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The US solar industry fielded systems at
an unprecedented rate of 1 MW every
32 minutes in Q3 2016. At the same
time, average system prices are falling
quarter-over-quarter and year-over-year.
These data suggest that profitable solar
installation companies are continually
finding ways to work more efficiently and
effectively. We asked business operations
experts to share their strategies for working smarter rather than harder.

48 Solar Carports and Canopies:
		 A Manufacturer and Product
		 Line Guide
Solar carports and canopies have proven to be a
successful and marketable approach to PV system
siting and deployment. This article provides system
designers, engineers, and procurement and sales
teams with overviews of 17 companies that offer PV
carports, canopies or awnings in their product and
service portfolios.
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Secure Futures, a solar

development company headquartered in Staunton,
Virginia, commissioned a 205 kWdc PV system on the
roof of the University of Richmond’s Weinstein Recreation
and Wellness Center in May 2016. The project is the first commercial
application in the US of SolarWorld Sunmodule Bisun bifacial modules.
Photo: Courtesy SolarWorld USA
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Industry Currents

Spruce Ramps Up
Residential Project Financing
Spruce is expanding its national network
of solar integrators, building contractors and other channel
partners to provide consumer financing for residential PV
systems and home efficiency improvements. The firm was
founded in 2015 with the merger of Clean Power Finance and
Kilowatt Financial. Spruce offers white-label products that
include solar leases and power purchase agreements as well as
solar loans. It currently offers its Spruce Solar Loan product in
25 states and makes it available for single-family residences as

[San Francisco]

well as townhomes, condos and duplexes. The online SpruceFlow portal is designed for mobile devices and allows outside
sales teams to generate a proposal, run e-credit and get an
e-signature from the homeowner on-site. To further support
residential solar integrators, Spruce offers its SourceDirect
equipment-purchasing program, which provides integrators
with an alternative to carrying the up-front equipment cost for
financed projects.
Spruce Finance / 866.525.2123 / sprucefinance.com

REFUsol Offers 3-phase
Inverters for C&I and
Utility Projects
In 2012, REFUsol brought one of the
early UL-listed 3-phase string inverter product lines to the
US market. US-based Advanced Energy acquired REFUsol’s US product line in 2013, before exiting the inverter
market altogether in 2015. REFUsol is currently a REFU
Elektronik GmbH division under parent company German Prettl Group. Prettl Energy North America operates
a US sales office in Fort Collins, Colorado. Two REFUsol
3-phase inverter models are available in the US, the 24 kW
24K-UL-USA and the
48 kW 48K-UL-USA.
Both models feature
natural convection
cooling, 3-phase
480 Vac output and a
maximum dc voltage
of 1,000 Vdc.

[Fort Collins, CO]

Prettl Energy North America /
970.231.6695 /
prettl-energy.com /
refu-sol.com/en

Morningstar Releases
Updated ProStar Controller
Morningstar recently announced the release
of its third-generation ProStar solar charge controller for offgrid, stand-alone PV applications. The ProStar Gen3 controller
is available in 15 A and 30 A metered and nonmetered versions. Its features and capabilities include enhanced custom
programming, an RJ-11 MeterBus port for serial modbus data
or remote metering, lighting control, 256 days of datalogging,
a protective terminal cover, an improved surge rating for dc
loads, self-diagnostics, low-voltage disconnect and a highresolution graphical display. The ProStar Gen3 is a pulse width
modulation (PWM) non-MPPT controller. It is compatible
with 12 Vdc and 24 Vdc nominal battery banks and has a maximum PV input voltage rating of 60 Voc. Morningstar backs the
ProStar Gen3 with a 5-year warranty.

[Newtown, PA]

Morningstar / 215.321.4457 / morningstarcorp.com
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SolarEdge Shipping
HD-Wave Inverters

IronRidge
Announces
FlashFoot2
PV Attachment
System
Designed and certified
for composition shingle roofs, IronRidge’s
FlashFoot2 array mounting and flashing system uses a stack of components to
elevate the three-tier water seal an inch
above the roof plane. The design eliminates life-limited materials, such as EPDM
rubber, from the water-shedding plane
of the flashing. In addition, FlashFoot2’s
twist-on cap fully encapsulates the elevated
water seal, obviating the need for a separate L-foot bracket. The product’s design
eliminates any offset between the rail and
lag bolt, resulting in a concentric load path
that transfers forces directly to the lag bolt.
As a result, the unit achieves an allowable
uplift capacity of more than 1,000 pounds.
IronRidge’s FlashFoot2 has passed the UL
441 Section 27 “Rain Test” and TAS 100-95
“Wind Driven Rain” test. It is electrically
and structurally certified to UL 2703 and
IBC 2016, respectively.

[Hayward, CA]

IronRidge / 800.227.9523 / ironridge.com

[Fremont, CA] SolarEdge has announced that it is now shipping
two models of its single-phase HD-Wave string inverter, the 3 kW
SE3000H-US and the 3.8 kW SE3800H-US, for US-based projects.
SolarEdge will begin shipping three additional HD-Wave models,
the 5 kW SE5000H-US, 6 kW SE6000H-US and 7.6 kW SE7600H-US,
in the near future. The units in
the HD-Wave product line weigh
in at a remarkable 25.5 pounds
(safety switch included) and have
a weighted CEC efficiency of
99%. Designed for compatibility
with SolarEdge’s module-level
power optimizers, the HD-Wave
inverters feature automatic
optimizer ID and string assignment detection. The inverters
meet NEC 2014 and NEC 2017
rapid-shutdown requirements
with automatic shutdown upon
ac grid disconnection. SolarEdge
offers an optional revenue-grade
meter with ±0.5% accuracy.
The HD-Wave inverters carry a 12-year warranty. Extended warranties of 12–20 years and 12–25 years are currently available for
$120 and $192, respectively.
SolarEdge / 510.498.3200 / solaredge.us

NABCEP Hosts Continuing
Education Conference
[Clifton Park, NY] The North American Board of Certified Energy Practitioners
(NABCEP) is hosting its annual Continuing Education Conference March 21–23
at the InterContinental Dallas hotel in Dallas, Texas. Attendees can earn up to
20 hours of continuing education credits. This year’s event schedule includes 32
technical training sessions, 16 panel sessions and over 60 solar equipment and
service exhibitors. Sponsors of the 2017 event include BayWa r.e.,
ProSight, APsystems, Intersolar, Mitsubishi
Electric, Rolls Battery Engineering,
CertainTeed, Fronius USA, OutBack
Power, Trojan Battery, Unirac and
Yaskawa–Solectria Solar.
NABCEP / 800.654.0021 / nabcep.org
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QA

Quality Assurance

Available Fault-Current Calculation
and Protection

A

short-circuit fault, which
is an abnormal condition
that occurs when current
bypasses the normal load due to
unintentional contact either between
phases or to ground, is possible in any
electrical system. PV power systems
are somewhat unusual in that the
PV source itself is current limited.
However, the potential short-circuit
current increases dramatically when
you connect a PV system to the grid. In
the event of a short circuit in an interactive PV system, circuits designed
for 10s or 100s of amps of current may
suddenly carry fault currents on the
order of 10,000 or 100,000 amps.
If you do not deploy electrical systems with the available fault current in
mind, a short-circuit fault could result
in a catastrophic explosion or electrical fire. Overcurrent protection devices
(OCPDs), of course, are the first line of
defense against short-circuit faults. NEC
Section 110.10 states: “The overcurrent
protection devices, the total impedance,
the short-circuit current rating and
other characteristics of the circuit to be
protected shall be coordinated to permit
the circuit protective devices used to
clear a fault to do so without extensive
damage to the electrical equipment of
the circuit.”
Since the 2011 Code cycle, Section
110.24 has required field markings on
service equipment that identify the
available fault current in multifamily,
commercial and industrial applications. NEC 2017 takes this a step further:
“The [available fault current] calculation shall be documented and made
available to those authorized to design,
install, inspect, or operate the system.”
To verify that electrical system designers
have selected appropriate OCPDs, it is
12
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therefore increasingly common for AHJs
to require that PV system integrators
document both the available fault current and the ampere interrupting capacity of OCPDs in their plan sets.
Available Fault Current
The available fault current is the highest electrical current that can exist
in a particular electrical system under
short-circuit conditions. The two
potential sources of fault current in
interactive PV power systems are
the inverter and the utility. From a
system design point of view, the available fault current from the utility is
what matters.
Like the PV power source itself, an
interactive inverter is a current-limited
device. According to the National
Renewable Energy Laboratory (NREL)
technical report, “Understanding
Fault Characteristics of Inverter-Based
Distributed Energy Resources,” independent testing conducted at NREL
suggests that “inverters designed to
meet IEEE 1547 and UL 1741 produce
fault currents anywhere between 2 to
5 times the rated current for 1 to 4.25
milliseconds.” The authors explain:
“Inverters do not have a rotating mass
component; therefore, they do not
develop inertia to carry fault current
based on an electromagnetic characteristic.” In effect, this means that fault
current from an interactive inverter is
insufficient to open OCPDs.
The utility, by comparison, contributes sufficient fault current to not only
open OCPDs but also potentially damage electrical equipment. Therefore,
one of the first steps in designing an
interactive PV system is to determine
the available fault current from the
utility, as this value will influence, if

not drive, equipment selection. This
value is primarily a function of the
utility transformer—its capacity (kVA),
voltage and impedance—that serves
the premises wiring.
For existing electrical services, the
easiest way to determine the available
fault-current value at the transformer
or main service is to contact the utility
and request this value. Before doing so,
be prepared to provide utility representatives with any relevant information,
including site address, transformer
location and number (if available), distance from transformer to main service,
main service size and so forth. In some
cases, you can find the available fault
current noted on the electrical plans. If
new construction plans do not identify
this value, contact the project’s electrical
engineer of record.
Note that as you get farther away
from the utility transformer, the available fault current decreases in proportion to the impedance of the conductors,
as well as on the inverter side of a
premises-sited transformer. If, for example, you have a step-down transformer
between 3-phase 480 Vac inverters and
3-phase 208 Vac premises wiring, then
the available fault current invariably will
be lower at the inverter OCPDs than at
the service point. In this scenario, you
can find the available fault current at
the inverter output by dividing the full
load current on the PV side of the transformer by its impedance, as identified
on the equipment nameplate. Assuming
you were using a 3-phase 45 kVA transformer with 5% impedance, you would
calculate the available fault current
(AFC) thus:
AFC = (45,000 VA ÷
(480 Vac x 1.732)) ÷ 0.05 = 1,083 A

Though the effect of conductor
impedance is relatively small compared
to the standard interrupt ratings, this
could make a difference in circumstances that involve long conductor
runs, such as an inverter accumulation
panel located a good distance away from
the main service. In such a scenario,
it might make sense to calculate the
available fault current at the subpanel,
factoring in the effect of conductor
impedance, rather than using the value
at the main service panel. While calculating fault current after a length of
conductor is beyond the scope of this
article, Thomas Domitrovich details
the process in the IAEI magazine article
“Calculating Short-Circuit Current”
(May/June 2015).
Ampere Interrupting Capacity
Once you determine the available fault
current, you can select appropriately

rated circuit breakers or fuses. There
are two basic short-circuit protection
systems: fully rated systems, which
you must selectively coordinate in
certain circumstances (see “Selective
Coordination of OCPDs,” p. 16), and
series-rated systems. As long as you

(NRTL) has verified its ability to clear a
fault without extensive damage to the
equipment or electrical system.
Fully rated system. Designing and
deploying a fully rated system is relatively straightforward. Listed OCPDs
are certified to and marked with an AIC,
which identifies the maximum available fault current
the device is rated to withstand on its own. These AIC
ratings step up in standard
increments, such as 10K, 18K,
22K, 25K, 35K, 42K, 65K, 100K
and 200K. Listed panelboards,
meanwhile, are marked with
a short-circuit current rating (SCCR),
which is the maximum current the component or assembly can withstand.
In a fully rated system, each OCPD
device has an AIC rating that is greater
than or equal to the available fault current. Moreover, the piece of equipment

NEC 240.86 allows the available fault
current to exceed the AIC rating of an
OCPD under certain circumstances.
use a listed circuit breaker (UL 489)
or fuse (UL 248) in accordance with
its ampere interrupting capacity
(AIC) and voltage rating or in accordance with its listing as part of a
series-connected system, a Nationally
Recognized Testing Laboratory

JUST ADD

WATER
Solar Pumping Systems

Your new revenue stream. Harness the power of the sun to provide water wherever
your customers want it with Franklin Electric’s proven and dependable solar water
pumping systems. Need a drilling or pump installation expert? No problem.
Contact our Technical Service Hotline at 800.348.2420 to be connected with our
expansive network of water systems professionals that you can team with today.

franklinwater.com

Solar_Pro_New_Solar_Installer_Ad.indd 1

1/24/17 6:46 AM

solarprofessional.com | S O L A R P R O

13

QA
full rating of
22K amperes—
even though
the panelboard
and main
breaker are
rated for 65K
Main circuit
amperes—as
breaker
determined
65K AIC
by the lowestrated piece of
Panelboard
Utility transformer
equipment or
65K SCCR
OCPD, which in
this instance is
a
branch circuit
Figure 1 In a fully rated system, the lowest rating between the
panelboard and the OCPDs determines the overall rating, which
breaker.
in this case is the 22K A-rated branch circuit breaker. If the main
You must
and branch circuit breakers are type tested and series rated
design an electogether, then the equipment configuration can have an overall
trical system
rating of 65K A, as long as the equipment is deployed in accorwith a single
dance with the product listing and manufacturer’s instructions.
OCPD as a fully
rated system.
If
you
are
designing
an
electrical
system
in the assembly with the lowest interwith
multiple
OCPDs,
however,
a
seriesrupt rating determines the full rating
rated
system
may
provide
the
best
value,
for a panelboard with circuit breakers
which
is
an
important
consideration
for
installed. As an example, the equipment
your
customers.
configuration in Figure 1 would have a
Branch circuit
breakers 22K AIC

Co ur te sy U L

Available fault
current 65K amperes

Series-rated system. The NEC allows
the available short-circuit fault current to exceed the AIC rating of an
OCPD under certain circumstances,
as detailed in 240.86, Series Ratings.
As described in the NEC Handbook,
a series-rated system is “a combination of circuit breakers or fuses and
circuit breakers that can be applied
at available short-circuit levels above
the interrupt rating on the load-side
circuit breakers but not above the main
or line-side device.” This arrangement
is allowed for tested combinations of
equipment [240.86(B)] or under engineering supervision in existing installations [240.86(A)]; it is not allowed with
certain motor-load levels or configurations [240.86(C)].
The most common way to design
and deploy a series-rated short-circuit
protection system is to use tested
equipment combinations, which are
combinations of OCPDs that have
passed NRTL product safety and certification tests as an assembly. In a seriesrated system, only C O N T I N U E D O N P A G E 1 6

Series Equipment Rating for Breaker-Breaker Combination
Main breaker
maximum amps Series equipment rating—kA symmetrical
22

25

35

65

100

150
FCL

100

GHB, GHQRSP
EGH

125

GHB

250
400

GHB
FD, FDE

200

GHB, GHQRSP
JD, JDB

GHB

HFD, HFDE
GHB, GHQRSP

JD, JDB

GHB
KD, KDB, CKD

EGH

GHB (15A–50A)
HKD, CHKD
GHB

KD, KDB, CKD
GHB (15A–50A)

HJD
GHB
HKD, CHKD
GHB (15A–50A)

FDC
GHB
JDC
GHB
KDC
GHB

LCL
GHB

Main devices shown centered in shaded area at top. Respective branch devices shown directly below.
All ratings in this table apply to 2- and 3-pole branch breakers only.
Table 1 Example of a series-rating table from Eaton for listed equipment combinations.
14
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the first OCPD needs to be AIC rated
for the full available fault current.
Downstream series-connected devices
may have a lower AIC rating, provided that an NRTL has shown that
the series-connected assembly works
together to clear a fault and protect
the electrical equipment from damage. If the main and branch circuit
breakers in Figure 1 (p. 14) were part
of a listed series-rated combination,
then the assembly would be series
rated for 65K amperes of fault current,
as determined by the main breaker
AIC rating and panelboard SCCR.
When using series-rated equipment, you must do so in a manner
consistent with the product listing
and the manufacturer’s instructions.
The first step is to get your hands on
the series-rating tables for equipment you would like to use. These
tables are readily available online. UL
maintains these data in tabular form,
organized by manufacturer, and most
manufacturers also publish their own
tables, which must comply with UL
standards. The UL or the equipment

manufacturer may organize and present these data in a number of ways:
by service voltage, by type of breaker
or fuse, by equipment combination
(breaker-breaker, fuse-breaker, tripleseries rating) and so forth. Regardless

