March/April 2016

I n s t a l l i n g C o n s u m p t i o n - M o n i t o r i n g C Ts

®

O p t im a l D e s i gn, I n s tal l ati on & Perfor m anc e

so la r pr ofe ssi onal . c om

Ground-Mounted

Racking Considerations

Self-Consumption
PV Applications
Perspectives on
Zero-Export &
Curtailed Projects

Solar Marketing
Strategies
Effective Brand Building
& Customer Engagement
in the Digital Age

Interview
Richard Lawrence
NABCEP
COMPLIMENTARY ISSUE
COURTESY OF

RESPECT THE ROOF

Borrego Solar
Palmer Airfield Project
Palmer, MA f

TO UG H.
Baked, frozen or wet – 20,000 units tough tested in America.
The #1 3-phase string platform in the USA. Check us out.
chintpowersystems.com

The Best Support
is Simply Brilliant.

P R O U D LY

Fast • Adaptable • Economical • Durable • American Made

A successful solar
project depends on
the right support.

We offer in-house engineering,
a 20-year warranty, and turnkey
solutions for any conditions.
Brilliant Rack is always the right
choice for ground-mounted
solar installations.

Contact Us Today To See What Brilliant Rack Can Do For You.
info@cantsink.com | 678.280.7453 | BrilliantRack.com

Contents

March/April 2016 		

Issue 9.2

Fe a tu re s

20

38
20 Ground-Mounted Racking
		Considerations
Project developers are deploying fixed and tracked
ground-mounted PV power plants with a growing
range of capacities on sites with increasingly diverse
characteristics. Engineering considerations, equipment design and selection, and mechanical and electrical system construction are quickly evolving as the
industry gains experience developing specific projects.
This article aggregates the experience of several solar
industry experts and explores best practices related to
site grading and design optimization, ground mounts
on landfills, bonding and grounding, and scalable
mounting solutions.
BY SAMUEL LAUGHLIN AND BILL REAUGH; BRYAN
MORRISON; MARVIN HAMON; KEITH BEISNER AND
SARA JACOBS

38 Self-Consumption PV Systems
Regulatory changes and technical advances are beginning to push the deployment of self-consumption PV
projects in the US. Will it remain a niche application or
become a common system configuration nationwide?
We reached out to several industry stakeholders to get
their perspectives on the past, present and future of
curtailed and zero-export PV systems.
COMPILED BY JOE SCHWARTZ
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54 Solar Marketing in the Digital Age
Solar marketing has evolved in step with the US solar
industry. As solar firms grew and expanded into new
geographies, so did their marketing departments, disseminating content that explained how solar works,
touted the many benefits it provides and identified
product vendors and installation contractors. Today,
potential customers have become far more sophisticated, and, thanks to the Internet, they can be their
own subject matter experts without having to make a
phone call or meet with a vendor. This article explores
successful strategies for effective solar marketing in the
digital age.
BY PHILIP HALL
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Borrego Solar,

Syncarpha Capital and Renewable Energy
Massachusetts partnered to develop and
construct the 6 MW Palmer Airfield project. After
75 years of airfield operations dating back to
the 1920s and subsequent remediation efforts,
the site is now home to the state’s largest solar
brownfield project. TerraSmart TerraFarm racking
systems support Yingli Solar, Canadian Solar and
Suniva modules. Four SMA America SC800CP-US
central inverters and 70 SMA America Sunny
Tripower 24000TL-US string inverters provide
power processing for the site.
Photo: Courtesy Borrego Solar
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»
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daytime power when
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Industry Currents

SolarEdge Releases
StorEdge Solution
After successfully fielding initial StorEdge installations in late 2015, SolarEdge officially
announced the commercial release of its dc-coupled energy
storage solution in January. Compatible with high-voltage
lithium-ion home battery products, such as Tesla’s Powerwall,
the StorEdge platform can support backup power, selfconsumption and other energy management applications.
In a time-of-use regime, for instance, the single-inverter system can prioritize energy consumption from the grid during
off-peak rate periods and later use stored solar energy to
lower grid-energy consumption during on-peak periods. The

[Herzliya Pituach, Israel]

