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NEC Section 705.12 and Utility Interconnections

S

tarting with the 2011 cycle, the
section of the National Electrical
Code that addresses a PV system’s point
of interconnection with the utility service moved from Article 690 into Article
705, which covers all interconnected
electric power production sources and
is not limited in scope to PV systems.
The point of connection section, formerly Section 690.64, landed in 705.12.
The new section is organized differently, but the core requirements will be
familiar to those who have studied this
section previously.
Supply-Side Connections
Section 705.12(A) allows for the interconnection of power production
sources to the supply side of the servicedisconnecting means, often referred
to as line-side connections. For consistency with the Code, I refer to them as
supply-side connections. For the purposes of this article, “power production
sources” are classified as PV systems.
A sentence added to this subsection in 2011 helps clarify how much
current PV systems can impose on
the service conductors. The sum of
the overcurrent protection devices
(OCPDs) from the PV system connected to the service conductors cannot
exceed the service conductors’ rating.
Beyond 705.12(A), the NEC does not
provide rules for the methods required
to make supply-side connections.
Consequently, PV system integrators
have had to improvise and work with
their inspectors to install systems that
everyone thinks are safe. In most cases,
this has resulted in treating supply-side
connections as service connections and
following the direction of Article 230
exclusively, even though this approach
is not completely accurate because of
the differences between utility services
and other electrical power production
sources such as PV. Unfortunately, the
14
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lack of direct guidance pertaining to the
methods required to make supply-side
connections leads to multiple interpretations and Code applications among
installers and inspectors. In this article
I present what I consider to be the best
options under the circumstances.
One example where the lack of
Code guidance can cause confusion
is in determining how to apply Section 230.71(A), “Maximum Number of
Disconnects,” to supply-side PV connections. Section 230.71(A), which
electricians often refer to as the “sixhandle rule,” requires that the service
disconnecting means contain no more
than six sets of service disconnects per
service. Technically, the disconnecting
means for a PV system is not a service
disconnect. Article 100 defines a service
as “the conductors and equipment
for delivering electric energy from the
serving utility to the wiring system of
the premises served.” Because a PV
system is outside that definition, the PV
disconnecting means is not governed
by the six-handle rule. Section 690.14(C)
(4) requires that PV system disconnecting means must have no more than six
switches or six circuit breakers. Given
the Code definitions and requirements, a
supply-side connection could have up to

six PV-specific disconnects in addition
to the utility service disconnects.
This conclusion contradicts solar
integrators’ traditional line of thinking,
as well as information presented in the
article “Can We Land?” (see June/July
2009, SolarPro magazine). My position is
that a PV system disconnecting means
is not a service disconnect because the
inverter’s output circuit is not a utility
service, and the utility service is not
affected when the disconnect is in the
Off position. PV system disconnects are
service rated, contain overcurrent protection and must be installed in a similar
fashion to service disconnects, but PV
system disconnects are not service disconnects. This interpretation of the Code
will likely require a conversation with
your AHJ, one I suggest having before
the final inspection if you feel there will
be any questions or objections.
The NEC also lacks specific guidelines for supply-side connections in the
bonding of grounded PV conductors,
bonding raceways and wiring methods for the inverter output circuit. The
methods I recommend below result
in the PV disconnecting means being
installed under the same rules as
service disconnects. These methods
are not direct Code c o n t i n u e d o n p a g e 1 6

Service Disconnect – Maximum Number
230.71 (A)
When determining the number of service disconnects,
do not count the PV disconnect(s) connected to the
supply side of service equipment since it is not a
service disconnect [Art 100].
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up to six PV-specific
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QA
requirements, but rather what I consider
best practices using existing rules from
Code that result in a safe installation
utilizing supply-side connections, and
they will satisfy most AHJs.
Grounded conductor bonding. The
grounded current-carrying conductor
on the supply side of service equipment for PV systems should be bonded
to the PV disconnect in accordance
with Section 250.24. This is to make
sure that the grounded service conductor provides the effective groundfault current path from the power
supply to ensure that dangerous voltages from a ground fault are quickly
removed by opening the OCPD.
Raceway bonding. Raceways containing the supply side of service equipment
conductors for PV systems should be
bonded in accordance with Section
250.92(B). This helps ensure the electrical continuity at the service equipment,
as intended by Code.

Wiring methods. The conductors and

methods used for supply-side connected
PV systems should be limited to those
identified in Section 230.43. Using these
methods keeps the inverter output circuit consistent with the wiring methods
used for the service conductors. This
imposes a higher standard on the wiring methods, as compared to treating
them as branch circuits, and results in a
robust installation.
Load-Side Connections
Load-side service connections are
more common than supply-side connections, especially for residential and
small commercial PV systems. Section
705.12(D), “Utility-Interactive Inverters,” is relatively straightforward and
begins by stating that the load-side
connection allowance applies to the
output of utility-interactive inverters
only. This should not pose a problem
for PV system integrators, but it is

worth noting. I review the seven subsections for 705.12(D) here.

705.12(D)(1), “Dedicated Overcurrent
and Disconnect.” Each inverter circuit

must terminate to a dedicated circuit
breaker or fusible disconnect. This
requirement does not apply to microinverters; all microinverters on the
same string are required to connect
to a single breaker in accordance with
the listed instructions as covered in
Section 110.3(B).
705.12(D)(2), “Bus or Conductor
Rating.” Where distribution equip-

ment is capable of supplying multiple branch circuits or feeders, the
sum of the ampere rating of the
inverter OCPDs and panelboard
OCPD must not exceed 120% of
the panelboard bus ampere rating.
This is commonly referred to as “the
120% rule,” and it allows a PV system to interconnect to a panelboard
that has busbars rated at the same

No Buts About it...
North America’s Premier
Solar Distributor

Wholesale Solar Products
for Professional Installers

groSolar.com/solarpro
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ampere value as the panelboard’s
overcurrent protection.
This concept is best illustrated with
an example. What is the maximum
ampere rating of the dedicated inverter
overcurrent device when connecting to
a 200 A bus panelboard that is capable
of supplying multiple branch circuits
or feeders supplied by 4/0 AWG aluminum rated 180 A?
The formula to answer this question is:
maximum inverter OCPD
= panelboard bus ampere x
1.20 – panelboard OCPD

To properly answer the question,
you need to know the rating of the
main OCPD. If that OCPD is rated
at 200 A, which is very common in
residential applications, the way to
determine the maximum inverter
OCPD is:

maximum inverter OCPD
= 200 A x 1.20 – 200 A
maximum inverter OCPD
= 240 A – 200 A
maximum inverter OCPD
= 40 A

If that panelboard is protected by a
150 A main OCPD, the calculation results
in a different maximum inverter OCPD:
maximum inverter OCPD
= 200 A x 1.20 – 150 A
maximum inverter OCPD
= 240 A – 150 A
maximum inverter OCPD
= 90 A

meet the 120% requirement. Section
705.12(D)(2) applies only to distribution
equipment that is capable of supplying
multiple branch circuits or feeders, or
both. For example, a 200 A bus panelboard protected by a 200 A main circuit
breaker could have four 50 A inverter
OCPDs, if those breakers fill all spots in
the panelboard.
In 2011, an exception was added to
Section 705.12(D)(2) stating that if the
PV system has energy storage for standalone operation, the value used in the
calculation of bus or conductor loading
is 125% of the output inverter current
instead of the inverter’s dedicated
OCPD rating.
705.12(D)(3), “Ground-Fault Protection.”

The sum of the OCPDs supplying
power to the busbar or conductor is
what determines if the busbar is in
compliance. This means you may have
more than one dedicated inverter OCPD
within a panelboard, as long as you

Supply-side connections of electrical
power production sources, as outlined
in Section 705.12(A), are required for
facilities incorporating ground-fault
protection of equipment as required
by Sections 215.9 and 230.95. If proper

...buy Direct from the Manufacturer
Procurement &
Logistics Service
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Reputation - Background - History

•
•
•

Cost + % Pricing
Same Day Shipping
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...and many more.
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Service Equipment
Grounding and Bonding
250.24

ground-fault protection for equipment from all ground-fault sources is
provided, there is an exception to this
requirement. The exception requires
that if a connection is made to the load
side of a ground-fault protection device,
that device needs to be identified and
listed for backfeeding. This requirement
often disqualifies load-side interconnections for large commercial PV systems
with service disconnects rated at 1,000 A
or more because few manufacturers can
provide proof that their ground-fault
protection device is identified and listed
for backfeeding.
705.12(D)(4), “Marking.” Equipment
containing ac inverter OCPDs must be
field-marked to indicate the presence
of multiple ac power sources. This is to
alert personnel working on that equipment to the multiple power sources
and allow them the opportunity to
properly protect themselves. The label
must resist the environment for the system’s 25- to 40-year operational life, be
suitable for the site’s specific environment and be installed in a manner so as
not to void equipment listing as called
out in Section 110.3(B).
705.12(D)(5), “Suitable for Backfeed.”

Code requires that circuit breakers used
for the PV system interconnection be
suitable for backfeed. Conductors from
the inverter can backfeed dedicated
circuit breakers that are not marked
“Line” and “Load” as outlined in the
informational note that follows this
subsection. If the circuit breakers indicate a line and load connection, they
have not been evaluated for backfeeding conditions and are not appropriate
for load-side connections.
705.12(D)(6), “Fastening.” Dedicated
ac inverter circuit breakers that are
backfed from identified and listed
utility-interactive inverters do not
need to be secured in place by an
additional fastener as required by
Section 408.36(D). Once the dedicated ac inverter circuit breaker
has been removed from the panelboard, the listed interactive inverter
18
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Grounded conductor
bonding A PV system’s
grounded currentcarrying conductor
should be bonded to
the PV disconnect. This
approach ensures that
dangerous voltages
from a ground fault are
quickly removed by
opening the OCPD.

The grounded conductor on the supply side of service equipment
for PV systems should be bonded to the PV disconnect in accordance
with 250.24.

automatically powers down, and the
terminals on that circuit breaker do
not have any voltage present. You may
need to direct your AHJ to Section
705.12(D)(6), as inspectors who have
not worked with load-side–connected
PV systems often incorrectly ask to
have a fastening kit installed.

705.12(D)(7), “Inverter Output Connection.” Where distribution equipment is

capable of supplying multiple branch
circuits or feeders and the sum of the
OCPDs supplying power exceeds the
busbar rating, the ac inverter circuit
breaker must be located at the opposite end from the input feeder supply
conductors. The inverter’s OCPD also
needs a permanent warning label indicating that the OCPD is for the output
of an inverter and cannot be relocated.
The label should have language such as:
WARNING—INVERTER OUTPUT
CONNECTION; DO NOT RELOCATE
THIS OVERCURRENT DEVICE.
This subsection also clarifies the
calculations needed when connecting an inverter’s dedicated OCPD to a
subpanel. It states that for panelboards
connected in series, the rating of the first
OCPD directly connected to the output
of a utility-interactive inverter is the only
one used for all busbar and conductor
calculations. Consequently, the inverter’s dedicated OCPD rating is used to
evaluate all the conductors and busbars
connected in series, not the rating of the
OCPD protecting the subpanel.
For example, consider a building
that has a 400 A main distribution
panel protected with a 400 A OCPD.

That main distribution panel feeds
a 100 A subpanel protected at 100 A.
Inside the subpanel, a 20 A dedicated
inverter breaker is installed. The
20 A inverter breaker satisfies Section
705.12(D)(2) because the subpanel
busbar rating is not exceeded by more
than 120%. The 400 A main panel
can accept up to 80 A of additional
power sources (400 A x 1.20 – 400
A). Section 705.12(D)(7) states that
the first OCPD, the 20 A breaker in
this example, is used for all upstream
conductors and busbars. Previous
interpretations of the Code required
that you use the subpanel’s 100 A
OCPD when calculating the upstream
conductors and busbars, and would
have prevented a small 20 A PV array
from being connected to the subpanel
in this example.
Making Interconnections
PV installers and electricians making
ac utility interconnections need to
make sure they fully understand the
requirements associated with these
connections. For supply-side connections, I have presented what I believe
are the best practices and Codecompliant methods. Load-side connections are generally seen as more
straightforward but are full of specific
requirements that cannot be overlooked. Careful consideration of the
rules and communication with your
AHJ are important in all scenarios for
a successful installation.
—Mike Holt / Mike Holt Enterprises /
Leesburg, FL / mikeholt.com
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SEIA Announces Installer
Safety Seminar and Expo
The Solar Energy Industries Association
(SEIA) is offering a new two-day intensive seminar centered
on solar company safety programs. Industry experts will detail
topics such as best practices as they relate to the safety of the
solar workforce and OSHA guidelines that are relevant to solar integrators. The first annual
Installer Safety Seminar and Expo will be held at the Westin Mission Hills Resort & Spa in
Rancho Mirage, California, on February 14–15, 2012.

[Washington, DC]

Solar Energy Industries Association / 202.682.0556 / seia.org

SMA Releases Updated
Sunny Tower Configurations
SMA America announced the expansion of its Sunny
Tower inverter line with configuration options that range from 30 kW
to 48 kW. The multi-inverter solution is now available using any combination of Sunny Boy 5000-US,
6000-US, 7000-US and 8000US inverters. These Sunny Boy
inverter models are certified to
UL and CSA standards and meet
domestic-content requirements for
the US and Canada. The Sunny
Tower integrates six individual
inverters onto a ready-to-install
pedestal and is prewired for
3-phase utility interconnection. The
ability to mix and match inverters
offers integrators greater flexibility
for system design and installation.
The towers also integrate a lockable, load-break–rated ac and dc
disconnect into each unit. Inverters
can be paired with SMA’s Sunny
WebBox datalogger, which transmits data to the free Sunny Portal
online monitoring platform.

[Rocklin, CA]

SMA America / 916.625.0870 /
sma-america.com
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Milbank
Offers
Load-Tap
Connector
PV installations utilizing a line-side utility
interconnection now have an
option for making that connection
directly inside the meter enclosure. Milbank, manufacturer of a
wide variety of electrical products
including meter sockets, has
introduced a meter base load-side
connector for use in its 200 A
meter sockets. The assembly (manufacturer part number
K4977-INT) replaces the load-side
nut assembly with a UL-listed
double-lug assembly. This allows
for a connection of up to 100 A on
the load side of the meter socket
in addition to the existing 200 A
service feeders. The load-side
connector eliminates the need
for splicing conductors or setting
additional enclosures and avoids
Code violations associated with
altering listed equipment.

[Kansas City, MO]

Milbank Manufacturing / 877.483.5314 /
milbankmfg.com

A Professional Partnership

&.108&3
:063#64*/&44
CZKPJOJOHGPSDFTXJUI4."

Whether you’re a two-man start-up or a nationwide
operation, success doesn’t come easy. That’s why you
need strong partners. By joining SMA’s Sunny PRO
Club, you gain access to a host of valuable services
designed to support your business. From customizable
marketing tools to advanced technical training, let
SMA give you the conﬁdence you need to work to
your full potential.

JOIN TODAY!

1 877 506 1747
www.SunnyPROClub.com

The Sunny PRO Club has been
instrumental in making the growth of my
solar business a huge success. The training,
marketing and technical support I receive is
second to none.
—Justin Beischel
Sunny PRO Club Member
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Advanced Energy Offers
Integrated Monitoring Options

Zilla Introduces
Solar Thermal
Flashing Solution
[Lafayette, CO] Zilla’s new flush-mount
flashing solution is designed to seal and
plumb a variety of solar thermal pipe connections through both roof and vertical
wall surfaces. The Zilla Thermal Flashing
Assembly allows for thermal expansion
and contraction while creating a leakfree seal without the use of caulking or
rubber boots. The assembly is composed of an aluminum base plate that is
secured to the roof surface with Spax
screws (six are included) or lag bolts. A
12.5-by-10-inch galvanized-steel–sheet
flashing, available in black, silver and
custom colors, is installed atop the base
plate. A threaded LB flashing adapter
is then attached through the flashing to
the base plate. A silicone O-ring creates
a watertight interface between the LB
flashing adapter and the
flashing. The assembly
is capped with a copper
reducer coupling available
in 3/4-inch and 1-inch
diameters. Stainless versions of the base plate
and LB flashing adapter
are available.
Zilla / 855.670.1212 /
zillarac.com

[Fort Collins, CO] Integrated monitoring solutions can now be ordered with
Advanced Energy’s commercial inverters
ranging from 35 kW to 260 kW. Integrators can choose their desired configuration
from a variety of monitoring companies
that have partnered with Advanced Energy,
including ArgusON, DECK Monitoring,
Draker Laboratories, ESA Renewables,
Locus Energy and Noveda Technologies.
The monitoring-specific gateway, subcombiner monitoring and revenue meter are
integrated at the factory directly into the
UL-listed inverter. String-level monitoring
and external weather station data can be
connected to the integrated gateway for
additional data collection. The gateway
allows up to 32 device connections with
up to four data streams. The revenue
meter is ANSI C12.20 with a 0.2% accuracy rating. Subcombiner monitoring is available on the 75 kW, 100 kW and 260 kW inverters with up to six
input circuits on the 75 kW and 100 kW inverters and either eight or 16
circuits on the 260 kW inverter model.
Advanced Energy / 800.446.9167 / advanced-energy.com

MREA Hosts Third Annual
Solar Thermal Conference
[Custer, WI]
The Midwest Renewable Energy Association
(MREA) announced that Solar Thermal ’11 will be held at the
Hyatt Regency Hotel in Milwaukee, Wisconsin, December
1–2, 2011.
The two-day
conference and
expo is the US’s
only dedicated
event developed for solar thermal industry professionals such
as installers, manufacturers, distributors, engineers, designers,
policy makers, code officials and trainers. Nearly 300 solar heating and cooling professionals attended last year’s conference,
which featured 18 breakout sessions and hosted 34 exhibitors.
Midwest Renewable Energy Association / 715.592.6595 / midwestrenew.org
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all agreed that only Quick Mount PV could give
“ We
us the confidence we needed in mounting a big
job like this.
” Andy Tyson, Creative Energies

Integrators, Roofers & Contractors Agree: It’s Quick Mount PV
WHEN CREATIVE ENERGIES co-founder Andy Tyson

took on a big rooftop solar project for a new housing
development, he worked closely with the roofing and
general contractors to select a mounting system that
would work on multiple surfaces, integrate smoothly into
the job flow, and not void the roof warranty.
“Quick Mount PV was the only brand that we were all
completely comfortable with,” Andy said. “And it’s available
from the distributors we already use and comes packaged
with all needed hardware, ready to use on the roof.”
Creative Energies tried a number of mounting brands
before deciding to use Quick Mount PV on all their
installations. “Quick Mount is always ahead of the
pack with new products and technology,” said Andy.
“And if big jobs demand it, then every job deserves it.”

QUICK MOUNT PV ADVANTAGES:
■
■
■
■
■
■
■

DE

IN THE U

SA

MA

■

100% IBC, UBC compliant
Patented waterproofing technology
All aluminum flashing
All hardware included
Works with all leading racks
10-year warranty; 50-year expected life
Live tech support, year-round training
Available through all leading distributors

INDUSTRY LEADING TECHNOLOGY

QBase: Where the Roof Meets the Load

Patented Waterproofing Technology

Our Low Slope, New Roof & Universal
Tile Mounts use our QBase: the world’s
strongest off-the-shelf mounting base.

Our Classic Comp & Shake Mounts
install watertight, code-compliant
attachments with a single bolt.

CLASSIC COMP

LOW SLOPE

CLASSIC SHAKE

NEW ROOF COMP

UNIVERSAL TILE

925-687-6686
products@quickmountpv.com
www.quickmountpv.com
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Renusol America Launches
Ballasted Roof Mount
[Atlanta, GA]
Renusol America released the CS60 ballasted PV mounting system for the North American market. The UV-resistant high molecular
weight polyethylene (HMWPE) base was developed from mount designs
that have been used by Renusol’s parent company since 1996. The solution
employs a single base unit for each module, is compatible with commonly
available framed PV modules and accepts standard ballast blocks. Roof mats
are not required to protect the roofing material, and the mount’s nonconductive HMWPE material
requires no equipment
grounding. Modules
are mounted in landscape orientation at
a fixed 15° tilt angle.
The CS60 system
incorporates wire
management channels
for conductor routing
and protection. The
ballasted product has
been tested in accordance to ASCE 7-05 for wind speeds up to 150 mph and
is covered by a 10-year warranty from Renusol America. Optional roof anchors
are available.
Renusol America / 877.847.8919 / renusolamerica.com

Bentek Receives ETL Listing
for Disconnect Combiners
[San Jose, CA] Bentek—a manufacturer of PV combiners for commercial
and utility-scale systems—received ETL
listing to UL 1741 for its 1,000 Vdc
combiners with integrated dc disconnects. The combiners allow for 10 to 30
strings and include a 250 A or 400 A
manual disconnect. Termination lugs
accept up to 500 MCM cable. Optional
surge-suppression device integration is
available. All combiners come standard
with protective covers for live parts and
are factory configured for either positive
or negative ground options.
Bentek / 888.202.5009 / bentek.com
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Littelfuse
Introduces
High-Current
OCPD

[Chicago, IL] Littelfuse released the
new SPFJ Series high-current fuse
line, the industry’s first 1,000 Vdc
fuse to be approved under the new
UL 2579 photovoltaic fuse standard.
The overcurrent protective device
carries a Class J listing under the
UL 248-8 standard that qualifies the
fuse for branch- and feeder-circuit
applications. In addition, the SPFJ
line is designed to meet the new IEC
60269-6 photovoltaic fuse standard.
The fuses in the line range from 125 A
to 450 A. Their small footprint reduces
the space required inside the associated inverter or recombiner enclosure.
Littelfuse / 800.832.3873 / littelfuse.com

TrOjan’S new IndustrIal lIne
When failure is not an option and reliable power is absolutely essential - you’re in Trojan
territory. Introducing Trojan’s industrial line - the newest addition to our lineage of
high-quality batteries.
Specifically engineered to support renewable energy systems with large daily loads that
cycle regularly, the industrial line delivers high-capacity power when you need it
the most. Exceptionally dependable and powerful, the industrial line delivers 1,500
cycles at 80% depth-of-discharge and unmatched performance in your grid-tied or off-

CAPACITY Amp-Hours (AH)

grid PV system.
Trojan’s proprietary deep-cycle technology and over 85 years of battery know how
make the industrial line the most reliable battery on the market. Backed by
specialized technical support teams and world-class warranty – Trojan means reliability.

TYPE

5-Hr
Rate

20-Hr
Rate

100-Hr
Rate

VOLTAGE
6 VOLT

IND9-6V

355

445

545

IND13-6V

533

673

820

6 VOLT

IND17-6V

711

897

1090

6 VOLT

IND23-4V

977

1233

1500

4 VOLT

IND29-4V

1245

1570

1910

4 VOLT

Available worldwide. For more information,
call (800) 423–6569, +1 (562) 236–3000 or visit us at TrojanBatteryRE.com
Off Grid • Grid Tied • Backup pOwer • rural elecTrificaTiOn • induSTrial • SmarT Grid

While the basic concept of how an inverter does
regardless of its size, the design variables and
system designers and installers have to consider
inverter capacity.

Co ur t e s y A d v a nc e d E n er g y

Central
Inverters
for Commercial
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its job remains the same
equipment options that
increase along with

W

hen SolarPro magazine published its
“2010 Central Inverter Specifications
Guide” (October/November 2010), the
companion article focused on central inverter trends in PV power plant
applications. While utility-scale PV systems represented the
fastest-growing PV market segment in the US last year—the
Solar Energy Industries Association (SEIA) and GTM Research
report that 242 MW of PV were installed by utilities in 2010, up
from 70 MW in 2009 (see Resources)—the largest market segment remained nonresidential PV installations, accounting
for 372 MW of installed capacity.
The nonresidential PV market segment includes commercial, public sector and nonprofit projects, and has largely
driven the growth of the PV industry in the US for the last
decade. Typical nonresidential customers include Fortune
500 companies (Applied Materials, Google, Johnson & Johnson and so on), big-box retailers (Ikea, Target, Walmart and
so on), airports, universities, military bases, VA hospitals and
so forth. According to Paula Mints, principal PV Services Program analyst at Navigant Consulting, this market segment
can be further divided into four capacity-driven subsegments:
small systems of up to 100 kW, medium systems of 100 kW to
500 kW, large systems of 500 kW to 1 MW, and multimegawatt
systems larger than 1 MW in capacity (see Resources).
In this article, I focus on central inverter selection, specification and installation issues typical of medium to large
commercial applications. These projects typically feature
monolithic PV arrays in the sense that module type and orientation tend to be homogenous. As a result, hundreds of
kilowatts of PV array capacity are often connected to a single
MPPT channel. The inverters themselves interconnect to
3-phase services, often at 480 Vac.
System designers and installers have many opportunities
to exercise their problem-solving skills when working with
central inverters in the 100 kW to 1 MW range. If you are used
to working with single-phase string inverters in residential
and small commercial applications, making the transition to
working with higher-capacity central inverters presents some
new challenges.
Most notably, central inverter systems in medium and
large nonresidential applications require additional levels
of dc combiners, overcurrent protection devices (OCPDs)
and servicing disconnects. On the ac side of the system, the
output voltage for a central inverter is seldom field configurable or auto-ranging, meaning that the correct inverter must

PV Applications
By Marvin Hamon, PE
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be ordered to interconnect to the specific 3-phase electrical
service. In terms of array-to-inverter matching, however, the
design process is generally more similar than different when
compared to systems employing single-phase inverters. Since
PV arrays are built up one source circuit at a time, once you
have determined the optimal string configuration, it is not
that hard to design a system with 20 or 200 strings.
To keep the scope of this article manageable, I focus on
grounded, monopolar PV array applications and transformerbased, UL-listed central inverters, which covers the majority of the products and applications available. First, I go over
common central inverter design parameters and discuss how
these play into inverter selection on commercial projects.
Then I present a detailed case study that outlines how to specify and integrate larger central inverters.