Codes and standards require specific
markings and labels for series-rated
panelboards and switchboards.
of the method of data organization,
you basically need to find the series
combination that matches your design
voltage, available fault current and
OCPD capacity. The following example
illustrates this process for a breakerbreaker combination.
Example of a tested series configuration: This scenario assumes an available
fault current of 28,000 amperes at
480 Vac. If you would like to use a
3-phase 250 A Eaton panelboard, subject to the series equipment ratings in

Selective Coordination of OCPDs

S
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800 A
OCPD

3

200 A
OCPD

2

1

100 A
OCPD

Co u r t es y I AE I

elective coordination, defined in Article
100 of the NEC, is the process of coordinating overcurrent protection to localize
the impact of an outage, which is accomplished via the selective operation of the
device closest to the fault only. Assuming
the fault condition in Figure 2, for example,
selective coordination ensures that only the
100 A OCPD at location 1 opens and that
the OCPDs at locations 2 and 3 remain
closed. Generally speaking, PV systems
are not subject to the selective coordination
requirements in the NEC. The requirements
for selective coordination apply specifically
to emergency systems (Section 700.32),
legally required standby systems (Section
701.27) and critical operation standby systems (Section 708.54). {

16

Table 1 (p. 14), then you need to look at
the 35 kA column and the 250 A main
breaker row to meet or exceed the available fault current at the desired capacity
level. According to the highlighted cell,
you may use a JD- or JDB-type main
breaker in series with GHBtype branch circuit breakers.
However, this series rating only
applies if all the branch circuit
breakers in the panelboard are
rated between 15 A and 50 A.
To accommodate a GHB-type
branch circuit breaker rated for
more than 50 A, you would need
to step up to the 65K A column, which
calls for a HJD-type main breaker.
In existing installations, the Code
also allows a licensed professional engineer (PE) to select series-rated devices.
In these calculated applications, the PE
must evaluate the time-current curves
for the OCPDs and ensure that the
downstream circuit breakers will remain
passive (closed) when the upstream
device clears the available fault current.
In addition to performing manual calculations, a PE can also use specialized
software tools as a means of selecting
appropriate devices.
Note that product safety standards
require specific markings for panelboards and switchboards that a NRTL
has investigated and approved for use
in a series-rated system. These markings
identify allowable combinations of integral and remote OCPDs, which you must
observe to maintain the panelboard’s
marked SCCR. Furthermore, NEC
Section 110.22 includes identification
requirements for equipment enclosures
with series-rated devices. Installers must
field-identify these labels with the effective series-connected protection rating,
as directed by a PE or the equipment
manufacturer. To maintain this level of
protection, the label must also state
that identified replacement components
are required.

Figure 2 In a selectively coordinated system, only the 100 A–rated
device at location 1 would open to
clear this branch circuit fault.

—Ben Bachelder / Sun Light & Power /
Berkeley, CA / sunlightandpower.com
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Cost-Effective O&M for Commercial Systems

A

Improving Performance Ratio
The performance ratio for a commercial PV system compares the actual
energy production to its theoretical energy-generating potential. This
ratio, typically expressed as a percentage, quantifies the conversion efficiency of a PV system, as calculated
based on measurement of irradiance,
temperature and ac output. A basic
goal of O&M activities is to ensure that
a PV system’s actual output is as close
as possible to its theoretical potential.
Reduce mismatch. One of the ways
that system integrators and O&M providers can improve the performance
ratio in a commercial system is to
eliminate power losses caused by module mismatch. Increasing MPPT granularity is an effective means of reducing

C ou r te sy S ola r E dge

s the commercial PV market
becomes increasingly competitive, the industry is looking for ways to
increase revenue while simultaneously
decreasing costs. O&M is one area that
presents some opportunities. Many of the
O&M considerations that impact cost
and revenue—such as performance optimization, system uptime and operational
efficiency—relate directly to inverter and
monitoring system selection.

Failed bypass diode? With module-level monitoring, a sudden change in performance will trigger an
automatic alert. O&M providers can then troubleshoot
the problem remotely and determine whether or when
to take corrective action.

electronics (MLPE) effectively mitigate
mismatch risks associated with system
shading, differential aging, new roof
obstructions and soiling.
Reduce downtime. While system
integrators can limit module mismatch
within a PV system by design, they can
never eliminate all module defects or
failures. In the event of
decreased system production or product failure,
O&M providers need to
be able to quickly identify
and respond to the problem and minimize system
downtime. In central- or
string-inverter–based
systems, O&M can be time
consuming. Even if zone- or
inverter-level monitoring indicates a
failure, field technicians know that the
labor required to locate the problem
increases with array capacity. In contrast, module-level, cloud-based monitoring allows O&M staff to precisely

The more insight O&M providers have
into system performance, the more
efficiently they can operate.
and potentially eliminating mismatch
losses. All else being equal, string-level
MPPT incurs fewer mismatch losses
than inverter-level MPPT, and modulelevel MPPT reduces mismatch losses
even further. Module-level power
18
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and remotely pinpoint
failures in fielded systems.
With MLPE installed,
certain aspects of O&M
just require a few clicks
on a computer or taps
on a tablet. Highly
targeted activities in
the field reduce system
downtime even further.
Compared to a standard
30 kW string inverter, for
example, a commercial
PV system deployed with
600 W–rated MLPE offers
50 times better monitoring resolution. MLPE also
provide a degree of future
proofing, as you do not
need to stock identical
replacement modules,
but can substitute any
available module.

Improving Operational Efficiency
The more insight O&M providers have
into system performance, the more efficiently they can operate. There are two
different types of O&M activities: preventative and corrective. Preventative
maintenance aims to maintain the
system at its peak condition and limit
downtime; providers conduct corrective maintenance, including repair, after
discovering an issue.
MLPE address both types of
activities. Module-level monitoring
automates preventative maintenance
activities by eliminating the need
for time-consuming electrical tests
that potentially expose workers to
electrical hazards. It also expedites
corrective maintenance by pinpointing problems and allowing providers
to make fewer trips and spend less
time on-site. With MLPE in place,
for example, a module with a failed
diode automatically triggers an
alert to notify the C O N T I N U E D O N P A G E 2 0
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Reduced downtime Pinpointing problems allows O&M providers to expedite corrective maintenance activities and improve the performance ratio of fielded systems.

O&M provider. This alert not only
identifies the physical location of the
problem, but also provides a screenshot that the O&M provider can use
to initiate a warranty claim. The next
time the O&M provider visits the site,

a service technician can replace the
failed module.
In addition to reducing O&M costs
and improving return on investment,
module-level monitoring also allows
O&M providers to develop new revenue

Measure and Maximize your
O&M is critical to the ROI of your
PV projects, and so is your
choice of curve tracer
Choose the Solmetric PV Analyzer:
• Highest accuracy and throughput
• Largest display with best array
troubleshooting features
• Database of 50,000 PV modules
• 1000V, 20A and 30A models
• 300ft wireless sensor range
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streams by offering different levels
of O&M services. “Any serious O&M
solution starts with a good monitoring system,” notes Jonah Liebes, senior
vice president of professional services
at HelioPower, an integrated energy
solutions company based in Southern
California. “HelioPower offers a complete
suite of asset management and O&M services. By combining module-level monitoring with our existing service offerings,
we are able to offer different O&M
packages—combining performance
guarantees, extended warranties or other
post-installation services—and have confidence that fielded systems are working
and will continue to work as expected.
With robust reporting and energy data
analytics, module-level monitoring can
eliminate false alarms and minimize
truck rolls to actual reactive work.”
—Lior Handelsman / SolarEdge /
Fremont, CA / solaredge.us
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By David Brearley

PV modules can
harvest energy from
both sides now, and the
number of products in this equipment
class is rapidly expanding. So what do
system integrators need to know to deploy
these products optimally?

C

onventional PV modules are monofacial,
meaning that their electrical power output
is a function of the direct and diffuse radiation captured on the front side of the module
only. By contrast, bifacial modules convert
light captured on both the front and back sides of the module into electrical power. Bifaciality improves PV system
energy capture—dramatically in some cases—and rewrites
conventional system design rules in interesting ways.
This article is an introduction to bifacial PV systems.
After briefly reviewing the history of bifacial PV cells and
providing a high-level overview of bifacial cell technologies,
I summarize the potential benefits of bifacial PV modules
and systems. I then focus on best practices and applications
for designing and deploying systems that integrate bifacial
PV modules. Finally, I consider some challenges to adoption
and important efforts under way internationally to unlock
the full commercial potential of bifacial PV systems.
BACKGROUND
Research on bifacial PV cells dates back to the dawn of the
solar industry, according to Andrés Cuevas’ oft-cited article,
“The Early History of Bifacial Solar Cells” (see Resources).
Japanese researcher H. Mori proposed a bifacial PV cell
design as early as 1960 and had successfully developed a
working prototype by 1966. Russian and Spanish researchers proposed uses for bifacial PV cells around the same time.
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It was the Russians, however, who first deployed bifacial
PV modules in the 1970s, as part of their space program. A
major milestone occurred in 1980, when Cuevas and some
of his colleagues in Spain documented the ability of lightcolored surfaces to direct reflected light (albedo) to the back
of a bifacial PV cell and increase its power output by 50%.
Due to the high cost of producing bifacial PV cells, the
first terrestrial applications for this technology were relatively late to emerge. One of the best-documented early
field applications is a north-south–oriented vertical photovoltaic noise barrier that Swiss researchers deployed
in 1997 along the A1 motorway in Zurich using 10 kW of
bifacial PV modules. The first signs of commercialization, at least in North America, appeared roughly a decade
later when Sanyo introduced its first UL-listed HIT Double
bifacial PV modules. Though Panasonic, which acquired
Sanyo, subsequently discontinued the bifacial product
line, as of January 2017, at least eight manufacturers offer
bifacial PV modules certified for use in North America (see
Table 1, p. 24).
Cell technology. While bifacial PV cells currently make up
an insignificant percentage of worldwide PV cell sales, the
technology is in some ways a continuation or logical extension of standard monocrystalline silicon (mc-Si) cell technology. Depending on whether the semiconductor material
contains a relative abundance or deficiency of electrons, the
industry broadly categorizes mc-Si cells as either n-type or

stems

p-type devices, respectively. It is possible to fabricate bifacial cells out of both p-type and n-type wafers, given highquality silicon material, although the process requires some
additional manufacturing steps compared to producing
conventional monofacial cells.
In practice, more than 90% of the PV cells sold worldwide
are based on a p-type architecture, while the vast majority of
the bifacial products in Table 1 are n-type devices. This underscores the fact that many n-type PV cells, which are primarily
found in niche high-efficiency modules from companies such
as LG, Panasonic and SunPower, are inherently bifacial. (Some
people trace the history of bifacial PV cells all the way back
to Bell Labs, since its first practical solar cell in 1954 was an
n-type device.) P-type devices dominate the market because
they are cost-effective to fabricate at scale. While n-type
bifacial cells offer the highest efficiency, companies such as
SolarWorld are betting that p-type bifacial cells can provide a
good balance between performance and cost.
Regardless of the specific cell technology, the rear side
of a bifacial PV cell needs to be able to act as a collector,
which requires advanced architectures and manufacturing
techniques. The authors of the informative Electric Power
Research Institute (EPRI) Bifacial Solar Photovoltaic Modules
(see Resources) explain: “Today’s crystalline silicon and
thin-film monofacial PV cells commonly use a fully metallized backside. This feature involves a moderately thick
metal contact for reduced series resistance and is relatively

inexpensive to produce. By contrast, bifacial cells incorporate selective-area metallization schemes to allow light
between the metallized areas.”
Though thin-film manufacturers are still working out the
material science issues necessary for bifacial thin-film modules,
many mc-Si manufacturers have successfully produced bifacial
cells, which often incorporate thin-film layers, such as the rear
passivation layers of amorphous silicon in Figure 1 (p. 26). The
next challenge is adapting these technological advances for
mass manufacturing. The EPRI report continues: “The lower
amount of metal changes how cell performance is optimized,
potentially requiring tighter ([that is,] more expensive) specs
on the silicon and thin-film material used and also increasing series resistance concerns. Furthermore, bifacial cells may
employ different metals, such as copper and nickel, and/or
deposition methods, such as plating or inkjet printing, which,
in part, requires different equipment and entails a potentially
more complex manufacturing process. Consequently, the backside metal represents a nontrivial impediment to manufacturing bifacial cells with high performance and low cost. This
added complexity and cost needs to be offset by the performance gains from increased light collection.”
BIFACIAL VALUE PROPOSITION
The rapid growth of the solar industry in recent years has
been largely premised on significant up-front cost reductions,
especially lower costs for PV modules. Bifacial PV modules
solarprofessional.com | S O L A R P R O
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Comparison of Commercially Available Bifacial PV Modules

Manufacturer

Product line

LG
Lumos Solar
Mission Solar
Mission Solar
Panasonic
(circa 2010)
Panasonic
(circa 2013)
Prism Solar
Prism Solar
Silfab
SolarWorld USA

LG NeON 2 BiFacial
GSX Bifi
MSE N 72
MSE N 72 Elite
HIT Double
HIT Double
Bi60
Bi48
SLA XX Bifacial
Bisun duo (72-cell)

SolarWorld USA Bisun duo (60-cell)
Sunpreme
GxB 500
Sunpreme
Sunpreme
Yingli Solar

GxB 370
GxB 310
TwinMAX Bifacial

Cell technology
n-type monocrystalline silicon (mc-Si)
Does not report (DNR)
n-type mc-Si
n-type mc-Si
n-type mc-Si heterojunction with
intrinsic thin film layers
n-type mc-Si heterojunction with
intrinsic thin film layers
co-diffused n-type mc-Si
co-diffused n-type mc-Si
co-diffused n-type mc-Si
p-type passivated emitter
rear contact (PERC) mc-Si
p-type PERC mc-Si
n-type hybrid cell technology (HCT)
with thin film layers
n-type HCT with thin film layers
n-type HCT with thin film layers
n-type passivated emitter,
rear totally diffused (PERT) mc-Si

Number
of cells
60
60
72
72
96

Front-side
power ratings
(W at STC)
300
275
320/325/330
320/325/330
190

Bifacial
ratio
(%)
95
55
DNR
DNR
DNR

Module
area
(m2)
1.64
1.70
1.98
1.98
1.21

Front-side
module
efficiency
(Max % at STC)
18.3
16.2
16.7
16.7
15.7

72

225

DNR

1.41

16.0

60
48
60
72

285/290/295
225/230/235
270/280/290
330

90
90
85
65

1.67
1.67
1.63
1.99

17.7
14.1
17.8
16.5

60
96

280
490/500/510

65
95

1.68
2.59

16.7
19.7

72
60
60

350/360/370
290/300/310
270/275/280/
285/290

95
95
DNR

1.94
1.64
1.64

19.1
18.8
17.7

Table 1 This table provides an overview of the construction and performance characteristics for a representative set of bifacial
PV modules certified for use in North America. Note that Panasonic (previously Sanyo) no longer mass-manufactures bifacial PV
modules; the specifications for these legacy products are provided for reference purposes only.