Innovative Solar Offers
Rapid Shutdown with
Capacitor Discharge
[San Jose, CA] Innovative Solar designed its
rapid-shutdown product family to fully comply with
NEC Section 690.12. The system not only controls
PV source-circuit conductors at the array, but also
discharges inverter
capacitors in less
than 10 seconds.
The platform is
inverter agnostic,
supporting both
grounded and
ungrounded systems,
and certified to the
UL 1741 product
safety standard. The
rapid-shutdown box
is available in either
a polycarbonate enclosure or a SolaDeck enclosure
(pictured here). The 2- or 4-channel models support
up to 4 or 8 strings, respectively. Innovative Solar
delivers a 24 V power supply with all units and offers
an optional emergency stop switch.
Innovative Solar / 408.914.8321 / innovativesolarinc.com
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backup power
function allows
homeowners to
store and use
PV-generated
energy during
grid outages. The
StorEdge solution is based around SolarEdge’s existing technology, which includes non-isolated string inverters, dc-to-dc
optimizers and module-level monitoring.
SolarEdge / 510.498.3200 / solaredge.us

SMA Redesigns SunnyBoy
String Inverter Products
SMA is reinventing its residential product line—
starting with the SunnyBoy 5.0-US and 6.0-US power class—to
meet evolving utility requirements and offer enhanced features to
system installers and solar customers. The redesigned models
offer comprehensive grid-management capabilities that meet utilitymandated smart inverter requirements in any market, including
Hawaii and California. The new products feature an integrated dc
disconnect, which expedites inventory control and field installation. The inverters also have an onboard web server and wireless
LAN that can interface directly
with a smartphone, tablet or
notebook, streamlining system
commissioning. The enhanced
Secure Power Supply option
is capable of supplying up to
2,000 W of opportunity power
(up from 1,500 W). Weighing in
at 57 pounds, the SunnyBoy
5.0-US and 6.0-US inverters
have a CEC-rated efficiency of
97% at 240 Vac. Both products
offer three independent MPP
trackers and accept one string
input per MPPT channel.

[Rocklin, CA]

SMA America / 916.625.0870 /
sma-america.com

/ Perfect Welding / Solar Energy / Perfect Charging
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/ The only truly field serviceable option for long-term sustainability and security.
/ Conveniently installed in under 15 minutes on a pole, rooftop, or ground mount.
/ Follow us on Twitter @FroniusUSASolar #24hoursofsun or visit www.fronius-usa.com.

the

Wire

Sensata Technologies Introduces
Magnum Energy Microinverter
Sensata Technologies
designed the Magnum Energy MicroGT 500 inverter
with energy storage in mind. These microinverters can communicate seamlessly with Magnum
Energy’s battery-based inverters in an ac-coupled
application. This integrated approach allows the accoupled system to optimize battery charging based
on state of charge. The system’s tapered charging
is better for a battery than binary (on or off) bulk charging
with traditional microinverters and noncommunicating

[Almelo, Netherlands]

battery-based inverters, since it allows the
charger to follow the battery manufacturer’s
recommended charging specifications. Each
MicroGT 500 has two independent MPPT inputs
for two PV modules, which allows for modulelevel monitoring via the complimentary communication interface. Though the MicroGT 500
is optimized for ac-coupled applications, it also
supports grid-direct utility-interactive applications.
Sensata Technologies / 425.353.8833 / sensata.com

sonnen Launches Smart
Storage System in US
[Los Angeles] In late 2015, sonnen began shipping its residential plug-and-play energy storage
system, sonnenBatterie eco, to US dealers. Each
unit carries a 10,000-cycle or 10-year warranty
and integrates lithium-ion phosphate battery
modules (4–16 kWh), an inverter (3–8 kW),
data monitoring and control equipment within
a NEMA 12 enclosure. Software allows the
smart storage platform to support a variety of
energy storage applications, including backup
power, zero-export and
rate arbitrage (energy
time-shift). The company
recently announced its
distribution partnerships with SolarWorld
and PetersenDean, and
noted that it is working
with Spruce Finance on
a financing product. The
sonnenBatterie eco meets
the Hawaiian Electric
Company’s advanced
energy storage requirements and is approved for California’s SelfGeneration Program.
sonnen / 310.853.2404 / sonnen-batterie.com

Solar FlexRack Releases
Turnkey Single-Axis Tracker
[Youngstown, OH] Solar FlexRack, a division of Northern States Metals,
has released its next-generation single-axis tracker, the TDP Turnkey
Tracker. In addition to updated tracker technology, Solar FlexRack is
bundling a full suite of design, installation, commissioning and support
services with its tracker system. EPC firms can mitigate risk and expedite
project completion by having Solar FlexRack handle array sizing and layout, geotechnical engineering, structural engineering, foundation design,
pull testing, project management, post driving, tracker installation, module mounting or commissioning activities. Solar FlexRack’s TDP Tracker
System features small drive blocks, which can improve design flexibility
and ground-coverage ratios. The system is designed around off-the-shelf
parts that require no annual maintenance.
Solar FlexRack / 888.380.8138 / solarflexrack.com
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No Boundaries
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Company. Our full line of deep-cycle flooded, AGM
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storage needs.
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Backup
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QA