Design Parameters

Selecting a central inverter for a specific project is based on
several electrical parameters, including maximum dc voltage, MPPT voltage range, rated power, nominal ac output
voltage, and maximum input and output current. Even if
you work with single-phase string inverters exclusively, you
are familiar with these parameters. Most of the electrical
parameters that impact system design are the same, regardless of inverter capacity. These are also the electrical parameters that are typically found in inverter data sheets.
Other design parameters, such as termination and
input combiner specifications, are more commonly found

Co u r t es y S ol ar C it y

Monolithic design In a typical midsize commercial PV application, hundreds of kilowatts of PV are connected to a single
central inverter, like this Satcon PowerGate Plus. Because a
single MPPT channel is used, module type, orientation and
string configuration must be homogenous.
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in inverter installation manuals. These parameters include
dc and ac terminal type and configuration, conductor size
ranges, neutral requirement, maximum OCPD rating, PV
startup and shutdown voltage, and integrated dc input combiner options.
The “2012 Central Inverter Specifications Guide” (pp. 38–48)
includes 37 parameters for more than 60 UL- and CEC-listed
central inverters from 13 manufacturers. These manufacturervetted specifications include parameters typically published in
product data sheets and installation manuals.
CEC-rated power. The maximum continuous output power
at 40°C as reported on CEC inverter performance test summaries are available online from Go Solar California (see
Resources). With single-phase string inverters, the step in
capacity between inverter models tends to be relatively small.
However, at the higher capacities typical of medium and large
commercial applications, the gaps between inverter power
capacity ratings increases. This limits design flexibility and
influences system design decisions.
As an example, Advanced Energy offers six single-phase,
240 Vac inverter models in the US in the 2 kW to 5.2 kW range.
However, in the 100 kW to 500 kW range, the company offers
five distinct capacity ratings between its transformer-based
PVP series and its bipolar, transformerless Solaron series
inverters. That breaks down to an average step in capacity
of 533 W between the company’s string inverter models and
80,000 W between its larger central inverters.
The good news is that the situation is improving. A
few years ago, designers had far fewer capacity options
to choose from, which led to many integration problems.
In SolarPro’s “2009 Central Inverter Specifications” table
(December/January 2009), only Satcon Technology offered
more than two inverters in the 100 kW to 500 kW range.
In the 2012 table, five manufacturers (Advanced Energy,
Power-One, Satcon, Schneider Electric and Solectria
Renewables) offer three or more inverter models in this
capacity range.
Nominal output voltage. Most central inverter manufacturers offer products in the 100 kW and under range that interconnect at more than one nominal voltage. Above 250 kW,
central inverters used in systems operating below 600 Vac
generally interconnect at 480 Vac in the US and at 600 Vac in
Canada. This is to reduce the current and therefore the conductor size on the ac output.
On 500 kW and larger inverters, a “medium-voltage–ready”
option is often available from the manufacturer, which means
that the inverter is configured without an output transformer.
This option is usually selected when a system interconnects at
a voltage higher than 4 kV.
Number of phases. Large central inverters always interconnect to a 3-phase service. This is one of the distinguishing features of the product class. c o n t i n u e d o n p a g e 3 0

/ Battery Charging Systems / Welding Technology / Solar Electronics

/ Up to 15 power modules using Fronius MIXTM technology achieve great things for the Fronius CL central
inverter series. Individual power racks are switched on and off fully automatically depending on the
irradiance level. This optimizes capacity utilization and maximizes earnings – in any weather. But that’s
not all: the Fronius CL central inverter series for systems up to several hundred kilowatts also ensures
extreme reliability and a long service life. For more information, go to www.fronius-usa.com

All of the inverters included in the companion table are Furthermore, the available terminal configurations are not
designed for 3-phase interconnection.
always accurately shown. For this reason, I recommend callIt is also possible to interconnect multiple single-phase ing the inverter manufacturer to verify the configuration of
inverters to a 3-phase service. This approach is most com- the termination points during the design process. This helps
mon in small commercial applications or on projects where ensure that installers in the field can land the conductors
multiple MPPT channels are needed. The SMA Sunny Towers specified on the termination points provided.
included in the product specifications table provide a preStart-up voltage. This identifies the dc input voltage above
packaged example of this approach.
which the inverter starts. If the inverter shuts down for any
It is potentially more complicated to calculate line cur- reason, it will not start up again until this voltage is exceeded.
rents when single-phase inverters are interconnected to a Start-up voltage seldom poses a problem for system design3-phase service. Unless identical single-phase inverters are ers. Typically, the bulk of the voltage potential for a PV array is
connected in multiples of three, the inverter output currents achieved even under low irradiance conditions.
will not be balanced across all three phases of the service.
Shutdown voltage. This defines the voltage threshold below
My article “Calculating 3-Phase Line Currents” (December/ which the operational inverter shuts down. This value is usuJanuary 2010, SolarPro magazine) explains how the arrange- ally less than the start-up voltage to prevent on/off cycling
ment and power rating of single-phase inverters on a 3-phase of the inverter due to the drop in the PV array voltage that
service affect line currents.
occurs at start-up. It is also typically less than or equal to the
Neutral requirement. The majority of the UL- and CEC- lower value of the inverter’s MPPT voltage window.
listed central inverters on the market do not require a neuThe PV array voltage must not drop below the inverter’s
tral conductor. This includes all of the central inverters from shutdown voltage during normal operation, even under high
Advanced Energy, Power-One, Satcon Technology, Siemens temperature conditions and as the modules age. For this reaUSA and Solectria Renewables, and some of the invert- son, designers are often driven toward source-circuit configers from Fronius USA and Schneider Electric listed in the urations using the maximum possible number of modules in
accompanying table.
series. (See “Array Voltage Considerations,” October/NovemFor those central inverters that do require a neutral con- ber 2010, SolarPro magazine.)
ductor, it is generally not necessary for the neutral conducMPPT voltage range. This describes the voltage wintor to be the same size as the current-carrying conductors. If dow within which it is possible for the inverter to track the
the neutral conductor is used to sense only the
phase-to-neutral voltage and carries no load Nonuniform designs The Sunny Tower from SMA provides a high degree
current—which is often the case—then NEC of design flexibility—accommodating different modules, orientations and
Section 705.95(B) allows the neutral conductor string sizes—due to the multiple MPPT inputs. It is also highly scalable,
to be the same size as, or larger than, the equip- available in 1-kilowatt increments between 30 and 48 kW per tower.
ment grounding conductor.
Overcurrent protection requirement. All listed
inverters require overcurrent protection on
the ac output. Some inverter manufacturers include the overcurrent protection in the
inverter. If the inverter does not provide it
internally, the inverter manual notes either the
exact ac overcurrent protection required or the
maximum ac overcurrent protection allowed.
Terminal specifications. The inverter installation manual should detail relevant information
about the dc and ac connection points to the
inverter. Designers and installers need to know
the type of connection points (open holes on a
busbar, studs on a busbar or box lugs), the number of termination points, the range of acceptable cable sizes and the torque specifications.
In my experience, the inverter documentation does not always provide comprehensive information on terminal specifications.
30
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maximum power point of the PV array. The inverter holds the
PV operating voltage at the limits of this voltage range, even
if the MPP voltage for the PV array lies outside this window.
Whenever this is the case, power and energy are left on the
table and system efficiency suffers. This is acceptable for transient operating conditions or short durations of time, but not
continuously during normal operating conditions.
Input combiner configuration. While fused input combiners are found on single-phase string inverters, typically
many more dc input combiner options need to be considered when specifying larger central inverters for commercial applications.
Because of the magnitude of the current leaving a dc
combiner of PV output circuits—variously referred to as a
recombiner, subcombiner, array or subarray combiner—it is
useful to have the dc combiner integrated into the inverter
itself. One of the major benefits of using an inverter input
combiner is that it eliminates the need to specify, purchase
and install large conductors between an external recombiner and the central inverter.
When paired with a 500 kW inverter, the array short-circuit
current will likely exceed 1,300 amps, which serves as the basis
for conductor sizing calculations. If an external recombiner is
used, then bulky parallel runs of large-diameter conductors are
required between the dc combiner and the inverter. However, if
an inverter-integrated input combiner is used, neither the system designer nor the installer needs to worry about this 1,300amp circuit, since it is internal to the inverter.
Every manufacturer offers different configurations for its
inverter input combiners. Some of the variables to consider
when selecting a configuration include:
n
n
n
n
n

Number of inputs
Number of conductors per input
Range of conductor sizes that can be landed
OCPD type and rating
Configuration options

While manufacturers typically use fuses to provide overcurrent protection at the inverter input combiner, dc circuit
breakers are beginning to be used for this purpose as well.
Some manufacturers offer a standard fused input combiner
configuration for each inverter model, whereas others provide
a range of options for designers to choose from. The manufacturers offering the most flexible configurations allow designers to specify the OCPD rating for each input, with some basic
restrictions on the range of trip ratings offered and the number of OCPDs.
Mechanical. Central inverters for monolithic medium and
large commercial applications are designed to be pad-mounted
on a concrete slab or an equivalent structure. (For recommendations regarding pad design and installation, see “Next
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Generation Central Inverters,” December/January 2009, SolarPro magazine.) While most central inverters can be moved into
place using a forklift, some models also provide eyebolts that
allow the use of a crane.
Enclosure materials and NEMA ratings vary by manufacturer or model. Most inverters come with NEMA 3R enclosures, since inverters in the US are often mounted outdoors.
In some cases, more than one enclosure option is available
per inverter model. For example, Solectria Renewables offers
a stainless steel enclosure option for coastal applications,
in addition to its standard NEMA 3R treated and polyestercoated steel enclosure.

Inverter Selection Case Study

To best show how all these parameters affect the design
of a PV system, I present a case study typical of the central
inverter selection and specification process. While PV array
design is beyond the scope of this article, it is essential that
system designers know how to identify optimal source-circuit
configurations given location- and inverter-specific design
parameters. For this reason, I build on an earlier case study
presented in SolarPro magazine.
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In the article “Array Voltage Considerations” (October/
November 2010), Bill Brooks, principal engineer at Brooks
Engineering, determines the optimal source-circuit configuration for 230 W Yingli polycrystalline modules (Yingli YL230P29b) using ASHRAE weather data for Raleigh, North Carolina.
The data from this string-sizing case study are the source of the
module and string data found in Table 1 (p. 34).
In this case study, I consider a higher-capacity array
typical of a medium-size commercial PV project with 120
parallel-connected source circuits. The array is roof-mounted
using a single array orientation. The PV system interconnects
to a 3-phase, 3-wire electrical service at a nominal voltage of
480 Vac. Outside the existing electrical room, there is space to
mount the inverter on a new concrete pad.
Step 1: Determine the desired inverter capacity. The basic goal
in this step is to minimize the capacity of the inverter—and
therefore its cost—without significantly impacting the overall
energy yield of the project.
Designers can use several methods, but the best is to
employ production modeling software to identify the optimal PV-to-inverter sizing ratio based on the resulting levelized cost of energy or some other relevant performance
metric. Several products on the market c o n t i n u e d o n p a g e 3 4

INDUSTRY LEADING
97.5% CEC EFFICIENCY
real world solution:

Kohler Distribution, Inc.
Size: 750 kW
Installer:

Solectria Renewables, LLC is the leading U.S. based grid-tied photovoltaic
inverter manufacturer for residential, commercial and utility-scale solar
installations. Our versatile line of high efficiency products provide power
solutions ranging from 1 kW residential systems to multi-megawatt
solar farms. Solectria Renewables’ products are backed by more than 20

Location: Hawthorne, NJ
Products: 1, SGI 266; 1, SGI 500;
String Combiners; SolrenView
Monitoring
Date commissioned: November 2010

years of experience in the power electronic and inverter industries and
supported by world class warranties. All of our commercial and utilityscale PV inverters are manufactured in the USA, ARRA compliant, Ontario
FIT Content Compliant, and listed to UL 1741/IEEE 1547.

“Solectria Renewables is our goto inverter company. Their sales,
customer service and executive
teams are available to answer
any questions. No other inverter
company compares.”
– Naoto Inoue, Owner, Solar Market &
Talmage Solar Engineering, Inc.

www.solren.com | inverters@solren.com | 978.683.9700
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Three inverter models in the specifications guide meet my basic criteria:
Table 1 Electrical data is prethe Solaron 333 kW from Advanced
Specs
PV Module PV String PV Array
sented here for a single Yingli
Energy, the PowerGate Plus PVS-375
VOC
37.0 V
518 V
518 V
230 W polycrystalline module,
from Satcon Technology and the SIN8.4 A
8.4 A
1,008 A
ISC
a source circuit consisting of 14
VERT PVS351 UL from Siemens USA.
29.5 V
413 V
413 V
VMP
series-connected YL230P-29b
That there are three potential solutions
modules and an array of 120 PV
to choose from is proof of the increasing
IMP
7.8 A
7.8 A
936 A
source circuits. The temperaturenumber of products available to system
230 W
3,220 W
386.4 kW
PSTC
corrected maximum Voc and
designers. This is an application that
206.6 W
2,892 W
347.0 kW
PPTC
minimum Vmp values are calwould have required multiple inverters
42.2 VOC
591 VOC
591 VOC
VMAX
culated using ASHRAE data for
just 2 or 3 years ago.
VMIN
25.6 VMP
358.4 VMP
358.4 VMP
Raleigh, NC.
While the Solaron inverter is nomiIMAX
10.5 A
10.5 A
1,260 A
nally a good fit with the case study’s PV
array, it is also a transformerless prodoffer this functionality, including PVsyst, PV*SOL from Valuct that requires a bipolar array conentin Software and NREL’s Solar Array Advisor (SAM). (See figuration. Because I am limiting the scope of this article to
“Production Modeling for Grid-Tied PV Systems,” April/May transformer-based inverters, I am evaluating only the Satcon
2010, SolarPro magazine.) While this approach provides the and Siemens solutions for this application.
most accurate results, it is also the most complicated and
At this point in the evaluation process, designers
time-consuming.
should reference product installation manuals in addition
A less accurate but much faster approach is to simply to data sheets or the companion specification guide. While
verify that PV-to-inverter sizing ratio is “in the pocket.” It is data sheets are almost always available online, this is not
common in the PV industry to oversize the PV array capacity necessarily the case with product installation manuals.
relative to the inverter capacity by a factor of approximately Some central inverter manufacturers put installation manu1.15. Depending on the system designer or data analyst that als on their websites for download, but others require you to
you talk to, the optimal range for the PV-to-inverter sizing request a copy.
ratio is typically between 1.1:1 and 1.25:1. Generally speaking,
Step 2: Consider the location. The first thing to do is to
if the sizing ratio is in this range, the PV array and inverter check the NEMA rating of the inverter’s enclosure. Because
capacity are well matched. Factoring in environmental vari- the inverter in our case study is to be pad-mounted outables such as climate or elevation, the ideal sizing ratio range doors, I want to select an inverter with a NEMA 3R or NEMA
for a specific site or module orientation might move up or 4 enclosure.
down, but not by much. (See “Optimal PV-to-Inverter Sizing
While central inverters developed for the North AmeriRatio,” April/May 2010, SolarPro magazine.)
can market are generally designed for outdoor installation,
Another method of array-to-inverter matching, which products developed for the European market often come in
I use in this case study, is to base the inverter capacity on indoor-rated enclosures. This general observation holds true
the array capacity at PVUSA Test Conditions (PTC), which for the inverters under consideration in this case study. The
reflect real-world operating conditions more accurately than Satcon PVS-375 is available in a NEMA 3R powder-coated
do STC ratings. I am working with an array with a name- steel enclosure. The Siemens PVS351, however, is available in
plate rating of 386 kW STC and a PTC rating of 347 kWPTC (see a NEMA 1 enclosure only.
Table 1). This means that I would like to use an inverter with
Because the existing electrical room does not have sufa capacity rating of around 350 kW.
ficient space to allow installation of the 350 kW SINVERT
With that in mind, I refer to the “2012 Central Inverter inverter, I am using the Satcon PowerGate Plus inverter, even
Specifications Guide,” looking for ways to provide approxi- though the array-to-inverter capacity ratio is only 1.03:1. Lookmately 350 kW of inverter capacity. While it is possible ing at the performance test results for the Satcon PVS-375
to connect a 4-wire inverter to a 3-wire service by using a found on the Go Solar California website, I see that the effiderived neutral, I first look for inverters that do not need ciency curves for this inverter are relatively flat between 20%
a neutral conductor. Similarly, while it is possible to use and 100% loading, as shown in Diagram 1 (p. 36). Therefore, I
multiple inverters to provide the desired inversion capac- am not worried about system performance suffering due to
ity ( for example, pairing a 100 kW inverter with a 250 kW the array being undersized relative to the inverter capacity.
Other reasons for designers to carefully consider inverter
inverter), since this is a monolithic array, I prefer a singlelocation
include heat and elevation c o n t i n u e d o n p a g e 3 6
inverter solution.

PV Array Electrical Specifications
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Commercial Central Inverters

the ac run to the interconnection
is long enough to cause voltage
drop problems with reasonably
100
sized conductors, then consider
converting the ac run to medium
95
voltage between the inverter and
320 Vdc
the interconnection. Conduc365 Vdc
90 480 Vdc
tor size drops significantly when
going from 480 V to 4,180 V.
85
Conduit routing is another
physical factor in the design.
80
Inverter manufacturers offer several conduit entry options on their
75
inverters, with rear entry and bottom entry the most common. If
70
you are pouring your own pad,
0
10
20
30
40
50
60
70
80
90
100 stubbing the conduits up through
the bottom of the inverter is usuPercent of rated output power
ally the best routing option. If you
effects, voltage drop in current-carrying conductors and are mounting the inverter onto an existing pad, then top or rear
entry will probably be the best available options.
conduit entry to the device.
Step 3: Match array output to inverter input. The objective
Because heat is the enemy of power electronics, not to
mention inverter performance, it is a good idea to install the of this step is to ensure that the voltage and current charinverter in the shade or build a simple shade structure over acteristics of the PV array fit the dc input parameters of
it. Shade can be provided by inexpensive open-sided struc- the inverter, over a range of environmental conditions. The
tures, just large enough to shade the inverter and other BOS relevant dc input parameters for the inverter include maxicomponents mounted on the inverter pad. Anyone servicing mum open-circuit voltage, MPPT voltage range and maximum
or maintaining the equipment will appreciate the additional short-circuit input current.
In general, designers want to get the maximum PV syslevel of comfort this shade structure provides.
Elevation considerations are directly related to adverse tem voltage, as calculated in NEC Section 690.7(A), as high as
heat effects, so high-elevation sites present a unique prob- possible without exceeding the inverter’s maximum dc input
lem for designers. At higher elevations, the air is thinner and voltage. This practice limits problems resulting from low dc
therefore less effective at removing waste heat. If the elevation array voltage and minimizes BOS costs by reducing the total
is high enough, the effective inverter power rating is reduced. number of source circuits. In this product class, the maximum
As altitude increases, PV array output also tends to increase. dc input voltage to the inverter is usually 600 Vdc.
The Brooks case study referred to earlier illustrates this
To compensate, designers should reduce the array-to-inverter
sizing ratio, basically sizing the PV array capacity closer to process quite well. The source-circuit configuration that
Brooks arrives at consists of 14 series-connected Yingli
that of the inverter.
Generally speaking, inverter capacity is derated at eleva- 230 W polycrystalline modules. This results in a temperaturetions above 3,300 feet. The elevation-corrected inverter capac- corrected maximum open-circuit voltage of 591 Vdc, just
ity can be calculated based on a percentage of power lost per below the 600 Vdc limit for most inverters. At the other
unit of elevation gain above a reference elevation. It may be extreme, the lowest MPP voltage for design purposes is 358
necessary to contact the manufacturer to get the derating Vdc. The short-circuit current for each PV source circuit
details. As an example, the installation manual for SMA Sunny is 8.4 A, which results in a maximum Isc of 1,008 A for the
Central 500U indicates that inverter derating begins above 120-circuit PV array.
Based on these parameters, the proposed PV array is a
3,300 feet, and power is reduced 5% for every additional 3,300
good
match with the Satcon PVS-375 inverter, as shown in
feet of elevation.
Diagram
2 (p. 50).
In commercial PV systems with a 480 V, 3-phase service,
voltage drop consideration tends to drive inverter placement
Step 4: Evaluate dc combiner box configuration options. The
closer to the PV array. Until we get 1,000 Vdc PV arrays, the 375 kW Satcon PowerGate Plus inverter can be specified with
480 Vac wire run usually offers lower voltage drop losses than either a 15 x 160 A or a 24 x 100 A input combiner. A simple
the dc run. Therefore, keep the inverter close to the PV array. If calculation is helpful for determining c o n t i n u e d o n p a g e 5 0
Efficiency (%)

C o u r t e s y Go S ol a r C a l i fo r ni a

Diagram 1 Performance test results for the Satcon PVS-375 indicate that inverter efficiency
is relatively flat between 20% and 100% loading.
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Want to know the
secret to stress-free
PV installations?
Choose PV Powered string
inverters from Advanced Energy.
As an installer of residential solar energy systems,
your business and your reputation depend on getting
everything right. So why take a chance on an unproven
inverter? With PV Powered string inverters from
Advanced Energy, you know you’re getting reliable,
time-tested, and easy-to-install PV inverter solutions
backed by a 10-year warranty and a best-in-class service
team. So make the smart choice with PV Powered string
inverters. That’s the secret.
www.advanced-energy.com/string
sales.support@aei.com

|

877.312.3832

Advanced Energy, Solaron, and PV Powered are U.S. registered trademarks or service marks of Advanced Energy Industries, Inc.
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2012 Central Inverter Specifications Guide
Input Data (dc)

Manufacturer
Advanced Energy

Advanced Energy

Advanced Energy

Advanced Energy

Advanced Energy

Model
Solaron 250
kW
Solaron 333
kW
Solaron 500
kW
Solaron
500 HE
Solaron 500
1kV

Output Data (ac)

Max. Voc
(Vdc)

PV start
voltage
(Vdc)

MPPT
range
(Vdc)

Max.
dc
input
current
(Adc)

600

425

330–600

375

DNR

250

480

334

300

200

600

425

330–600

500

DNR

333

480

445

400

200

600

425

330–550

750

DNR

500

480

667

600

200

600

425

330–600

750

DNR

500

480

667

600

200

1,000

350

600–1,000

850

DNR

500

420

685

600

200

Min. dc
power
throughput
(W)

CEC-rated
power
(kW)

Nominal
output
voltage
(Vac)

Max. output
current
(Aac)

Max. OCPD
rating
(Aac)

OCPD
interrupt
capacity
(kAic)

Neutral sizing
requirements
3-phase, 3-wire,
no neutral required
3-phase, 3-wire,
no neutral required
3-phase, 3-wire,
no neutral required
3-phase, 3-wire,
no neutral required
3-phase, 3-wire,
no neutral required
3-phase, 3-wire,

Advanced Energy

PVP35kW

600

330

295–595

125

DNR

35

208 | 480 | 600

100 | 43 | 35

150 | 60 | 50

N/A

Advanced Energy

PVP50kW

600

330

295–595

178

DNR

50

208 | 480 | 600

141 | 61 | 49

200 | 80 | 70

N/A

Advanced Energy

PVP75kW

600

330

295–595

267

DNR

75

208 | 480 | 600

208 | 91 | 72

300 | 125 | 100

N/A

Advanced Energy

PVP100kW

600

330

295–595

356

DNR

100

208 | 480 | 600

278 | 120 | 96

400 | 175 | 125

N/A

Advanced Energy

PVP250kW

600

330

295–595

890

DNR

250

480 | 600

243 | 304

400 | 350

N/A

Advanced Energy

PVP260kW

600

330

295–595

925

DNR

260

480

316

400

N/A

600

300 4

300–500

1,340

800

250

480

312

400

200

600

245

230–500

154

80

33.3

208 | 240

93 | 80

125 | 100

DNR

no neutral required

600

245

230–500

167

80

36

277

43

60

DNR

same as line

600

245

230–500

205

110

44.4

208 | 240

123 | 107

175 | 150

DNR

no neutral required

600

245

230–500

222

110

48

277

58

80

DNR

same as line

600

245

230–500

257

125

55.5

208 | 240

154 | 134

200 | 175

DNR

no neutral required

600

245

230–500

278

110

60

277

72

90

DNR

same as line

600

300

300–600

350

600

100

208 | 480

317 | 137

400 | 200

70

XP 100U

600

350

300–600

410

1,000

100

208 | 480

278 | 120

400 | 150

65 | 25

same as line

Ray-Max 150

1,000

350

300–850

240

DNR

142.7

208 | 480

240

350)

DNR

field

S-Max

Eaton

250KW

Fronius USA

CL 33.3 delta
CL 36.0

Fronius USA

WYE277

Fronius USA

CL 44.4 delta
CL 48.0

Fronius USA

WYE277

Fronius USA

CL 55.5 delta
CL 60.0

Fronius USA

WYE277
INGECON

Ingeteam

SUN 100U

Kaco new energy

Nextronex Energy
Systems
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no neutral required
3-phase, 3-wire,
no neutral required
3-phase, 3-wire,
no neutral required
3-phase, 3-wire,
no neutral required
3-phase, 3-wire,
no neutral required
3-phase, 3-wire,
no neutral required
3-phase, 3-wire,
no neutral required

3-phase, 4-wire,
neutral sized per EGC

Footnote Key
Provided for reference purposes; size all conductors per NEC
Optional fused subcombiners provide additional terminal and cable
options
3
Option to -35°F
4
Default is 400 V; field adjustable 300–400 V
5
9,842 max; above 3,300 derating is based on effective environmental
conditions
6
Inverter / Isolation transformer

7

2

8

Performance

Mechanical

CEC-weighted
efficiency
(%)

CEC night
tare loss
(W)

Ambient
temp.
range
(ºF)

Elevation
(ft.)