run counter to the grain in the market since they are inherently more expensive than conventional monofacial modules.
Fabricating bifacial PV cells requires not only high-quality
mc-Si wafers, but also anywhere from two to six additional
manufacturing steps compared to conventional cells.
The crux of the bifacial value proposition, therefore, is
improved production and performance over the life of the
system, which is a function of both bifacial energy gains and
improved durability. Because bifacial modules offer high
conversion efficiencies, they also have the potential to lower
BOS costs, which make up an increasing percentage of upfront system costs. The ultimate goal, of course, is a lower
levelized cost of energy (LCOE).
Increased energy generation. Unlike PV systems deployed
with monofacial modules, bifacial PV systems can convert
light that shines off the back of the module into electricity. This additional back-side production increases energy
generation over the life of the system. Ongoing research
and side-by-side testing suggests that a bifacial PV system
could generate 5%–30% more energy than an equivalent
24
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monofacial system, depending on how and where you install
the modules. Moreover, the manufacturers’ linear performance warranties for bifacial PV modules are some of the
best in the industry.
Improved durability. To allow light to shine on the backside of a bifacial cell, module manufacturers need to use
either a UV-resistant transparent backsheet material or an
additional layer of solar glass. In most cases, as shown in
Table 1, manufacturers have opted for a glass-on-glass package that generally improves field durability as compared to
glass-on-film options. Not only is a glass-on-glass package
more rigid—which reduces mechanical stress on cells during transportation, handling and installation, or from environmental conditions such as wind or snow—but it is also
less permeable to water, which may reduce annual degradation rates. Moreover, many bifacial modules are frameless,
and eliminating the aluminum frame effectively reduces
opportunities for potential-induced degradation (PID).
Reduced BOS. As prices for modules and interactive
inverters have fallen in recent years, BOS costs—specifically,

Weight
(lbs.)
37.5
66.8
47.6
76.1
50.7

Rear cover
clear backsheet
glass
clear backsheet
glass
glass

Framed or
frameless
framed
frameless
framed
frameless
framed

glass

framed

600

15

53.0

glass
glass
clear backsheet
clear backsheet

frameless
frameless
framed
framed

1,000
1,000
1,000
1,000 or 1,500

20
20
15
25

63.8
63.8
41.9
47.6

glass
glass

framed
frameless

1,000
1,000

25
20

47.4
80.0

glass
glass
glass

frameless
frameless
frameless

1,000
1,000
1,500

15
15
15

60.2
55.6
50.7

the costs associated with mounting systems—have come to
make up an increasing percentage of total PV system costs.
An interesting side effect of this trend is that commercializing higher-module efficiencies is beginning to look like one
of the best opportunities to squeeze additional value out of
PV systems. Higher-efficiency modules not only reduce the
area of the mounting system on a per kW basis, but also
allow a developer to increase system capacity and energy
harvest at a given site with fixed development costs.
Lower LCOE. The LCOE for a power generation asset is
found by dividing the total life-cycle costs—both the up-front
construction costs and the operational costs over time—by
the total lifetime energy production. In the field, bifacial PV
modules outperform their nominal power and efficiency ratings, which addresses the energy-generation side of the LCOE
calculation. Factoring in the bifacial energy gain, a 19% efficient bifacial 300 W module might harvest energy in a field
application equivalent to what a 21% efficient 335 W monofacial module produces. From the manufacturer’s perspective,
meanwhile, it is could be more cost-effective to add bifaciality
to a 20% efficient mc-Si cell than to mass-produce a monofacial one that is 22% efficient. This balance between performance and cost can make bifaciality an attractive feature for a
module manufacturer’s technology roadmap.

C ou r te sy S u n pre m e

Max
series
fuse
rating
(A)
20
15
15
15
15

Maximum
system
voltage
(Vdc)
1,000
1,000
1,500
1,500
600

Not just for BIPV This 12.8 MW solar farm in New Jersey
uses 370 W bifacial modules from Sunpreme, making it the
largest bifacial PV project in North America. The world’s largest bifacial system is currently a 50 MW project in China’s
Shanxi Province, deployed using Yingli TwinMAX modules.

OPTIMIZING BIFACIAL DESIGNS
Though bifacial PV modules can convert both front- and
rear-side irradiance to electrical power, they nevertheless put
their best face forward, in the sense that front-side efficiencies are invariably higher than back-side efficiencies, whether
due to semiconductor properties or the amount of back contact metallization. The bifacial ratio quantifies the STC-rated
power of a bifacial module’s back side in relation to the frontside power. For the products in Table 1, bifacial ratios range
between 55% and 95%, which obviously suggests something
about the relative energy production for different products in
equivalent applications.
Regardless of its specific bifacial ratio value, the field
performance of any bifacial PV system is highly dependent
on back-side irradiance. Generally speaking, back-side irradiance is light reflected off an adjacent horizontal surface.
Therefore, you can optimize bifacial PV systems by following
a few simple guidelines: Install bifacial arrays above surfaces
that reflect as much light as possible, increase array height
or tilt angle to collect more reflected light and avoid shading
the back side of the array.
Surface reflectivity. A bifacial PV system will generate
more energy when installed over a light-colored rather than
a dark-colored surface. This is because the former will reflect
more light onto the back of the array, whereas the latter
solarprofessional.com | S O L A R P R O
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Figure 1 Unlike conventional p-type silicon PV cells,
SolarWorld’s PERC cells have
rear passivation layers of
amorphous silicon. These rear
passivation layers not only
improve light-trapping properties—by reflecting light at
the cell boundary back into the
cell—but also make the PERC
cells inherently capable of
bifaciality. Moving from a fully
metallized rear electrode (on
left) to one that is selectively
metallized (on right) allows
light to reach the back side of
the bifacial cell.

Front contacts
Surface
passivation
(front)

Rear contacts
(aluminum metalization)

absorbs more of the incident irradiance. Albedo is a dimensionless quantity, usually expressed as a percentage, that
describes this ratio between light reflected off a surface and
the original incident irradiance. The higher the albedo value,
the higher the surface reflectivity.

ENGINEERED
FOR

C ou r te sy S o l a r Wo r l d

Surface
passivation
(rear)

Table 2 provides representative albedo values for a variety of common ground surface types, as documented in the
SolarWorld white paper “How to Maximize Energy Yield
with Bifacial Technology” (see Resources). These values suggest that white roofing membranes, which reflect roughly
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80% of the incident light when new and unweathered, are
an ideal ground cover surface under a bifacial PV array. By
contrast, the measured albedo value for raw concrete is only
16%. While the albedo for concrete increases dramatically
when it is painted white, SolarWorld’s research indicates
that not all light-colored surfaces are created equally. White
gravel, for instance, has a relatively low albedo due to an
“open-pored structure [that] causes a large amount of light
to be lost within the voids.”
While the additional rear-side power output in a bifacial
system is clearly proportional to ground surface albedo, the
authors of the EPRI article note that this simple relationship
“belies the fact that, in practice, energy gain depends on a
number of complicated installation-specific factors.” For
example, white surfaces reflect light of all colors, whereas
other surfaces reflect light preferentially, absorbing some
colors and reflecting others. Grass, for instance, absorbs
blue and red light and mostly reflects green light. PV cells,
meanwhile, vary in their ability to collect and convert different wavelengths of light into electrons.
Height and tilt angle. The closer you install a bifacial
array to the ground or roof surface, the more self-shading
occurs. Flush mounting, for example, effectively blocks any

Ground Surface Albedo Values
Surface type

Albedo

Green field (grass)

23%

Concrete

16%

White-painted concrete

60%–80%

White gravel

27%

White roofing metal

56%

Light-gray roofing membrane

62%

White roofing membrane

>80%

Table 2 Researchers
at SolarWorld recorded
these ground surface
albedo values for a
variety of common
surfaces. The variance
for white-painted concrete is a function of
the type and thickness
of the paint.

reflected light from reaching the back of the array. Increasing
the height of the array or its tilt angle increases reflected
light collection and enhances the bifacial contribution.
Generally speaking, the higher you can install a bifacial PV
array, the better its bifacial energy gain. However, this does
not mean that bifacial modules are suited for carports and
awnings only.
SolarWorld simulations suggest that a significant bifacial
energy boost is possible with a relatively modest height increase.
Not only is the energy boost curve in Figure 2 (p. 28) steepest
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between 0 and 0.2 meters (7.9 inches), but also the inflection
point occurs somewhere around 0.5 meters (19.7 inches), after
which point the curve begins to flatten out; the saturation point
occurs around 1.0 meter (39.4 inches), meaning that additional
energy gains are negligible above this height. These data suggest that bifacial modules are potentially well suited for just
about any ground-mounted application, as the leading edge of
these arrays is often 18 inches–36 inches above grade.
It is also possible to adapt conventional flat roof–
mounting systems for use in bifacial applications. In its bifacial
system design guide, for example, Prism Solar recommends a
minimum height of just 6 inches above the reflective surface.
To facilitate a slight increase in array height in low-slope–roof
applications, the company has worked with mounting system manufacturers, most notably Opsun Systems, to develop
structural solutions optimized for use with bifacial modules.
In addition to a modified ground-mount system, the Bifacial
SunGround, Opsun Systems also offers the SunRail Structure
Bifacial, a higher-elevation version of its standard commercial rooftop mounting system.
Back-side shading. To optimize bifacial energy gains, system designers also need to avoid shading the back side of
the array. Most racking systems have rails that run across
the module’s backside, which an opaque white or black film
usually covers. These structural components, especially support rails, are potential sources of shade in a bifacial system.
As a result, mounting systems optimized for bifacial applications locate mounting rails at the perimeter of the modules,
orienting these in parallel with rather than perpendicular to
the module frame or the edge of the glass.
Back-side shading is also a concern for bifacial module
manufacturers. The junction box on many monofacial modules, for example, is located directly behind one or more PV

cells. By contrast, most bifacial modules have a low-profile
junction box located at the perimeter of the module to minimize back-side cell shading. Though testing indicates that
back-side shading from junction boxes or mounting structures
will not damage a bifacial module, it does result in yield losses.
FIELD APPLICATION AND PERFORMANCE
Data from initial test beds and performance simulations—
some of which are summarized later in this article—suggest
many potential applications for bifacial PV systems. These
include most conventional applications such as flat roofs
and free fields, where installers deploy monofacial PV modules today, as well as niche applications such as buildingintegrated PV (BIPV) carports and awnings, where they typically deployed early bifacial modules. Back-side power collection also rewrites the rules that apply to traditional PV system
design and performance, which could enable new markets
and business models.
Sandia test results. Sandia National Laboratories recently
published a report (see Resources) documenting the sideby-side test results for Prism Solar bifacial modules in comparison to reference monofacial modules. Sandia installed
modules at the test bed in five orientations over two
surfaces at its New Mexico Regional Test Center. Data collected over a 6-month period (between February 15 and
August 15, 2016) indicated that the bifacial modules were
outproducing the monofacial devices by anywhere from 18%
to 136%, depending on the orientation and ground cover.
Figure 3 (p. 30) provides the average daily power output
curve for each test condition.
The report’s authors draw some interesting conclusions
from these data. First, they note that bifacial gains vary
throughout the day, depending on the angle of the sun or
25
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Figure 2 As shown on the left, bifacial energy boost is proportional to ground surface albedo and module installation height.
The simulated data on the right show the bifacial energy boost at different installation heights for SolarWorld’s bifacial SunModule Bisun, assuming a landscape-oriented south-facing array with a tilt angle of 30°, a ground surface albedo of 80% and
an interrow spacing of 2.5 meters (8.2 feet) with just one module per row.
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Solar hot water deﬁned
1

Accelera® Heat
Pump Water Heater
plus solar electric

C ou r te sy Opsu n S yste m s

Accelera ® 220 E
58-gal. heat pump water heater
Accelera ® 300 E
80-gal. heat pump water heater

2

SOLkit Solar Thermal
Customized roof mount Opsun Systems optimized this lowslope–roof mounting system, the SunRail Structure Bifacial,
for bifacial PV modules by minimizing rear-side shading and
increasing module height above the roof surface.

whether conditions are clear or cloudy. The impacts of sun
angle are somewhat intuitive when you consider that the sun
is closest to the horizon early in the morning and late in the
afternoon, which not only decreases the available incident
energy but also increases the amount of reflected light. As
a result, the percentage of the instantaneous power output
resulting from the bifacial contribution is highest at these
times, and the bifacial gains are relatively lower at or around
solar noon. The impacts of direct versus diffuse irradiance
are similar. During cloudy conditions, the incident energy
is relatively low, which increases the percentage of bifacial
gain due to reflected light. Under sunny conditions, by comparison, the bifacial contribution is higher in absolute terms
(back-side power) but lower in relative terms (percentage of
bifacial gain).
The authors also note that bifacial modules are relatively insensitive to changes in array azimuth. As you rotate
a bifacial array east or west of true south, the bifacial boost
increases, effectively offsetting some of the losses that
a monofacial array experiences in nonoptimal orientations. As a result, “west-facing bifacial modules tilted at
15° produced a similar amount of energy as south-facing,
15°-tilted bifacial modules and surpassed the energy production of all of the monofacial orientations considered.”
Not only did the west-facing, 15°-tilted bifacial array outperform the optimally oriented monofacial arrays, tilted
at 15° and 30°, but also the west-facing, vertically oriented

SOLkit 2
2 collectors, 80-gal. tank, plus additional components
SOLkits come as packages of 1, 2, or 3 collectors

Engineering & manufacturing
excellence since 1924

800.582.8423

www.StiebelEltron.us
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(90° tilt) bifacial array “outperformed monofacial modules
at any orientation.”
Not surprisingly, the bifacial gains were also greatest in a
west-facing, vertically oriented application, which creates an
effective collection area for bifacial modules literally double
that of monofacial modules. As a result, the bifacial power
curve in this application has two peaks, one in the morning
and one in the afternoon, whereas the equivalent monofacial
power curve has one peak only. An east-west facing array is
also effective at shifting solar power production later into
the afternoon, when electric demand is often greatest. This
configuration is likely well suited to take advantage of certain
time-of-use rate structures and could provide additional value
to utility operators. (The downside of an east-west vertical orientation is its high susceptibility to horizon shading losses.)
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Figure 3 These data show the average daily power curve for
bifacial modules (solid lines) versus monofacial modules (dashed
lines) in five different test conditions, which Sandia measured
over a 6-month period at its New Mexico Regional Test Center.
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BARRIERS TO ADOPTION
On the one hand, bifacial PV arrays require specialized modules and mounting systems, as compared to conventional PV
systems, which invariably increases up-front system costs.
On the other, side-by-side field tests, such as those Sandia
conducted, clearly reveal a bifacial energy boost. It is entirely
possible, therefore, that bifacial PV systems could provide the
best value, in terms of LCOE or return on investment, in certain applications. Making that case and taking it to investors,
however, remains a barrier to widespread market adoption.
Macroeconomic conditions. In the short term, the low costs
for conventional monofacial PV modules represent one of
the biggest challenges to the commercialization of bifacial
products. Module prices are at an all-time low, largely due to
downward price pressure caused by global oversupply. As a
result, many manufacturers are operating at low to negative
operating margins, which hinders investment in new manufacturing tools and product lines.
The authors of the EPRI report note: “It is financially difficult to sustainably grow manufacturing capacity of existing products, let alone a more innovative concept such as
bifacial PV modules. This issue is exacerbated by the more
expensive manufacturing tooling and processes required to
produce bifacial modules today. The high capital expense
and low returns on cell and module production is a bottleneck for adoption by manufacturers.”
Module nameplate power rating. Today, STC ratings for
bifacial modules are based on front-side performance only,
which obviously fails to capture the effects of bifaciality.
To reflect the fact that bifacial electrical properties vary
in proportion to back-side irradiance, manufacturers will
also provide some version of Table 3 (p. 32), detailing performance characteristics at different levels of bifacial gain.
The manufacturers leave it to the designer to decide how to
apply these data. Since back-side irradiance has no impact
on open-circuit voltage and has a negligible impact on voltage at maximum power, the real design consideration is the
potential for higher currents.
Industry stakeholders around the world are actively developing a consensus on standard testing procedures for rating
bifacial PV modules that the International Electrotechnical
Commission (IEC) will eventually publish as IEC 60904-1-2.
Researchers at the National Renewable Energy Laboratory
(NREL), for example, have proposed flash-testing both sides
of bifacial PV modules and using these flash test data to
derive a compensated short-circuit current value. Additional
indoor and outdoor testing is under way at NREL and Sandia
to determine the accuracy of this approach.
Production modeling. Perhaps more important, the industry needs bankable methodologies for modeling bifacial
system energy production in the field, a requirement complicated by the fact that field conditions C O N T I N U E D O N P A G E 3 2

Preliminary Results from SolarWorld’s
University of Richmond Test Bed
By Brian Lynch, SolarWorld, head of projects and solutions

