeatSpring Learning Instutute
Memphis
Sept 18 – Sept 19
heatspring.com

Utah

PV & the 2011 NEC
Salt Lake Community College
Salt Lake City
Aug 24 – Aug 24
slcccontinuinged.com/solar
Advanced PV Systems
Salt Lake Community College
Salt Lake City
Sept 3 – Oct 22
slcccontinuinged.com/solar
Wisconsin

PV Math
Midwest Renewable Energy Association
Madison
Sept 13
midwestrenew.org
NABCEP PV Installer Certification
Exam Prep
Midwest Renewable Energy Association
Madison
Sept 14 – Sept 15
midwestrenew.org

PV Site-Assessor Training
Midwest Renewable Energy Association
Custer
Sept 15
midwestrenew.org
Intermediate PV
Midwest Renewable Energy Association
Custer
Sept 23 – Sept 24
midwestrenew.org
PV Design & Installation Lab
Midwest Renewable Energy Association
Custer
Sept 25 – Sept 28
midwestrenew.org
Online

Allied American University
allied.edu
Allied Schools
training4green.com
Imagine Solar
imaginesolar.com
HeatSpring Learning Institute
heatspring.com

Midwest Renewable Enegy
Association
midwestrenew.org
ONTILITY
ontility.com
Quick Mount PV
quickmountpv.com
Rich Hessler Solar Sales Training
pvsolarsalestraining.com
Solar Energy International
solarenergy.org
Solar Living Institute
solarliving.org
Solar Training School
solartrainingschool.com
Step Up Education
stepupeducation.com
Sun Pirate
sunpirate.com
Zep Solar
training.zepsolar.com

Post or view professional
trainings online at:
solarprofessional.com/training

Shaping the Solar Power
Industry around the Globe

Roll Forming

•

Stamping

•

Custom Assembly

Over 1.7 GW of Solar Mounting Structures Fabricated
Manufacturing and shipping in
parallel with construction
Photovoltaic (PV) Mounting and Framing
Parabolic Mounting Structures
 Linear Fresnel Structures
 Concentrated Solar Power (CSP) Structures
 Commercial and Residential Solar
 Utility Scale Volumes



Call to discuss your project!
18 North 57th Drive, Phoenix, AZ 85043 • sales@omcoform.com • www.omcosolar.com
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602-447-3180

October 21–24
McCormick Place
Chicago, Illinois USA

CONNECT

GROW

LEARN

COMPETE

NORTH AMERICA’S MOST COMPREHENSIVE SOLAR EVENT
To access emerging technologies,
industry visionaries and leaders, and
powerful educational and networking
opportunities, solar energy
professionals head to one event:
Solar Power International 2013.

Wherever solar energy market trends,
policy changes or new technologies
may take your business, you’ll be
ready to move forward thanks to the
relationships, insights and innovations
you find at SPI. Register today!
GO WHERE SOLAR GOES.
solarpowerinternational.com
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Projects

System Profiles

Sunsense Solar

C ou r te sy S u n se n se S ola r (4)

SMPA Community Solar Farm

Overview
PROJECT DEVELOPER: Clean Energy

Collective, cleanenergycollective.com
PRIMARY CONTRACTOR: Martifer

Solar, martifersolar.com
DESIGNER: Jeff Lauckhart, lead

PV designer, Sunsense Solar,
sunsensesolar.com
LEAD INSTALLERS: Mark Item,

project manager, Sunsense Solar;
Levi Heinold, site supervisor, Mountain
Power Company
DATE COMMISSIONED:

December 2012
INSTALLATION TIME FRAME:

120 days
LOCATION: Paradox Valley, CO,

38.5°N
SOLAR RESOURCE: 6.0 kWh/m2/day
HIGH/LOW DESIGN TEMPERATURES:

100°F/-23°F
ARRAY CAPACITY: 1.1 MWdc
ANNUAL AC PRODUCTION:

1,731 MWh

104

he San Miguel Power
T
Association (SMPA)
Community Solar Farm

allows SMPA members
to purchase modules
installed in the system
and receive credit on their
monthly power bill for the
energy that the modules
generate. The innovative
project was a collaborative effort. Clean Energy
Collective (CEC) pioneered
a community solar model
that facilitates member
ownership of collectively
owned medium-scale solar
generation facilities, and functioned as
the project developer. Martifer Solar
acted as the primary contractor and was
responsible for construction financing
and product procurement. Sunsense
Solar led the design, engineering and
construction efforts for the project.
The remote 9.27-acre site presented
several challenges. The gently rolling
landscape would have required major,
and costly, excavation to create level

S o l a r pr o | August/September 2013

array pads. To minimize site preparation costs, a “table wave” strategy was
employed with varying subarray sizes
that allowed the array to follow the site’s
contours smoothly. Large areas of bedrock and layers of gypsum required precise alignment and ramming of anchor
piles. With repeated wear and tear during construction, the gypsum layer over
much of the site turned to a fine dust
that complicated working conditions.