Noise level
with fans
(dB)

97.5

85

-4–122 3

6,000

< 78 @ 10 ft

97.5

85

-4–122 3

6,000

< 78 @ 10 ft

97.5

85

-4–122 3

6,000

< 70 @ 10 ft

98

< 100

-4–122 3

6,000

< 70 @ 10 ft

97.5

< 100

-4–122 3

6,000

< 70 @ 10 ft

95.5 | 96 | 95.5

33

-22–122

6,000

< 57 @ 1 m

96

95.5

Load-spreader bar required
At 240 Vac start voltage is 320, MPPT range is 320–600, max.
dc current is 440 A
9
0.1 kW–10 kW, 1 kW default
10
Two person lift
11
Example configurations; six 5–8 kW inverters can be used per tower
12
For connection to MV transformer
13
With external MV transformer

1

33

42

-22–122

-22–122

6,000

6,000

< 57 @ 1 m

< 61 @ 1 m

Enclosure
material &
rating
NEMA 3R, NEMA 4
(electronics)
NEMA 3R, NEMA 4
(electronics)
NEMA 3R, NEMA 4
(electronics)
NEMA 3R, NEMA 4
(electronics)
NEMA 3R, NEMA 4
(electronics)

Transportation
Inverter
dimensions
HxWxD
(in.)

Lifting
provisions

82 x 74 x 35

Weight
(lbs.)

dc terminal
type 2

forklift, eyebolts

2,175

4

6

350

compression

82 x 74 x 35

forklift, eyebolts

2,175

4

6

500

compression

83 x 86 x 40

forklift, eyebolts

4,100

4

6

500

compression

83 x 86 x 40

forklift, eyebolts

3,200

4

6

500

compression

83 x 128 x 41

forklift, eyebolts

3,600

10

N/A

N/A

M8 Studs

forklift

1,200

4

N/A

N/A

29.5

powder-coated

73.6 x 48.8

steel, NEMA 4

x 34.5

powder-coated

91.6 x 65.6

steel, NEMA 4

x 35

powder-coated

91.6 x 65.6

steel, NEMA 4

x 35

powder-coated

93.5 x 98.8

steel, NEMA 4

x 41.4

powder-coated

93.5 x 98.8

steel, NEMA 4

x 41.4

6,000

< 61 @ 1 m

96.5

67 | 90

-22–122

6,000

< 65 @ 1 m

97

67

-22–122

6,000

< 65 @ 1 m

96

70

-4–122

3,300 5

DNR

94.5 | 95

<5

-4–131

6,562

75 (A)

NEMA 3R

95.5

<5

-4–131

6,562

75 (A)

NEMA 3R

94.5 | 95

<5

-4–131

6,562

75 (A)

NEMA 3R

95.5

<5

-4–131

6,562

75 (A)

NEMA 3R

94.5 | 95

<5

-4–131

6,562

75 (A)

NEMA 3R

95.5

5

-4–131

6,562

75 (A)

NEMA 3R

95 | 95.5

<1

5–113

6,500

69 @ 1 m

IP20, NEMA 1

95.5 | 96

< 62

-5–122

6,600

< 65 (A)

NEMA 3R

95

20

-13–113

5,280

< 65 (A)

glass powder coat,

Termination Specifications 1
Max.
dc cable
size (AWG
or kcmil) 2

67 x 48.8 x

-22–122

16

Min.
dc cable
size (AWG
or kcmil) 2

steel, NEMA 4

42

15

Number
dc
terminals 2

powder-coated

95.5 | 96

Low voltage tap option widens range to 296–500 V
Low voltage tap option widens range to 285–500 V
Low voltage tap option: 212/293/337
17
Low voltage tap option 808/898/956/1,080/1,812
18
With side facing disconnects (standard)
19
With forward facing disconnect (option)
N/A = not applicable
DNR = did not report
14

powder-coated

94 x 93 x 46 /

steel, NEMA 3R

74 x 65 x 46 6
76.6 x 43.5
x 31.4
76.6 x 43.5
x 31.4
76.6 x 43.5
x 31.4
76.6 x 43.5
x 31.4
76.6 x 43.5
x 31.4
76.6 x 43.5
x 31.4
67.3 x 39.4
x 32.3

forklift

forklift

1,500

2,750

4

17

N/A

N/A

N/A

N/A

forklift

3,000

17

N/A

N/A

forklift

5,000

32

N/A

N/A

forklift

5,000

32

N/A

N/A

16

N/A

N/A

forklift, eyebolts 7

4,000 /
2,850 6

holes on
busbar
holes on
busbar
holes on
busbar
holes on
busbar
holes on
busbar
holes on
busbar
3/8” holes on
busbar

forklift, eyebolts

661

2

N/A

350

bolts M12

forklift, eyebolts

661

2

N/A

350

bolts M12

forklift, eyebolts

721

2

N/A

350

bolts M12

forklift, eyebolts

721

2

N/A

350

bolts M12

forklift, eyebolts

783

2

N/A

350

bolts M12

forklift, eyebolts

783

2

N/A

350

bolts M12

forklift, eyebolts

2,559

4

1/0

3/0

DNR

4

1/0

700

crimp lug

2

250

350

thru bolt

73 x 68 x 37

forklift, eyebolts

27 x 82 x 47

forklift

2,646 |
2,425

14 gauge steel,
939

NEMA 3
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Termination Specifications (continued) 1

Model

Number ac
terminals
(per phase)

Min. ac
cable
size
(AWG or
kcmil)

Solaron 250
kW

2

6

Solaron 333
kW

2

6

Max. ac
cable
size
(AWG or
kcmil)

Number
GEC
terminals

Min. GEC
cable size
(AWG or
kcmil)

Max. GEC
cable size
(AWG or
kcmil)

Disconnects & Subcombiners

Listing

dc
disconnect
(loadbreak
rated?)

Listing
agency

Type of
databus

Standard
(yr.)

Extended
(yr.)

5

10, 15

ac
disconnect
(loadbreak
rated?)

Integrated
fused
subcombiner 2

Data

Warranty

500

5 x M10
studs

N/A

N/A

N/A

N/A

N/A

CSA

RS-232, RS-422,
RS-485,
Ethernet, PCMCIA,
Modbus-TCP/IP
& RTU

500

5 x M10
studs

N/A

N/A

N/A

N/A

N/A

CSA

RS-232, RS-422,
RS-485,
Ethernet, PCMCIA,
Modbus-TCP/IP
& RTU

5

10, 15

N/A

N/A

option (yes)

option (yes)

options: 20x 125
A–400 A

CSA

RS-232, RS-422,
RS-485,
Ethernet, PCMCIA,
Modbus-TCP/IP
& RTU

5

10, 15

Solaron 500
kW

4

6

500

5 x M10
studs

Solaron
500 HE

4

6

500

5 x M10
studs

N/A

N/A

option (yes)

option (yes)

options: 20x 125
A–400 A

CSA

RS-232, RS-422,
RS-485, Ethernet,
PCMCIA, ModbusTCP/IP & RTU

5

10, 15

Solaron 500
1kV

4x M12 holes

N/A

N/A

10 x M10
studs

N/A

N/A

standard (yes)

optional (yes)

options: 10x 100
A–300 A

CSA

RS-232, RS-422,
RS-485,
Ethernet, PCMCIA,
Modbus-TCP/IP
& RTU

5

10, 15

PVP35kW

3x M10 holes

N/A

N/A

5 x M10
holes

DNR

DNR

standard (yes)

standard
(yes)

options: 1–4
fuses, 350 A total

ETL

Ethernet and
Modbus

10

20

PVP50kW

3x M10 holes

N/A

N/A

5 x M10
holes

DNR

DNR

standard (yes)

standard
(yes)

options: 1–5
fuses, 350 A total

ETL

Ethernet and
Modbus

10

20

PVP75kW

8x M10 holes

N/A

N/A

8 x M10
holes

DNR

DNR

standard (yes)

standard
(yes)

options: 1–6
fuses, 675 A total

ETL

Ethernet and
Modbus

10

20

PVP100kW

8x M10 holes

N/A

N/A

8 x M10
holes

DNR

DNR

standard (yes)

standard
(yes)

options: 1–9
fuses, 675 A total

ETL

Ethernet and
Modbus

10

20

PVP250kW

7x M10 holes

N/A

N/A

12 x M10
holes

DNR

DNR

standard (yes)

standard
(yes)

options: 20x 75 A
to 4x 400 A, 1,600
A total

ETL

Ethernet and
Modbus

10

20

PVP260kW

7x M10 holes

N/A

N/A

12 x M10
holes

DNR

DNR

standard (yes)

standard
(yes)

options: 20x 75 A
to 4x 400 A, 1,600
A total

ETL

Ethernet and
Modbus

10

20

S-Max
250KW

1

1/0

750

1

1/0

750

standard (yes)

standard
(DNR)

options: 8x 150 A,
4x 300 A,
2x 600 A

UL

Modbus

5

10

CL 33.3
delta

2x M10

2

350

6 x M10
bolts

2

350

standard (yes)

standard
(yes)

no

CSA

Fronius solar.net,
RS-485

10

15

CL 36.0
WYE277

2x M10

6

350

6 x M10
bolts

2

350

standard (yes)

standard
(yes)

no

CSA

Fronius solar.net,
RS-485

10

15

CL 44.4
delta

2x M10

1/0

350

6 x M10
bolts

2 | 1/0

350

standard (yes)

standard
(yes)

no

CSA

Fronius solar.net,
RS-485

10

15

CL 48.0
WYE277

2x M10

4

350

6 x M10
bolts

4

350

standard (yes)

standard
(yes)

no

CSA

Fronius solar.net,
RS-485

10

15

CL 55.5
delta

2x M10

2/0

350

6 x M10
bolts

2/0

350

standard (yes)

standard
(yes)

no

CSA

Fronius solar.net,
RS-485

10

15

CL 60.0
WYE277

2x M10

3

350

6 x M10
bolts

3

350

standard (yes)

standard
(yes)

no

CSA

Fronius solar.net,
RS-485

10

15

INGECON
SUN 100U

2|1

3/0 | 2/0

4/0

DNR

DNR

DNR

standard (yes)

standard
(yes)

DNR

CSA

RS-485, Ethernet

5

20

XP 100U

1

300 | 1

800

3

2

600

standard (yes)

standard
(yes)

available

ETL

RS-232, RS-485,
Ethernet, XP Java

5

10, 15, 20

Ray-Max
150

1

field

field

1

field

field

standard (yes)

standard
(yes)

N/A

ETL

Modbus

10

20

40
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InTroDuCInG A WholE
nEW kInD of InVErSIon.

ADVAnCED EnGInEErInG In.

MorE PoWEr ouT.

Engineered for maximum yield and reliability, the new Protect PV.500 inverter from
AEG Power Solutions delivers efficiency greater than 98%. This 500kW inverter supports
DC input voltages up to 1000 volts and flexible grid management features including
reactive power, fault ride-through and power control. Scaled up from the globally
successful Protect PV.250, the Protect PV.500 is ideal for utility-scale deployment.
More power to you. Exactly what you’d expect from AEG Power Solutions, a company
that has manufactured reliable power systems for industrial applications for more than
60 years. To learn more, go to aegps.com/solarinverters or call 1-877-315-4584.
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Input Data (dc)

Manufacturer

Model
PVI-CENTRAL-

Power-One

50-US
PVI-CENTRAL-

Power-One

100-US
PVI-CENTRAL-

Power-One

250-US
PVI-CENTRAL-

Power-One

300-US

Output Data (ac)

Max. Voc
(Vdc)

PV start
voltage
(Vdc)

MPPT
range
(Vdc)

Max. dc
input
current
(Adc)

600

330

330–600

170

Min. dc
power
throughput
(W)

CEC-rated
power
(kW)

Nominal
output
voltage
(Vac)

Max.
output
current
(Aac)

Max.
OCPD
rating
(Aac)

OCPD
interrupt
capacity
(kAic)

5,000

50

208 | 480

139 | 61

180 | 78

65 | 35

600

330

330–600

340

5,000

100

208 | 480

278 | 121

360 | 156

65 | 25

600

320

320–550

850

5,000

250

480

315

360

65 | 40

600

320

320–550

1,020

5,000

300

480

378

360

65 | 40

Satcon Technology

PVS-30

600

305

305–600

104

500

30

Satcon Technology

PVS-50

600

305

305–600

172

500

50

Satcon Technology

PVS-50-S

600

265

265–600

198

500

50

Satcon Technology

PVS-75

600

315

315–600

248

500

75

Satcon Technology

PVS-100

600

315

315–600

331

500

100

Satcon Technology

PVS-110-S

600

265

265–600

440

500

110

Satcon Technology

PVS-135

600

310 8

310–600 8

454 8

500

135

Satcon Technology

PVS-210-S

600

265

265–600

830

500

210

Satcon Technology

PVS-250

600

320

320–600

814

500

250

Satcon Technology

PVS-375

600

320

320–600

1,227

500

Satcon Technology

PVS-500

600

320

320–600

1,628

Satcon Technology

PVS-1000

900

420

420–850

Satcon Technology

SDMS-0100

600

180

Satcon Technology

SDMS-0500

600

Satcon Technology

EQX-0500-US

Satcon Technology

208 | 240
| 480

84 | 72 | 36

100 | 85
| 44

208 | 240

139 | 121

167 | 145

| 480

| 60

| 72

208 | 240
| 480

139 | 121 | 60

167 | 145
| 72

DNR

65 | 65 | 25

65 | 65 | 25

Neutral sizing
requirements
no neutral
required
no neutral
required
no neutral
required
no neutral
required
3-phase, 3-wire,
no neutral required
3-phase, 3-wire,
no neutral required
3-phase, 3-wire,
no neutral required

208 | 240

208 | 181

250 | 217

| 480

| 91

| 109

208 | 240

278 | 241

334 | 288

| 480

| 121

| 145

480

132

159

208 | 240

375 | 325

450 | 390

| 480

| 163

| 196

208 | 240

583 | 505

705 | 608

| 480

| 253

| 305

208 | 240

694 | 601

833 | 723

100 | 100

3-phase, 3-wire,

| 480

| 301

| 362

| 35

no neutral required

375

480

451

542

50

500

500

480

602

753

50

2,442

500

1,000

265

2,178

2,614

DNR

50–600

108

500

100

208 | 240

278 | 241

334 | 289

| 480

| 120

| 190

180

50–600

905

500

500

320 | 480

903 | 602

600

320

320–600

1,603

500

500

200 |480

1,443 | 602

EQX-0625-US

1,000

525

525–850

1,240

500

625

320

1,127

1,359

65

Schneider Electric

Xantrex GT30

430

300

180–425

80

< 300

28.8

208

80

100

65

Schneider Electric

Xantrex GT100

600

440

300–480

347

variable 9

100

208 | 480

278 | 121

400 | 200

25

42
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1,088 |
725
1,739 |
724

65 | 65 | 25

65 | 65 | 25

25

65 | 65 | 25

50 | 50 | 35

65 | 65 | 25

65

65

3-phase, 3-wire,
no neutral required
3-phase, 3-wire,
no neutral required
3-phase, 3-wire,
no neutral required
3-phase, 3-wire,
no neutral required
3-phase, 3-wire,
no neutral required

3-phase, 3-wire,
no neutral required
3-phase, 3-wire,
no neutral required
3-phase, 3-wire,
no neutral required
3-phase, 3-wire,
no neutral required
3-phase, 3-wire,
no neutral required
3-phase, 3-wire,
no neutral required
3-phase, 3-wire,
no neutral required
same as phase
conductors

3-phase, 4-wire,
neutral sized per EGC

Footnote Key
Provided for reference purposes; size all conductors per NEC
Optional fused subcombiners provide additional terminal and cable
options
3
Option to -35°F
4
Default is 400 V; field adjustable 300–400 V
5
9,842 max; above 3,300 derating is based on effective environmental
conditions
6
Inverter / Isolation transformer

7

2

8

Performance
CECweighted
efficiency
(%)

Mechanical
CEC night
tare loss
(W)

Ambient
temp.
range
(ºF)

Elevation
(ft.)

Noise level
with fans
(dB)

95

< 15

14–122

3,280

<62 @ 1 m

95

< 30

14–122

3,280

<62 @ 1 m

96.5 | 97

< 105

-13–140

3,280

<62 @ 1 m

NEMA 3R

96.5 | 97

< 120

-13–140

3,280

<62 @ 1 m

NEMA 3R

95

76 | 65 | 72

-4–122

3,281

< 65 (A)

95.5

76 | 94 | 77

-4–122

3,281

< 65 (A)

95.5

81 | 78 | 77

-4–122

3,281

< 65 dB (A)

96

65 | 72 | 70

-4–122

3,281

< 65 (A)

96

62 | 62 | 66

-4–122

3,281

< 65 (A)

95.5

73

-4–122

3,281

< 65 (A)

96

63 | 64 | 64

-4–122

3,281

< 65 (A)

-4–122

3,281

< 65 (A)

-4–122

3,281

< 65 (A)

95.5

96

Load-spreader bar required
At 240 Vac start voltage is 320, MPPT range is 320–600, max.
dc current is 440 A
9
0.1 kW–10 kW, 1 kW default
10
Two person lift
11
Example configurations; six 5–8 kW inverters can be used per tower
12
For connection to MV transformer
13
With external MV transformer

1

161 | 113
| 190
105 | 100
| 120

95.5

124

-4–122

3,281

< 65 (A)

96

138

-4–122

3,281

< 65 (A)

96

396

-4–122

3,281

< 65 (A)

96.5

60 | 62 | 64

-4–131

3,281

< 65 (A)

98 | 97

98 | 110

-4–131

3,281

< 65 (A)

97.5 | 96.5

160

-4–122

3,281

< 65 (A)

98.5

170

-4–122

3,281

< 65 (A)

96

< 20

-4–122

6,600

DNR

Enclosure
material &
rating
zinc-plated steel,
powder coated
zinc-plated steel,
powder coated

G90 steel, powder
coated, NEMA 3R
G90 steel, powder
coated, NEMA 3R
G90 steel, powder
coated, NEMA 3R
G90 steel, powder
coated, NEMA 3R
G90 steel, powder
coated, NEMA 3R
G90 steel, powder
coated, NEMA 3R
G90 steel, powder
coated, NEMA 3R

Transportation

Number dc
terminals 2

Max. dc
cable size
(AWG or
kcmil) 2

dc terminal
type 2

Number ac
terminals
(per
phase)

Lifting
provisions

Weight
(lbs.)

50.2 x 66.0 x 33.5

forklift

1,550

2

3/0

3/0

lug

1

50.2 x 66.0 x 33.5

forklift

1,873

4

3/0

3/0

lug

1

forklift/crane

5,500

5

6

350

lug

2

forklift/crane

6,000

6

6

350

lug

2

74 x 30 x 27

forklift

1,204

6

N/A

N/A

74 x 45 x 27

forklift

1,732

6

N/A

N/A

74 x 45 x 27

forklift

1,732

6

N/A

N/A

80 x 57 x 31

forklift

2,150

6

N/A

N/A

80 x 57 x 31

forklift

2,350

6

N/A

N/A

80 x 65 x 30.8

forklift

2,684

9

N/A

N/A

80 x 65 x 31

forklift

2,684

9

N/A

N/A

forklift

5,300

15

N/A

N/A

89 x 115 x 38

forklift

2,930

15

N/A

N/A

89 x 106 x 40

forklift 7

3,300

24

N/A

N/A

93 x 139 x 43

forklift 7

5,900

30

N/A

N/A

93 x 139 x 71

eyebolts

12,000

40

N/A

N/A

68 x 86 x 23

forklift

2,605

6

N/A

N/A

24

N/A

N/A

24

N/A

N/A

84.5 x 115.7
x 49.3
84.5 x 115.7
x 49.3

89.2 x 115.1
x 38.2

G90 steel, powder
coated, NEMA 3R
G90 steel, powder
coated, NEMA 3R
RAL 7032,
NEMA 3R
RAL 7035,
NEMA 3R
RAL 7035,

83 x 194 x 33 |

NEMA 3R

83 x 142 x 33

RAL 7035,

83 x 178 x 33 |

NEMA 3R

83 x 230 x 33

RAL 7035,
NEMA 3R

16

Min.
dc cable
size (AWG
or kcmil) 2

coated, NEMA 3R

coated, NEMA 3R

15

Termination Specifications 1

Inverter
dimensions
HxWxD
(in.)

G90 steel, powder

G90 steel, powder

Low voltage tap option widens range to 296–500 V
Low voltage tap option widens range to 285–500 V
Low voltage tap option: 212/293/337
17
Low voltage tap option 808/898/956/1,080/1,812
18
With side facing disconnects (standard)
19
With forward facing disconnect (option)
N/A = not applicable
DNR = did not report
14

eyebolts

eyebolts

4,200 |
8,200
6,829 |
10,317

holes on
busbar
holes on
busbar
holes on
busbar
holes on
busbar
holes on
busbar
holes on
busbar
holes on
busbar
holes on
busbar
holes on
busbar
holes on
busbar
holes on
busbar
holes on
busbar
holes on
busbar
holes on
busbar
holes on
busbar
holes on

1

1

1

1

2|2|1

2|2|1

2

4|4|2

4|4|2

4

4

10

2|2|1

6

18

83 x 178 x 33

eyebolts

6,950

24

N/A

N/A

42.2 x 22 x 13.9

none required 10

165

1

1/0

1/0

box

1

73.3 x 67 x 46.1

forklift, eyebolts

3,000

6

N/A

N/A

stud

1x M10

busbar

18

powder-coated
aluminum,
NEMA 3R
zinc-coated &
95 | 96

< 100

5–122

6,600

75 @ 6 ft

powder-coated
steel, NEMA 3R
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Termination Specifications (continued) 1
Min. ac
cable size
(AWG or
kcmil)

Max. ac
cable size
(AWG or
kcmil)

Number
GEC
terminals

Min. GEC
cable size
(AWG or
kcmil)

Max. GEC
cable size
(AWG or
kcmil)

dc
disconnect
(load-break
rated?)

PVI-CENTRAL50-US

2/0

250

1

2/0

250

standard (yes)

PVI-CENTRAL100-US

2/0

250

1

2/0

250

PVI-CENTRAL250-US

6

350

6

6 AWG

PVI-CENTRAL300-US

6

350

6

PVS-30

1|2|6

1/0

PVS-50

4/0 | 3/0 | 3

PVS-50-S

ac
disconnect
(loadbreak
rated?)

Listing

Data

Warranty

Integrated fused
subcombiner 2

Listing
agency

Type of
databus

Standard
(yr.)