I

C ou r te sy S ola r Wor ld

foot off the roof using a mounting
n April 2016, Virginia-based
system that minimizes back-side
project developer Secure
shading. We also understand that
Futures commissioned a 205 kW
installation methodologies optiPV system on the roof of the
mized for bifacial performance can
Weinstein Center for Recreation
be cost prohibitive. Therefore, we
and Wellness at the University
designed this test bed with comof Richmond. The project is
mercially available products to
unique for several reasons. It
discover how bifacial modules permarks not only the first power
form in mainstream applications.
purchase agreement within the
The data collected and anaDominion Power Virginia service
lyzed to date show that it is posterritory, but also the first comsible to significantly increase yield
mercial project deployed in the
without incurring substantially
US using SolarWorld’s monohigher design, installation or comPERC bifacial modules. In addiSide-by-side test bed This installation at the
ponent costs. The average daily
tion to providing the university
University of Richmond campus allows Solarbifacial energy boost over the white
with clean energy, the project
World to gather real-world performance data for
roof membrane exceeds 8%, with
also offers its students and facits bifacial Bisun modules in relation to convendaily boosts as high as 15%. As
ulty—as well as SolarWorld—
tional monofacial modules.
expected, the bifacial boost over
an educational opportunity.
the tar-and-gravel roof is lower,
SolarWorld’s projects and
averaging about 2.5%. Interestingly, the bifacial boost for
solutions team, which provides in-house project develthe Bisun modules is greater on days with lower insulation,
opment and EPC services, designed the University of
a finding that our colleagues in Germany have confirmed.
Richmond system as a test facility to study the side-by-side
The key takeaway, however, is that bifacial modules properformance of bifacial and monofacial PV modules in realvide a considerable performance boost even in less than
world conditions. The project features SolarWorld’s 265 W
ideal circumstances.
and 270 W Bisun PV modules, which are 60-cell bifacial
SolarWorld is using data from the University of Richmond
models. To provide a basis of comparison, the project also
uses SolarWorld’s 295 W 60-cell monofacial modules. All the project in several ways. We have used these field-test results
to fine-tune our third-party–validated Sunmodule Bisun
modules are deployed at a 10° tilt atop two different lowslope roof materials—a white TPO membrane and a tar-and- Boost Calculator, an online tool for estimating the additional
energy yield our bifacial technology offers in different appligravel surface—using Unirac’s RM10 ballasted roof mount,
which places the lowest point of the modules about 6 inches cations. We can employ these data when supporting project
off the roof surface. Enphase microinverters provide module- developers who are contemplating using Bisun modules
and looking to optimize costs and performance. With the
level power processing as well as granular performance
University of Richmond dataset, SolarWorld is also able
and monitoring data for about 80% of the array. SMA string
to take a deeper dive into quantitative analyses seeking to
inverters provide power inversion for the remainder of the
identify the greatest return on investment when factoring in
array and string-level performance data.
up-front capital expenditures versus system yield. This is
The goal of the project was not to optimize the perforimportant because small adjustments in system layout and
mance of the bifacial modules, but rather to field bifacial
design can yield meaningful performance benefits. Ideal
modules using standard commercial system-installation
applications for SolarWorld’s Bisun modules include SREC
methodologies. Based on extensive testing, we know that
markets in the Northeast, as well as markets with a high cost
bifacial gains due to the albedo effect increase in proportion to module height off the roof and module tilt angle. The of energy. Bifacial modules are also attractive anywhere
that high-efficiency modules make sense, such as in spaceideal environment to significantly boost back-side perforconstrained applications, especially over a white roof. {
mance would have the Bisun modules installed at least a
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Optimized Electrical Parameters for Yingli Solar Bifacial Module
Electrical parameters
Power output

STC

5% boost

10% boost

15% boost

20% boost

25% boost

Pmp

W

275

288

302

316

330

343

h

%

16.7

17.5

18.4

19.2

20.1

20.9

Voltage at Pmp

Vmp

V

31.4

31.4

31.4

31.4

31.4

31.4

Current at Pmp

Imp

A

8.75

9.16

9.63

10.1

10.5

10.9

Open-circuit voltage

Voc

V

38.6

38.6

38.6

38.6

38.6

38.6

Short-circuit current

Isc

A

9.21

9.66

10.1

10.6

11

11.5

Module efficiency

Table 3 Since STC values do not capture the effect of rear-side power gains, bifacial module manufacturers also publish
“optimized electrical parameters.” These data are for Yingli’s 270 W TwinMAX 60-cell bifacial module.

performance models. Unfortunately, many laboratory test
beds consist of only a few rows of modules, which are often
spaced out to minimize self-shading. These results tend to
overestimate performance in larger systems, especially in
applications where rows are more tightly packed together.
This creates a chicken-and-egg scenario. To optimize design
variables, such as ground-cover or dc-to-ac ratios, you need
a sophisticated production-modeling tool. But to develop an
accurate production-modeling tool, you need field data—and
the more of it, the better.

C ou r te sy S olte c

g C O N TAC T
David Brearley / SolarPro / Ashland, OR /
david.brearley@solarprofessional.com / solarprofessional.com

Tracking the energy boost Soltec developed this single-axis
tracker for bifacial PV modules for a utility-scale test bed in
Chile. Field data from projects like this can help stakeholders
develop reliable bifacial production models, which the industry
needs to optimize design parameters—such as inverter sizing
and ground-cover ratios—and improve bankability.

have an inordinate impact on bifacial system performance.
Performance models need to account for rear-side shade
effects associated with mounting structures and adjacent
rows of modules, which will vary considerably both over the
course of a day and from one application to the next. Groundsurface albedo is another consideration. This can change
seasonally, when snow covers grass or dirt, or over time, due
to soiling effects. The albedo for a white roof membrane, for
example, might be 80% when the membrane is newly installed
but only 50% after it has spent a few years in the field. Research
also indicates that rear-side irradiance is also nonuniform,
meaning that it varies across the back of the array.
Because of all these factors, field test results are essential for developing and verifying the accuracy of bifacial
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While the US solar industry fielded systems at an unprecedented
rate of 1 MW every 32 minutes in Q3 2016, SEIA and GTM Research
will undoubtedly announce a new record pace for Q4. At the same
time, average system prices are falling quarter-over-quarter and
year-over-year. These data suggest that profitable solar installation
companies are continually finding ways to work more efficiently
and effectively. We asked business operations experts at four
successful solar companies to share their strategies for
working smarter rather than harder.

Solar Business Growth
Lean Management Systems
Address Need for Speed
By Chris Anderson, Borrego Solar

Borrego Solar is an EPC firm with operations in California, Massachusetts and New York that focuses on commercial and utility applications.
The company added O&M services in 2015 and an energy storage division the following year. Since co-founding Borrego Solar in 2003,
Chris Anderson has served in a variety of operations, engineering and executive leadership roles. As senior vice president,
he works to drive down operational costs without sacrificing quality.

B

orrego Solar is one of the oldest solar installers in the
country and prides itself on responsible, sustained
growth. The ever-changing market dynamics that define
the solar industry, which industry insiders refer to as the
solar coaster, make it challenging to achieve sustained
growth on both a company and a market level. However,
2016 marked Borrego’s eighth consecutive year of profitable growth.
Shifting regulations are the largest hindrance to solar
business growth, as they can quickly change project economics or create market gaps while programs transition
from one regulatory structure to the next. While this reality
is not ideal, management- and operations-level improvements have allowed us to maintain profitability, even when
faced with declining incentives. We also work hard to identify new business opportunities and value streams. A recent
example is the rise of virtual net energy metering (VNEM)
and community ownership models, which are driving solar
adoption in a massive way in some key markets.

INCENTIVE PROGRAM CHALLENGES
Utility incentives, tariff structures and policies—most notably, net energy metering—have been instrumental in the
growth of the solar industry. But it is challenging for solar
EPCs and developers to navigate and track program changes,
incentive declines and policy differences from state to state
and utility to utility. When administrators change incentive
programs or regulators change tariffs, it is akin to a referee
moving the goalposts.
Borrego Solar has successfully navigated changing market conditions by focusing on the projects furthest along
in our pipeline, taking a disciplined approach to the projects that we aggressively invest in, and understanding how
investors can best monetize incentives. We are also always
adapting to the environment. Our development team might
be pursuing 6 MW ground mounts one year and 650 kW
midscale utility projects the next. Then it might move on to
commercial rooftops, municipal landfills or school carports
before cycling back to large-scale ground mounts.
solarprofessional.com | S O L A R P R O
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Gaps between incentive programs affect both the front
and the back end of the project cycle. Once a program goes
live, there is typically a rush to secure the incentive funds
or project capacity in the interconnection queue. On the
back end, there is invariably pressure to achieve mechanical
completion or obtain formal permission to operate prior to
a certain deadline.
Arguably, declining incentives are a good thing because
these force us to look for more cost-effective ways to deploy
PV systems. However, this also means that everyone is rushing to get as many projects installed as possible prior to
the program deadline. This tends to increase the risk for
error and raises safety concerns. As deadlines approach,
greater competition for engineering or construction
resources means that the industry suffers from a shortfall
of experienced companies to do the work, which increases
prices from those companies that can execute. Partially
completed projects often need reworking later, which is not
an ideal workflow.

Courtesy Borrego Solar

Installation services
Since Borrego Solar does
not use in-house labor to
install PV systems—its
business model is to use
subcontractors—it can be
challenging for the company to realize labor cost
savings associated with
value-engineered mounting systems. One possible
solution it has identified is
to wrap installation services into the mounting
manufacturer’s scope.
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MANAGEMENT-LEVEL IMPROVEMENTS
To navigate the regulatory environment in each market separately while working to scale the business, we’ve
turned to the lean management approach and 4DX principles outlined in the book The 4 Disciplines of Execution:
Achieving Your Wildly Important Goals by Chris McChesney,
Sean Covey and Jim Huling. Specifically, we’ve incorporated the lean management method of value stream mapping (VSM) to define our current state and design a future
state for the process of moving from site identification to
closeout with the various customers.
VSM has proven critical in aligning our staff on the project flow, key milestones, process and lead times required to
bring a project to fruition. The maps enable our company
leadership and frontline execution teams to more efficiently
discuss the strategic direction of projects, as well as to identify the real problems we need to solve to move projects
forward quickly. We create maps for greenfield development, on-site power purchase agreements and on-site EPC

projects, and then overlay the associated critical IT tools
and high-level authority matrixes.
In addition to utilizing VSM, we’ve implemented parts
of the A3 problem-solving process, which seeks to identify,
frame and act on problems. Our managers and executives
participate in an annual strategic planning process to clearly
identify the most pressing initiatives for the coming year.
We use the A3 process to better understand the problems
associated with each initiative and to communicate both
the current state and the desired future state of initiatives to
stakeholders. Since many employees are not experienced in
lean-management principles,
we also train our managers to
coach rather than participate
as player coaches.
The four disciplines of
execution that make up the
4DX system include focusing
on a wildly important goal,
acting on lead measures,
keeping a compelling scorecard and creating a cadence
of accountability. These 4DX
management principles have helped us apply countermeasures and execute on identified goals. They provide a teamapproach structure that we can use to implement changes
identified during our A3 problem-solving sessions.
Managing our portfolio and target markets in response
to incentive changes is a major focus for our development
team. Therefore, we need to provide our developers with
a clear path for advancing projects internally. The process
blocks in our value-stream maps provide this structure,
which incorporates key “go or no-go” reviews. As a project
matures, our finance, engineering, operations and, eventually, contracts committees review it. This disciplined
approach is how we make timely decisions about where to
invest resources.

To combat an increased risk of error on the project level
in both design and execution, we have created and implemented design standards, a design review process and an
engineering site inspection process. We have also identified our preferred set of design applications. Design and
applications engineers use these standards and guidelines
to quickly develop and iterate designs, while controlling and
maintaining high standards for quality set by our professional engineers.
Several software platforms are key to our operational
improvements. HelioScope (helioscope.com) allows us to
quickly generate preliminary production models and
designs. We use Helios 3D
(helios3d.com) in conjunction with other CAD software to develop our plan
sets. PVsyst (pvsyst.com)
generates our final production models. Bluebeam
(bluebeam.com) supports
our design review collaborations. We use Smartsheet
(smartsheet.com) to coordinate the release of plan sets,
schedule design reviews or site inspections, and otherwise
manage collaborations and workflow. Over time, we have set
up and refined internal procedures and standards around
these software tools.
Standardizing our designs and the tools we use has also
been beneficial for our outside partners. When we need
to use third-party engineering services, we can control for
quality and ensure that there aren’t disparities between inhouse and third-party designs. This allows us to scale when
demand swells. Given the dynamic nature of project schedules, we want to keep everyone’s schedule aligned. Therefore,
we are starting to use Smartsheet to share our project schedules with subcontractors in real time. Our investors also
appreciate that our design and production modeling process
is transparent and consistent, as this gives them confidence
in their projected returns.
One issue we have found with our model of acting as the
EPC firm and hiring subcontractors is a lag in incorporating
labor savings into bids. Manufacturers are value-engineering
their products to reduce the overall installed cost. In some
cases, this means they add features that reduce field labor
by speeding up installation. Despite these changes, and our
value-engineering efforts in design, we find that most electrical subcontractors rely heavily on past performance when
bidding and use dollars per watt as the metric for measuring their bid. We have had some success reducing field labor
costs by taking time to meet with prospective estimators,

Our investors appreciate that our design and
production modeling process is transparent
and consistent, as this gives them confidence
in their projected returns.

OPERATIONS-LEVEL IMPROVEMENTS
Borrego Solar is not a manufacturer. We need to source
modules, inverters, racking, combiner boxes and dataacquisition system equipment for our projects. We use a
cross-departmental product approval process to expand our
product mix over time. This process allows us to sort through
commercially available products and identify those that fill a
gap in our offerings, address a changing code requirement or
provide a better value for our customers while meeting our
standards for quality. As part of this process, our engineering and operation teams work closely with our partners and
prospective vendors to highlight and push for value-added
features within these products.
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foremen and project managers as
part of the subcontractor bid process. We let these stakeholders
review our designs, call out product
Government
changes and discuss revised design
Tax credits +
incentives
Borrego
standards; we also point out certain
Payment for power
installation items that might scale
EPC payment
purchase agreement
based on dollars per module rather
than dollars per watt.
Remote
In some cases, we have tried
meter
shifting work from electrical subFinance
Private
contractors to our racking vendors
Customer
partner
land owner
to capture potential savings assoLease payments
ciated with new products. Where
Customer
labor rules allow nonelectricians to
meter
NEM credits
build mounting systems and hang
modules, racking vendors can provide their own crews and laborers to Transactional complexity While virtual net-energy metering (above) and community
perform this work. Where the rules solar have generated new value streams for Borrego Solar, the company has had to
require electricians, racking ven- improve its transactional efficiencies to streamline the process of working with muldors can take on the task of hiring tiple stakeholder groups.
electrical subcontractors to perform
the work and meet the predicted installation timelines. In the investment community and negotiates the EPC and O&M
some cases, racking manufacturers have had success install- contracts. Our finance group focuses on the owners to undering their own products per our contractual expectations. In stand the way they model project risk and returns, as well as
other cases, they have significantly underestimated the diffi- establishes the personal relationships it sometimes takes to
culty of the work, and we have had to rely on our master sub- get deals done. Meeting our contract obligations and delivercontract agreement to insulate us from their cost overruns.
ing a quality product allows us to leverage that investment
and transact again with the same buyer.
VNEM AND COMMUNITY SOLAR
As we move forward in 2017 and continue to scale our
The advent of virtual or remote net metering and commu- business, we are continuing to analyze our performance,
nity solar is a welcome contrast to declining incentives. modify our value stream maps and find ways to reduce costs.
These programs allow us to optimize projects, host custom- In our development work, we are identifying areas where we
ers and owners by siting projects in locations that result in can obtain site discovery without running a considerable risk
the most favorable rates and overall economics. It requires of overspending. In engineering, we are working to reduce our
many different skill sets to identify host sites and off-takers, process and lead times for generating plan sets. In operations,
to understand and communicate the value proposition, and we are trying out a model with some of our trusted electrical
to negotiate terms.
subcontractors in which we award the project early and work
To address the challenge of working with three differ- collaboratively to incorporate their constructability feedback
ent customers—project owner, host and off-taker—we have into our design. Our hope is to design easier-to-build systems
compartmentalized who takes the lead in each of the trans- and reduce the contingencies that our subcontractors carry
actions. For example, some project developers exclusively in their bids by folding them into the planning process. Across
look for sites, while others look for off-takers. As our team the organization, we are focused on driving down our cost per
has gained experience and we have refined our processes, first-year megawatt hour.
our project developers have become proficient in handling
While our maps, processes and software provide a founthese three customers and their associated transactions. We dation for our business and help us quickly meet changing
have also established a vetted group of affiliates and part- market dynamics, these systems remain works in progress.
ners who bring us sites and off-takers.
At the end of the day, it is people who apply these tools
Since working through EPC and O&M contracts is a sig- and principles. We are successful because our employees
nificant legal investment, we have focused on building out the strive to meet policy-driven deadlines, improve continurelevant teams to strengthen relationships and foster exper- ously, deliver a quality product and accelerate the adoption
tise. Our project finance group manages relationships with of renewable energy.
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Biomimicry and Meeting Rhythms
Promote PEACE
By T.J. Kanczuzewski, Inovateus Solar
Inovateus Solar has become one of the leading solar development, design, engineering, procurement, construction and supply companies
in the Midwest. Headquartered in South Bend, Indiana, the company has developed and built solar projects for utility, rural electric cooperative,
commercial, industrial, governmental, educational and microgrid customers in the US, the Caribbean and Latin America. A founding staff
member of the company, T.J. Kanczuzewski has been with Inovateus Solar since 2007 and serves as its president.