Equipment Specifications
MODULES: 4,784 total; 1,170 Hanwha

The team left sagebrush ground cover
on-site to stabilize the soil.
The project utilizes two Hanwha
SolarOne module models that were
manufactured in different locations
(China and South Korea) and that have
slightly different dimensions and electrical specifications. These differences
required specific module and array
grouping for source-circuit sizing and
racking. Final array tables range from
4-by-7 to 4-by-13 module layouts.
The designers selected an AE Solar
Energy PowerStation 1000NX for power
conditioning. The skid-mounted station
includes two 500 kW inverters and a
1,000 kVA transformer that steps down
the utility’s 25 kV service to 480 Vac. A
15 kVA service-center transformer feeds
a 100 A 120/240 Vac single-phase 3-wire
switchboard. The PowerStation also
includes two metering cabinets, two
communications cabinets and a 2,000 A
switchboard with two 800 A backfeed
breakers. A weather station is mounted
to the shade structure that covers the
inverters, transformers and switchgear.
Sunsense Solar worked with AE
Solar Energy to make adjustments to

the skid layout to accommodate the
monitoring and metering equipment
that SMPA and CEC require. CEC’s
proprietary RemoteMeter system automatically calculates monthly credits for
project members and integrates with
the utility’s existing billing system.
The remoteness of the site required
special attention to mobilization, staging, security and scheduling, as well
as adequate secure storage for a large
inventory of PV components, spare
parts, tools and machinery. The diverse
group of contractors and organizations
that participated in the project included
subcontractors, electrical inspectors,
county officials, the Colorado Department of Transportation and the utility. Meeting schedules and milestones
became a prime consideration for ontime project completion.
“In spite of 100-plus-degree heat to belowzero temperatures, dry desert wind to rain
and snow, the construction crew brought
the project home in a timely fashion. In the
face of these adverse conditions, the crew
maintained a safe and secure site and an
amazing attention to detail.”

SolarOne HSL60P-PA-0-235K, 235 W
STC, +5/-0 W, 7.89 Imp, 29.8 Vmp,
8.51 Isc, 37.1 Voc; 3,614 Hanwha
SolarOne SF220-30-1P235L, 235 W
STC, +5/-0 W, 7.81 Imp, 30.1 Vmp,
8.44 Isc, 36.8 Voc
INVERTERS: AE Solar Energy

PowerStation 1000NX: two AE
500NX-HE inverters (500 kW, ±600
Vdc maximum input, ±330–±600 Vdc
operating range), 1,000 kVA 25 kV/480
V transformer, 15 kVA service-center
transformer
ARRAY: Bipolar; 13 modules per
source circuit (for Hanwha SolarOne
SF220 model: 3,055 W, 7.81 Imp,
391.3 Vmp, 8.44 Isc, 478.4 Voc);
13–19 source circuits per combiner;
368 source circuits total; array total
(1.12 MW, 1,429 Imp, ±391.3 Vmp,
1,562 Isc, ±478.4 Voc)
ARRAY INSTALLATION: Ground
mount, driven piles, S:Flex racking,
180° azimuth, 35° tilt
ARRAY STRING COMBINERS: 24

SolarBOS Disconnecting Combiners,
15 A fuses
SYSTEM MONITORING: Clean Energy

Collective proprietary wireless
monitoring, San Miguel Power
Association wireless metering

—Scott Ely, president, Sunsense Solar
solarprofessional.com | S o l a r P r o
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Projects
ProVision Solar

Hunter Residence
Overview
DESIGNER: Marco Mangelsdorf,

president, ProVision Solar,
provision-solar.com
LEAD INSTALLER: Matt Kleinfelder,
crew chief, ProVision Solar
DATE COMMISSIONED:
C ou r te sy P roV ision S ol a r ( 2 )

November 2012
INSTALLATION TIME FRAME: 4 days
LOCATION: Hilo, HI, 19°N
SOLAR RESOURCE: 4.8 kWh/m2/day
HIGH/LOW DESIGN TEMPERATURES:

per Solar ABCs solar reference map:
84°F/59°F
ARRAY CAPACITY: 7.8 kWdc
ANNUAL AC PRODUCTION:

9,490 kWh

Equipment Specifications
MODULES: 32 SunPower SPR-245NE-

WHT-D, 245 W, +5/-3%, 6.05 Imp,
40.5 Vmp, 6.43 Isc, 48.8 Voc
INVERTERS: Single-phase, 240 Vac

service; 32 Power-One Aurora
MICRO-0.25-I-OUTD-US-208/240,
250 W, 65 Vdc maximum input,
25–60 Vdc full power MPPT range,
15 inverters per ac branch circuit
maximum
ARRAY: One microinverter per module,
three ac branch circuits, 7.8 kWdc total
ARRAY INSTALLATION: Metal corru-

gated roofing, flush mount, Professional Solar Products racking;
18 modules at 90° azimuth, 10° tilt;
14 modules at 270° azimuth, 10° tilt
SYSTEM MONITORING: Power-One

Aurora Vision wireless data monitoring
with EasyView web portal

Do you have a recent PV
or solar heating project
we should consider for
publication in SolarPro?
Email details and photos to:
projects@solarprofessional.com
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fall of 2012, Power-One teamed
InewnupthePower-One
with ProVision Solar to beta test the
Aurora MICRO system.
ProVision Solar had an ideal candidate:
a retired US Navy lieutenant commander
who was eager to be the first in his
state to have Power-One microinverters
installed at his residence. The beta site
is located in a coastal environment on
Hawaii’s Big Island.
The 32-module array is split across
two roof surfaces, one facing east and
one west. The array is mounted flush
to the corrugated metal roofing with
stainless steel headless hanger bolts
that are fastened to the roof system’s
purlins. Up to 15 Aurora microinverters can be wired in parallel per branch
circuit. Power-One’s ac trunk cables
are installed along the racking system,
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and drop cables connect the
microinverters to one of three
ac branch circuits. Homerun
wiring was laid in PVC conduit due to the site’s corrosive
coastal environment.
One challenge with this
beta installation was integrating Power-One’s Conversion
Data Device (CDD) datalogger with the system. The CDD
can support data input from a
maximum of 30 modules, which meant
the system required two units. One major
benefit of the Power-One microinverter
system is that data communication
between the microinverters and the
datalogger is wireless. However, the site’s
metal roof interfered with communications. Relocating the CDD’s antenna
closer to the array increased the signal
strength between the micros and the
datalogger and solved the issue. During beta testing, ProVision worked with
Power-One to make improvements to the
monitoring system’s graphical display.
“We are very excited to be leading the
charge here in the Aloha State with PowerOne micros. We have installed seven
additional Aurora MICRO systems to date.”

—Marco Mangelsdorf,
ProVision Solar

5 Reasons why
ouR smallest inveRteR
will give you
the biggest payback.
Power-one’s AUrorA MICro® 250w AnD 300w Inverters gIve yoU
1.

More power on the roof with flexibility to install 240-330W modules.

2.

A great product from a market leader with a 40 year history and 10GW of experience.

3.

A robust, easy to install wireless monitoring system.

4.

A full system warranty that covers the inverter, cabling and communications.

5.

An extensive training and customer support program.

For every power-one aurora micRo®
inverter you install on a roof, we’ll
install $10 in your wallet.
to find out more, go to www.power-one.com/buymicRo

offer ends august 31

TRUEAC MODULES.
DESIGNED TO REDEFINE.
ACPV systems are taking the residential and commercial solar markets by storm. But how
can you tell the difference between a TrueAC™ module and an imitator? TrueAC modules
are roof-ready units with integrated grounding and cabling, powered by SolarBridge
microinverters like the new Pantheon II.
Every TrueAC module is certified as a complete AC module assembly to UL1741 with
additional evaluations performed from UL1703. What does that mean? Unlike other
microinverters—which are tested only to inverter standards—SolarBridge ensures
its microinverters can withstand the same harsh rooftop conditions as PV modules.
With TrueAC modules you can:
 Cut installation time in half
 Increase energy harvest up to 25%
 Count on 25-year reliability backed by a single integrated warranty
SolarBridge partners with the industry’s leading module manufacturers to integrate our
microinverters into their solar panels, simplifying the overall design of solar systems.

Get the truth about TrueAC. Visit SolarBridge at Intersolar booth 8333.
Learn more: solarbridgetech.com/trueac
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