Extended
(yr.)

standard
(yes)

1x 200 A

CSA

RS-485

5

10, 15, 20

standard (yes)

standard
(yes)

2x 200 A

CSA

RS-485

5

10, 15, 20

300 kcmil

standard (yes)

standard
(yes)

6x 200 A

CSA

RS-485

5

10, 15, 20

6 AWG

300 kcmil

standard (yes)

standard
(yes)

6x 200 A

CSA

RS-485

5

10, 15, 20

2

6 | 6 | 10

4/0

standard (no)

standard (no)

options: 4x 50 A,
5x 40 A

CSA

Modbus RTU

5

available

300 | 300
| 2/0

2

6|6|8

4/0

standard (no)

standard (no)

options: 4x 80 A,
5x 63 A

CSA

Modbus RTU

5

available

4/0 | 3/0 | 3/0

300 | 300 | 2/0

2

6|6|8

4/0

standard (no)

standard (no)

CSA

Modbus RTU

5

available

PVS-75

300 | 300
| 1/0

500 | 500
| 350

2

4|4|6

4/0

standard (no)

standard (no)

options: 5x 100 A,
6x 80 A

CSA

Modbus RTU

5

available

PVS-100

4/0 | 3/0
| 3/0

250 | 250
| 350

2

3|3|6

4/0

standard (no)

standard (no)

options: 5x 110 A,
6x 100 A

CSA

Modbus RTU

5

available

PVS-110-S

250 | 4/0
| 4/0

500 | 500
| 250

2

3|3|4

4/0

standard (no)

standard (no)

options: 5x 160 A,
9x 100 A

CSA

Modbus RTU

5

available

PVS-135

350 | 250
| 250

500 | 500
| 250

2

2|2|4

4/0

standard (no)

standard (no)

options: 5x 160 A,
9x 100 A

CSA

Modbus RTU

5

available

PVS-210-S

400 | 400
| 400

500 | 500
| 500

1

2/0 | 2/0
| 2/0

250

standard (no)

standard (no)

options: 10x 160 A,
15x 110 A, 1x 100 A

CSA

Modbus RTU

5

available

PVS-250

350 | 350
| 250

500

1

3/0 | 3/0 | 2

250

standard (no)

standard (no)

options: 15x 100 A,
10x 160 A

CSA

Modbus RTU

5

available

PVS-375

500

500

1

1/0

350

standard (no)

standard (no)

options: 15x 160 A,
24x 100 A

CSA

Modbus RTU

5

available

PVS-500

700

700

1

2/0

350

standard (no)

standard (no)

options: 20x 160 A,
30x 100 A

CSA

Modbus RTU

5

available

PVS-1000

700

700

N/A

N/A

N/A

standard (no)

standard (no)

options: 28x 160 A,
40x 100 A

CSA

Modbus RTU

5

10, 15, 20

SDMS-0100

250 | 3/0
| 3/0

250 | 250
| 300

2

3|3|6

4/0

standard (no)

standard (no)

options: 4x–6x 63 A,
4x–6x 80 A

CSA

Modbus RTU

5

10, 15, 20

SDMS-0500

500

700

1

1/0

350

standard (no)

standard (no)

options: 20x–24x 63 A,
20x–22x 80 A

CSA

Modbus RTU

5

10, 15, 20

CSA

Modbus RTU

5

10, 15, 20

Model

44

Disconnects & Subcombiners

4 x 100 A,
5 x 80 A

EQX-0500-US

700

700

1

300

300

standard (no)

standard (no)

options: 24x 100 A,
20x 160 A, 16x 200 A,
12x 250 A, 10x 315 A,
8x 400 A

EQX-0625-US

700

700

1

300

300

standard (no)

standard (no)

options: 24x 100 A,
16x 160 A, 12x 200 A,
10x 250 A, 8x 315 A,
6x 400 A

CSA

Modbus RTU

5

10, 15, 20

Xantrex GT30

2

1/0

4

2

1/0

standard (yes)

standard
(yes)

N/A

CSA

RS-232, RS485, Modbus

5

10, 15

Xantrex GT100

N/A

N/A

1 x M10 hole

N/A

N/A

standard (no)

standard
(yes)

available

CSA

RS-485,
Modbus,
Ethernet

5

10, 15, 20
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Input Data (dc)

Output Data (ac)
Min. dc
power
throughput
(W)

CEC-rated
power
(kW)

Nominal
output
voltage
(Vac)

Max.
output
current
(Aac)

Max.
OCPD
rating
(Aac)

OCPD
interrupt
capacity
(kAic)

Manufacturer

Model

Max. Voc
(Vdc)

Schneider Electric

Xantrex GT250

600

440

300–480 |
310–480

867

variable 9

250

480 | 600

301 | 241

400 | 350

25

3-phase, 4-wire,
neutral sized per EGC

Schneider Electric

Xantrex GT500 MVX

600

440

310–480

1,700

variable 9

500

208

1,400

2,000

65

3-phase, 3-wire,
no neutral required

Schneider Electric

Xantrex GT500

600

440

310–480

1,720

variable 9

500

480 | 600

610 | 490

2,000

65

3-phase, 3-wire,
no neutral required

Siemens USA

SINVERT PVS351 UL

600

330

330–480

1,103

2,600

350

480

424

500

65

3-phase, 3-wire,
no neutral required

Siemens USA

SINVERT PVS701 UL

600

330

330–480

2,206

2,600

700

480

848

2 x 500

130

3-phase, 3-wire,
no neutral required

Siemens USA

SINVERT PVS1051
UL

600

330

330–480

3,309

2,600

1,050

480

1,272

3 x 500

195

3-phase, 3-wire,
no neutral required

Siemens USA

SINVERT PVS1401
UL

600

330

330–480

4,412

2,600

1,400

480

1,696

4 x 500

260

3-phase, 3-wire,
no neutral required

SMA America

ST 36 11

600

300

250–480

150

DNR

36

208 | 240
| 277

100 | 87 | 44

125 | 110
| 60

DNR

3-phase, 4-wire,
neutral sized per EGC

SMA America

ST 42 11

600

300

250–480

180

DNR

42

208 | 240
| 277

117 | 101 | 51

150 | 150
| 70

DNR

3-phase, 4-wire,
neutral sized per EGC

SMA America

ST 48 11

600

365

300-480

180

DNR

48

240 | 277

116 | 58

150 | 80

DNR

3-phase, 4-wire,
neutral sized per EGC

SMA America

SC 250-US

600

380

330–600

800

5,000

250

480

300

400

DNR

3-phase, 4-wire,
neutral sized per EGC

SMA America

SC 500-US

600

380

330–600

1,600

5,000

500

480

600

800

DNR

3-phase, 4-wire,
neutral sized per EGC

SMA America

SC 500HE-US

600

380

330–600

1,600

5,000

500

200 12

1,470

DNR

DNR

3-phase, 4-wire,
neutral sized per EGC

Solectria
Renewables

PVI 60KW

625

390

312–500 14

201 16

520

60

208 | 240 |
480 | 600

166 | 73

250 | 125

200

3-phase, 3-wire,
no neutral required

Solectria
Renewables

PVI 82KW

625

390

312–500 14

378 16

590

82

208 | 240 |
480 | 600

229 | 100

300 | 150

200

3-phase, 3-wire,
no neutral required

Solectria
Renewables

PVI 95KW

625

390

312–500 15

320 16

590

95

208 | 240 |
480 | 600

261 | 115

350 | 150

200

3-phase, 3-wire,
no neutral required

Solectria
Renewables

SGI 225

625

370

300–500 15

768 17

780

225

480 | 600

624 | 271

800 | 350

65 | 18

3-phase, 3-wire,
no neutral required

Solectria
Renewables

SGI 250

625

370

300–500 15

853 17

870

250

480 | 600

693 | 301

1,000 | 400

65 | 18

3-phase, 3-wire,
no neutral required

Solectria
Renewables

SGI 266

625

370

300–500 15

908 17

870

266

480 | 600

738 | 320

1,000 | 400

65 | 18

3-phase, 3-wire,
no neutral required

Solectria
Renewables

SGI 300

625

370

300–500 15

1,026 17

870

300

480 | 600

832 | 360

1,200 | 450

65 | 18

3-phase, 3-wire,
no neutral required

Solectria
Renewables

SGI 500

625

370

300–500 15

1,721 17

1,120

500

480 | 600

1,388 | 600

2,000 | 800

65 | 18

3-phase, 3-wire,
no neutral required

Sungrow Power
Supply

SG100KU

600

300

300–600

340

100

100

480

106

DNR

DNR

DNR

46
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MPPT
range
(Vdc)

Max. dc
input
current
(Adc)

PV start
voltage
(Vdc)

Neutral sizing
requirements

Footnote Key
Provided for reference purposes; size all conductors per NEC
Optional fused subcombiners provide additional terminal and cable
options
3
Option to -35°F
4
Default is 400 V; field adjustable 300–400 V
5
9,842 max; above 3,300 derating is based on effective environmental
conditions
6
Inverter / Isolation transformer

7

2

8

Performance
CECweighted
efficiency
(%)

Load-spreader bar required
At 240 Vac start voltage is 320, MPPT range is 320–600, max.
dc current is 440 A
9
0.1 kW–10 kW, 1 kW default
10
Two person lift
11
Example configurations; six 5–8 kW inverters can be used per tower
12
For connection to MV transformer
13
With external MV transformer

1

Mechanical
CEC
night
tare loss
(W)

Ambient
temp.
range
(ºF)

96

< 100

97

Transportation
Inverter
dimensions
HxWxD
(in.)

Lifting
provisions

zinc-coated &
powder-coated
steel, NEMA 3R

86.3 x 90 x 46.1

75 @ 6 ft

zinc-coated &
powder-coated
steel, NEMA 3R

6,600

75 @ 6 ft

32–122

6,562

410

32–122

96

615

96

Low voltage tap option widens range to 296–500 V
Low voltage tap option widens range to 285–500 V
Low voltage tap option: 212/293/337
17
Low voltage tap option 808/898/956/1,080/1,812
18
With side facing disconnects (standard)
19
With forward facing disconnect (option)
N/A = not applicable
DNR = did not report
14
15
16

Termination Specifications 1

Weight
(lbs.)

Number
dc
terminals 2

Min.
dc cable
size (AWG
or kcmil) 2

Max.
dc cable
size (AWG
or kcmil) 2

dc
terminal
type 2

Number ac
terminals
(per phase)

forklift, eyebolts

4,450

7

N/A

N/A

stud

1x M10

88.4 x 90 x 49.6

forklift, eyebolts

3,500

16

N/A

N/A

stud

3x M10

zinc-coated &
powder-coated
steel, NEMA 3R

88.2 x 182.6 x 42.8

forklift, eyebolts

6,840

16

N/A

N/A

stud

3x M10

< 75 (A)

IP 21, NEMA 1

110 x 87 x 29

forklift

6,614

3

600

700

lug

1

6,562

< 78 (A)

IP 21, NEMA 1

2x 110 x 87 x 29

forklift

2x 6,614

6

600

700

lug

2

32–122

6,562

< 81 (A)

IP 21, NEMA 1

3x 110 x 87 x 29

forklift

3x 6,614

9

600

700

lug

3

820

32–122

6,562

< 84 (A)

IP 21, NEMA 1

4x 110 x 87 x 29

forklift

4x 6,614

12

600

700

lug

4

95.5 | 95.5 | 96

<1

-13–113

9,000

44 (A) @ 1 m

inverters: powdercoated aluminum,
NEMA 3R

70.5 x 43.3 x 39

forklift, eyebolts

1,388

24

16

6

lug

1

95.5 | 96 | 96

<1

-13–113

9,000

46 (A) @ 1 m

inverters: powdercoated aluminum,
NEMA 3R

70.5 x 43.3 x 39

forklift, eyebolts

1,388

24

16

6

lug

1

96

<1

-13–113

9,000

49 (A) @ 1 m

Inverters: powdercoated aluminum,
NEMA 3R

70.5 x 43.3 x 39

forklift, eyebolts

1,430

24

16

6

lug

1

97

69

-13–122

13,000

60 (A) @ 10 m

zinc-plated &
coated steel,
NEMA 3R

80 x 110 x 33

forklift

4,200

4–12

2

300

lug

1, 2

97

80

-13–122

13,000

53 (A) @ 10 m

zinc-plated &
coated steel,
NEMA 3R

80 x 140 x 37

forklift

7,165

6–18

4/0

800

lug

2

97 13

110

-13–140

13,000

59 (A) @ 10 m

stainless steel
& aluminium,
NEMA 3R

90 x 101 x 38

forklift

3,970

6–18

4/0

800

lug

6

94 (208) | 95.5 (480)

4|4|5|7

-13–122

8,000

76 @ 1 m

treated & polyester
powder-coated
steel, SS option

76 x 54 x 25.3 18,
76 x 81 x 25 19

forklift, eyebolts

1,526

2–4

1/0

750

lug

1|2

94.5 (208) | 95.5
(480)

4|4|5|7

-13–122

8,000

77 @ 1 m

treated & polyester
powder-coated
steel, SS option

76 x 54 x 25 18,
76 x 86 x 25 19

forklift, eyebolts

1,615

2–4

1/0

750

lug

1|2

94.5 (208) | 95.5
(480)

4|4|5|7

-13–122

8,000

79 @ 1 m

treated & polyester
powder-coated
steel, SS option

76 x 54 x 25 18,
76 x 86 x 25 19

forklift, eyebolts

1,748

2–4

1/0

750

lug

1|2

97.5 (480)

28 (480)

-40–122

8,000

74 @ 1 m

treated & polyester
powder-coated
steel, SS option

79 x 109 x 41

forklift, eyebolts

5,170

6–24

6

1/0

lug

3|2

97.5 (480)

28 (480)

-40–122

8,000

75 @ 1 m

treated & polyester
powder-coated
steel, SS option

79 x 109 x 41

forklift, eyebolts

5,650

6–24

6

1/0

lug

4|2

97.5 (480)

28 (480)

-40–122

8,000

75 @ 1 m

treated & polyester
powder-coated
steel, SS option

79 x 109 x 41

forklift, eyebolts

5,650

6–24

6

1/0

lug

4|2

97.5 (480)

28 (480)

-40–122

8,000

75 @ 1 m

treated & polyester
powder-coated
steel, SS option

79 x 109 x 41

forklift, eyebolts

5,650

6–24

6

1/0

lug

4|2

97 (480)

32 (480)

-40–122

8,000

77 @ 1 m

treated & polyester
powder-coated
steel, SS option

79 x 109 x 41

forklift, eyebolts

6,980

8–32

2

350

lug

4|3

96.5

< 30

-13–131

19,685

60 (A)

IP20 TYPE 1

77.3 x 40.2 x 30.3

DNR

1,984

6

1/0

DNR

lug

2

Elevation
(ft.)

Noise level
with fans
(dB)

Enclosure
material &
rating

5–122

6,600

75 @ 6 ft

161

-4–122

6,600

96

161

-4–122

96

205

96
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2012 Central Inverter Specifications Guide
Termination Specifications (continued) 1

Model

Min. ac
cable
size
(AWG or
kcmil)

Max. ac
cable
size
(AWG or
kcmil)

Xantrex GT250

N/A

N/A

Xantrex GT500
MVX

N/A

Xantrex GT500

Disconnects & Subcombiners

Min. GEC
cable
size
(AWG or
kcmil)

Max. GEC
cable
size
(AWG or
kcmil)

dc
disconnect
(loadbreak
rated?)

ac
disconnect
(loadbreak
rated?)

1 x M10
hole

N/A

N/A

standard (no)

N/A

2 x M10
hole

N/A

N/A

N/A

N/A

2 x M10
hole

N/A

SINVERT
PVS351 UL

750

1,000

1

SINVERT
PVS701 UL

750

1,000

SINVERT
PVS1051 UL

750

SINVERT
PVS1401 UL

Number
GEC
terminals

Listing

Listing
agency

standard
(yes)

available

CSA

standard (no)

standard
(yes)

available

N/A

standard (yes)

standard
(yes)

2

2

standard (no)

2

2

2

1,000

3

2

750

1,000

4

ST 36 11

14

350

ST 42 11

14

ST 48

Warranty

Standard
(yr.)

Extended
(yr.)

RS-485, Modbus,
Ethernet

5

10, 15, 20

CSA

RS-485, Modbus,
Ethernet

5

10, 15, 20

available

CSA

RS-485, Modbus,
Ethernet

5

10, 15, 20

standard
(yes)

standard: 3x 400 A

TUV

RS-232, RS-422, RS485, Ethernet

5

20

standard (no)

standard
(yes)

standard: 6x 400 A

TUV

RS-232, RS-422, RS485, Ethernet

5

20

2

standard (no)

standard
(yes)

standard: 9x 400 A

TUV

RS-232, RS-422, RS485, Ethernet

5

20

2

2

standard (no)

standard
(yes)

standard: 12x 400 A

TUV

RS-232, RS-422, RS485, Ethernet

5

20

1

2

2/0

standard 6x
(yes)

standard 6x
(yes)

standard: 24x 15 A

UL

inverter: RS-485 or
Bluetooth; datalogger:
Ethernet

10

15, 20

350

1

2

2/0

standard 6x
(yes)

standard 6x
(yes)

standard: 24x 15 A

UL

inverter: RS-485 or
Bluetooth; datalogger:
Ethernet

10

15, 20

14

350

1

2

2/0

standard 6x
(yes)

standard 6x
(yes)

standard: 24x 15 A

UL

inverter: RS-485 or
Bluetooth; datalogger:
Ethernet

10

15, 20

SC 250-US

600, 250

600 or 250

1

3/0

600

no (no)

no (no)

standard: 4x 350 A,
option: 6x 250 A

UL

inverter: RS-485;
datalogger: Modbus,
Ethernet

5

6–20

SC 500-US

400

400

1

3/0

600

no (no)

no (no)

standard: 6x 450 A,
7x 400 A, 8x 350 A,
9x 300 A

UL

inverter: RS-485;
datalogger: Modbus,
Ethernet

5

6–20

SC 500HE-US

600

600

1

3/0

600

no (no)

no (no)

standard: 6x 450 A,
7x 400 A, 8x 350 A,
9x 300 A

UL

inverter: RS-485;
datalogger: Modbus,
Ethernet

5

6–20

PVI 60KW

2 | 1/0

750 | 250

2

6

250

standard &
external (yes)

standard
& external
(yes)

options: 2–8x
40–275 A

ETL

Modbus RTU

5

10, 15, 20

PVI 82KW

2 | 1/0

750 | 250

2

6

250

standard &
external (yes)

standard
& external
(yes)

options: 2–8x
40–275 A

ETL

Modbus RTU

5

10, 15, 20

PVI 95KW

1 | 1/0

750 | 250

2

6

250

standard &
external (yes)

standard
& external
(yes)

options: 2–8x
40–275 A

ETL

Modbus RTU

5

10, 15, 20

SGI 225

2/0 | 3/0

400 | 500

1

1/0

750

standard &
internal (yes)

standard &
internal (yes)

required option:
6, 12, 24x 70–400 A

ETL

Modbus RTU

5

10, 15, 20

SGI 250

3/0

500

1

1/0

750

standard &
internal (yes)

standard &
internal (yes)

required option:
6, 12, 24x 70–400 A

ETL

Modbus RTU

5

10, 15, 20

SGI 266

3/0

500

1

1/0

750

standard &
internal (yes)

standard &
internal (yes)

required option:
6, 12, 24x 70–400 A

ETL

Modbus RTU

5

10, 15, 20

SGI 300

3/0

500

1

1/0

750

standard &
internal (yes)

standard &
internal (yes)

required option:
6, 12, 24x 70–400

ETL

Modbus RTU

5

10, 15, 20

SGI 500

2/0

400

1

1/0

750

standard &
internal (yes)

standard &
internal (yes)

required option:
8, 16, 32x 70–400 A

ETL

Modbus RTU

5

10, 15, 20

SG100KU

2/0

DNR

DNR

DNR

DNR

DNR

DNR

DNR

ETL

RS-485

10

20

48
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Type of databus

AC MODULES

POWERED

BY SOLARBRIDGE
MAKING SOLAR POWER SIMPLE, AFFORDABLE AND RELIABLE.
Easiest installation. AC modules come with SolarBridge Pantheon™ microinverters already installed, cutting
field installation time by 20 percent or more.
Highest energy harvest. Get more energy out of shady conditions and challenging roof structures. Pantheon’s
module-level maximum power point tracking (MPPT) improves energy harvest up to 25 percent.
Reliability built in. Pantheon’s thermally efficient design eliminates life-limiting components, using highly reliable
film capacitors and other long-life components to enable the industry’s first full 25-year warranty.
Learn more about SolarBridge Pantheon microinverters at solarbridgetech.com/built4life

“The SolarBridge AC Module System offers greater design
flexibility and faster installation over other inverter solutions.”
Jono Stevens, VP Operations, Cobalt Power Systems

© 2011 SolarBridge Technologies. All rights reserved.
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the basic design options that these input combiner configurations can accommodate. You can determine the maximum
number of strings that can be combined per fused input by
dividing the input fuse rating by the maximum continuous
current per source circuit.
For example, the maximum number of strings for the 15 x
160 A input combiner option is calculated as follows:
maximum # of strings
		
		

All else being equal, my preference at this stage is to minimize the number of dc combiners required within the PV
array. In addition, I try to get the current to each fused input
as high as possible in relation to the fuse rating, since the conductor to the input combiner needs to be sized according to
the possible reverse current through the fuse. If you have a 15
x 160 A input combiner, each input conductor needs to have
an ampacity of at least 160 A, regardless of whether you are
landing one string or the combined output of 12 strings on the
fused input.
Taking these factors into consideration, my preference
now is to split the 120-circuit PV array into ten identical
subarrays. Doing so will require ten 12-circuit dc combiner
boxes in the field, which is the fewest number of dc combiners possible. Some of the other options include:

= fuse rating ÷ (IMAX x 1.25)
= 160 A ÷ (10.5 A x 1.25)
= 12.19

This indicates that each 160 A fused input accommodates 12
source circuits or fewer, for a maximum of 180 circuits (12
strings x 15 fused inputs).
Performing the same calculation for the 24 x 100 A option
produces the following results:
maximum # of strings
		

n 15-input inverter: 15 dc combiners, eight circuits each
n 24-input inverter: 20 dc combiners, six circuits each
n 24-input inverter: 24 dc combiners, five circuits each

= 100 A ÷ 13.125 A
= 7.6

Note that some inverter manufacturers are more flexible than others with regard to input combiner configuration options. For example, in some cases it may be possible to
specify different fused input ratings on the same inverter. The
more flexible the input combiner options, the easier it is for the
designer to configure subarrays to match the inverter inputs.
Step 5: Verify that inverter accommodates dc connections. The
installation manual for the Satcon PVS-375 inverter lists the dc
conductor size range for the 15 x 160 A fused input combiner
as 2/0 to 250-kcmil to each fuse holder. This wide range allows
conductors to be oversized to reduce voltage drop. If a conductor larger than 250-kcmil
has to be used, then it can be
Diagram 2 Representative I-V curves for 14 series-connected Yingli YL230P-29b modules
spliced to a 250-kcmil conare shown here in relation to the minimum MPPT voltage for a Satcon PVS-375 inverter.
ductor or terminated with
a cable-reducing adapter
10
prior to being landed in
the inverter.
Min. inverter MPPT voltage = 320 Vdc
In my experience, prod8
uct installation manuals
occasionally contain outof-date termination details,
6
358.4 Vmp
details that do not allow
compliance with the NEC or
4
restrictions based on installation assumptions that do
not relate to the design I
2
am working on. It is worth
591
a call to the manufacturer
Voc
0
to verify all of the terminal
0
100
200
300
400
500
600
specifications and options
Voltage
before c o n t i n u e d o n p a g e 5 2
The 100 A fused input option allows for seven source circuits
or fewer per input, for a maximum of 168 circuits.
With these numbers in mind, the system designer can
refer to the PV array layout with an eye to identifying logical
groupings of source circuits and dedicating these to individual dc source-circuit combiners. In some cases, the physical
layout of the array allows for electrical symmetry. However,
this is not a requirement. The PV source circuits do not have
to be evenly distributed between the inverter inputs, and all
the inverter inputs do not have to be used.

St
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Everything

under the

•

Complete PV electrical balance of system –
residential, commercial and utility installations

•

Single source supplier – simplify your
engineering and business processes

•

Support services – provided by hundreds of
Eaton application and field service engineers

•

A bankable partner - $13 billion
U.S.-headquartered company backed
by 100 years of innovation

DC SWITCHING & PROTECTION

sun.

SOLAR INVERTERS

Learn more at
www.eaton.com/solarpro
Publication No. VR08703010E, September 2011

AC SWITCHING & PROTECTION
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starting the system design. Check the conductor size limits
carefully. Do not get caught with a 300-kcmil conductor in
one hand and a 250-kcmil terminal in the other.
Code-compliant conductor sizing is discussed in a
SolarPro QA (April/May 2011). As a reminder, keep in
mind that any time a conductor lands on an OCPD—
such as a fuse holder in a dc input combiner—you must
consider terminal temperature limitations. Conductors
rated at 90°C are commonly landed on terminals rated at
75°C. This may require an increase in the conductor size per
NEC Section 110.14(C).
The correct use of input-combiner terminals is another
important consideration for designers and installers. For
example, if you come across an inverter with two terminals
per fused input—a configuration used on some SMA central
inverters—be aware that these terminals are for landing parallel conductors from the same dc combiner box, not for combining two or more dc combiner box output circuits together
before the fuse.
When it comes time to land conductors in the field,
installers need to take note of the terminal torque specifications and tighten the terminals as specified. Use a calibrated
torque wrench and not an uncalibrated torque wrist. Many
manufacturers report that terminals that are set too loose or
too tight are a common cause of failure in the field.

Diagram 3: 3-wire central inverter
connected to a 3-wire electrical service

M

Diagram 4: 3-wire central inverter
connected to a 4-wire electrical service

M

Diagram 5: 4-wire central inverter
connected to a 4-wire electrical service

M
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Co u r t es y Ham on E n g in e er i n g ( 3)

Step 6: Verify that inverter ac output parameters match service.

The goal here is to verify that the inverter and the electrical
service are a match in terms of ac voltage and number of conductors. In this case study, these parameters match, but this
may not always be the case.
In theory it is possible to interconnect at any service voltage level, regardless of the nominal inverter output voltage. If
the voltages do not match, simply add a second transformer. In
practice, this additional transformer may result in unacceptable system losses. In a commercial PV application, therefore,
a direct match is desired between the nominal inverter output
and electrical service voltage.
This is generally not difficult to accomplish. At lower
power levels, many central inverters can be specified with different nominal output voltages. For example, the PVP100kW
from Advanced Energy can accommodate 3-phase interconnection at 208, 480 or 600 Vac; the PVS-100 from Satcon can
be specified for interconnection at 208, 240 or 480 Vac. However, at higher power levels (250 kW and up), central inverters
are generally offered with only a 480 Vac output for the US and
600 Vac output for Canada. This may not accommodate all of
the applications you come across in the field.
When a project calls for a 500 kW inverter and an
interconnection at other than 480 or 600 Vac, the astute
designer specifies a medium-voltage–ready inverter. If
the correct external transformer is specified, it is possible to interconnect a 500 kW inverter to a 208 or 240 Vac

Diagrams 3–5 Each diagram shows the same basic components: a 3-phase central inverter, a fused service disconnect
for the PV system, and the 3-phase electrical service and
switchboard. Note that while a 3-wire inverter can interconnect to either a 3-wire or a 4-wire electrical service, a 4-wire
inverter is effectively limited to a 4-wire interconnection.