L

ike many solar companies, Inovateus has experienced
remarkable growth over the last few years. We have
recently completed or are close to completing more than
100 MW of commercial and utility projects, have become the
part owner of a solar power plant that we helped develop
and build, and have seen our supply and distribution business flourish. However, along with experiencing rapid
growth, we’ve learned some hard lessons about managing
our increasing responsibilities while properly serving our
customers and remaining profitable.
To accomplish what we have recently
achieved and successfully meet our ambitious goal of becoming a leading national
developer, we have had to change our
organizational and operational structures. As a people-first workplace that
is adding new as well as veteran solar
industry staff, we face the challenge of
maintaining our friendly corporate culture while adapting our company to
competitive new market realities.
By continually looking to improve
our organization, we are not only more
effective but also more cooperative and
focused on our day-to-day goals for
building projects as well as our longterm goals of sustainably and profitably expanding our business during the
ups and downs of the solar coaster. A
variety of sources have inspired or led

to the development of the following business management
tactics. These include lessons that we have adapted from
invited speakers at our weekly solar “think tank” sessions,
books that I have read, examples from the natural world, and
seminars that I and other team members have attended.
TRULY BELIEVING OUR CORE VALUES
Inovateus has won two “Best Place to Work” awards in
Indiana, and one of the reasons we’ve earned these honors
is that our team truly believes in our core values. Having

Courtesy Inovateus Solar

Structured for success Inovateus
Solar takes inspiration from nature and
music for some of its organizational and
operational structures. The company’s
efforts to promote PEACE—passion,
engagement, ambition, creativity and
esprit de corps—have won accolades
in Indiana, including two “Best Place to
Work” awards.
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everyone remember those values and act in alignment with
them keeps us all focused on the long term when short-term
problems get in the way.
We like to use acronyms at Inovateus. First, there’s
PEACE, which stands for passion, engagement, ambition,
creativity and esprit de corps. We’ve also adopted a rallying
cry: building a brilliant tomorrow. These company mantras
are not just something we pay lip service to—we live them.
They’re truly a part of our business mindset with customers
and within our internal Inovateus culture.
For example, in 2015 we landed our first large-scale contracts, including a 58 MW project, currently in its final construction phases, in Lapeer, Michigan. We had a successful
sales-centric operation, but feedback from some customers and our own staff informed us that we could make
our processes more efficient. We realized that we needed to
create structures that largely did away with departmental
silos and to implement an organizational plan that encouraged participation and greased the wheels of internal
communication. And, importantly, we had to tighten up
our execution.
Because our team members believe in PEACE, it was
a lot easier for us to step back and avoid pointing fingers.
Instead, we focused on fresh ideas to increase cooperation
and efficiency.
BUSINESS BIOMIMICRY
One of the things we’ve done is create what we call PODs for
each project. These are unified, inclusive cross-disciplinary
teams. Our inspiration for PODs came from diverse sources.
For one, we applied a feature from the natural world, namely
how dolphins and other wild creatures live and work together
(hence the name). We also borrowed ideas from retired US
Army General Stanley McChrystal’s book Team of Teams
and his experience with breaking down operational structure gaps in the military and making groups “faster, flatter
and more flexible.” In a sense, the POD is our biomimicryinfluenced team of teams.
Although we didn’t originally intend to do so, we’ve
embraced biomimicry as a way to rethink processes. We
consider Inovateus a living organism that is in continuous growth and improvement mode. As a result, the PODs
have evolved. We’ve recently implemented POD 2.0, which
strengthens and adapts the POD structure to be more inclusive of other personnel in project execution. In addition to
using more concise and easily measurable agendas for each
POD’s weekly meetings, we saw the value of adding more
input from finance and business development folks on the
front end of projects, more participation from purchasing
and logistics during primary construction periods, and more
robust closeout management between substantial progress
and final completion.
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UTILIZING CONSISTENT COMMUNICATION
We also use the concept of meeting rhythms at Inovateus,
something we picked up from one of our mentors, Verne
Harnish, who wrote the book Mastering the Rockefeller Habits. He stresses the importance of maintaining consistent
patterns and structure, and of creating a “habit platform” for
consistent communications within an organization. In this
way, everyone can get in tune with each other. (We also use
musical terms and slang in our company, as many of us—
myself included—are musicians.)
The meeting rhythms at Inovateus include the weekly
POD meetings, daily huddles among the three core internal
corporate groups (projects, strategy and capital), weekly
30-minute leadership team meetings and monthly company
meetings. The daily huddles each take about 10 minutes and
focus on the top five goals for the week and other issues.
They offer an opportunity for anyone to ask for help, provide
updates on a project and so forth. The huddles take place
first thing in the morning so that by 9am everyone has communicated whatever they need to with all the team members who need to know.
GROWING EFFICIENTLY
We understood that we had to grow efficiently if we were
going to meet our goals and fulfill our vision. We realized
that not every solar project was right for our company, so
we developed another acronymic and biomimicry process
we call TREE, which stands for the renewable energy engine.
TREE is our mechanism for identifying, vetting and bidding
on new projects for our pipeline. After all, project proposals are the seeds for the company’s future, and we want to
plant as many healthy seeds as we can while weeding out the
unhealthy ones that could hamper our growth.
TREE has five stages or branches, starting with an “RFP
machine” concept. From the beginning of project evaluation all
the way through the project proposal submission process, we
use a “go or no-go” filtering method to continually assess the
opportunities at every stage. The first TREE evaluation step
identifies potential projects and then adds data inputs in our
proprietary software to establish the initial go or no-go status.
Then we conduct a preliminary EPC evaluation and go or no-go
analysis, followed by a sales step in which senior account executives analyze the vetted projects and initiate conversations
with customers. If it’s a go at this point, we take a deeper dive
with the customers and complete the preliminary engineering
designs and budgets. Finally, if the green light is still shining
bright, we put together and deliver our project proposals.
These tactics and strategies may seem simple or perhaps
unconventional for your solar business. However, I urge you
to examine your own organizational structures and consider
adapting these or other creative practices to take your company to the next level.

Cooperative Approach Transforms
Energy and Business
By Amanda Bybee, Namasté Solar
Namasté Solar is an employee-owned cooperative (with offices in Colorado, New York and California) that designs, installs and maintains
solar electric systems throughout the US for commercial, nonprofit, government and residential customers. Amanda Bybee has worked in the
solar industry since 2003, first promoting renewable energy policies at Public Citizen’s Texas office, then with Meridian Solar and now with
Namasté Solar. Today, Bybee devotes her energy to strategic planning, corporate governance and incubating new start-up cooperatives.

I

n 2016, Namasté Solar installed nearly five times the number
of megawatts as in 2013. In the same time frame, our revenue
tripled and our head count doubled. We have expanded our
geographic footprint beyond the borders of Colorado to the
Northeastern US and Southern California, and pursued creative solutions to some of the challenges by incubating new
cooperative enterprises. Some positive trends have buoyed
our progress, including falling equipment prices, state incentive programs, easier access to capital, amazing new team
members and the demand generated by the threatened ITC
expiration. Other challenging market conditions have hampered us, including increased competition, especially from

large national companies; decreasing utility incentives; an
unstable legislative and regulatory environment; decreasing
average selling prices; and shifting trends in project finance.
SPECIFIC STRATEGIES
Throughout our growth, we have developed strategies
around financing, labor, procurement, operational processes and safety.
Financing. We have cultivated partnerships with commercial financiers who have both the capacity and the expertise
to make projects run smoothly. We are co-founding a new
financial institution, the Clean Energy Federal Credit Union,

Courtesy Namasté Solar

Succession plan Namasté Solar’s employee ownership model creates an incentive to hire the right staff and set them up
for success and eventual promotion. In addition to offering on-the-job training, the company has developed comprehensive
in-house training programs.
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entirely dedicated to funding clean energy by providing
affordable loans to its members on the residential scale for
all forms of clean energy and energy efficiency.
Labor. Attracting and retaining the right staff is critical to
our success, and we put a lot of effort into this area. When the
construction market rebounded in 2013–14, it put a strain on
the workforce, and we found it more difficult to hire qualified
labor. Competition for good workers drove up wages, especially for licensed electricians, which in turn necessitated an
overall recalibration of pay rates throughout the company. In
addition, as we have branched out into new states, we have
encountered state-specific labor laws that require different compliance. We have developed comprehensive internal
training programs, holding in-house NABCEP classes and
on-the-job training, to build up our farm team, so to speak.
Developing our workforce in-house helps with succession
planning for crew leads, project management and other roles.
Procurement. We have found certain benefits in operating
at scale: redundancy, resilience, more internal growth opportunities and greater purchasing power. We have sought to
further scale our purchasing power via the Amicus Solar
Cooperative. Through it, we aggregate our buying power with
40 other member companies in North America and leverage
that volume to achieve lower prices on major equipment.
Amicus has also evolved into a helpful peer group, where we
share best practices, partner on new business endeavors and
find support in addressing business challenges.

Operational processes. To scale efficiently, we have
focused on refining our internal processes and making them
replicable. For example, when we want to add another residential crew, we know exactly what to do, including what
vehicle we need, how we will build it out and how to stock
it. We know which people are ready to assume leadership
of that crew and how long it will take the crew to reach full
productivity. The process of adding a crew now follows a
well-known formula, which makes planning for expansion
a less daunting task.
We look to better processes, improved technology and
new providers to make our work flow more easily. On the
commercial side of our business, we continue to refine our
remote site management and build strong relationships with
subcontractors while leveraging relationships with other
members of the Amicus Solar Cooperative. On the residential side, we employ a kaizen mentality of constant improvement, making small adjustments to our processes so they
are ever easier to accomplish. For example, in Colorado
alone, we work in more than 50 different jurisdictions, each
with its own requirements and code interpretations. Given
that complexity, we want to build more automation into our
IT tools to streamline our compliance.
Safety. Safety has become a companywide focal point,
both as a function of training so many new employees and as
a result of increased scrutiny from OSHA and inspectors. We
now have a dedicated safety team that maintains vigilance

Courtesy Namasté Solar

First things first Cultivating and maintaining a culture of safety is part of what allows Namasté Solar
to scale efficiently as it adds new employees.

42

S O L A R PR O | March/April 2017

over our practices, provides more-professional documentation, procures all safety-related equipment and generally
deepens the company’s commitment to an abiding culture
of safety. Over the coming years, we will continue to seek the
right balance between pushing for efficiency and ensuring
that our crews can perform work safely.
EMPLOYEE-OWNED MODEL
It bears mentioning that Namasté Solar is an employee-owned
cooperative. We believe strongly in the employee ownership
model, as it creates a deep sense of caring and investment in
the work that we do. It also raises the confidence of our customers that the people responsible for their projects have a
true stake in the outcome. We have seen many advantages to
this model—and some disadvantages—as we’ve scaled and
streamlined through the years.
With regard to decision making, for smaller-scale decisions that fall within a person’s job scope, we generally
empower co-owners to make decisions on their own. We
expect them to take initiative where needed, think longterm and require minimal management. For instance,
commercial project managers have visibility into the big
picture of a project ( financial, relationships and so on),

and can execute change orders with minimal bureaucracy.
We have seen throughout the organization that this creates
a sense of empowerment and trust that raises morale and
increases loyalty, ultimately leading to lower attrition. That
said, it sometimes takes us longer to make companywide
decisions, because we strive to include as many voices as
possible along the way.
We also accept certain trade-offs based on our corporate
model. After all, the time we spend in meetings is time we’re
not on the roof installing panels. However, we believe that
the holistic benefits outweigh the costs. As a result of our
discussions, co-owners are more educated about the state of
the industry, more engaged in the outcomes of our decisions
and generally feel more connected to each other. This leads
to deeper job knowledge and general empathy for fellow coworkers. It’s all about balance, and we strive to find the right
level of engagement and involvement without sacrificing
efficiency and productivity along the way.
At Namasté Solar, we pay as much attention to how we do it
as to what we do. We’re here not only to transform energy, but
also to transform business. And the more effective we are in one
arena, through achieving greater scale and having an impact on
more people, the more effective we will be in the other.
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Leveraging Technology to Fulfill
a Shared Mission
By James Hasselbeck, ReVision Energy
ReVision Energy, founded in 2003, installs more solar in Maine and New Hampshire than any other integrator. The company designs, engineers and
installs all of its systems using in-house solar specialists with proper licensure and an equity stake in the company. James Hasselbeck joined ReVision
Energy in 2013, and oversees design, project management and commissioning for all construction operations for the Maine and New Hampshire
installation teams. Hasselbeck is a NABCEP Certified Installation Professional and a member of the NABCEP PVIP Technical Committee.

I

n most of the years since its founding, ReVision Energy has
seen a year-over-year growth of 20% or more. As all solar
veterans understand, achieving a 20% revenue growth in
an environment where costs are declining rapidly actually
means that everything else—such as project volume and
capacity—is scaling even faster. Sustained rapid growth is
typically a good problem to have, but it comes with its share
of challenges. Along with that growth comes the need to hire
exceptional talent for sales, installation and support roles.
Growth also forces installation companies to purchase new
trucks and equipment and to increase warehouse capacity.
At ReVision, the fact that we’ve grown to operate out of
five offices in three states has
amplified these scaling challenges. Our business does
more than just install rooftop
PV. Our basic mission and
challenge is to provide comprehensive, carbon-free and
cost-effective energy solutions to diverse clients, which
include residential, commercial, industrial and community solar customers, as well
as those requiring energy
storage, electric vehicle
charging infrastructures, or the installation of solar-powered heat pumps for heating, cooling or domestic hot water
systems.

that we never dilute the shared sense of mission and values
that binds the company together. Ensuring that we maintain
our company culture of respect, legendary customer service
and technical excellence while physically spreading across
five offices and expanding the size of the team 30% or more
in a single year can be a real challenge and certainly doesn’t
happen on its own.
Our first strategy to manage this scenario is simple:
hire only exceptional people who share our values. By hiring and retaining extraordinary individuals, we have kept
employee turnover near zero, which creates a solid institutional memory and foundation upon which to scale and
build additional crews.
A second strategy is to
deliberately and consistently articulate the company’s shared mission, vision
and values. We use every
opportunity that we can,
internally and externally, to
discuss our broader mission
and to demonstrate our values. This is the lens through
which we approach and discuss everything that we do.
Having that language and
belief in common creates a strong sense of cohesion for the
rapidly expanding group.

While many view socially responsible business practices as inherently concessionary
in terms of financial success, we explicitly
reject this view and believe that we succeed
because of our values, not in spite of them.