Quality Assurance

Installing Consumption-Monitoring CTs
hanges to utility rate structures
and net metering rules are forcing solar companies to develop new
strategies so they can continue to
grow in today’s evolving markets. As
state public utility commissions from
Nevada to Hawaii modify the rules
for PV installations, solar companies
are developing and deploying systems
that include consumption monitoring, load management, power ramping and battery storage. Technologies
such as these can enable the sale of
PV systems in markets that limit or
prohibit the export of solar energy to
the grid.
With the development of highefficiency lithium-ion batteries, there
are new opportunities to add storage
to a PV system for meeting zeroexport requirements, for demand
management and for lowering utility
distribution charges. New solar-plusstorage technologies are particularly
valuable in zero-export markets such
as Hawaii, where, from a regulatory
standpoint, it is much easier to install
a PV system that does not export
power to the grid.
Engineering effective selfconsumption and solar-plus-storage
systems requires the measurement
and tracking of
how much energy
a residence consumes, as well as
how much energy
the PV system
produces. Most
of the systems
available today
rely on the installation of current
transformers
(CTs) for monitoring a home’s solar
production and energy consumption. When required, the installation
of a production monitoring CT is

Split core CTs used for
consumption monitoring are
typically split core, which allows
easy installation around existing
service conductors or busbars.

straightforward for most PV systems.
The associated wiring is generally
accessible since the crew often installs
it at the same time as the PV system.
However, the installation of CTs for
consumption monitoring is not always
as straightforward.
In residential applications, consumption monitoring requires the
installation of CTs on the home’s
main service conductors. CTs used for
consumption monitoring are almost
always split-core CTs, which you can

As state public utility commissions from Nevada
to Hawaii modify the rules for PV installations,
solar companies are developing and deploying
systems that include consumption monitoring.
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C ou r te sy E n ph a se E n e r gy

C

open and close around the existing
service entrance conductors or busbars. At some sites, the conductors
or bussing that feed the main breaker

of the service panel are not accessible or do not have adequate space
around them for the installation of
CTs. In this article, I provide guidance
for site assessors who are evaluating
a residence to determine whether it
can easily accommodate consumption
monitoring. I present some tips and
tricks for sites that may not appear to
support consumption monitoring at
first glance. I also suggest potential
modifications to service wiring that can
enable the installation of consumptionmonitoring CTs.
Assessing a Site for Consumption
Monitoring
The CTs used for monitoring home
consumption vary in their physical
dimensions. They may be calibrated
for use with the system monitor that
they are paired with, but be aware that
not all CTs are certified as revenue
grade. For example, Enphase Energy
offers the Envoy-S Metered system
monitor, which enables both revenuegrade production monitoring and
home energy consumption monitoring.
C O N T I N U E D O N PA G E 1 4
The 200 A

QA
consumption-monitoring CTs provided with the Enphase Envoy-S
Metered monitoring system can
accommodate conductors up to 4/0
RHW, 350 MCM THWN, and 350 MCM
XHHW, and can also accommodate 0.75inch busbars.
When installing consumptionmonitoring CTs, you must determine
whether you can readily install the
split-core CTs around the service
conductors or busbars. You typically
encounter two service configurations:
separate units for the utility meter
and service panel, or panels that
combine the utility meter and service
panel in one enclosure. The salesperson or technician who is evaluating
the site should record the service
configuration (separate or combined
meter and service panel), as well as
answer and document the following
three questions:
P Can you access at least

2 inches
of both of the Line-1 and Line-2

Some consumption-monitoring products support the installation of multiple
conductors within a single CT.
conductors or busbars in the
main service panel?
P Can the core of the CTs fit around

each busbar or conductor?

P Is the clearance around each

busbar or conductor adequate to
accommodate a CT?