3197R2 Heyco 3.4x9.6:Layout 1

7/7/11

11:45 AM

Page 1

New from HEYCO …
®

3-phase electrical service. This ingenious scenario eliminates the need for a second transformer, limits system
losses and allows for interconnection voltage flexibility.
The problem with these lower voltage interconnections
is the higher currents that result, which require multiple
parallel conductor runs. However, making the interconnection in this manner is usually easier than trying to get
a new service installed.
The basic rule of thumb regarding the number of conductors is that if you are interconnecting to a 3-wire (deltaconnected) service, then you need to use an inverter that
does not require a neutral; if you are interconnecting to a
4-wire (wye-connected) service, then either type of inverter
can be used. These configurations are illustrated in Diagrams 3, 4 and 5 (p. 52).
If you are using a 3-wire inverter, as shown in Diagrams
3 and 4, then only the line-to-line voltage needs to be considered. This means that a 3-wire 480 Vac inverter can
interconnect to any 480 V, 3-phase service: 480/277 V wye,
480 V delta, 480 V open delta, side-grounded 480 V delta
and so forth. Since the inverter sees the line-to-line voltage
only, as long as it is a 3-phase service at 480 V nominal, the
inverter will interconnect.
If you have a 4-wire inverter, then you must interconnect
to a matching 4-wire service, as shown in Diagram 5. While
it is possible to turn a 3-wire interconnection into a 4-wire
interconnection by using a grounding transformer, with all
the 3-wire inverters available it is rarely worth the effort and
expense. This means that a 4-wire, 480 Vac inverter is effectively limited to interconnection to a 480/277 V wye service.
In this case, both the line-to-line and the line-to-neutral
voltage need to be considered.
Note that when a 3-wire inverter is connected to 4-wire
service, as shown in Diagram 4, the neutral of the 4-wire connection is not used. However, this is not a problem because
3-phase grid-tied inverters do not supply single-phase loads.

Step 7: Verify that inverter accommodates ac connections.

There is much less variability on the ac output of the inverter
than on the dc input. For example, the Satcon PVS-375
comes with an integrated transformer that supplies a 480 V,
3-phase output. The product installation manual lists the
maximum ac output conductor size as four 500-kcmil conductors per phase, for a total of 12 conductors; the minimum
ac output conductor size is identified as two 500-kcmil conductors per phase, for a total of six conductors. Because the
manufacturer limits the size of the individual ac output conductors, it is critical to verify that 500-kcmil cables can be
landed at the interconnection point.
When making connections in the field, keep in mind
that only some inverters auto-synchronize with the utility phase rotation. Several of the product installation
manuals that I reviewed include a warning about phase

Wire Protection/Installation
Products for Solar Installers
and Integrators
Heyco® Solar Masthead™ II Cordgrips

• Accommodate USE-2 12 AWG and 10 AWG wire
• Feature skinned-over glands that

•
•
•
•
•
•

offer flexibility to use from 1 to 31
available holes while still
providing a liquid tight seal
around the wire
Designed for solar
rooftop installations
Provide a watertight seal
for PV module output leads
to inverters
Secure input PV leads from
solar panel array strings to fuse holder hookup
within solar combiner boxes
No disassembly required for installation
Available in other sizes and gland configurations–
contact Heyco
UL recognized

Heyco® Combiner Box
Cordgrips (Multi-Hole,
Snap-In Hubs)

• House multiple wires at
•
•
•
•
•
•

one entry point to provide
a liquid tight seal around
each wire and at the panel
Ideal when individual conductors for power or control
are used rather than jacketed cable
Feature a secure “click in place” fit that reduces
tightening errors by installers
Easy to install–no tools required
Have unique fingers that securely lock into a range
of panel sizes without use of a locknut
Offer limited intrusion into the combiner box enclosure
where access is tight
Rated IP 64

For FREE samples or product literature,
call toll free 1-800-526-4182, or visit our
website at www.heyco.com

w w w. h e y c o . c o m
“Stay Connected with Heyco” Power Components
Box 517 • Toms River, NJ 08754 • P: 732-286-4336 • F: 732-244-8843
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Phase rotation If a central inverter
does not auto-synchronize with phase
rotation, you can use products like this
IDEAL 61-521 Phase Rotation Tester to ensure that phase
conductors are landed in the correct order.

rotation, stating that the phases must be physically
connected to the inverter in the correct order to
avoid damaging the device. Most of the integrators
I speak with are not aware of this requirement, suggesting that this may be a common mistake—if one
made only once.
Think of phase rotation as the sequence in which
the voltage in each phase peaks in relation to the
other phases. Phase A is used as a reference, and the
next phase to peak will be either phase B or phase C.
If phase B is the next to peak, then the direction of
the phase rotation is considered clockwise; if phase
C is next to peak, then the phase rotation direction
is considered counterclockwise.
If an inverter does not auto-synchronize with
the phase rotation, the installing electricians need
to measure and identify the phase direction using
a phase-detection tester before proceeding. Once
the phase rotation is known, the phase conductors
from the inverter to the service can be connected
in the correct order, according to the manufacturer’s instructions. For the Satcon inverter used
in this case study, the product c o n t i n u e d o n p a g e 5 6
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Commercial Central Inverters

installation manual clarifies that the inverter autosynchronizes with the
utility phase rotation.
If the inverter does not
come with an integrated
transformer, it is up to the
designer to specify the
conductor size between
the inverter and an external transformer. This is
a high-current circuit.
It is important to verify
that the lugs on both
the inverter and the transformer can handle the number
and size of conductors required to make a Code-compliant
connection. Unfortunately, this is not always possible. To
prevent callbacks due to intermittent overvoltage shutdown, size the ac output conductors to keep the voltage
drop under 1%.

Step 8: Evaluate inverter-integrated monitoring options.

These options have expanded significantly in recent years, so
designers can specify everything from subarray-level monitoring to revenue grade energy metering and reporting at
the time a central inverter is ordered. (For a detailed discussion of inverter-integrated data monitoring system selection
and specification, refer to the two-part article “Commercial
PV System Data Monitoring,” October/November 2011 and
December/January 2012, SolarPro magazine.)
One of the most common inverter-integrated monitoring
options for this equipment class is subarray- or zone-level
monitoring. This option is offered for most central inverters
available with a fused dc input combiner. The wiring and IT
setup required in the field are reduced if the current transducers and other components needed to enable zone-level
monitoring are included in the central inverter.
In this case study, monitoring individual subarray
inputs results in a moderate level of granularity, providing
10 different 12-string zones for comparison purposes. If a
more granular level of monitoring were desired, this would
influence the dc combiner configuration. Of the subarray
56
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configurations considered previously, the one
that offers the most granular zone-level monitoring is the 24-input option with five-circuit
dc combiners.
Step 9: Verify product lead time. A large central
inverter is generally not an off-the-shelf product like a string inverter for residential or small
commercial applications. These inverters often
have longer lead times because they are built to
order. The ultimate configuration of many larger
central inverters is application-specific. Design
decisions, such as the desired dc input combiner
configuration or integrated monitoring equipment, need to be finalized early in the process,
before the equipment is ordered.
To ensure that the inverter you want can be
delivered to the jobsite by the time it is needed,
verify the target delivery date with the manufacturer at the time the order is placed. While it is
common to wait 6 to 14 weeks to take delivery, lead
times depend on the time of the year and other
factors. For example, lead times tend to increase
in the fourth quarter, sometimes significantly, as
everyone rushes to complete PV projects before
end-of-year deadlines. In cases like this, advance
planning is critical to project success.
Courtesy Advanced Energy

Subarray monitoring
Fused input combiners
can often be configured
to allow for inverterintegrated, zone-level
monitoring, like this
8 x 200 A option from
Advanced Energy.
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Corrosion
Impacts
on Steel Piles

O

Steel piles are often driven
in undisturbed soils to support
downward and lateral forces.
Corrosion is not a significant
concern in the design. These
piles often have no corrosion
protection for the portion that
is below grade, and they are
used in an unprotected state for
projects having 75- to 100-year
design lives.
In PV power plant applications, however, the friction
needed to resist uplift loads
generally governs pile designs.
In addition, PV plants are frequently installed in disturbed
H-pile driver Driven steel piles are comsoils, on agricultural land that
monly used as the foundation for utilitywas taken out of service. In these
scale PV power plants. Typical pile shapes
applications, steel piles are norfor this purpose include the H-pile (shown
mally hot-dip galvanized for
here), round pile and screw pile.
above- and below-grade corrosion protection. Hot dipping is
Historically, piles have been widely used in
a variety of marine applications, including in dams and as very effective at reducing atmospheric corrosion; however, it
supports for bridges and docks. Piles are made from a vari- is less effective against some types of soil corrosion.
Pile shape, driving method, material and coatings all affect
ety of materials, such as concrete, timber and steel. Steel
piles are very common, due to their strength and relatively how steel piles corrode. H-piles have become very common
low cost. Shapes include H-piles, round piles, screw piles for solar structures: They have very good structural characteristics in one direction, which makes them well suited for the
and sheet piles.

Pile Applications and Corrosion
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ver the last 5 years, driven
steel piles have been the
most common foundation
used for utility-scale PV
applications. Piles are used
for both tracker and fixed-tilt racking systems because they are low cost, quick to
install and well suited to the relatively low
loads imposed by PV arrays.
Driven steel piles have been used for
many years in a variety of applications outside of the solar industry. Corrosion is not
a concern in most of these applications.
However, there are aggressive environments
where corrosion can compromise the structural integrity of the pile. In this article, I
review the causes of corrosion with driven
steel piles. I also consider the potential
effects of corrosion and suggest preventative measures.

Courtesy juwi solar

By Scott Canada

Susceptibility of metals

loads seen in solar installations (see Diagram 1). Assuming
soil conditions are favorable to H-piles, they typically provide
the best value.

Less noble:
more susceptible to
corrosive attack;
lower number on
galvanic scale

Understanding Corrosion

Broadly speaking, corrosion takes place when two different
metals come into contact with a conductive liquid, resulting
in a flow of dc electricity. Electrons always flow away from the
anodic metal (anode), and the anode is corroded as a result.
The current path runs through the electrolyte to the cathodic
metal (cathode), and the cathode is not corroded. (For more
information, see “Galvanic Corrosion Considerations for PV
Arrays,” June/July 2011, SolarPro magazine.)
The potential (voltage) that causes electrons to flow is
always caused by a difference between the anode and the
cathode, such as a difference in the two metals, a difference
in concentration of the conductive liquid, a difference in temperatures or a difference in the amount of oxygen present.
The relative susceptibility of metals to corrosion is shown in
Diagram 2. Steel has a fairly low number on the galvanic scale,
which means that it acts as an anode in many environments.
Corrosion concerns that impact steel piles can be broken
into two categories: atmospheric and soil corrosion. These two
types of corrosion have different drivers and behave differently.
Atmospheric Corrosion
This is the most visible form of corrosion. Because the steel
is in contact with a great deal of oxygen, the corrosion rate is
governed by the presence of an electrolyte. It occurs as a thin,
wet film created by the humidity in the air in combination

Magnesium and its alloys
Zinc and its alloys
Aluminum and its alloys
Mild steel
Cast iron
Brasses
Copper
Stainless steel

More noble:
less susceptible to
corrosive attack;
higher number on
galvanic scale

Silver
Gold
Platinum

Diagram 2 The relative susceptibility of various metals to
corrosion is shown here. In a corrosive environment, anodic
metals such as steel disintegrate over time.

with impurities in the steel. Average seasonal humidity and
the potential of hydrogen (pH) and amount of sulfur dioxide
(SO2) in the atmosphere all influence the effectiveness of the
electrolyte and could increase corrosion.
The amount of humidity present is generally affected by
a combination of the pile application, the regional weather
patterns and the proximity to marine environments. The

Diagram 1 In ground-mounted PV applications, the driven steel pile needs to be positioned so that its maximum strength lies
in the north-south direction, as shown here. Pile depth is determined for the most part by wind uplift loads and soil conditions.

PV Module
Profile

Co u r t e s y Mc Ca r t h y B u i ld i n g Co mp an i es ( 2 )

Max wind
load
Minor load condition
Pile foundation

Grade

North

Max wind load in
north-south direction
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remaining atmospheric drivers typically vary based Diagram 3 The Wenner 4-pin test method for taking soil resistivity meaon the site location and are identified as rural, urban, surements uses four metal electrodes that are driven into the ground
in a straight line and equidistant from one another. The measured resisindustrial and marine.
Rural settings. These locations are generally the tance (ohms) is converted to soil resistivity (ohm-cm) by accounting for
least corrosive and normally do not contain chemical pin separation distance using manufacturer-specified formulas.
pollutants. The principal contributors to corrosion
are moisture and, to a lesser extent, carbon dioxide.
10.35 Ohms (Ω)
Agricultural lands can also have significant amounts
Wenner 4-pin test
C1 P1 P2 C2
of salts and other chemicals that can contribute to
corrosion near the soil due to splashing water during
periods of high rains.
Urban environments. These locations are slightly more
corrosive than rural environments. Additional contaminants include sulfur oxides (SOX) and nitrogen oxides
(NOX) from motor vehicle and domestic fuel emissions.
Probe/
Industrial environments. These locations are
stake
dirt
associated with heavy industry and can contain
concentrations of sulfur dioxide, chlorides, phosphates and nitrates—all of which can encourage
extreme corrosion.
piles. A majority of the existing studies come from governMarine environments. These locations have significant ment agencies investigating corrosion in marine applicaamounts of humidity and windswept chloride particles that tions. The combination of studies and research give several
are deposited on the surface of the pile. Marine environments insights into soil corrosion:
are usually highly corrosive, and the corrosion tends to be sigP Pitting corrosion is very common for buried steel.
nificantly dependent on wind direction, wind speed and disP Extremely localized pitting corrosion can cause
tance from the coast.
pipelines and tanks to be compromised, especially if
Most utility-scale solar projects are located in rural or
they are under pressure.
urban areas. For these projects, standard corrosion protecP Structural load-bearing piles are not significantly
tion measures, adjusted for regional moisture levels, are
affected by pitting corrosion.
adequate. In arid rural environments, typical atmospheric
P Overall loss in weight is the key corrosion concern
corrosion rates for bare steel can be as low as 0.005 inches
for piles.
per face per year. Nonetheless, several conditions may accelP The greatest proportion of load resistance is derived
erate atmospheric corrosion. For example, steel located near
from the lowest 25% of a pile.
the soil can have more atmospheric corrosion than the rest
In contrast to atmospheric corrosion, soil acts as an elecof the pile. Driven piles often have low spots around the pile trolyte in below-grade corrosion with varying amounts of oxycaused by the driving process. Water pools in these low spots gen. Because oxygen is the major corrosion driver, how the
and accelerates corrosion. In addition, soil pH also can drive soil was used is a key indicator of corrosion potential: undiscorrosion when rainwater splashes on the pile. However, this turbed soils contain limited amounts of oxygen and so presis not a critical concern for most solar installations because ent a minor risk of corrosion, while disturbed soils contain
the modules shield the soil from the rain.
more oxygen and thus present a greater risk of corrosion.
Undisturbed soil. Soil that is undisturbed has very little
Soil Corrosion
corrosion potential below grade, regardless of its chemistry.
Soil corrosion is caused by direct contact with moisture and A majority of the piles used in the US are installed uncoated
chemicals in the soil. It is much less predictable than atmo- below grade and experience minimal corrosion. Many studspheric corrosion, because soil characteristics can vary with- ies show that mill scale—the hardened, oxidized surface that
in a single site. In some cases, metal storage tanks have been develops on hot-processed steel—is still present on the piles
compromised in as little as a year, while metal tools hundreds after significant periods of time when set in undisturbed soils.
of years old have been found in desert climates.
Melvin Romanoff performed comprehensive studies of
Much of the historical information on soil corrosion steel pile corrosion in the 1950s and 1960s. In “Corrosion
comes from a combination of research focused on cor- of Steel Pilings in Soils” (Journal of Research of the National
rosion on pipelines and storage tanks. There are few sys- Bureau of Standards; see Resources), Romanoff observes: “Soil
tematic studies specifically reviewing corrosion on driven environments that are severely corrosive c o n t i n u e d o n p a g e 6 4
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Corrosion Impacts

to iron and steel under disturbed conditions in excavated disturbance, especially in soils with low resistivity. Disturbed,
trenches were not corrosive to steel pilings driven in undis- low-resistive soils are a corrosive environment for steel piles.
turbed soils.” Romanoff deduces that the difference in corrosion is attributable to the differences in oxygen concentration Contributing factors
in the soil. He concludes: “The data indicate that undisturbed In general, soils need to be disturbed to present a significant
soils are so deficient in oxygen at levels a few feet below the risk of corrosion. For soils that have not been disturbed or
ground line or below the water table zone, that steel pilings have been systematically compacted during site preparation,
are not appreciably affected by corrosion, regardless of the atmospheric corrosion is the main concern.
soil types or the soil properties.”
While undisturbed or compacted soils are standard for
Lack of oxygen is the main reason undisturbed soils do most traditional construction projects employing piles,
not corrode piles. Even where undisturbed soils cause sig- PV power-plant applications may present special circumnificant corrosion on piles for the first year, the oxygen is stances—such as the presence of dissimilar metals or instalconsumed and the reaction quickly slows. According to stan- lation on agricultural land disturbed to a depth of several feet
dards published by the US Army (see Resources), when cor- and left uncompacted—that also impact corrosion risk.
rosion occurred in undisturbed soils, only localized corrosion
Dissimilar metals. Solar projects often employ groundof 0.0004–0.0005 inches per year per surface was present. For ing systems, similar to ground grids at utility substations and
H-piles, which have two surfaces in contact with the soil, the power plants. These ground grids have bare copper conductors
total corrosion rate would be 0.0008–0.001 inches per year.
connected to the steel structures and buried in the trenches
Disturbed soil. Disturbed and aerated soils contain signifi- adjacent to the piles. These copper conductors can add to the
cantly more oxygen than undisturbed soils. When oxygen is corrosive action of the soil by introducing dissimilar metals
present, soil chemistry can significantly affect corrosion on that act as a cathode. The presence of this copper near the steel
piles and zinc coatings.
piles with or without zinc coatings accelerates corrosion.
Soil resistivity, which quantifies the resistance to electriAgricultural lands. More solar projects are being sited on forcal current across a cubic meter of earth, is the single most mer agricultural lands. This land is often low cost and privately
important indicator of soil corrosion potential. Soil resistiv- owned. It has limited environmental sensitivities, reducing the
ity is driven by chemistry and moisture level, and should be risk to the development activities. However, the soil at these
measured on-site using the Wenner 4-pin test method (see sites has typically been disturbed to a depth of 2 to 4 feet for
Diagram 3 on p. 62).
many years. There is often limited compaction of the site when
As shown in Table 1, soil resistivity and soil corrosivity are a PV power plant is installed due to cost. In addition, the land
inversely related. The lower the soil resistivity, the more effec- is typically irrigated, adding to its moisture content. In the dry
tive the soil is as an electrolyte and a conductive path; the bet- Southwest, flood irrigation, which adds large amounts of salt to
ter the soil is at conducting electrical current, the faster the the soil, is common. For these reasons, agricultural lands presanodic metal—in this case the driven steel piles—will corrode. ent significant risk of corrosion.
In addition to resistivity, extremely low pH levels in the
soil can accelerate the corrosion of zinc coatings. Soil chloride
and sulfate levels can also affect corrosion. While a concern, Corrosion rates vary based on environmental conditions. The
these factors are not as important as soil resistivity when it predicted corrosion rates for a surface are typically presented
comes to pile corrosion.
in inches, microns or millimeters per year. The structural
The corrosive impact of aerated
impact on piles—like those described
soils can be reduced significantly
in Table 2 (p. 66)—is calculated based
through appropriate compaction.
on the corrosion rate multiplied by
Field-Measured
Properly compacted soils have corrothe surface area of the pile. When
Soil Resistivity
Soil Corrosiveness
sion factors similar to those of natureviewing the pile life, it is impor(ohm-cm)
in Disturbed Soils
ral, undisturbed soils. Since oxygen
tant to understand that the ratio of

Impact of Corrosive Soils on Steel Piles

Soil Resistivity and Corrosivity

content is a major driver of soil corrosion, the top 1 to 2 feet of piles is
the key area of concern for corrosion
in generally undisturbed soils.
Since the top portions of a site are
often disturbed to some extent during site preparation, it is important
for pile designs to account for soil
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<1,000

Severely corrosive

1,000–5,000

Corrosive

5,000–10,000

Moderately corrosive

>10,000

Slightly corrosive

Table 1 A soil with a lower resistivity is more
effective as an electrolyte and a conductive
path, facilitating galvanic corrosion.
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surface area to weight can significantly impact the predicted time it
takes for corrosion in a pile to reach
the weight limit included in the
design. A pile used for a solar installation has significantly more surface
area per pound, as shown in Table
3 (p. 66). This c o n t i n u e d o n p a g e 6 6
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comparison between two beams clearly shows the impact of
the relative difference in beam surface areas on the corrosion
of the two piles to 80% of the installed weight.
Pile shape also affects corrosion. Compared to H-piles,
round piles generally corrode slower. The interior of the pipe
does not come into contact with the exterior soil, which has
significant oxygen content. The oxygen contained in the soil
on the inside of the pipe is consumed fairly quickly and corrosion then slows. In contrast, all surfaces of the H-pile are
exposed to the aggressive soils.
Example Pile Life Evaluation
Recently, McCarthy Building Companies installed a solar
project in the desert Southwest on agricultural land. This
project provides a good example of the corrosive properties
of this type of environment.

Beam
Characteristics

PV Pile
Application

Large-Load
Application

Trade size

W6x9

W12x65

Beam height (inches)

5.90

12.12

Flange width (inches)

3.94

12.00

Web thickness
(inches)

0.17

0.39

Flange thickness
(inches)

0.215

0.605

9

65

Weight per linear foot
(pounds)

Table 2 The relative characteristics of a W6x9
beam, which is often used in PV applications, and a
W12x65 beam, typical of large-load applications, are
shown here.

Pile Size Versus Life Expectancy
Beam
Characteristics
Surface area per linear foot
(inches2)

W6x9
Beam

W12x65
Beam

378

870

Weight per linear foot (pounds)

9

65

Square inches per pound

42

13

Years to consume 20% corrosion
allowance

9

30

Table 3 The surface area to weight ratio for a W6x9
beam is 223% higher than it is for a W12x65 beam.
As a result, the 20% corrosion allowance is consumed much more quickly in the W6x9 beam used
as a PV pile.
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Beam height

Beam Characteristics

Design Parameters

System description: ground-mounted PV tracking system
Design life: 30 years
Pile size: W6x9 beam with a 20% corrosion allowance and an

embedment depth of 10 feet

Pile coating: 3.9 mils hot-dipped zinc galvanized coating to

provide protection against atmospheric and localized soil
corrosion
Corrosive environment: Results of the Wenner 4-pin test range
from 4,800 ohm-centimeter (ohm-cm) to more than 10,000
ohm-cm; therefore, a design condition of 4,800 ohm-cm is
used for the plant design.
Corrosion analysis. The hot-dipped galvanized zinc coating provides the first layer of corrosion protection and is
consumed first. The life expectancy of the zinc coating is calculated based on the total amount of zinc per pile and the
consumption rate of the zinc, which is determined based on
the measured soil resistivity at the site.
In this case, the weight of the
Flange width
zinc coating per square meter
of pile is 610.8 grams per square
meter. The total surface area of a
W6x9 steel beam with 10 feet of
embedment is 2.109 square meters.
Therefore, total weight of zinc per
Web
pile is calculated as follows:

Web
thickness

Total pile zinc = 610.8 g/m2 x
		
2.109 m2
= 1,288 grams

According to the corrosion
tables from the National Bureau
of Standards, the zinc coating
consumption rate in disturbed
soils with a resistivity of 4,800
Flange
ohm-cm is 60 grams per year per
square meter. For a steel pile with
a surface area of 2.109 square
meters, the annual zinc consumpFlange thickness
tion rate is 126.5 grams (60 g/yr/
m2 x 2.109 m2).
Based on the total pile zinc and the annual zinc consumption rate, the life expectancy of the 3.9 mils hot-dipped zinc
galvanized coating is calculated as follows:
Zinc life expectancy
				

= 1,288 g ÷ 126.5 g/yr
= 10.2 years

After the zinc coating is consumed by corrosion, the steel
has a 20% corrosion allowance before it is no longer considered
structurally sound. This means that the c o n t i n u e d o n p a g e 6 8
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steel can tolerate a significant amount of corrosion before
failure. However, the life expectancy of the steel’s 20% corrosion allowance still needs to be quantified.
According to the National Bureau of Standards, the corrosion rate of steel given a soil resistivity of 4,800 ohm-cm
is 1.127 mils per year (0.001127 inches per year). This rate of
corrosion applies to both sides of the steel pile. Therefore, the
total reduction in steel wall thickness over a 1-year period is
2.54 mils (0.00254 inches).
The thickness of W6x9 steel pile is 0.215 inches. Since the
steel corrosion allowance is 20%, the pile design allows for 0.043
inches (0.215 inches x 20%) of surface corrosion. Based on the
corrosion allowance and the rate of corrosion, the structural
life expectancy of the steel pile is calculated as follows:
Corrosion allowance life expectancy
		
= 0.043 inches ÷ 0.00254 inches per year
		
= 16.93 years

As shown in these calculations, the overall life of zinccoated W6x9 steel piles at the project site—the amount of
time before the pile structural strength is compromised—is
calculated to be slightly more than 27 years (10.2 years + 16.93

years). This does not meet the 30-year design life parameter
for the PV installation.
The above analysis shows the life of a steel pile in corrosive to moderately corrosive soil, but variations in resistivity
can affect the pile life. Table 4 shows the impact of varying
soil conditions.