SHARED MISSION, VALUES AND GOALS
As a Certified B Corp, ReVision Energy has always considered its explicit commitment to multiple groups of stakeholders an asset, not a liability. While many view B Corps or
socially responsible business practices as inherently concessionary in terms of financial success, we explicitly reject this
view and believe that we succeed because of our values, not
in spite of them. As a result, one of the first and most critical components of managing our growth has been to ensure
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USING TECHNOLOGY TO STAY IN TOUCH
Beyond taking a very deliberate approach to maintaining a
strong and coherent company culture and targeted business
goals, we employ several more-concrete tactics to manage
the growing business. Many of them relate to leveraging
technology to ensure that our team can stay connected
and on the same page while running in opposite directions
across multiple states.
salesElement. Like many small local solar companies, we
started out using a customized Microsoft Excel spreadsheet

for pricing projects, and then transferred these prices and
key project details into a Microsoft Word template to generate customer proposals. As we achieved some scale, we
found that system unsustainable and investigated the proposal generation software platforms specifically targeting
the solar installer market. While many had some impressive features, none was capable of pricing and producing
proposals for the broad variety of project types that we
design and install across a range of different markets. In
addition, we were skeptical about giving up design control
of the proposal document and ending up with a result that
would look more or less like every other solar proposal our
clients might see.
The solution we landed on was salesElement (saleselement.com), a cloud-based pricing and proposal generation
platform with a specific implementation that we highly
customized for our business. The software interfaces with
our customer relationship management (CRM) and inventory software to capture customer and component pricing

information; this allows the platform to work as both a
pricing engine and a proposal generation tool. It is capable
of generating highly customized proposals. Though building this custom tool required a substantial financial and
labor investment, it has proven to be amazingly flexible and
scalable as our business has grown and our product mix
has evolved.
Basecamp. Another tool we use to facilitate communications and information sharing is Basecamp (basecamp.
com), a cloud-based project management and internal communications platform. We have a number of Basecamp projects geared toward different departments, employee groups
and goals. We also utilize Basecamp’s to-do list functionality to maximize productivity for our different teams. For
example, we have a centralized system for designing and
estimating commercial projects. Using Basecamp, a commercial sales representative can assign a new project to the
engineering team. Depending on the desired turnaround
time, that design may or may not come from the branch

Courtesy ReVision Energy

Shared values As a Certified B Corp with a commitment to socially responsible business practices, ReVision Energy shares
the values of many of its customers, such as Throwback Brewery (shown below), a woman-owned business dedicated to
brewing with fresh, locally sourced ingredients.
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where the sales person is physically located. From our perspective, this system provides the benefits of both centralized and decentralized engineering team approaches. On
the one hand, our engineering team can share the workload
for maximum productivity; on the other, our branches all
benefit from local engineering support, which requires inperson communications.
Egnyte. With so many crews and projects going on, the
ability to quickly find relevant information—be it a system
proposal or job photograph—is important. For this functionality, we rely on Egnyte Enterprise File Sharing (egnyte.
com), which provides access to our server data from anywhere. The platform is easy to use and navigate via smartphone or laptop and is a great way to search for, upload or
download information. One benefit of this platform is that
it enables our installation crews to immediately upload
job photos or permit signatures to the server while on-site;
this allows the operations team back in the office to submit
utility paperwork the same day we complete an installation, without getting bogged down by the need to physically transfer data.
Company wiki. We use a wiki in Basecamp to outline our
internal resources and share process diagrams and flowcharts. A key part of streamlining operations is enabling
different people and departments, potentially in different
locations, to work together, while ensuring that they accomplish all critical steps with minimal overlap. While we have
worked hard to standardize processes and streamline installations, we also needed to maintain a degree of flexibility that
would allow for a regionally specific focus. In other words,
our back-end systems and processes are critical, but just as
important is the ability of those systems and processes to
match the unique local demands and requirements of each
of our market segments.
A key advantage of using a wiki is that it allows us to
embed links in our diagrams. For example, our commercial,
institutional and industrial teams consist of representatives from multiple departments. To provide a clear path of
responsibilities as our projects progress, we have developed
flowcharts that not only outline the step-by-step process,
but also provide hyperlinks for some milestones that take
users to relevant Basecamp or wiki resources.
Weekly newsletter. Our multiple-location operational
structure makes it difficult to maintain group culture and
connectivity, as well as share success stories. Therefore, we
have instituted shop-specific weekly newsletters with the
goal of sharing our many victories, however small they may
seem. In addition to letting everyone know what is going on,
we strive to use this forum as another opportunity to highlight our mission and values, to inspire conversations about
best practices and to recognize team excellence publicly.
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Process flow To help keep its decentralized personnel
and offices moving in sync, ReVision Energy has developed
flowcharts such as the one shown here for critical work
processes. The embedded hyperlinks take users to relevant
resources or interfaces within the company’s cloud-based
project management platform.
Performance metrics. The final, and perhaps most critical,
piece of our company initiatives for efficient streamlined
growth is identifying and leveraging key performance metrics. ReVision Energy is a data-driven company. All of our
system design, installation and business decisions are factand science-based. We pull metrics from our CRM database
and use these to generate customizable charts and reports.
At any given moment, we can review our new project leads
for the month; conversion efficiency; sales closing ratios;
projects under contract, awaiting design, permit and interconnection approval; procurement; and ultimately scheduling status. Measuring, reviewing and acting upon these and
other metrics is crucial, as it can show—in no uncertain
terms—where we need to put additional focus.
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olar carports and canopies have proven to
be a successful and marketable approach to
PV system siting and deployment. In addition to generating power, these structures add significant value to frequently underutilized parking
areas, providing shade during the sunny months
and protection from precipitation during the
wet ones. This article provides system designers,
engineers, and procurement and sales teams with
overviews of 17 companies that offer solar carports, canopies or awnings in their product and
service portfolios.
Many of the companies profiled have long business histories working with steel structures. As
the solar industry gained momentum and entered
new geographical markets, these vendors optimized their designs to integrate with PV arrays.
As evidenced by the substantial number of companies profiled, a competitive market has developed for solar carports and canopies, driving the
designers and fabricators of these structures to
advance their designs. Today, project developers, integrators and EPC firms have an impressive
range of solutions in this product class with a high
level of optimization and refinement.

Absolute Steel

Headquarters: Tempe, Arizona
Contact: absoluterv.com • 877.833.3237

A

rizona Storage, a privately owned company that also
does business under the Absolute Steel brand name, was
founded in 1999. At its production facilities on companyowned properties in Arizona and Texas, Absolute Steel fabricates a selection of steel-frame solar-ready carport systems
that range from small canopies with two parking spaces
to large carport designs suitable for commercial applications. Its showroom in the metropolitan Phoenix area displays its steel buildings, carport systems, barns and storage
sheds. Absolute Steel supports customers with site evaluation, structural engineering, on-site management and training, and domestic and international shipping services.

Baja Construction

Headquarters: Martinez, California
Contact: bajacarports.com • 800.366.9600

I

n operation since 1981, Baja Construction is a privately
owned and vertically integrated design and construction
firm with an in-house engineering department as well as its
own construction crews. The company specializes in prefabricated, pre-engineered, high-tensile light-gauge steel structures

Solar Carports & Canopies:

C ou r t es y S u n P ow er

By Joe Schwartz
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Co u r te sy Ba j a Co nstr uc ti o n

Standard vs. custom models Most solar carport and
canopy vendors offer pre-engineered standard models as well
as customized designs, such as this custom Solar Support
Structure by Baja Construction.

Baja’s product line includes four standard configurations. Designed to cover a single row of parking spaces,
its Braced Single Post carport includes flat, upslope and
downslope options. Full Cantilever offers the same slope
configurations, with the carport posts located along one
of the structure’s eves. Full Cantilever T covers two rows
of parking spaces, with posts located along the structure’s
centerline between rows, and is available in flat and sloped
array options. Finally, Single Post Back to Back couples two
single-post configurations installed adjacent to each other
to create a common flat or sloped array surface that covers
two rows of parking spaces. All four of these configurations
allow for customer-specified design requirements such as
eve height, array tilt angle and purlin spacing based on
module dimensions, and facilitate both portrait and landscape module layouts.

Carport Structures

Headquarters: Oxford, Michigan

that include solar carports, ground mounts and electric vehicle
charging stations, as well as nonsolar carports, and RV, boat
and self-storage facilities. Its engineering services and custom designs enable Baja to develop structures that meet sitespecific wind load, snow load and geotechnical requirements.
The company operates regional offices in Fontina, California;
Dallas; Holbrook, New York; Las Vegas; and Phoenix.

Contact: carportstructures.com • 800.442.4435

C

arport Structures has been providing covered parking
solutions and structural steel canopy products for commercial applications for more than 40 years. The privately
owned and operated fabrication and construction company
specializes in the design, manufacturing and installation

A Manufacturer and Product Line Guide
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of structural steel products such as multihousing carports,
walkway canopies and covers, shade structures, park shelters and RV carports.
In recent years it has developed solutions for commercial and utility PV applications, offering a range of services
that include project quoting and presentation, site analysis,
regional building code review and analysis, structural design,
foundation design and layout, project management, foundation excavation and construction, steel structure erection
and field fabrication, field painting, and PV racking and module installation. In addition to creating custom designs, it
offers 11 standard carport products including single-column
cantilever configurations, two-column configurations and
louvered configurations that set each individual module
row at a customer-specified tilt angle. All carport solutions are available for single-, double- and multiple-lane elevated structures.

Envision Solar International
Headquarters: San Diego

Contact: envisionsolar.com • 866.746.0514

E

nvision Solar International is a San Diego–based technology
company with solar solutions for electric vehicle charging,
media and branding, and energy security systems. Founded in
2006, the company went public in 2010 (ticker: EVSI). Envision
Solar offers two specialty solar canopy lines: the EV ARC and
the Solar Tree. Designed for stand-alone PV-powered electric
vehicle charging, the EV ARC line includes several models, such
as the EV ARC 3, which has a 3.4 kW canopy-mounted array
coupled with 22.5 kWh of energy storage, and the EV ARC 4,

which has a 4.1 kW array and 30 kWh of energy storage. Both
models are equipped with dc chargers for plug-and-play electric vehicle charging. The EV ARC Digital model combines the
EV ARC 4 with an outdoor-rated screen for advertising and
branding. In addition, Envision Solar developed the EV ARC
Bike/Moto, for electric bike and motorcycle charging. Like
the EV ARC products, the Solar Tree line handles stand-alone
power generation and vehicle charging. The Solar Tree DCFC
(DC Fast Charger) is a compelling option for sites where customers desire fast dc charging for electric vehicles but utility
power is not present or is expensive to access.

Florian Solar

Headquarters: Georgetown, South Carolina
Contact: floriansolarproducts.com • 800.356.7426

F

lorian Solar is a designer and manufacturer of integrated
solar structures including sunrooms, greenhouses, canopies, awnings, skylights, and residential and small-scale
commercial carports. The third-generation privately owned
company was founded in 1947. It partnered with Sanyo, an
early manufacturer of glass-on-glass bifacial modules, to
develop its first line of solar structures in 2007. Florian’s product line features designs with a high level of aesthetic appeal
that fill a niche market in the solar industry; for example, its
sunroom and awning systems can completely conceal module interconnect and homerun conductors. While Florian can
integrate most module types into its integrated structures
based on customer preference, it frequently utilizes bifacial
modules from Prism Solar Technologies and Sunpreme. Its
structural designs do not shade the back side of installed
modules, enabling the back-side generation potential of these products to be harnessed.

Lumos Solar

Headquarters: Boulder, Colorado
Contact: lumossolar.com • 303.449.2394

Co u r t es y F lo r i a n S o l ar

E

Bifacial modules Florian Solar developed and installed this residential
solar canopy on St. John's in the US Virgin Islands. The array’s bifacial
modules are Prism Solar Bi60s.
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stablished in 2006, Lumos Solar is a privately held
company that designs and manufactures two
lines of frameless, glass-on-glass modules, as well as
integrated rail systems and wireways that conceal
conductors, protecting them from damage while
improving the visual aesthetics of the array in the
built environment. Integrators commonly deploy
Lumos systems in solar awning, canopy and carport
systems. The Lumos in-house design and engineering
team assists customers with conceptual renderings,
PE wet-stamped engineering drawings and packages to streamline project permitting.

M Bar C Construction

Headquarters: San Marcos, California
Contact: mbarconline.com • 760.744.4131

M

Bar C Construction is a family-owned and -operated manufacturing and construction firm. The company was
founded as M Bar C Carports in 1975 and began developing
and installing carports for solar applications in 1997. In 2005,

Co ur te sy Bl ue O a k E ne r g y

Lumos Solar developed the LSX and GSX module and rail
systems for integration with elevated solar structures, both of
which integrate with most third-party solar carport and canopy structural array support systems. The LSX system includes
frameless, glass-on-glass 60-cell modules rated at 265 W, 270 W
and 275 W at standard test conditions. These modules integrate
with the LSX Rail 1.1 system, which includes an integrated wireway. The recently launched GSX Bifi system uses 60-cell bifacial
GSX modules rated at 300 W STC for front-side power production and a combined front-side and back-side rating of 330 W
per IEC bifacial measurement standard (IEC 60904-1-2 TS). Its
mounting and racking system conceals the module junction
box and creates a waterproof array surface.

Professional look Blue Oak Energy selected M Bar C for
this tee-style carport project. The painted steel columns
and beams, and the clean array wiring present a professional end product.

it reestablished itself as M Bar C Construction. The company
specializes in both light- and heavy-gauge steel prefabricated
and custom parking lot and structure canopies for large-scale
projects. It incorporates elevated steel structure design, manufacturing and installation, as well as commercial and industrial
electrical services through its M Bar C Electric division. In addition to manufacturing structural steel elements for carports
and canopies, M Bar C Construction has developed the SOLAR
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F.I.T. (Fast Install Track) SYSTEM, which uses a channel system
rather than top-mount clamps to secure modules to a substructure. This approach allows installers to mount modules from
below and eliminates some of the OSHA safety concerns associated with typical top-mount systems. M Bar C Construction
primarily serves the Western US, including Arizona, California,
Colorado, Hawaii, Nevada and Oregon. Approximately 90% of
its installations are design-and-build projects.

Orion Solar Racking

Headquarters: Commerce, California
Contact: orionsolarracking.com • 310.409.4616

F

ounded in 2009, the privately owned Orion Solar Racking
develops and manufactures solar-mounting solutions for
residential, commercial, industrial, agricultural and utilityscale projects. Orion Solar offers three standard product
models for carport systems: KRONOS, LETO and TITAN. The
KRONOS model is primarily intended for single-parkingspace residential systems and is available with clearance
heights from 8 feet, 5 inches, to 11 feet, 5 inches. Custom
colors are available. Its galvanized steel, curved single-post
design supports six or eight modules in portrait orientation
at tilt angles of 0°, 5° or 10°. The LETO carport system is a
steel double-column single-cantilever carport designed to
span two parking spots for a total of 18 feet. Intended for
commercial applications, LETO structures allow side-byside installation to shade larger areas. The system’s columns
and beams are available with galvanized or primed finishes.
Orion Solar’s TITAN carport system is a double-column,
double-cantilever tee-style carport designed to cover four
parking spots in a two-by-two parking configuration. The
LETO and TITAN systems are available with an array tilt
angle of 0°, 5° or 10° and feature purlins that allow slide-in
module mounting. Options include area lighting under the
canopy and electric vehicle charging stations. Orion Solar
also offers custom-designed solar carport solutions.

Quest Renewables
Headquarters: Atlanta

Contact: questrenewables.com • 404.536.5787

Q

uest Renewables is a privately owned company launched
in 2014 to commercialize solar racking products developed by the Georgia Tech Research Institute under the US
Department of Energy’s SunShot Initiative. The company’s
QuadPod Solar Canopy uses steel top and bottom chords
connected with a series of tubular web struts to create 3-D
trusses, which support elevated-structure solar arrays such as
carports and canopies. This design can handle 60-foot spans
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Innovative design Quest Renewables commercialized its
QuadPod canopy system in 2014. Georgia Tech Research
Institute developed the product’s 3-D truss system under the
US Department of Energy’s SunShot Initiative.

between piers, 30-foot cantilevers and array capacities of
30 kW per pier.
The QuadPod’s modular design streamlines shipping costs
and provides flexibility on-site. Installers assemble the truss
components using bolted hardware, and they then secure and
prewire modules on-site at ground level. They use a crane to
lift the completed assemblies atop the piers’ tubular support
columns. This pick-and-place approach minimizes overhead
work and improves jobsite safety. Quest Renewables offers an
east-west configuration of its QuadPod system that enables a
15% higher power density than south-facing QuadPod canopies
provide and that allows integrators to optimize inverter capacities when sizing for east-west array production curves.