Pile Corrosion Protection

The many options for minimizing the effects of corrosive soils
include employing zinc coatings, epoxy and other painted
coatings; thicker pile selection; impressed current systems;
concrete encasement; or installing sacrificial anodes. These
options have various advantages and drawbacks. More importantly, these options have different cost benefits.
Zinc coatings. This is one of the most common methods for
increasing pile life in corrosive environments. Zinc coatings
are applied using several methods, including hot-dipped galvanizing and plating. Zinc is very durable and provides a sacrificial anode. Even when damaged, the zinc corrodes before
the steel is attacked because it is higher on the galvanic scale.
Hot-dipped galvanizers can “double dip” the steel material;
this doubles the thickness of the galvanizing and generally
doubles the life of the coating.

Balance of System Components
WEEB

Washer, Electrical Equipment Bond
- Bonds PV modules to mounting structures
- Corrosion resistant stainless steel
- Custom WEEB design available
- Contact Wiley for a compatibilty list

Lug with WEEB

- Provides a continuous ground
- Corrosion resistant tin plated copper lay-in lug
- Includes WEEB technology
- Low proﬁle design

Bonding Jumper with WEEB

- Maintains electrical connection across a mechanical splice
- Corrosion resistant tin plated braided copper wire
- Includes WEEB technology

ACC Acme Cable Clips

- Easy installation, prevents cable damage
- Corrosion resistant stainless steel
- ACC and ACC-PV: USE-2 wire or PV wire
- Mounts to module frame
- NEW R2 and R4: AC cable or PV wire
- Mounts to rail

ACE
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Acme Conduit Entry

- Pass-through or combiner box with bracket
- Compatible with any conduit type
- Two-piece NEMA 3R plastic enclosure
- Transitions PV array wire to conduit wire
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Custom Solutions
available! Contact
Wiley to develop
specialized solutions
for mounting systems
and modules.

C o ur te sy M c C a r thy Bui l di ng C o m pa n i e s

Soil Resistivity and W6x9 Driven Steel Pile Life

well as coal tar, which is a very durable and more
costly coating.
Time to Consume
Total Wall
Surface damage is one of the biggest issues to
Soil
20% Corrosion
Corrosion Rate
Thickness Loss
keep in mind when selecting a coating. Most piles
Resistivity
Allowance
of Steel
in 30 years
used in PV applications are low-displacement piles,
(ohm-cm)
(years)
(microns/yr)
(inches)
meaning the piles themselves displace very little
500
11.4
3.5
0.105
soil. Damage to the piles and coatings are often
caused by the presence of dense layers of cobble.
750
11.7
3.4
0.102
When using an anti-corrosion coating, it is
1,000
12.2
3.3
0.099
important to ensure that the coating is durable
5,000
16.9
1.13
0.076
enough to keep the pile structurally intact for a
30-year life-span. I suggest driving several coated
Table 4 As soil resistivity changes, so does the amount of time it takes
sample piles and digging them out to check how the
for a 20% corrosion allowance to be consumed.
coating resists installation damage.
Because
of the additional oxygen content in the top 1 to 3
Because galvanizing is effective against atmospheric corrofeet
of
soil,
damage
is most problematic if it is close to the sursion, it is one of the most common protection options; it is also
face
and
coating
losses
are large. Typically, however, damage
cost effective. The disadvantage is that the coating is eventuclose
to
the
surface
should
be minimal because a large portion
ally consumed in a disturbed soil condition, along with the steel
of
the
pile
has
already
been
driven into the ground, clearing the
corrosion allowance.
way.
However,
the
section
of
the pile near the surface should
Epoxy and other painted coatings. Paints are often used to
be
examined
to
determine
if
additional
protection is required.
prevent atmospheric and soil corrosion. The cost and effecWith
coating
damage
similar
to
that
shown in the photiveness of these coatings vary greatly. Coatings include
tographs
of
test
piles
(p.
70),
the
corrosion
attacks localized
standard paint, which can effectively prevent corrosion, as

A Holiday Surprise
Making Solar Mounting Even Better

Renusol America sells complete mounting
solutions for the installation of PV modules
on both flat and pitched roofs. A European
market leader with a proven track record
for solar mounting systems, Renusol
creates patented systems for simple
project design and quick installation.

Discover Our Products
A three-step mounting system for flat roofs.
A pitched roof system utilizing pre-assembled
“one-size-fits-all” clamps for faster installation
and minimal product inventory.
Visit our website for more details and downloads.
Renusol America
201 14th Street, Suite 300, Atlanta, GA 30363
+1 877-847-8919 • www.renusolamerica.com

COMING SOON
see our website for details
www.renusolamerica.com

Visit Us
March 19-21, 2012
Booth #629
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Corrosion Impacts

areas and does not adversely affect the overall weight of the
pile. The localized corrosion can be significant without affecting a pile’s structural integrity.
Employing epoxy coatings may affect the project delivery
schedule. Steel piles normally need to be shipped to a secondary facility after fabrication for coating, and a limited number
of facilities are qualified to coat the piles.
Thicker pile section. Heavier piles can be installed to provide sacrificial steel that can be corroded without loss of
structural integrity. This common solution can be combined
with other strategies.
Impressed current. Impressed current systems apply a
dc voltage to a system anode, in this case the steel pile.
The added voltage and current interrupts the galvanic
reaction and stops below-grade corrosion, as long as the
steel is electrically continuous. The presence of the current
can eliminate the need for zinc galvanization or epoxy coatings. While impressed current systems are very effective,
they require ongoing maintenance, consume power and can
be costly.
Concrete encasement. Each pile can be placed in a small
concrete foundation that provides a barrier to corrosion.
Often, 3 to 6 inches of concrete needs to encase the pile to
ensure protection.
Sacrificial anodes. This type of corrosion protection system
requires the installation of magnesium anodes—either strip
or block anodes—that are electrically connected to each pile.
Magnesium is higher on the galvanic scale and has a greater
electrical potential than steel or zinc, so it is consumed before
the other metals are attacked. In practice, this option is often
used in conjunction with a galvanized zinc coating and an
increased corrosion allowance for perimeter piles.
70
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C o u r t e s y M c C a r t h y B u i l di n g C o m pa ni e s ( 2 )

Test piles These photographs
show damage caused to two different coatings on piles driven at
a PV site in Arizona. In the photo
on the left, the black coating
is coal tar and shows minimal
damage; the other coating is a
high-solids epoxy coating. While
the epoxy coating shows some
additional damage compared to
coal tar, this damage is limited to
the area below the disturbed soil.
The photo on the right shows the
damage to the coal tar coating at
the disturbed soil level.

Driving It Home
Note that for any corrosion measure to be effective, the following steps are necessary:
1. Enlist the help of a corrosion protection expert who
is familiar with pile corrosion.
2. Secure accurate soils information to guide the
engineer on the effects of aggressive soils.
3. Ensure that the corrosion expert works in conjunction with the structural engineer to accurately determine the impact of localized corrosion.
Without this combination of site-specific data and engineering expertise, the developer or contractor often ends up
with solutions that are too conservative or too costly, or that
do not accurately address the potential for corrosion, which
introduces significant quality and warranty issues.
g C O N TAC T
Scott Canada / McCarthy Building Companies / Phoenix, AZ /
scanada@mccarthy.com / mccarthy.com
Resources
Camitz, Göran, “Corrosion and Protection of Steel Piles and Sheet Piles in
Soil and Water,” Swedish Commission on Pile Research, Report 93.
US Army Corps of Engineers, Mississippi Valley Division, “HSSDDR
Design Guidelines—Wavers for Steel Piles Corrosion Protection,”
December 16, 2005.
Romanoff, Melvin, “Corrosion of Steel Pilings in Soils,” Journal of
Research of the National Bureau of Standards (Volume 66C, No. 3),
July/September, 1962.
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Design:
the Science
By Justin Weil and Patrick O’Boyle

O

ne of the happiest days at any solar thermal integration
company is when the contract for a large commercial project
is signed. The staff gets word that after months of hard work,
the sales team has sealed the deal. Installers know they will be
kept busy on a fresh project. Marketing begins thinking of ways
to promote the system. Accounting prepares the schedule of
values and other billing documents. Having fulfilled its role in
the process, the sales team hands off the project to the design
team, whose job now is to turn promises and projections into
reality. In our last article (June/July 2011, SolarPro), we focused
on system commissioning, the final step in the installation process. In this article, we turn our attention to an initial stage of
the process: going from signed contract to final system design.
When the signed contract hits the designer’s desk, the clock
starts ticking. It is time to dig in, examine the initial concepts for
the system and produce a robust, polished design that will ultimately underpin a successful installation. Good designs lead to
happy clients and stable systems that function and perform as
promised. Bad designs lead to poorly functioning systems that
cast doubt on the efficacy of solar thermal technology. More
than any other part of the solar construction process, design
is critical to the success of not only the solar thermal company,
but also of the solar thermal industry itself.

Design Process Overview

There is no single correct or best way to conduct the design
process. How a design unfolds depends on what the objectives are, such as aesthetics versus production or achieving
a certain percentage of total usage with solar. Whom the
designer is designing for—an experienced in-house installation crew or perhaps a plumbing contractor unfamiliar with
solar thermal technology—is another factor that influences
the process. This article is based on our experience in designing commercial solar thermal systems. Other solar integrators, engineering and architecture firms, HVAC companies
and solar equipment manufacturers have their own design
processes that can be just as effective.
The designer’s goal is to design a system that will last, that
meets the client’s business needs and that generates profit for
the solar thermal company. Clients expect a safe, reliable system that will last decades and help, rather than hinder, their
business. A good design is the foundation of a solid system
that is accepted by those who use it and that allows the system owner or stakeholders to shine as the individual or individuals who made the wise decision to invest in solar thermal.
Designers must at all costs prevent the perception among clients and the general public that investing in solar thermal is
not a sound decision.
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Solar thermal system design is a complex calculus that factors in many variables, including:
f
f
f
f
f
f
f
f
f
f
f
f

Facility hot water load
Integration with existing water-heating or mechanical
equipment
Collector type, size, angle, racking and mounting
Heat exchange
Flow rates, temperatures and pressures
Storage capacity
Pipe and pump sizes
Fluid and pipe expansion
Solar radiation
Equipment layout
System location and altitude
Aesthetics

These factors must be balanced with what can be done for
what cost. Design is the “special sauce,” the alchemy that underpins all successful implementations of solar thermal technology. There are many installers and subcontractors who can
build systems; unfortunately, there are currently far too few
designers who can generate high-quality designs. Ideally, significantly more mechanical engineers will become competent
solar thermal designers. Increasing the number of professionals
who have mastered the art and science of solar thermal design
is vital to achieving mass implementation of the technology and avoiding any
black eyes to the industry, such as those
suffered during the 1980s in the US.

Coordination with Sales
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f
f

How will the collectors be mounted to the building
structure?
What is the facility’s true hot water load, and what
effect will it have on the production of the solar field?
Where exactly in the building will the solar equipment,
particularly the water storage tank(s), be installed?

It is now time for the designer to closely examine initial
assumptions and create the actual design. For many designers, this pursuit of clarity is one of the most enjoyable aspects
of their work.
Solar thermal design differs greatly from PV system design
because solar thermal systems typically integrate with complex existing mechanical systems within the facility. How and
where the solar thermal system connects to existing water
heating or mechanical equipment is an important question

“Design for me is an art and a science. When the contract is
signed, that’s when the project becomes real, and that’s when I get excited
about putting the technology to work. The creative juices kick in, and
I know that this is when I can dive in and start figuring out how to
make the best design within the given budget, and do it better than
originally thought.” — Justin Weil, SunWater Solar

Experienced design and sales teams stay
connected from the early stages when
sales teams interact with the client and
conduct an initial analysis of the facility. There should be an ongoing dialogue
between design and sales teams regarding best practices and best materials to
use for different types of systems. Continually reviewing what
works well and what does not will help the company and its
employees progress. As the sales process moves forward, the
designer should collect information about the potential project
by reviewing the sales team’s notes and site photos, and reviewing the work that the sales team has done in regards to calculating projected load, equipment selection and layout, and
determining how the solar thermal system will tie into existing
equipment. The sales team should also keep the designer in the
loop regarding client expectations. By the time the project is
sold, the design team should have a well-informed idea of the
project’s scope. However, a formal handoff meeting is required
74

to ensure that everyone is on the same page. You will need to
double-check with the sales team that the cost of system design
is included in the project bid. The designer should create a standard form featuring specific questions about the project that
the sales representative fills out and brings to the meeting.
Once the sales team has handed off the project, the designer
takes over and can begin to verify the site-specific information
that the sales team collected. The designer’s initial questions
include the following:

solar thermal designers must answer early on. Tying into
another system or process requires the designer to be somewhat of a “jack-of-all-heating-systems.” The designer must
become familiar with a variety of different systems and heating processes, and their related equipment. When designing
a system for a yogurt factory, for example, the designer needs
to understand the basics of pasteurization. For wineries,
familiarity with the winemaking process is important. For a
client in the hotel industry, the designer should know all the
different ways these facilities use hot water, such as laundry,
food service, guest bathrooms and pool heating. There are
so many ways to heat water and air that c o n t i n u e d o n p a g e 7 6

Solar Thermal System Design

Reach Out to the Client

The designer should contact the clients soon after the contract
is signed and discuss their understanding of the project. The
designer can answer any questions the clients have, learn what
their expectations are and get any concerns out into the open
before heading too far down the design path. Next, the designer
sets up a site visit to access different parts of the facility, especially the roof and mechanical area, and meet with any stakeholders who have an influence on the design. Designers need to
artfully communicate to the stakeholders any potential pitfalls,
such as possible structural issues, so that if problems occur,
all parties are forewarned. Your company will gain the client’s
respect if you are up-front about any potential risks.
SITE VISIT
The designer should already have ample background on the
site, garnered through discussions with the sales team, but the
designer must still get on-site and view everything holistically.
The designer needs to take time to explore the facility and consider the possibilities, looking for things that the sales team
may have missed or that the client did not reveal, such as the
need to replace existing equipment. Other tips for making the
most of the site visit include the following:
f
f

f
f
f
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Get a feel for the site and for the client.
Ask lots of questions about the heating process that your
system will feed:
• How often does it run? How many days per week?
• What are the temperature tolerances?
• Who maintains the equipment?
• How often is the equipment maintained?
• Is there a weak point in the existing system?
• Does the existing system run at full capacity?
• Can the boiler accept preheated water?
Ask for contact information for the company or individual who maintains the existing heating system.
Confirm roof and mechanical room measurements.
Confirm the condition and type of roof, and of existing
equipment that the solar thermal system will tie into,
S o l a r Pr o   |   December/January 2012
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(water heaters, pumps, chillers and so on).
Confirm existing pipe sizes and types.
Check the electrical supply and determine how the
system will connect to power.
Take photographs and make notes.
Identify potential code concerns (clearances, venting
requirements and so on).

“Hide the tank meetings” are common during this early
stage of the design process, especially with new construction
projects where the architect or engineer may not have allocated space for a large storage tank. These clients often want
to know, “Where are we going to put this massive solar storage
tank?” Clients rarely want the tank to be visible, but oftentimes
there are few choices for where to place it. You and the designer
will want to make clear in these meetings that tank location
can have an effect on system performance and price. Offer an
honest assessment of the client’s options regarding tank location, but stress that, one way or another, at the end of the day,
they do in fact need the tank.

C ou r t es y S u n Wa t e r S o l a r

system design constitutes an endless education. If you do not
enjoy learning about new mechanical systems, gaining proficiency in solar thermal design is next to impossible.
Mastering this diversity of applications, systems and technologies is one of the joys of being a solar thermal designer and
why many system designers enjoy working in the solar thermal
field. Clients are often happy to educate designers on how sitespecific systems function. Ideally, the solar thermal designer
becomes a member of the team responsible for the facility’s
heating system, learning new things each day about how various business types utilize heat.

Existing equipment Determining how and where to tie into
existing mechanical equipment, such as this domestic water
heating system, is one of the most difficult phases of designing a commercial solar thermal system.
Retrofit sites. The trickiest aspects of retrofit projects are
laying out the solar thermal equipment and integrating it with
existing equipment. During the site walk, designers must identify the tie-in points to existing equipment. In addition, they
should note the temperatures that the equipment is currently
set at, verify that electricity is available to power the solar
pumps and create a mechanical room layout dimensioned
with equipment.
The designer should keep an open mind and look for ways
to make the project more successful. You obviously want to
avoid cutting corners, but always consider c o n t i n u e d o n p a g e 7 8
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S h a w n S c h re i n e r

Racking considerations
Proprietary collector array
racking systems provided by
manufacturers are typically
easy to install, and in some
instances are even combined
with preexisting racking infrastructure.

ways to reduce installation costs. Is there an easier way to run
the solar trunk lines from the roof to the mechanical room?
Are there low-cost options for mounting, racking or other
materials? The design is not yet set in stone, and now is the
time to lay plans for a successful implementation.
New construction sites. For new construction projects,
designers should carefully review all project drawings, then
contact the general contractor and project plumber. Find
out where solar thermal fits into the schedule. In new construction, the solar thermal team is often brought onboard
late in the game, so there is a good chance the designer will
already be behind the eight ball. Solar thermal is often an
afterthought in new construction due to funding issues, the
general contractor or design team avoiding solar until the
last minute, or the mistaken belief at the start of the project that the project plumber can handle the solar thermal
design and installation.
It has become common recently for the general contractor
or project architect to provide solar thermal designers with a
“placeholder design” that includes collector layout or even a
system schematic. Frequently—but not always—placeholder
designs have been created by individuals whose expertise
is not in the area of solar thermal technology. The original
designers (often an engineering or architecture firm, or other
solar contractor) will have given it their best shot, but until
solar thermal systems become more commonplace, professional solar thermal designers must assist in the design process and try to pass on best practices. The designer should
review the original design, get a feel for what parts of it are
required and identify any areas that may be incorrect. Justify
any recommended changes because the other parties may
78

S o l a r Pr o   |   December/January 2012

assume that the placeholder design reflects what you will
build, even if the design is incorrect.

Hot Water Load and System Sizing

Hot water load and system sizing are critical elements of
solar thermal design. Sales and design teams should begin
discussing these topics as soon as the client provides initial
load data. By collaborating, design and sales can often determine early on what size system is ideal for the client’s facility.
Hot water load is a major determiner of solar thermal system
production and efficiency. If a client is promised a certain
amount of energy based on an assumed load, and the actual
load turns out to be different, then the system’s energy output
will change. This is quite different from what occurs in the PV
world. For example, 150 PV panels will produce close to the
same 150 units of energy regardless of the building’s electrical load. However, if 150 solar thermal collectors are installed,
but the building only needs 100 collectors to heat its water, the
collectors will overheat, running less efficiently and creating
less energy. If the building needs 200 solar thermal collectors
to heat its water but only 50 are installed, those 50 collectors
could end up creating twice as much energy as assumed since
they will be running at a lower temperature.
Unlike PV, where system sizing is relatively precise, solar
thermal system sizing often involves an educated guess
because precise data on hot water load is often not available.
With PV, if the sizing is slightly off, the technical consequences,
such as system breakdowns and increased maintenance costs,
are typically insubstantial. Furthermore, if the PV system is
oversized and generates more energy than c o n t i n u e d o n p a g e 8 0

Solar Thermal System Design

the facility can utilize, the excess power is simply pushed onto
the grid. This situation may have financial implications, but it
does not impact overall system efficiency or put additional stress
on system components. The situation is quite different with
solar thermal: If too much heat is generated, the consequences
can be dire. System oversizing can lead to unusually high maintenance costs or even complete system failure. Correct sizing
of the system during the design phase is absolutely critical.
HOT WATER LOAD ANALYSIS
Hot water load has a major effect on system sizing, performance and long-term value. Occasionally in the commercial/
industrial market, thorough load data exists for the system that
will be assisted by solar thermal. In our experience, however,
clients rarely have a 100% accurate picture of how much hot
water each piece of equipment uses. For buildings where the
load is not known, the designer can almost always establish an
approximate figure for load by collecting information from the
client and applying various rules of thumb based on the building and system type. As early as possible, review any existing
load information and assess whether metering of the equipment is necessary.
Further load information can often be obtained from
employees and maintenance staff. For example, you might
have a hotel or restaurant manager count the number of laundry or dishwasher loads done on a given day. These numbers
provide only part of the complete picture, but they can help

Co u r t e s y S u n Wa t e r S o la r ( 2 )

Roof penetrations Designers typically predetermine what
type of mounts installers will use. However, for retrofit systems, installers often do not know until they cut into the roof
exactly how far down the mounts will sit.

80
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in system sizing. Be sure to run new performance simulations
as new information is collected. For most projects, the performance does not change much more than 10% either way, but
this is not always the case. If you are making assumptions, it
is good to refer to ASHRAE charts to see whether your projections fall into the typical usage pattern for that type of heating
system or facility.
If assumptions regarding load are made during the design
phase, it is important to make clear to the client that you are
assuming x load and that x is an educated guess. System size,
energy production and monetary savings are based on this
specified load. If the clients are not comfortable with that, they
may be willing to pay to have monitoring equipment installed.
METERING HOT WATER USAGE
Using rules of thumb and data provided by clients to determine
an approximate hot water load can be effective and is a commonly accepted practice in the solar thermal industry, since
individual water heating and mechanical systems are rarely
metered. Metering, however, is the only way to truly pinpoint
the exact load.
If it is decided to meter the load as an initial step in the
design process, a variety of tools are available: water meters,
natural gas meters, BTU meters, ultrasonic flow meters and
dataloggers, for example. Often in older commercial buildings
or facilities where the load is completely unknown or impossible to determine, solar thermal designers c o n t i n u e d o n p a g e 8 2
Preferred equipment Over time, solar thermal system
designers develop lists of preferred equipment. This heat
exchanger, manufactured by Alpha Laval, was installed as part
of a 70-collector system that SunWater Solar designed for a
multifamily building in Union City, California.
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SOLON
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Have the client pay for a permanent water or
natural gas meter.
Have the client pay for a permanent BTU meter.
These are very expensive, but provide the most
accurate readings.
Loan the client an ultrasonic meter. These units
can cost thousands of dollars.
Loan the client a BTU meter with an ultrasonic
flow meter. These are also very expensive.

C o u r t e s y S u n Wa te r So l a r

may choose to determine load using these tools. Incentive programs such as the California Solar InitiativeThermal (CSI-T) program may also require metering for
some installations, such as very large systems or those
that fall outside established gallons per day parameters.
In most large commercial buildings built within the last
5 years, systems and pieces of equipment that generate
or consume energy are frequently metered. In the past,
solar thermal systems did not receive much attention,
but today many clients want their systems metered after
installation in order to quantify system value.
If it is determined that metering is necessary after the
contract is signed, the designer has several options:

Hide the tank Early in the design phase, decisions such as where
to locate the system storage tank must be made. This decision
impacts other design variables, such as piping runs, materials, flow
rates and temperature differentials.

Many times, meters must be left in unsecured locations,
so proceed with caution. The problem with having one highquality, expensive meter to loan is that the designer typically
needs around one month of metering data and may need to
meter several facilities at once.
WORKING UP THE DESIGN
After analyzing the site and verifying load, the designer can
make real headway on the design itself. Handling design
in-house gets easier over time because your completed projects
can serve as templates for future designs. The more systems
your firm designs, the larger and more diverse your collection
of roof penetration details, mounting details and mechanical room schematics becomes, for example. For solar thermal
installation companies lacking in-house design capability,
handing off design to a mechanical engineering firm can be a
viable option. Cost and lead time vary greatly between a firm
that is already familiar with solar thermal and one that is not.
Because many engineering firms do not have solar thermal
experience, it is wise to pass their designs along to the collector
manufacturer for review.
While the design is in process, the designer needs to coordinate with the staff whose equipment the solar thermal system
will tie into. They need to understand exactly what will happen
and when, well before your installers arrive on-site and start
turning bolts. If the client is expecting a rebate or tax incentive, confirm that the system you are designing qualifies. You
also need to acquire existing building plans for the facility that
82
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are relevant to the solar thermal system. Designers should also
consider aesthetics, such as matching the solar thermal equipment’s appearance to that of existing HVAC or mechanical
room equipment. Solar thermal arrays are typically racked at a
much higher angle than PV and tend to stick out more. Therefore, the designer needs to give serious thought to the appearance of the collector, collector racking and related piping.
When the design is complete, run it by the client and your
sales team. Is the design what they thought it would be? When
everyone is satisfied, you are ready to submit your system
design package to the building department for review.

Design Submittal and Approval Process

Solar thermal designers should contact the building department early in the design process to get details on local regulations. Many cities now even offer checklists for solar designers.
Although most of these checklists have been created for the PV
industry, they can still provide useful information relevant to
solar thermal installations. Inform the building department if
there are requirements on the list that do not work for solar
thermal or that are impossible to meet. Find out whether the
building department will work with you on this or force you to
conform to PV rules, such as electrically grounding the collectors on the roof.
Before submitting your design to a building department,
double-check your design and conduct a peer review to
confirm that the system will meet all Code requirements.
This helps prevent delays in design approval and avoids nasty
surprises during final inspections. Building c o n t i n u e d o n p a g e 8 4
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Pump station
For each system,
the designer must
decide whether to
install a prefabricated pumping
station, such as
this Heliodyne
Commercial
Station, or have
installers build
the pumping
station on-site.

department personnel carefully review all submitted designs,
but generally speaking, they cannot be held liable for failing
to identify aspects of the design that are not up to Code. If elements of the system fail to pass inspection, the solar thermal
company—not the building department or the client—is left
holding the bag.
Despite the fact that solar thermal has been in use for
many years, building department officials are not always
familiar with the technology. Some departments are tougher
than others when it comes to enforcing the letter of the law.
Solar cooling systems can be even more confusing to building departments than solar water heating systems. For any
system type, invest the time to make sure your design is up
to Code and consult with building department officials when
necessary. A written narrative explaining the system can help
the design review go more smoothly. Explain the purpose of
the system, the sequence of operations, what the solar fraction is and so on. This is especially important when you are
seeking approval for a complex system or one that is feeding a
unique existing system or load.
Throughout the design review and permitting process, communicate clearly with the client regarding review times and any
Code concerns related to the project. In some cases, clients can
help by interfacing directly with the building department.

Handoff to Project Manager

After the building department has approved the design,
it becomes a living project and moves on to its next phase:
production. Production runs more smoothly if the designer
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reviews the project in detail with the project manager before
crews head out to the jobsite. Provide an accurate, up-to-date
equipment schedule with the approved design and pass on
relevant information about the client, the building and the
project schedule. Warn the project manager of any potential
difficulties you foresee. You should also discuss whether your
installers or a subcontractor will perform different portions of
the installation. Finally, after the system is built and commissioned, be sure to walk the site, examine the system during
operation and note specific design elements that will be useful in future projects.

Solar Thermal Design: Both Art and Science

Solar thermal system design is a craft requiring technical ability, artistic talent and communication skills. A vital part of
the solar construction process, the designer’s work is the bedrock on which installers build systems. Design must therefore
be done correctly, and creating an internal process is key to
ensuring success.
When a solar thermal designer takes on a large or
experimental project, or has the opportunity to work with
a high-profile client looking to do something new with the
technology, there will be some intense moments when the
challenge of completing the project on time and on budget
may seem overwhelming. But overcoming such difficulties
is the thrill that many designers thrive on: the excitement
of creating something never seen before, of turning an idea
into a technical, functional system.
Knowledge of solar thermal design needs to increase
greatly for the industry to advance. When you are working
with an engineering firm that is new to the technology, take
the time to explain what you do. These are not cookie-cutter
designs, and it will take a long time for the engineering firm
to learn what you know. The lack of qualified solar thermal
designers is an impediment to industry growth. One part of
the solution would be to have a solar thermal industry group
that could create a strong design guide and train engineers in
the craft. Manufacturers are currently inundated with design
inquiries; demand for the technology is growing; and solar
thermal design is not straightforward. Training more designers is a tide that would lift all boats, and solar thermal designers should do all they can to educate others on the art and
science of solar thermal system design.
g C O N TAC T
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Part Two

Commercial PV System
By Kyra Moore and Rebekah Hren

I

n Part One of this article (October/November
2011, SolarPro magazine), we discussed the
value of monitoring commercial PV systems
and the benefits to investors, integrators, system owners and operators. We also discussed
the options and components involved in the selection of a monitoring system.
In Part Two, we concentrate on the best practices for successful integration, including predesign
planning with the monitoring provider, site-specific
considerations and conduit routing. We provide
a case study showing the financial effects of system downtime, which potentially can be alleviated
via sufficient data monitoring. We also explore the
trend toward inverter-integrated monitoring and its
advantages and disadvantages compared to thirdparty monitoring.
Monitoring System Selection and Specification
According to the subject matter experts we interviewed for this
article, the most common mistakes made when specifying and
implementing PV monitoring systems are generally traceable
to a lack of planning, foresight or communication. Planning for
a monitoring system after the PV system is built has obvious
flaws. It may also be problematic to add a monitoring system
after the PV system is quoted, let alone sold.
“The most common mistake integrators make is waiting too long to decide upon and implement a monitoring
solution,” observes Robert Smith, director of marketing at
ArgusON, a provider of site monitoring and management
services. This often adds costs that could have been avoided.
“When the monitoring platform is the last item to be selected
on a commercial PV site,” he says, “expenses can rise substantially due to an inefficient system design.”
Fortunately, there is general agreement on how to
avoid these problems: Plan ahead, do your homework, and
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S o l a r Pr o   |   December/January 2012

communicate with the customer and the monitoring solutions provider early and often.
Customer needs ultimately determine the best data
monitoring system configuration specific to each project.
According to Benjamin Compton, COO at meteocontrol

Data Monitoring
Site survey. Once you have determined that a commercial
system will be monitored, the conceptual design must be
tailored to meet the needs of the customer, system operator
or both. The best way to make sure that you are asking the
right questions and getting the right answers is to complete a
monitoring installation site-survey form as early in the sales
or design process as possible.
Typically, PV monitoring companies provide a site-survey
document to their customers upon request. Site-survey
responses are useful for specifying the right equipment,
optimizing the system design and providing an estimated
price for the goods and services. A site-survey form seeks to
answer as many basic questions as possible about the site
and desired functionality of the monitoring system. Typical
questions include:
P What data do you plan to collect?
P Who will be using the web portal and how?
P How will Internet access be achieved?
P How will you power components that need a dedicated power supply?
P What are the conduit and cable requirements?
P Where will major monitoring system components
be located?

North America, which provides solar management solutions
to large PV power assets: “In any measurement and verification program, a balance must be struck between the level
of detail required for an accurate evaluation and the associated costs relative to the overall energy generation value.”

“Engineers and integrators will fall

C o ur t e s y D E CK M on i t o r in g

behind if they don’t bring in a monitoring and
measuring piece to their practices. As the
market continues to mature, buyers will come
to expect operational performance monitoring
and financiers will require a complete level
of monitoring and management of their investments.”—Robert Schaefer, AlsoEnergy

The other major component of the monitoring site survey is a one-line electrical drawing. If this is provided along
with an approximate or to-scale site layout, the monitoring
provider can use this information to create a customized
site-specific single-line drawing, showing the location of
power and communication connections to the monitoring
equipment. Sharing the system design with the monitoring
solarprofessional.com  |  S o l a r P r o                 87
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Interactive public
display Customizable
public displays are a
great way for PV owners to showcase their
investment in renewable
energy. This display,
developed by Locus
Energy for the City of
Danville’s Community
Market PV system in
Danville, NC, highlights
PV energy production,
environmental offsets
and current weather conditions. Tabs at the top of
the page allow the user
to access more information about the site and
an educational tutorial on
how PV systems work.
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investigate and monitor other energy-saving opportunities
at the facility.
Note that if a building has a preexisting automation system, the PV data acquisition system may need to
have network compatibility with that system. This depends
on the level of functionality and integration desired by
the customer.
Graphical interface. It is a good idea to “walk through” a
vendor’s web portal before making purchasing decisions. If
an interface is difficult to navigate, lacks detail or does not
allow for managing work orders, the monitoring solution may
not prove useful for O&M purposes. Once you have selected a
provider, it may not be possible to overcome issues like this—
short of finding another provider.
Another thing to consider is the degree of personalization possible for a web portal’s user interface and the
relative effort involved. The ability to customize web portals
merits consideration: If it is not possible to brand a portal
with your logo, the monitoring system may not meet your
marketing needs. Your customers may have similar branding
needs. Some third-party data monitoring companies provide software customization free of charge. Some products,
such as the SMA Sunny Portal, allow customers to modify
the appearance of the website. Other solutions allow little to
no customization.
“As the market continues to mature, costs are coming
down and customizable energy monitoring is becoming available all the way down to the residential level,” notes Robert
Schaefer, CEO at AlsoEnergy, a provider of c o n t i n u ed o n p a g e 9 0
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provider also helps verify that all components are compatible, including inverters and meters.
Gathering this information during the planning stage of
the project is crucial. The addition of a monitoring system
inserts another layer of electrical equipment to the design,
including power supply circuits, communication circuits,
meters and IT equipment that must be located, sized and considered in advance to be fully incorporated into the PV plan
set. The predesign process for determining the monitoring
system should be considered just as important as sizing the
correct inverter or choosing a racking system.
Monitored data. The most basic inverter-level data acquisition system typically captures dc volts, amps and power on
the input side of the inverter, and ac volts, amps, power and
energy harvest on the ac side of the inverter. These data are
frequently reported graphically via bar charts for various time
periods (hour, day, month or year).
More advanced monitoring systems can capture environmental conditions or detailed data from subarrays, strings
or even individual modules. It is also possible to monitor
utility grid-power quality and stability by tracking grid voltage and frequency variations outside the IEEE 1547 windows
and report the duration of any outages.
Monitoring instantaneous building demand and net
energy consumption is another option. If the building load is
monitored, it is possible to compare the ac energy consumption at the facility against the PV array production. This
may have value both for PR purposes and as an educational
tool. It may also allow facility managers to become aware of,

EW
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determine the cost and terms of service before selecting a monitoring solution.
Internet access. Since monitoring systems are generally cloud-based, Internet access is essential. If a
hardwired Internet connection is used, coordination
with the host facility’s IT team is a prerequisite. Communication is key, relates Chuck Wright, principal at
PowerDash: “If the customers’ Ethernet is to be used,
verify their understanding that it is their responsibility
to keep the communication channel open for a period
of years, even decades, and that they agree to do so.”
Important questions to ask relate to the requirement
for static versus dynamic IP settings, firewall setup for
inbound traffic and other general network security or
Performance ratio indicator Quick indicators of general system
compatibility issues. The goal is to gather as much nethealth—like this monthly performance variance analysis from
work data as possible so that the monitoring company
meteocontrol—are especially useful if a web portal is to be used for
can preconfigure the datalogger to automatically comO&M purposes.
municate with the network right out of the box.
If the site is remote or access to the existing network is
renewable energy monitoring solutions. “All users want a
direct relationship with their purchase,” he explains. “The user prohibited due to network security systems and firewalls, a
base is getting more sophisticated in its purchasing decisions.” cell modem must be included with the monitoring system to
Consider whether the content being displayed can be var- push the data onto the Internet. If cellular communication
ied easily, based on whether the viewer is the facility owner, sys- is necessary, be sure to determine whether there is coverage
tem owner, financial backer or O&M provider. If the intended during the site survey. In some rare cases, a satellite modem
viewer is the general public, consider what kiosk or wall- must be included. Note that adding a cell modem does not
mounted displays are offered, as well as the cost and connectiv- just add a onetime cost for the hardware component; a cell
service contract must be included and renewed as long as the
ity requirements.
If the web portal is primarily used for O&M purposes, you system is to be monitored.
may want to select a system that allows for crosschecking performance at a variety of sites in the Customized portal Branded web portals—like this DECK Monitoring
same general vicinity. Data acquisition systems public dashboard for the Washington High Eagles—are an important
themselves can and do fail, so this feature may pro- monitoring system component for many businesses and institutions.
vide additional insight into potential data acquisition problems or into other PV system problems.
It may also be important to select a portal that
includes performance ratio indicators or other
quick indicators of general system health.
If the system is designed to generate error or
alarm signals, consider how this feature operates.
Faulty alarms and excessive email or text messages
often prompt integrator complaints. To the extent
that alarm triggers are configurable, it is possible to
reduce or eliminate false alarms. If the source of the
alarm requires corrective action, it may be possible
to schedule service calls and keep maintenance
logs from the O&M portal. Companies interested in
managing a fleet of PV systems should consider a
monitoring system with this functionality.
Contractual terms also vary. Some web portals
are free with equipment purchase; others incur
annual fees. Some vendors offer multiple levels
of service and tiered fee structures. Be sure to
90
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In systems covered by the NEC, ac power cannot be
According to Solectria Renewables CTO Michael
Zuercher-Martinson: “Solectria Renewables recently added pulled directly from the inverter output, and a different cira 3G cellular network communication option to its monitor- cuit must be used. The power source does not have to be a
ing product line, which has quickly turned into a best seller. dedicated circuit: Power can typically be pulled from an existing load-branch circuit, if
Not having to deal with the
one is available. In the event
local IT infrastructure and
operational plan will
that there are no existing
associated firewalls and not
include adequate sensors for the purposes
branch circuits in the vicinhaving to run additional
needed, properly trained personnel with some
ity, be sure to size any new
communication conduits in
many cases pays for the cost
level of IT experience to assist with the installa- ac branch circuit conductors
for voltage drop when makof the cell modem and the
tion and commissioning of the data monitoring
ing long-distance runs to
long-term service contract.”
system, and the establishment of fully docuPower supply. The power
combiner boxes. In systems
mented procedures for the regular calibration
with inverter output direct to
requirements for each monimedium voltage, installation
toring package are different.
of all devices at manufacturer-specified
A critical part of the site analof an additional small transintervals.” —Benjamin Compton, meteocontrol
ysis is identifying available
former might be necessary to
power sources for datalogprovide 120 Vac, which can
gers, energy meters, smart combiner boxes and other equip- also be used to power on-site service receptacles.
ment. While it is possible to purchase small self-contained
In addition, verify that the monitoring components receive
and self-powered dataloggers and weather stations, they are the type of power they require. Smart combiners and data
generally more expensive than tapping into a preexisting acquisition units might actually require a 24 Vdc power supply. In some cases, a 120 Vac/24 Vdc power supply is integrated
load-branch circuit or installing a new load-branch circuit.

“A comprehensive
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into the component enclosure; however, sometimes an external power supply must be provided. The location of power
supplies must be incorporated into the total system design
and the conductors must be sized for voltage drop.
Note that while NEC Section 300.3(C)(1) allows ac and
dc circuits rated 600 volts or less to occupy the same equipment wiring enclosure, cable or raceway, Section 690.4(B)
specifies that PV system circuits “shall not be contained in
the same raceway, cable tray, cable, outlet box, junction box
or similar fitting as conductors, feeders or branch circuits of
other non-PV systems, unless the different systems are separated by a partition.”
Depending upon your interpretation—or that of your engineer or the inspector for the AHJ—power system conductors
for the PV data monitoring system may be considered non-PV
system conductors. If they are considered PV system conductors, then they can share conduits with other PV system circuits; if not, then they cannot. Of course, this is relevant only
for the power system conductors.
Communication circuits. Low-voltage monitoring equipment
has its own requirements, as described in NEC Chapter 8, “Communications Systems.” All communication cables in PV data
monitoring systems carry low-voltage signals, typically under
10 volts. The insulation rating on most communication cables
is limited to 150 Vac. Check with the manufacturer or the NEC
for specific cable insulation ratings. Cable insulation must be
appropriate for the installation conditions—burial rated, UV
resistant and so on.
As a result of this low insulation rating, communication
cables cannot share conduits, raceways or enclosures with
high-voltage power conductors—either ac or dc—unless
proper physical separation is provided. Conduits carrying
communication cables can share trenches, provided that
adequate separation of the conduits is maintained. The additional conduit, wire and installation cost for running lowvoltage communication cables must be considered during
system design and construction planning.

Courtesy Joe Schwartz

Commercial Monitoring

Signal attenuation To avoid the loss of signal strength,
keep cable runs to weather sensors short, since they often
output on the order of microvolts or millivolts.

When evaluating the Internet connection, keep in mind
the distance limitations of the various protocols
and bus drivers. TCP communication on a CAT 5 or
5e cable is limited to 300 feet. If the distance from
like the LI-COR LI-200 the base station to the Internet connection exceeds
this distance, consider using fiber optic cables,
pyranometer, have connectors that require additional
which have distance allowances that are counted
conduit space or special provisions for accessing
in miles, or cellular modem connections if within
range of a cellular signal.
them, such as Type LB or Type T conduit bodies with
To keep costs down in large array fields or custom
removable panels.” —Bill Reaugh, Draker Laboratories
structures, identify all of your conduit requirements
before hardscapes like roads or parking lots are comConduits and circuit routing. The addition of a monitoring pleted. This lets you get your conduit into trenches before
system can add a significant amount of conduit and circuits they are backfilled and is much more cost effective than findthat must be planned and accounted for in the initial design. ing alternative installation solutions afterwards.
Verify that placing the cables in conduit does not exceed the
Location. For best results, show the locations of datalogconduit-fill allowance. This is especially true for weather sen- ger enclosures, energy meters, weather sensors and other
sors that have unique connectors.
monitoring system components in c o n t i n u ed o n p a g e 9 6

“Some weather sensors,
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Cost Analysis Case Study

S

monitoring, it could be up to a month or longer before a
problem is detected. Fixing the problem after it is identified
typically involves time for travel, troubleshooting, shipping
replacement parts, yet more travel, and replacing the
component and recommissioning the subarray.
With inverter-level monitoring in place, an alarm and
accompanying error code is received instantly via web
portal, text message or email as soon as the inverter failure
occurs. This allows for a more timely and focused response.
In many cases, good inverter communication allows
problems to be resolved on the first trip to a site, instead of
merely being diagnosed.
Losing the input from a single string into a 250 kW inverter
would not be noticeable at the system or inverter level.
Without string or combiner box monitoring, it could be many
months before the problem is noticed. By then, a lot of potential energy would have been lost. The loss of a single string
could eventually lead to bigger problems, depending upon the
causality. (See “The Bakersfield Fire,” February/March 2011
SolarPro magazine.)
Although a single string represents a small fraction of
total system production, over
time the value of the lost energy
adds up. In the example system,
using a $/kWh escalator of 4%
Production
Annual
Total
Location of
Duration of
loss
production
investment
Daily
and a discount rate of 8%, the
interruption
interruption
(kWh)
loss
loss
loss
net present value of having that
Entire system
1 day
1,911
0.27%
$957
$957
string functioning properly over
25 years is around $35,000.
One 250 kW
2 weeks
13,377
1.92%
$6,699
$479
inverter
The internal rate of return for the
system also shows a drop from
One combiner
1 month
7,140
1.02%
$3,576
$119
box
17.5% to 17%. This drop alone
might justify the up-front cost of
One string
1 year
4,589
0.65%
$2,298
$6.30
providing a more sophisticated
Table 1 Different levels of system failure affect energy production losses and
monitoring system.
ultimately financial losses.
For comparison purposes,
a system in Oakland, California,
would have a performance-based incentive value of $0.05/
These scenarios are not uncommon. As the annual
kWh for 5 years and an average electricity cost offset
production loss calculation indicates, they can have a
of $0.1723/kWh, as of March 2011, for a total value of
significant impact on the performance ratio of a system.
$0.2223/kWh. Based on this lower value of energy and the
Time is money in these cases, and the integration of
relatively higher insolation in Oakland compared to Washa data acquisition system can significantly increase
ington, DC, the economic value of the production losses
system uptime.
in Table 1 would decrease by about 50%, even though the
It is not an exaggeration to estimate a 2-week time
amount of energy lost would increase by about 10%. {
period to get an inverter back online. In fact, without data
ince financials are the biggest driver in determining monitoring decisions, the following analysis attempts to demonstrate the financial effects of varying degrees of system
downtime. Washington, DC, was chosen for the location due
to its mature and developed solar market.
As of June 2011, the SREC value in this market with
a 3-year term is averaged at $365/MWh or $0.365/kWh.
In addition, as of February 2011, the average commercial
electrical offset rate for this area is $0.1358/kWh, according
to the US Energy Information Administration. Therefore, the
total value to the investor of the PV-generated energy in this
market is $0.5008/kWh.
The example system consists of 500 kW of 14% efficient
modules, roof-mounted at a 10° tilt and a 180° orientation
and organized into 152 strings that feed two 250 kW inverters. Using PVsyst, we can predict an average annual energy
production of approximately 697,000 kWh.
Table 1 demonstrates the effects of different levels of
system failures over typical durations of time. The effects are
quantified in total energy production loss, percentage of annual
production loss, and the total and daily financial repercussions.

System Failure Cost Analysis
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Schematic diagram The major components—current transducers, energy meter, weather station and gateway—for an
inverter-independent monitoring system from Power-One’s Fat Spaniel Technologies brand are shown here.

your site plans and elevation drawings. Once again, not including these items in the plans leads to wasted time and money.
Sometimes inverter rooms or pads are small, and the designer
must plan for the additional wall or pad space needed for the
datalogger or external revenue-grade meter.
Distance considerations between components must also
be taken into account for data accuracy. For example, the
distance between the energy meter(s) and the datalogger
may have limitations depending on the communication protocol and bus drivers used. Weather sensors have limits on
how far they can be located from the datalogger or analogto-digital converter. RS-485 cable should not be run farther
than 4,000 feet from the first device to the last.
Just as the power system equipment is sensitive to environmental conditions, so is the monitoring equipment. Although
most systems are housed in NEMA 3 or better enclosures, the
equipment should be kept out of direct sun.
Other considerations. When evaluating monitoring services
providers, consider whether their product features enable
you to successfully operate your plant today and provide the
flexibility to meet your needs tomorrow. Besides applicationspecific criteria, consider long-term compatibility. Here are
some questions to ask:
P Is automatic REC-compliance reporting an option?
P What are the configurations for downloadable system
performance reports, including time periods available
and data views?
P How can you troubleshoot the data monitoring system?
P What service contracts and warranties are available,
and at what cost?
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What kinds of support services are available?
How confident are you that the monitoring company
will still be around in 20 or 25 years?
Some criteria, like product features, are relatively selfevident; others, like level of customer support, are more
nuanced. Support services might include any or all of the following: predesign support, installation support, commissioning support, predelivery system testing, host customer training
and preconfigured equipment.
Because PV systems have such long service life expectancies, choosing data monitoring components and service providers is a significant exercise. “Convince yourself that your
data monitoring partner will still be around in 25 years and
supporting its equipment with boots on the ground,” advises
Solectria’s Zuercher-Martinson.
P
P

Inverter Integrated or Third Party?
For a decade or more following the inception of the gridconnected PV industry, inverter manufacturers generally
provided minimal inverter-integrated faceplate data—
usually just ac energy, ac power, and dc and ac volts and
amps. When installers and system owners wanted verifiable
in-depth data reporting, they relied upon specialized hardware and software from providers of third-party data monitoring solutions.
In recent years, central inverter manufacturers have
increasingly begun to offer more sophisticated inverterintegrated data acquisition systems. The latest inverterintegrated monitoring systems have a much wider ability
than those of the past to track, log and c o n t i n u ed o n p a g e 9 8
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display PV system data and error alerts. Revenue-grade
metering and reporting is generally an option.
This trend toward more sophisticated inverter-integrated
monitoring is likely to continue. As an example, Power-One—
which is currently the second largest solar inverter manufacturer in the world—purchased the assets of Fat Spaniel
Technologies, a leading US provider of PV monitoring solutions, in October 2010. Subsequently, Power-One acquired
monitoring business assets from National Semiconductor,
which included solutions developed by Energy Recommerce.

“Add-on IT hardware from small manu-

facturers is being specified that does not have
sufficient environmental ratings and carries
substandard warranties. Ask for IT equipment
with extended temperature ranges, hardware
warranties and life expectancies.”