Powers Solar Frames
Headquarters: Phoenix

Contact: powerssolarframes.com • 888.525.0180

P

owers Solar Frames is a division of privately owned Powers
Steel and Wire, a manufacturer of steel structures, lintels,
masonry products, rebar and solar racking systems. The solar
product line includes driven-pile and ballasted racking systems for commercial, industrial and utility-scale projects, as
well as solar carport frames. Powers Solar Frames’ carports
use galvanized structural elements (columns, rafters and purlins) that do not require on-site painting. In addition, all structural members have bolted connections that eliminate field
welding and weld inspections.
Power Solar Frames offers two carport designs, its semicantilever box-beam model and its tee box-beam model. Both
systems use 10-gauge 16-inch-by-8-inch galvanized structural members for the carport’s columns and rafters. The tee
box-beam model’s rafter can span up to 39 feet. Both carport
models permit modification for tilt angle, clearance height and

site-specific requirements such as snow load, wind load, and
geotechnical and seismic requirements. Power Solar Frames’
carport structures feature its patented steel Super Purlin. The
purlin’s profile creates a channel that allows installers to slide
in modules from the carport system’s gable ends. This approach
eliminates top-down module-mounting hardware and fall hazards associated with working above the array plane. Each module requires four UL 2703–certified gator clamps that install
from the underside of the array to secure the module to the
adjacent purlin.

RBI Solar

Headquarters: Cincinnati
Contact: rbisolar.com • 513.242.2051

R

S:FLEX

US Headquarters: Denver
Contact: sflex.com • 303.522.3974

W

ith its global headquarters in Hamburg, Germany, privately owned S:FLEX GmbH was founded in 2009. S:FLEX’s
product lineup includes solutions for pitched and low-slope
rooftops, ground-mounted systems and solar carport applications. Its standard carport products include full cantilever, partial cantilever, and tee upslope and downslope configurations,
as well as an inverted configuration that channels precipitation
runoff to the structure’s center. S:FLEX carport systems provide

Co u r t e s y S : F L E X

BI Solar designs, engineers, manufactures and installs
solar mounting systems for commercial and utility-scale
solar projects. The privately owned company operates US
offices in Atlanta; Temecula, California; and Washington,
North Carolina. It completed two notable acquisitions in 2014,
including PV carport manufacturer and installer ProtekPark
Solar, and Renusol GmbH and its subsidiary, Renusol America.
RBI Solar’s services include design, engineering drawings for
all 50 states, project management and nationwide installation.
RBI Solar offers pre-engineered solar carport structures,
including single-slope, gable, inverted and full-coverage
designs. It typically utilizes the two-slope gable configuration
for north-south orientation with panels sloping 5° on the east
and west array faces. This inverted design provides increased
clearance at the structure’s eaves while promoting water and
snow movement toward the center column row of the structure. RBI Solar also offers a full-coverage design
suitable for protecting large parking areas, including the drive aisles between parking rows. Typical
applications for the full-coverage carport configuration are parking garages, drive-throughs, and bus
or truck loading and unloading zones. RBI Solar
carport systems do not require field welding, drilling or other on-site fabrication. The company offers
customized designs as well as numerous options
including galvanized and epoxy-coated finishes.

of a sales and manufacturing facility in Tucson, Arizona. Its
solar product portfolio includes mounting structures for
carports, roofs and ground-mounted PV applications in the
utility, commercial, industrial and residential markets.
Schletter’s Park@Sol carport line includes three standard
configurations that accommodate single and double rows of
parking. Its carport structures do not require on-site welding
or cutting. Multiple foundation options are available, such as
cast-in-place concrete ballasts, concrete pillars and micropiles. The micropile foundation, which allows a streamlined
foundation design, uses a hollow metal rod that the construction team installs to an engineered depth to minimize concrete requirements while meeting high wind- and snow-load
requirements. Schletter has an in-house staff of engineers and
geotechnicians to assist with site-specific carport system engineering. It offers multiple options for its Park@Sol structures,
including cable management, subdecking, inverter mounts,
custom designs and color options, and branding solutions.

Schletter

Headquarters: Shelby, North Carolina
Contact: schletter.us • 888.608.0234

S

chletter GmbH has a 40-year history in the
design and manufacture of steel and aluminum products. The privately owned company
founded its US subsidiary in 2008 with the launch

Panelized modules Some carport designs, such as this structure by
S:FLEX installed for General Electric in Anaheim, California, allow module
prepanelization to minimize the amount of time installers need to spend
working above the array surface.
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several module-row configuration options and are compatible
with both framed and frameless
modules mounted in portrait or
landscape orientation. Standard
array tilt angles of up to 15°
are available.
While S:FLEX engineers
its column spacing and spans
based on site-specific wind,
snow and seismic load requirements, designs typically space
columns at 27 feet on center and Aesthetics optional Solar carports and canopies range from utilitarian structures that get
place them between every three the job done to aesthetically beautiful additions to parking areas.
parking bays, creating individual
parking spaces that are 9 feet wide. Its carports are compat- designs that support modules at tilt angles of 5°, 10° or 15° in
ible with multiple foundation types, including spread footings portrait or landscape orientation. Its dual- and multiple-post
and foundations with embedded helical piers. Carport options solar canopies are intended for large parking areas, garage
include integrated electrical grounding and industrial painting tops, school playgrounds and bus parking lots, and they allow
of steel structural components. S:FLEX supports carport proj- module-mounting options including flat canopy, 5° canopy or
ects with project-specific design and engineering, as well as louvered module installations at tilt angles of 5°, 10° or 15°.
Skyline Solar also offers fastener solutions such as its SkyBite
installation support.
clip (ETL certified to UL 467), which permits installers to
secure and electrically bond modules to the carport or canopy
structure’s purlins from underneath the array.

Skyline Solar

Headquarters: Gilbert, Arizona

Contact: skylinesolaraz.com • 480.926.0122

S

kyline Solar is a division of Gilbert, Arizona–based Skyline
Steel. Founded in 1983, Skyline Steel designs, manufactures and installs commercial covered parking structures. It
recognized the added value that solar offered many of its carport customers and entered the solar industry in 2002, establishing Skyline Solar in 2009.
Skyline Solar offers products for solar applications including carports; large-area canopies for parking garages; bus
and truck parking; RV, boat and self-storage facilities; electric vehicle charging stations; and commercial and utilityscale low-slope–roof and ground-mount structures. A
design-build firm, Skyline Solar typically provides products
and services to integrators, developers and EPC firms that
are responsible for the installation and commissioning of
solar power systems. Its services include project estimating
and management, conceptual project renderings, structural
plan sets and certifications in all 50 states, foundations, steel
construction and erection, and PV module installation.
Skyline Solar offers a wide range of standard solar carport
and canopy models as well as custom designs. Its prefabricated one-column SkyTree shade structure, supporting array
capacities of up to 18 kW at a tilt angle of 5° or 10°, is well
suited for small covered-parking installations. For large-scale
projects, Skyline Solar offers single- and double-cantilever tee
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Solar Carports

Headquarters: Sarasota, Florida
Contact: solarcarportsllc.com • 941.702.2342

W

ith manufacturing facilities in California and Virginia,
Solar Carports specializes in the design and installation of structural canopies to support solar power systems.
It offers several pre-engineered designs as well as custom
carport and canopy designs. Standard models include partial cantilever, full cantilever and tee upslope and downslope
configurations, as well as inverted configurations. Options
include galvanized and painted finishes, watertight canopies, gutters, downspouts, and LED canopy under lighting.
Solar Carports’ affiliate, Sarasota-headquartered Region
Solar, provides full EPC and project management services
for installations deploying Solar Carport’s structures.

Structural Solar

Headquarters: Chicago
Contact: structuralsolar.com • 708.275.9030

S

tructural Solar provides solar carport and canopy designbuild and contract manufacturing services to solar
developers, integrators and EPCs based on site-specific and

Co ur te sy Str uc tur a l So l a r

Solar Carports & Canopies

project-specific requirements. Its services range from solar
structure design and engineering to fully manufactured and
installed structural systems in locations nationwide, including
Hawaii and Puerto Rico. In addition to providing carport and
canopy designs, Structural Solar offers waterproof structures
for frameless glass-on-glass bifacial PV module installations.

SunPower

Headquarters: San Jose, California
Contact: us.sunpower.com • 800.786.7693

P

ublicly held SunPower designs, manufactures and deploys
high-efficiency PV modules and systems worldwide for
residential, commercial and utility-scale projects. Founded
in 1985, SunPower announced its initial public stock offering
in 2005 (ticker: SPWR). In 2015, SunPower acquired Solaire
Generation, a well-established solar carport and canopy
design, fabrication and installation firm founded in 2008.
Solaire by SunPower’s product line includes patented
solutions for large-scale parking lot and garage-top applications. Its carport configurations include single-column,
single-cantilever and double-cantilever tee designs on a single incline; dual-incline inverted designs; and dual-column

long-span designs. For example, its Long Span 360 product
covers two parallel parking rows and an internal drive aisle
with one contiguous PV-covered canopy that has an array
inclination angle of 1°–10°. Another example is its 360 D
model, which has a dual-incline configuration that safely
directs snow and ice to the center of the structure. It features a standard minimum drive aisle clearance of 13 feet,
6 inches, and is available in widths of 34 feet to 41 feet, column-to-column spacing of 18 feet to 32 feet and inclination
angles of 1° to 15°.
In 2015, SunPower launched its highly integrated Helix
PV system platform for commercial and industrial lowslope rooftop, carport and tracked PV systems. The system
is standardized but configurable. It incorporates five major
value-engineered component groups: modules, mounting
hardware, cable management, power stations and energy analytics. Several configurations of the Helix Carport Structure
are available, and all feature the Helix platform’s integrated
approach. Components and features include high-efficiency
SunPower panels, a mechanical mounting and electrical system, a column-mounted plug-and-play inverter power station,
SunPower EnergyLink Monitoring hardware and software, and
LED lighting. Design options include painted columns and
beams, snow guards, and decking and branding solutions.
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An Experienced Perspective

Sarah Kurtz, National Renewable
Energy Laboratory
Making the World a Better Place, One Solar Cell at a Time

S

arah Kurtz is a principal scientist
at the National Renewable Energy
Laboratory (NREL), and has served as
a group manager for the PV Module
Reliability Test and Evaluation Group
since 2008 and the co-director for the
National Center for Photovoltaics
since 2015. Kurtz co-founded and is
a leader of the International PV
Quality Assurance Task Force, which
seeks to do collaborative research as
the basis for creating international
standards that will be the foundation
of the next stage of growth for the PV
industry. She holds a PhD in chemical
physics from Harvard University. Since
her graduation in 1985, Kurtz has
worked at NREL, which she considers
a special place, with colleagues who
share her dedication, commitment
and vision of improving the human
experience and reducing its impact
on the global environment.

SP: Are comparative indoor acceleratedtesting methods progressing to allow
results that better represent degradation
in outdoor environments over long periods of time?

SK: Yes, they are. As a community, we
have found ways to identify many of the
causes of degradation. For example, the
fraction of modules that are reported
to discolor has dropped for newer
modules, presumably because the
manufacturers learned that modules
needed more UV exposure in the test
environment to ensure an encapsulant
wouldn’t discolor. Whether for this
reason or another, the degradation rate
of the photocurrent—often associated
with discoloration— also has been dropping. Similarly, methods for detecting
56
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susceptibility to potentialinduced degradation are
allowing customers to avoid
products that may degrade
because of the voltage that the
system itself generates.
SP: Have downward cost
pressure and manufacturing changes such as the use
of thinner cells significantly
impacted long-term cSi module stability?

SK: An NREL senior reliability engineer, Dirk
Jordan, recently published
a paper, “Compendium of
Sarah Kurtz, National Renewable Energy LaboPhotovoltaic Degradation
ratory As a group manager for the PV Module
Rates,” summarizing reports
Reliability Test and Evaluation Group since 2008
in the literature. He and his
and the co-director for the National Center for Photeam found that the failure
tovoltaics since 2015, Kurtz has spent more than
rates for modules deployed
35 years studying PV at NREL.
before 2000 were about
twice those for newer modwhether the damage is originating
ules. Although the types of problems
during cell fabrication, module laminareported have changed, we do not yet
tion, transportation or installation, and
see a major increase in the reported
whether the cracked cells will present
failure rates for the modules deployed
a significant problem. Nevertheless,
after 2000.
because cracked cells often lead to
reduced power output and can create
In 2012, profit margins became
safety risks, this is an area of concern
painfully slim; modules manufactured
that is attracting the attention of those
after that time have been in the field
who inspect fielded PV arrays.
for less than 5 years, so it is too soon to
judge whether cost-cutting measures
will significantly impact their longSP: Some industry stakeholders contend
that glass-on-glass module designs
term stability.
afford increased structural and electrical
According to the International
reliability over a module’s lifetime comTechnology Roadmap for Photovoltaic
pared to modules with polymer back(ITRPV), cell thicknesses have been
sheets. What’s your perspective?
steady at approximately 180 µm
between 2010 and 2015. However,
SK: Glass-on-glass construction is less
inspectors report cracked cells in the
likely to suffer from cracked cells commajority of array fields. It’s unclear
pared to glass-on-polymer modules,

since the cell is at the neutral position
when the module flexes. However,
glass-on-glass construction can have
problems with delamination if a gas
forms in the encapsulant faster than
it can diffuse out of the module. The
glass-on-polymer designs are able to
breath better, which some assume is a
bad thing since diffusion of moisture
into the module can contribute to corrosion. The corollary is that glass-onpolymer designs are better at allowing
reaction products to diffuse out,
preventing gas buildup and bubble
formation. We need to understand
this phenomenon better and learn
how to test for it to avoid the problem
in the field as glass-on-glass modules
become more widely used.
SP: What is the status of the
International PV Quality Assurance Task
Force (PVQAT) efforts to develop a comparative module rating system?

SK: PVQAT has undertaken three
goals. The first is a rating system to
ensure durable design of PV modules
for the climate and application of
interest. The second goal is a guideline
for factory inspections and quality
assurance during module manufacturing. The third goal is a comprehensive
system for certification of PV systems,
verifying appropriate design, installation and operation.
The standards committees are
reviewing multiple test methods to
develop the rating system. In particular, they are discussing methods to test
for hotter use conditions. In addition,
partnering with a standards development organization that the CSA Group
formed, we at NREL are working
toward an international standard for
more-stringent testing that will give
project stakeholders increased confidence almost everywhere in the world.
We plan to publish this standard by
August 2017.
The International Electrotechnical
Commission (IEC) published the

IEC 62941 standard, “Terrestrial
Photovoltaic (PV) Modules: Guideline
for Increased Confidence in PV
Module Design Qualification and
Type Approval,” in January 2016.
The IEC System for Certification to
Standards Relating to Equipment for
Use in Renewable Energy Applications
(IECRE) is handling the implementation and is accepting applications
from organizations wishing to issue
these certificates. NREL hopes that
customers will consider requiring IEC
62941 certification because this should
increase confidence that a vendor
has manufactured its modules with
adequate quality assurance.
IEC created the IECRE to issue
certificates for PV plants at each stage
of development and each business
transaction. Customers may consider
asking for these certifications starting
now. It includes certifications for wind,
PV and marine systems. For PV plants,
certifications are now available for the
completion of the system (Conditional
PV Project Certificate) and for an annual
performance check (Annual PV Plant
Performance Certificate). IECRE is
developing additional certificates for the
design phase and for a complete assessment of a PV plant at the time of sale.
SP: Typically, large solar project developers and EPC firms have more resources
and more extensive in-house module
reliability datasets for fielded PV arrays
than small solar integration companies
do. What advice do you have for the latter
when it comes to evaluating the reliability
of a given manufacturer’s PV modules?

SK: The intent in creating IEC 62941
and other standards was to make that
evaluation easy for smaller companies. Instead of sending an inspector
to camp out in the factory during
the manufacture of the modules,
the customer can ask to see the IEC
62941 certification, which an IECREaccredited certifying body must
issue. We have started developing a

similar guide for inverter quality assurance. IEC has just released edition
three of IEC 61215 and edition two
of IEC 61730, which add very useful
requirements and which customers
should request.
The draft of the CSA Group standard will be out for public review this
spring and should be published by
August 2017. Along with IEC 62941,
this test protocol, entitled “PV Module
Accelerated Testing Protocol for
Quality Assurance Programs,” should
give smaller companies confidence in
PV modules. If customers are installing in very hot climates or on hot
roofs, they may want to explore requiring higher-temperature testing that
the IEC is developing.
SP: Are there any notable technical
developments or advancements in
research laboratory settings that you
expect to see in the PV module production environment in the near future?

SK: The market is slowly adopting glass-on-glass modules, bifacial
modules and modules with smaller
junction boxes. These have been on the
market for several years, but still have
limited market share. Manufacturers
are also introducing modules with
higher-efficiency cells, including more
passivated emitter rear cell (PERC),
heterojunction with intrinsic thin
layer (HIT) and interdigitated back
contact (IBC) designs. Several companies such as NuvoSun and SolarCity
are developing building-integrated
products. Additionally, manufacturers are integrating solar cells into a
range of products, including Toyota’s
Prius Prime, drones, hats, backpacks
and even roads. Perovskite solar cells
have made impressive increases in
efficiency to rival those of CdTe and
CIGS, and work is under way to make
these cells stable in a large area before
launching production. Tandem solar
cells based on silicon have now passed
30% efficiency, but manufacturers
solarprofessional.com | S O L A R P R O
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must bring the cost down before
implementing production. Regarding
the technologies that are higher efficiency than silicon, Alta Devices is to
my knowledge the only company moving into significant production.
SP: How important is the research
and development that the National Labs
conduct in the transition to a 21st-century
economy and electric grid? Are these
efforts a big part of the US Department of
Energy (DOE) annual budget?

SK: Our extensive, reliable power grid
has fueled the nation’s growth over
the last century; however, the grid we
have today does not have the attributes necessary to meet the demands
of the 21st century and beyond. We
are seeing significant increases in
the percentage of variable generation
from wind and PV assets. The proliferation of new smart devices and
related goods and services is making
consumer demands for electricity
more variable as well. A modernized
grid will need much more flexibility
to accommodate these new technologies without loss of the reliability
and affordability of electricity supply
we’ve come to expect.
The National Labs, through the
DOE-supported Grid Modernization
Laboratory Consortium, are working
together with industry and academia
to create the foundational science
and technology innovations needed
for a modernized grid. In over 80 coordinated projects, the National Labs
are bridging the early-stage research
done by academia with the near-term
needs of industry to design, plan and
operate a future modernized grid.
These efforts are a growing part of the
DOE budget and have doubled in size
over the last few years with bipartisan
support from Congress.
SP: As a percentage of the workforce,
women are often underrepresented in
science and technology as well as in the
building trades. To what extent has this
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The grid we have today does not
have the attributes necessary to
meet the demands of the 21st century
and beyond.

situation changed over the course of
your career? Do you have any advice for
women seeking to enter or advance in the
solar industry?

SK: The statistics for science and
technology have changed. When I was
in graduate school, I recall finding
that each new class was about 10%
female. I think that fraction has
increased by something like a factor of
three, though the statistic varies with
discipline and school. Female participation in the PV industry is surprisingly low.
My advice to women is to identify
what you’re good at and what you find
satisfying, then focus on the work
rather than on gender-influenced
interactions. Working on renewable
energy is satisfying to me because I
feel like I can be a small part of the
much larger effort to build a better world. Keep in mind that any
meaningful career will have its tough
moments. Hang in there until you’re
successful, comfortable and oblivious
to the gender balance.
When I first started taking science
classes in college, I would notice that
I was the only female in the room.
Recently, my daughter helped me
organize a meeting, after which she
noted, “Mom, did you realize that
you were the only female in that meeting?” I replied, “No, I didn’t. When
I was your age I noticed, but now I
don’t.” Everyone should undertake a
career that matches their capabilities
and their interests without regard to
their gender, and we’ll end up with a
great world.

SP: You have had a long
and distinguished career
in the PV research field.
What are some of the
most noteworthy findings
or developments during
your tenure at NREL?

SK: The most important development
in my 35 years of
studying PV is definitely the growth of the industry.
We cannot find any past projection
that PV would grow so fast. Even the
most optimistic of the World Energy
Outlook projections have grossly
underestimated the growth of PV.
The costs have also dropped faster
than expected, further encouraging
growth. Profit margins are at an unacceptably low level for module manufacturers and some other businesses
in the supply and project development chain due to a surplus market.
However, companies continue to
invest, presumably because people
want jobs and clean energy, perpetuating the surplus market and lack
of profit. Many believed that today’s
low prices for silicon modules were
not possible to achieve, but module
efficiencies have increased while the
prices have dropped.
While it’s tempting to say that PV
is so successful we don’t need more
research, in the lab we see that there
are still many more opportunities for
improvement: even higher efficiencies, reduced materials use, longer-life
modules, lower module operating
temperatures to increase the efficiency
under operating conditions and so
forth. The combination of the low
profit margins and the phenomenal
success of the industry is making it difficult to sustain the level of R&D that
could help implement the remaining
opportunities. At the same time, PV
has demonstrated that it is on a path
to providing low-cost electricity in a
way that can bring prosperity to the
whole world.

SUBSCRIBE TO THE PRINT-EDITION
f
f
f
f

Print -edition subscriptions also include access to SolarPro’s digital edition
One-year (six-issue) print-edition subscription—$39.95/US; $59.95/Int’l
One-year digital archive access (45+ issues)—$69.95
One-year print-edition subscription + digital archive access—$89.95/US; $109.95/Int’l

solarprofessional.com/subscribe
PHONE ORDERS 800.707.6585 or 541.512.0201
QUESTIONS subscribe@solarprofessional.com

• Mon–Thu, 8am–4pm Pacific
• solarprofessional.com/faq

Projects

System Profiles

SunSystem Technology

C ou r te sy S u n S yste m Te c h n ology (4)

Golden1 Center

Overview
DESIGNER: Gabriel Molina,
project manager, Blue Oak Energy,
blueoakenergy.com
LEAD INSTALLER: Chuck Blyth,
commercial construction manager,
SunSystem Technology, sstsolar.com
DATE COMMISSIONED:
September 2016
INSTALLATION TIME FRAME:
65 days
LOCATION: Sacramento, CA, 38.6°N
SOLAR RESOURCE: 5.5 kWh/m2/day
ASHRAE DESIGN TEMPS:
100.4°F 2% average high, 26.6°F
extreme minimum
ARRAY CAPACITY: 700.5 kWdc
ANNUAL AC PRODUCTION:
1,057 MWh
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acramento’s Golden1 Center is
home court to the Sacramento
Kings professional basketball team and
hosts a wide range of events, including
concerts, ice shows and rodeos. Opened
in September 2016, the arena is the first
indoor sports venue to earn a LEED
Platinum designation and is pioneering
progressive sustainability initiatives for an
arena of its size, including a farm-to-court
program that requires restaurant partners
to source 90% of their ingredients, and the
majority of the arena's beer, wine and spirits, from within a 150-mile radius. For the
electricity required to power the Golden1
Center, the arena relies on generation
sources within an even closer radius of
50 miles. While the Center obtains the
bulk of its electricity from the Sacramento
Municipal Utility District’s (SMUD)
Rancho Seco Solar Power Plant, an onsite 700.5 kW rooftop PV array generates
approximately 15% of the arena’s load. The
array is a dominant feature of the facility's

roof and highlights the Center’s commitment to sustainability.
Sacramento-based SunSystem
Technology (SST) served as the EPC
firm for the Golden1 Center PV system
installation. SST teamed up with Blue
Oak Energy to develop the project’s
mechanical and electrical engineering.
The array layout comprises a 16-block,
eight-faced columnar shape that neatly
conforms to the arena’s domed roof.
This complex module configuration
consists of 3,417 SPI Energy PV modules. To secure the AET Rayport-B ECO
racking system to the arena’s rooftop,
the installation team screwed 1,975
Johns Manville Enrgy Anchors into
the roof system’s structural decking.
The Enrgy Anchor product consists
of a mounting plate and stud that are
heat fused to Johns Manville TPO and
PVC roofing systems, creating a waterproof seal for commercial projects that
require penetrating attachments.

Equipment Specifications
The project engineering team
broke up the electrical system into two
groups of modules (1,708 and 1,709
modules per group). Five SunGrow
60 kW string inverters provide power
processing for each of the two array
sections. SST aggregated each inverter
group at a 600 A, 600 Vac Square D panelboard. It routed the two panelboards'
output circuits from the rooftop to an
electrical room on the facility’s ground
floor, through a disconnect and to a
SMUD meter cabinet before landing the
combined inverter output circuits at
a 600 A breaker in the system’s metalenclosed switch and breaker combination switchgear. A Trimark T1-S Solar
Controller SCADA system provides
monitoring. The Golden1 Center
awarded SST the O&M contract for its
solar project, which it adds to an O&M
portfolio that includes Staples Center

and Microsoft Theater (formerly Nokia
Theater) in Los Angeles.
“In addition to being high-profile, the
Golden1 Center system came with some
technically unique installation challenges.
The array is very much a part of the
Center’s overall architectural aesthetic,
which was something we were all very
aware of. Incorporating the geometry of the
Center’s dome-shaped roof into our layout
plans left no margin for error. The AET
racking system was originally a ballasted
system that we converted into a penetrating system to meet the unique requirements of the roof. We worked closely with
Blue Oak Energy and AET to convert the
racking and achieve a solution that perfectly matched the technical and architectural demands of the project. We couldn’t
be more pleased with the outcome.”

—Derek Chase, CEO, SunSystem
Technology

MODULES: 3,417 SPI Energy
ES205PCFW, 205 W STC, +5/-0 W,
8.39 Imp, 24.4 Vmp, 8.83 Isc, 30.3 Voc
INVERTERS: 3-phase 480 Vac
service, 10 SunGrow SG60KU-M, 60
kW rated output, 1,000 Vdc maximum
input, 550 Vdc–950 Vdc MPPT range
ARRAY: 30 modules per source circuit
typical, (6,150 W STC, 8.39 Imp, 732
Vmp, 8.83 Isc, 909 Voc), 11 source
circuits per inverter typical (67.65 kW,
92.29 Imp, 732 Vmp, 97.13 Isc, 909
Voc), 700.5 kW array total
ARRAY INSTALLATION: Roof mount,
Johns Manville PVC roofing system,
Applied Energy Technologies (AET)
Rayport-B ECO racking, 164° azimuth,
5° tilt
INVERTER CIRCUIT COMBINERS:
Two Square D 600 A, 600 Vac panelboards, 100 A breakers
SYSTEM MONITORING: Trimark
T1-S Solar Controller SCADA system
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Projects
Frey Electric Construction Company

C ou r te sy F re y E le c tr ic

Buffalo Harbor State Park

Overview
DESIGNERS: Deborah Zarbo, engineer,

Frey Electric, frey-electric.com; Paul
Vargovich, general manager, National
Solar Technologies, nstsolar.com
LEAD INSTALLER: Tony Scinta,
installation lead, Frey Electric
DATE COMMISSIONED:

September 2016
INSTALLATION TIME FRAME:

3 weeks
LOCATION: Buffalo, NY, 42.9°N
SOLAR RESOURCE: 4.1 kWh/m2/day
ASHRAE DESIGN TEMPS: 86°F 2%
average high, -4°F extreme minimum
ARRAY CAPACITY: 3,060 Wdc

(1,530 Wdc per pergola)
ANNUAL DC PRODUCTION:

1,791 kWh (per pergola)

T

he Safe Harbor Marina at Buffalo
Harbor State Park is home to over
1,000 boat slips, as well as a restaurant
and bait shop on Lake Erie’s eastern
shore, just south of downtown Buffalo,
New York. The 190-acre Buffalo Harbor
State Park opened to the public in May
2015. The New York State Office of Parks,
Recreation and Historic Preservation
(NYS OPRHP) improved the harbor’s
break wall in 2016 with the addition of
a bike and walking path, landscaping
and two custom pergola structures. The
artificial peninsula does not have access
to ac power. The NYS OPRHP contracted
Frey Electric to design and install a
stand-alone PV-powered LED lighting
system on each of the break wall’s pergolas to provide dusk-to-dawn lighting
for park visitors.
The two open-structure steel pergolas feature polyester powder–coated
curved beams and arched lattice rafters.
The structures’ curved elements presented an inherent challenge to racking
and module integration that made it

difficult for the installers to mount the
rails in the same plane. Frey Electric
used one of the end lattice rafters to
determine the array orientation’s plane
of reference. Each rafter attachment has
a custom standoff height to compensate
for the arch and orientation angle of
each rafter. To prevent possible galvanic corrosion, the installation team
inserted Grace Ice and Water Shield
butyl underlayment between the aluminum rail attachment brackets and the
pergolas’ steel structural members. Due
to extreme winds on the lakefront, the
team used high-tensile-strength blind
bolts to fasten the attachment brackets
to the tube steel rafters.
To minimize the arrays’ visual
impact on the pergolas, Frey Electric
selected Lumos Solar glass-on-glass
modules. The modules allow light to
pass through portions of the array,
helping to maintain the structures’ open
feel. The frameless modules mount
to the Lumos LSX rail system via four
mounting holes in the face of each
solarprofessional.com | S O L A R P R O
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Equipment Specifications
per Pergola
MODULES: Six Lumos Solar LSX 255-

60M, 255 W STC, +3/-0%, 8.43 Imp,
30.2 Vmp, 8.86 Isc, 37.5 Voc
CHARGE CONTROLLER: One Morningstar Tristar TS-MPPT-60, 60 Adc,
150 Vdc maximum input, 8 Vdc–72
Vdc battery operating voltage range,
four-stage MPPT charging algorithm
(bulk, absorption, float, equalize),
Morningstar remote temperature
sensor
LOAD CONTROLLER: One Morning-

star TriStar-45 configured for load
control, 45 Adc, low-voltage disconnect capability
SURGE PROTECTION: MidNite Solar
MNSPD-300-DC, 300 Vdc maximum,
NEMA 4X
BATTERY: Deka Intimidator 8A8D,

AGM, 12 Vdc nominal, 245 Ah at C20;
four series strings of two batteries
configured for 980 Ah at 24 Vdc
nominal; customized stainless steel
equipment enclosure
ARRAY: Three modules per source circuit (765 W, 8.43 Imp, 90.6 Vmp, 8.86
Isc, 112.5 Voc), two source circuits
total (1,530 W, 16.86 Imp, 90.6 Vmp,
17.72 Isc, 112.5 Voc)
ARRAY INSTALLATION: Solar pergola
mount, custom steel canopy structures, Lumos Solar LSX Rail 1.1 rails,
Lumos Solar X Track beam attachment
with high-tensile-strength blind bolts,
140° array azimuth (terminus pergola),
210° array azimuth (intermediate pergola), 22° tilt (average)
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module. The high-tolerance system
required the mounting holes and corresponding rails to line up within about
1/16 inch of each other. The installers
constructed module templates from
luan plywood and used them to help
align the rail’s mounting bolts.
The project site can receive extreme
amounts of snow off the lake and experiences long stretches of low-irradiance
conditions. With the assistance of
National Solar Technologies, Frey
Electric designed a dc lighting system
that provides 10 days of autonomy. Each
pergola has an enclosed BOS package that
includes a 24-Vdc nominal 980 Ah Deka
AGM battery bank, a Morningstar Tristar
MPPT PV controller, a Morningstar
Tristar controller configured for load

control, MidNite Solar
surge suppression and
OCPDs for individual
components. The systems power Peachtree
Lighting’s Cambridge
Creek brushed aluminum
5 W LED sconce lights,
rated for wet locations.
The terminus pergola has
16 sconces (80 W total
load), and the intermediate pergola has 12 sconces
(60 W total load). The
Morningstar load controller uses the PV array as a reference to
provide dawn-to-dusk lighting operation.
“Buffalo Harbor State Park is the first state
park in Buffalo. It was an honor to be part
of one of its start-up projects. It was a
team effort, from design to installation.
Although the size of the two individual PV
systems is small, the design and installation challenges were relatively complex
due to the curved structures and the
lakefront location. The frameless Lumos
Solar glass-on-glass modules keep the
openness of the pergola structures. It’s
a satisfying feeling to know the project’s
LEDs light the way for pedestrians on the
break wall and boaters in the harbor.”

—Deborah Zarbo, Frey Electric
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