—Michael Zuercher-Martinson, Solectria Renewables
Ultimately, there are advantages and disadvantages to both
inverter-integrated and third-party monitoring approaches.
Generally speaking, over a period of years, system designers,
integrators and EPC contractors specify various brands of
inverters. There are several reasons why: Inverter product availability and pricing is dynamic; new inverters are always coming
to the market; some inverters are a better fit for different climates or with different modules.
Whatever the reason, it can be impractical or even undesirable to specify the same inverter manufacturer’s products
for all of your projects. However, if you specify products on
a case-by-case basis, and always rely on inverter-integrated
monitoring packages, your data monitoring hardware and
software will vary from site to site. This complicates your
overall monitoring strategy. Security access may be more
challenging, as multiple hosting platforms may require multiple passwords. There is a learning curve associated with each
new platform, both in equipment installation in the field and
in managing the interface back at the office.
One of the main selling points for choosing a single supplier
for third-party monitoring services is the promise of being able
to monitor and manage different inverters and different sites
from a single-user interface. Errors, alerts, alarms, reports and
work orders can be standardized across every installation site
within one web-hosted platform. Ideally, all of the data for every
site is easy to access and track. Another benefit of using thirdparty monitoring services is that the monitoring system operates independently of the inverter, which may prove especially
valuable in the event of an inverter failure.
Of course, before deciding to use a single provider for all
of your monitoring needs, you need to evaluate the company’s
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stability, reliability and experience. Working with a small thirdparty monitoring solutions provider may not instill the same
level of confidence as working with a major inverter manufacturer, such as SMA. Of course, not all third-party providers are
necessarily small companies. For example, ArgusON is backed
by the financial resources of SPX Corporation, a Fortune 500
company, and maintains a national call center that is open 24
hours a day, seven days a week.
Another consideration is the degree of inverter-level functionality that the monitoring solution enables. Inverters have
lists of alarm and error codes that vary by manufacturer, and
inverter-integrated data monitoring systems interpret these
codes correctly. Third-party monitoring providers rely on the
inverter manufacturers to share these alarm codes, and some
manufacturers are not forthcoming with this information. Furthermore, if you are using an inverter-integrated data acquisition system, it may be possible to remotely resolve and reset
some inverter alarms. While some third-party monitoring suppliers may be able to provide this capability, it is less common.
Conclusion
Installing cost-effective and efficient PV data acquisition systems means that monitoring solutions providers and PV system integrators must work together as partners—through the
sales cycle, the design and installation processes and onward—
to keep PV systems producing as intended for decades. Choosing the best data monitoring system and partner for your needs
means thoroughly researching the options and correctly valuing data monitoring as an investment in future returns.
Special thanks to Bill Reaugh at Draker Laboratories for providing expert technical review services and input during the preparation of this article.
g C O N TAC T
Kyra Moore / Southern Energy Management / Durham, NC /
kyra@southern-energy.com / southern-energy.com
Rebekah Hren / 02 Energies / Durham, NC / rebekah.hren@gmail.com /
02energies.com
Resources: Third-Party Commercial PV Monitoring Providers
AlsoEnergy / 866.303.5668 / alsoenergy.com
ArgusON / 866.459.4103 / arguson.com
DECK Monitoring / 503.224.5546 / deckmonitoring.com
Draker Laboratories / 866.486.2717 / drakerlabs.com
Fat Spaniel Technologies (Power-One) / 408.785.5200 / fatspaniel.com
Locus Energy / 877.562.8736 / locusenergy.com
meteocontrol North America / 510.764.6494 / meteocontrol.com
Solar-Log / 203.702.7189 / solar-log.com
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Interview

An Experienced Perspective

Gary Gerber, Sun Light & Power
Pioneering Solar Integration and Corporate Values
ary Gerber launched Berkeley,
California–based Sun Light &
Power in 1976 and serves as the company’s president and CEO. He recently
began his fourth term as president of
the California Solar Energy Industries
Association (CALSEIA.) Gerber has
cofounded several environmentally
focused nonprofits, including Build It
Green, Green Resource Center and Sustainable Business Alliance. He graduated from the University of California,
Berkeley, with a BS in mechanical
engineering, is a registered professional
engineer in California and holds both
B and C46 contractor licenses.

SP: Sun Light & Power appears to be
charting a conservative and intentionally sustainable course. What basic
principles do you consider in relation to
business growth?

GG: It is interesting to me that you
characterize my approach to business
growth as “conservative.” In many
ways, I consider my approach to business growth to be radical and definitely sustainable. First and foremost,
I believe that to be sustainable, any
business must have a clear and inspiring mission supported by a set of values that keeps the entire team pointed
in the same direction. I have yet to find
an outside investor who is willing to
place this company culture above pure
profit margin, though if and when I do
find such an investor, I will be more
than willing to have a funding conversation! In our 35 years in business, we
have never taken any significant outside money; we finance the company’s
operations entirely through retained
earnings, bank debt and a relatively
small private loan from a family friend.
This has been difficult, to say the least,
but it is what has allowed my wife,
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other economic
stakeholders of
any business: the
company employees (we refer to
them as team
members), the
local community
and the environment, which ultimately sustains
all economic
activity. A B Corp
is often called a
socially responsible business or a
triple–bottom-line
business. I knew
that Sun Light
& Power already
was a B Corp
in its behavior,
so becoming
one officially
was a matter of
Gary Gerber, president and CEO, Sun Light & Power
paperwork and
For 35 years, Gerber has been sustainably driving solar
expense.
energy adoption and green building efforts in the California
I think that
market and beyond.
the main busiBarbara, and me to steer a true course
ness case for being a B Corp is the
through difficult times, without ever
customer recognition: Doing business
having to compromise our principles
with a B Corp guarantees a standard
for the sake of profits.
of ethics and actions that is consistent
with sustainability and responsible
SP: In September 2009, Sun Light &
corporate behavior, sort of like buying
Power became one of the first solar
certified organic food or FSC-certified
companies to attain B Corporation
lumber. Your customers know up front
certification. What are the benefits of
that they are doing business with a
being a B Corp and what was Sun Light
company that shares their values and
& Power’s business case for attaining
says so proudly and verifiably. For me,
this certification?
the decision to become a B Corp was
GG: I first heard of the B Corp certifivery personal. I have always tried to
cation about 3 years ago through the
consistently “walk the talk,” whether
Social Venture Network. B Corps are
it be in my personal behavior or the
companies that value not only combehavior of the business that reflects
pany profits but also the interests of the my values. c o n t i n u e d o n pa g e 1 0 2
Courtesy Sun Light & Power
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SP: What are the highlights of your
company’s commitment to social and
environmental responsibility?

GG: Personally, I have been active in
the green building movement for more
than 15 years and have cofounded
several environmental nonprofits. As
you can imagine, the building materials and office furnishings we used
to build out our offices demonstrate
green building at multiple levels. For
years we have operated our offices
using a grid-tied, battery-based PV
system and 100% solar and biodiesel
water heating. For more than 10 years,
I have been driving an electric vehicle
that I recharge at my home using 100%
solar energy. Our company fleet runs
on biodiesel, even though it’s more
expensive than petro-diesel. More than
80% of our team members
live within 5 miles of our
offices, and a large number bike to work daily, a
practice we encourage and
facilitate with secure storage and travel policies that
make it easy for them to
get to jobsites in company
vehicles. (We also pride
ourselves on having a dogfriendly workplace.)
We focus on building PV on affordable housing projects, and we encourage team participation in community
service, such as Grid Alternatives, a
local nonprofit where many of our
team members volunteer to install
solar systems on the roofs of lowincome housing. My wife, Barbara, is
our chief culture officer and devotes
most of her time to ensuring that we
maintain and promote our B Corp
values. Most importantly, we focus
on hiring people for whom a sustainable lifestyle is their personal choice,
assuring strong participation in the B
Corp value set throughout the company. Of course, we want to hire the
best and brightest, but we can train
people to do the work the way we want

it done. It’s far more difficult to change
someone’s basic nature to fit with our
company mission and culture.
SP: Sun Light & Power is relatively
unique in that it offers both PV and solar
water heating (SWH) system design and
installation. How have you structured
your business to offer services related to
these two very different technologies?

GG: We started the business based
on solar water heating—it was 1976,
after all. I have always maintained
a SWH focus in the business, even
though the PV side has now greatly
outstripped the SWH side in volume.
They are really two very different businesses, and, frankly, it is far harder
to sustain profitability on the SWH
side. We have historically kept the two

the percentage of ST was gradually
reduced. The number has been sitting
at between 5% and 10% over the last 5
years. However, in 2011, thanks to the
new California solar thermal rebate
program [CSI-T], we expect about 20%
of our sales to come from ST, mostly in
commercial work.
SP: What is your opinion of the success
of the CSI-T program to date?

GG: As I would expect from any new
program, adoption rates for CSI-T
started out slowly, especially on the
residential side. Statewide there have
been only 266 residential applications
filed in the first 16 months of the program, valued at $330,000 in rebates. I
think there are several reasons for this:
There aren’t enough qualified installers
yet to grow the program at
the rate it needs to grow;
the promised PR and marketing campaign has yet to
materialize; and, frankly,
the rebate levels aren’t
strong enough to entice
new installers to jump into
the solar thermal business
or to entice customers to
buy. At CALSEIA, we are
about to recommend that
the California Public Utilities Commission increase the rebate levels
significantly in the short term, to give
the program a stronger kick-start. We
have a good example of how well that
worked for the original PV program,
when in May 2001 PV rebates went
from $3.00 per W to $4.50 per W and
the results were impressive. Though
it started 5 months later than the
residential program, the commercial
side of CSI-T is far stronger, based to
a large degree on Sun Light & Power
activity. We have been responsible for
40% of the $1.3 million commercial
rebate money applied for to date.

California has been the national leader
in PV since the industry started to grow
in 2000–2001, so I consider just about
everything that happens here to have
national implications.

102

S o l a r Pr o   |   December/January 2012

sides almost completely separate, with
different salespeople, project managers and installers. However, recently
we reached a scale and expertise that
allows us to integrate the two sides.
With key solar thermal [ST] support
people, we now employ a single team
of salespeople and project managers
for both sides of the business.
SP: Approximately what percentage of
Sun Light & Power’s revenue currently
comes from solar thermal? How has this
ratio changed over the years?

GG: Prior to 2000, virtually all of our
solar business was in solar thermal—
and after the mid-1980s, a lot of that
work was maintenance and repairs.
As PV began to rapidly grow in 2001,

SP: Sun Light & Power recently commissioned the largest c o n t i n u e d o n pa g e 1 0 4
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commercial system utilizing module-level
optimization products in the US at Clif
Bar & Company’s facility (see Projects,
p. 108). What are some of the other
interesting projects that Sun Light &
Power has recently completed?

GG: So many of our projects are
interesting to me! For example, we
built a nice 50 kW system for the
Presidio Trust in San Francisco, using
an all-woman team—all the way from
the salesperson to the engineer to
the project manager and to the entire
crew. We also built a 900 kW system
on 24 separate buildings over a 2-year
period for an affordable housing
project in Richmond, California, which
at the time was (and may still be) the
largest affordable housing PV system
in the country. For this type of system,
our biggest challenge is to maintain
a high level of service and quality
with the dozens of affordable housing
developers that we regularly deal with.
When you build multiple projects for
the same customer, all it takes is one
slip-up to sully the relationship. We
value those relationships and put a lot
of energy into keeping those customers happy.
SP: Since July 2008, you have held a
position on Tigo Energy’s board of advisors. What drove your decision to serve
this role with this particular company?

GG: When Tigo founders Sam Arditi
and Ron Hadar first came to meet
with me more than 3 years ago, I was
pretty skeptical of their claims, and I
told them so. However, they came with
some convincing arguments and solid
research, and they asked me to help
them gather data to prove or disprove
their theories. I decided to work with
them to instrument one of our projects. Once I saw the data, I became
convinced that there really was an
opportunity to significantly improve
PV system efficiency. I remember
thinking at that point: “This could
be one of those rare game changers
that come by once in a lifetime,” and
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I decided that I wanted to be part
of that. I also liked their approach
of minimizing the complexity—and
potential failure rate—of the equipment that would by necessity be in
the harsh rooftop environment. This
roof environment has always been a
big concern of mine with microinverters. With Tigo, the really exciting part
for me was that I saw immediately
that I could contribute to improving
their product, based on my years of
industry experience, and that Sam
and Ron were listening and acting on
my suggestions with amazing alacrity.
I pushed to create the name “Maximizer” for their product instead of
a nondescript acronym. I suggested
adding the PV-safe feature. I made suggestions on making the product and
the web portal user-friendly—and they
acted. They eventually offered to make
me an official advisor to their board,
and it has been a great relationship.
SP: What other emerging products are
you evaluating or excited about?

GG: I am constantly looking at the
variety of new products and ideas that
keep knocking at our doors. Right now
I’m seeing an amazing array of “new
and improved” PV BOS solutions and
mounting systems. I am particularly
impressed with Zep Solar. I’ve known
the inventor of Zep, Jack West, for
years. Jack came to me early on, like
Tigo did, and asked me for my frank
assessment of the potential value
proposition of his invention, which at
the time was just a single prototype
that he was calling the “Multiversal”
mounting system. Again, as with Tigo,
I was initially skeptical, but I brought
it to my director of engineering, Blake
Gleason, to help me evaluate it. In the
end, we gave Jack a positive response
about potential installation savings,
though we couldn’t justify numbers
as high as Jack was hoping for. Still,
we liked this innovative product and
still do. Jack, to his credit, rounded up
investors, took Multiversal to market,

changed the name to Zep Solar and is
now poised to make a huge impact on
the industry with his company.
I also see that the ST side of the
industry is starting to show some
strong innovations. Look for products
that simplify and consolidate installations, especially on commercial-scale
systems, such as all-in-one packages
that include storage, controls, monitoring, pumping and heat exchange.
These have been more popular in
Europe than in the US thus far, but
I think that the ST market is poised
for strong growth in the US over the
next few years. Products of this type
will help standardize the industry and
improve overall reliability.
SP: Which of your priorities as president of CALSEIA do you think have
national implications?

GG: California has been the national
leader in PV since the industry started
to grow in 2000–2001, so I consider
just about everything that happens
here to have national implications.
People in other states who are behind
the California curve naturally look to
California for examples of what worked
here (and sometimes what didn’t).
Our net metering and declining rebate
programs are excellent examples of
initiatives that worked well. All of the
state Solar Energy Industries Association (SEIA) chapters are in the midst
of signing their first-ever affiliates
agreements with SEIA, which are
designed to codify and clarify the
relationship between the state and
national organizations. The intent
is that states take the lead on state
matters, while SEIA takes the national
lead. Right now my top priorities are
to complete the implementation of
an effective feed-in tariff for California
and to enact a state-supported solar
financing program. I have no doubt
that if we get these efforts right in
California, it will pave the way for
the other states.
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l

To register or for more information, go to
www.nabcep.org

exclusive conference media partner

NABCEP CERTIFIES: PV TECHNICAL SALES PROFESSIONALS, PV INSTALLERS, AND SOLAR HEATING INSTALLERS
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Projects

System Profiles

Sun Light & Power

Courtesy Sun Light & Power (4)

Clif Bar & Company

Overview
DESIGNERS: Yun Lee and Ben Bach-

elder, project engineers, Sun Light &
Power, sunlightandpower.com
LEAD INSTALLER: Koralie Hill, foreperson, Sun Light & Power
DATE COMMISSIONED: August 2011
INSTALLATION TIME FRAME:

10 months
LOCATION: Emeryville, CA, 37.8°N
SOLAR RESOURCE: 4.9 kWh/m2/day
HIGH/LOW DESIGN TEMPERATURES:

per solarabcs.org/permitting/map:
77°F/34°F
ARRAY CAPACITY: 531 kW
ANNUAL AC PRODUCTION: 800 MWh
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lif Bar & Company, a leading maker
of energy and nutritional foods and
drinks, recently moved into its new headquarters in Emeryville, California. Clif
Bar contracted with Sun Light & Power
(SLP) of Berkeley, California, to provide a
turnkey design/build 531 kW PV system
as part of a substantial renovation.
Clif Bar consultants initially rejected
using the existing roof of the building for
modules due to its broken-up nature and
limited structural capacity, and focused
instead on the top level of the existing
parking garage for the placement of the
proposed PV system. However, since Clif
Bar wanted to offset as much electrical usage as possible, SLP designed an
expanded system on the garage and took
on the challenge of using the building
roofs as well. The resulting system of
1,968 Suntech 270 W modules, plus Tigo
Energy Maximizers, is predicted to offset
more than 80% of the anticipated electrical loads at the facility.
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One of the biggest challenges of this
project was determining how to create a
structure that would interface with the
existing parking garage. SLP was constrained by irregularly placed columns
and a post-tensioned slab that could
not accept any additional load. The final
design used a custom long-span framework topped with C-channels to which
the modules were directly mounted.
Installing this framework required
retrofitting the parking garage’s column
anchors. This phase of construction
required weeks of ground-penetrating
radar scanning and very careful coring
for exact anchor placement.
The Tigo Energy Maximizer system
allows increased production, modulelevel monitoring and control, and very
detailed information that will be utilized
to assist in the array’s operation and
maintenance. This system was installed
under California’s performance-based
incentive; therefore, the additional

Equipment Specifications
MODULES: 1,968 Suntech STP270-

24/Vd, 270 W STC, +2/-0%, 7.71 Imp,
35.0 Vmp, 8.2 Isc, 44.5 Voc
INVERTERS: 3-phase, 277/480 Vac

service, Satcon PVS-500, 500 kW, 600
Vdc maximum input voltage, 320–600
Vdc MPPT range
ARRAY: 12 modules per string (3,240
W, 7.71 Imp, 420 Vmp, 8.2 Isc, 534
Voc); 12 strings per combiner (38.9 kW,
92.5 Imp, 420 Vmp, 98.4 Isc, 534 Voc);
164 strings total (531.4 kW, 1,264 Imp,
420 Vmp, 1,345 Isc, 534 Voc), one Tigo
MM-ES50 Energy Maximizer installed
per module

energy production and granular monitoring justified the additional hardware expense.
Each Maximizer unit communicates wirelessly with a hardwired
gateway, so additional communications
cables are not required throughout the
array. Setting up the gateways and Tigo
wireless network required substantial
troubleshooting and support from Tigo.
This was the largest Maximizer system
ever built. However, by the final project
phase, SLP and Tigo had worked out all
the kinks. Everything went smoothly
with the installation of the last 1,500plus Maximizers.
Since interconnecting on the
line side of the service disconnect
would have required rebuilding the
entire 3,000 A, 480 V switchgear, a
load-side connection was used. This
required SLP to procure some specialty parts from the switchgear manufacturer and position them, along

with the incoming conductors, into a
tight space.
The SLP project manager for the
job, Randy Haberl, was challenged in
planning a project that involved a lot
of custom work, a large SLP crew and
many subcontractors for areas including steel design, fabrication and erection; priming and painting; striping;
wire rope; scanning; coring; roofing;
lighting design; communications;
trenching; concrete and doweling; various crane lifts; forklifts and scissor lifts;
scaffolding; and more.
The on-site challenges were a
major contributor to the relatively
long installation time frame. However,
the contractor considers the project a
huge success and the customer calls it
a “great job.”
“The Clif Bar project was extremely
challenging and satisfying. We had to
work with the existing structure of the
building and parking garage, around
building tenants and during business
hours, installing only surface conduit and
electrical equipment. Almost every aspect
of the build is unique.”

ARRAY INSTALLATION: 420 modules
installed on five modified bitumen
low-slope roofs, custom pipe-racking
structure with ProSolar rail and module
clamps; 1,548 modules installed on
new custom steel superstructure
above existing parking garage top
level; 165° azimuth, 5° tilt (all modules)
ARRAY STRING COMBINERS: 14

AMtec Prominence 12, 15 A fuses
ARRAY RECOMBINERS: Satcon

Powergate Combiner, 160 A fuses
SYSTEM MONITORING: 1,968 Tigo

Maximizer units communicate wirelessly to 25 Tigo Gateways connected
to seven Tigo Maximizer Management Units; includes revenue-grade
ac output metering and performance
monitoring and reporting services

Do you have a recent PV
or thermal project we should
consider for publication in
SolarPro?
Email details and photos to:
projects@solarprofessional.com

—Koralie Hill, foreperson,
Sun Light & Power
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DO YOU REALLY UNDERSTAND
THE NEC’s PV REQUIREMENTS?
With over 35 years dedicated to NEC education and publishing, veteran trainer Mike Holt
now focuses his expertise on the needs of PV system designers, installers, and engineers.
Introducing Understanding NEC Requirements for Solar Photovoltaic Systems, the solar
industry’s first training text entirely devoted to code compliance.

For electricians nationwide, the name Mike Holt has
long been synonmyous with top-notch, Code-focused
electrical training and publishing. Both he and this new
book are exceptional resources upon which the solar
technology workforce can now rely to improve the
code compliance, safety and performance
of PV systems.
Bill Brooks, Principal
Brooks Engineering
SolarPro is proud to get behind this
exceptional new technical training guide,
published to the same high standards of
quality and accuracy our readers have
come to expect.
Joe Schwartz, Publisher
SolarPro Magazine

Get 25% off when you
order in the next 30 days!
Book Only • $36 (with discount code PRO11)
Book & DVD Set • $148.50 (with discount code PRO11)
User-Friendly Layouts & Features
• Detailed instructional illustrations supplement
plainly-written text.
• Colored frames identify special sections that
expand on important concepts.
• Examples and practical application questions
and answers are highlighted with a colored
background.
• Illustrations that include 2011 Code changes are
called out with a green border and special icon.

MIKE HOLT
TM

Enterprises, Inc.

1.888.NEC.CODE • www.MikeHolt.com

“...as for me and my house, we will serve the Lord.” [Joshua 24:15]

For more information or to order, visit
mikeholt.com/solar
or call 1.888.NEC.CODE
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SOLAR TRAINING AT ITS BEST
Since 1991, Solar Energy International
has provided expert instruction in solar,
solar thermal, wind, and micro-hydro
renewable energy technologies.
Visit solarenergy.org for our complete
list of hands-on workshops and online
courses. Start your solar training today.

Call

970.963.8855

o r re g i s t e r a t

solarenergy.org
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Projects
Dan House Electric

Micanopy Horse Farm
Overview
DESIGNER: Chris Morrison,

Planet Green Solutions,
planetgreensolutions.com
LEAD INSTALLER: Daniel House, Dan
House Electric, danhouseelectric.com
DATE COMMISSIONED:

December 2010
INSTALLATION TIME FRAME: 9 days
C o u r t e s y D a n H o u s e El e c tr i c ( 2 )

LOCATION: Micanopy, FL, 29.8°N
SOLAR RESOURCE: 5.1 kWh/m2/day
HIGH/LOW DESIGN TEMPERATURES:

per solarabcs.org/permitting/map:
93°F/23°F
ARRAY CAPACITY: 2.9 kW
ANNUAL AC PRODUCTION:

3,851 kWh

Equipment Specifications
MODULES: 12 Canadian Solar

CS6P-230P, 230 W STC, +2.2%/-0%,
7.78 Imp, 29.6 Vmp, 8.34 Isc, 36.8 Voc
INVERTER: Motech PVMate 2900U240, 2.9 kW, 600 Vdc maximum
input, 200–550 Vdc MPPT range,
240 Vac output
ARRAY: One string of 12 modules
(2,760 W, 7.78 Imp, 355.2 Vmp, 8.34
Isc, 441.6 Voc)
ARRAY INSTALLATION: ASE custom
ground mount; 180° azimuth, 20° tilt
(manually adjustable)
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ocated at a residential horse farm, a
solar shade structure
was built to offset the
electrical consumption for the service it is
interconnected to while
providing a location
for outdoor recreation.
Aesthetics were a
primary consideration
during the system’s
design and installation.
Tropical storms
regularly pass through
Florida, and the array structure stands
nearly 10 feet tall at its highest point, so
careful consideration was required. The
custom mounts, designed by ASE, use
standard PV mounting rails to support
the modules and transfer the load to
the steel substructure. Trim pieces were
added to conceal the modules’ wiring
and provide a uniform appearance. The
top and side trim pieces are perforated to
provide sufficient airflow for cooling.
AAA Builders of Micanopy, Florida,
completed the concrete and structural

S o l a r pr o   |   December/January 2012

work. The design
called for individual 32-inch–deep
concrete pads
under each leg section, along with a
3-inch slab under
the entire array.
Each leg is secured
to two 12-inch
J-bolts embedded
into the pads. Dan
House Electric was
responsible for the
system’s electrical
work. The inverter is located outside
on a pedestal mount, 75 feet from the
array, to minimize the visual impact of
the electrical equipment and to allow
for a convenient location for the utility
interconnection.
“The structural considerations for this array
were difficult enough on their own. The
unique aesthetic requirements made the
Micanopy array one of the more rewarding
residential installations we have done.”

—Daniel House, President,
Dan House Electric

ARE YOU
AC-READY?
INTRODUCING ThE FIRsT
COmmERCIAl AC mODUlE.
The first in the Intelligrated™ Power
Product Line, this CommercialAC
module features three-phase sequenced
inverter technology optimized for gridready commercial applications. It is an
intelligent integration of a sequenced
inverter and module specially designed
to work together for maximum
performance. This product dramatically
simplifies system design – with no
complicated inverter, module and string
sizing necessary.
Built with new hot spot suppression
technology that eliminates diodes, the
rugged inverter components are more

CommercialAC

reliable and durable than standard

•

Dramatically simplifies system design - no complicated inverter, module and
string sizing necessary

•

25 year warranty covering both module and sequenced inverter

and safeguards against arc faulting. The

•

Delivers all the benefits and more of microinverters, competitively priced with
string inverters

“plug and play” module simplifies design

•

Higher system performance – the combination of shade tolerance and no
module mismatch means dramatic increases in system performance

•

Inherently safe – no high voltage DC, arc fault prevention

•

Reliable and durable – hot spot suppression technology eliminates diodes

•

Plug & play technology for easier and lower cost installation

microinverters. CommercialAC is
inherently safe with no high voltage DC

and on-the-spot system modifications
reducing the need for highly skilled
labor and saving costs on design, labor
and BOS.

DC Power Systems & Solar Depot are
the largest full service distributor of
renewable energy products in the

SOLAR DEPOT

Americas. Contact us today for more
info on the CommercialAC and other
modules from Canadian Solar.

www.dcpower-systems.com | 800-967-6917 | www.solardepot.com

Renewable Energy Solutions

Renewable Energy Solutions

Aim High
TM

At Power-One, we aim
high so you can too.
TM

Enjoy the maximum returns from your investment.

You can choose from our wide range of popular
Aurora® products from small residential string
inverters to large commercial central inverters,
including the Aurora® 5000/6000kW UNO-single
phase, 10.0/12.0kW TRIO-three phase and
250/300kW PLUS Central inverters.

www.power-one.com