The physical design and construction of combined meter and service
panel products may present unique
challenges. For instance, with many
Eaton service panels, including Eaton’s
Solar Power Center panels, it may
initially appear that the consumptionmonitoring CTs fit on one of the service
entrance conductors but not both of

C ou r t es y En p h as e En e r gy (2 )

Panel type Separate and combined
meter and service panels may present different requirements for the field
installation of CTs used for consumption monitoring.
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the service entrance conductors or busbars. However, if
you test the voltage across
the main breaker, you will
find that the line conductors are rotated inside the
circuit breaker. This allows
you to install one CT on the
conductor above the main breaker and
one on the bussing below the main
breaker. You can install the CTs on the
right conductor and right busbar in the
Eaton Solar Power Centers. You must
place the main breaker in the open
position when attaching the CT to the
busbar. Note that it may help to loosen
the bolt that holds the busbar when
attaching the CT.
Installing Multiple Conductors
in a Single CT
Some consumption-monitoring
products support the installation of
multiple conductors within a single CT.
If it is not possible to place the CT on
a service panel’s main service conductors or busbars, then you can often run
all of the individual circuit conductors
through a single set of consumptionmonitoring CTs. However, this
approach presents some challenges.
Notably, due to the number of conductors, it is easy to make a wiring error.
This method may require extending
some of the individual ac circuits, and
in some cases, it may be difficult to fit
the wiring and CTs within the enclosure. Finally, you must take care to
ensure that all the conductors on Line 1
are installed in the Line 1 CT and all the
conductors on Line 2 are installed in
the Line 2 CT.
When running multiple conductors through a single CT, you must first
determine if the sum of the conductors
will physically fit within the CT while
meeting NEC requirements. You can run
a conductor-fill calculation to determine
whether you can install a given number
of conductors within a single CT. The
NEC allows for a 60% fill calculation for
conduit sections not C O N T I N U E D O N P A G E 1 6

Got Reliability?
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Enphase Consumption-Monitoring CT Cross-Sectional Area
100% fill
Enphase consumption-monitoring CT

520 mm

2

60% fill (if multiple conductors)
0.806 in

2

312 mm2

0.484 in2

Dimensions of Insulated Conductors as Specified in NEC Chapter 9, Table 5
Size and type of conductor

Approximate diameter

Approximate area

14 AWG THWN

2.819 mm

0.111 in

6.258 mm2

0.0097 in2

12 AWG THWN

3.302 mm

0.130 in

8.581 mm2

0.0133 in2

10 AWG THWN

4.166 mm

0.164 in

13.61 mm2

0.0211 in2

8 AWG THWN

5.486 mm

0.216 in

23.61 mm2

0.0366 in2

6 AWG THWN

6.452 mm

0.254 in

32.71 mm2

0.0507 in2

4 AWG THWN

8.230 mm

0.324 in

53.16 mm2

0.0824 in2

3 AWG THWN

8.941 mm

0.352 in

62.77 mm2

0.0973 in2

2 AWG THWN

9.754 mm

0.384 in

74.71 mm2

0.1158 in2

two hot conductors and
a shared neutral to power
120 Vac loads. The neutral
conductor of a multiwire
branch circuit carries the
unbalanced current of the two
line conductors. You must
always run multiwire branch
circuits to a common-trip
two-pole breaker. If you tie the
red and black conductors of
the multiwire branch circuit
to the same line, then the
neutral carries the full current
of both circuits, which may
overload the conductors and
present a fire hazard.

Installing ParallelConnected CTs
1 AWG THWN
11.33 mm
0.446 in
100.8 mm2
0.1562 in2
In many scenarios, installing
multiple conductors through
1/0 AWG THWN
12.34 mm
0.486 in
119.7 mm2
0.1855 in2
a single CT is difficult
2
2
2/0 AWG THWN
13.51 mm
0.523 in
143.4 mm
0.2223 in
because some conductors
3/0 AWG THWN
14.83 mm
0.584 in
172.8 mm2
0.2679 in2
may enter from the bottom
and others from the top of
4/0 AWG THWN
16.31 mm
0.642 in
208.8 mm2
0.3237 in2
the service panel. In addi2
2
250 MCM THWN
18.06 mm
0.711 in
256.1 mm
0.3970 in
tion, some service panels
300 MCM THWN
19.46 mm
0.766 in
297.3 mm2
0.4608 in2
have 400 A services equipped
2
2
with a set of two 200 A
350 MCM THWN
20.75 mm
0.817 in
338.2 mm
0.5242 in
conductors and parallelTable 1 Based on a 60% fill calculation (60% of CT cross-sectional area divided by area of
connected 200 A circuit
conductor), you can install up to 36 12 AWG THWN conductors within each CT used in the
breakers. In these cases, it
Enphase Envoy-S Metered monitoring system.
is possible to use a set
of parallel-connected
exceeding 24 inches in length. A 60% CT
rewire or extend individual circuits,
consumption-monitoring
fill calculation provides a conservative
do so in an organized way to open up
CTs to monitor the home’s consumpbasis for calculating the number of conadditional space within the service
tion. You can accomplish this by
ductors allowable within an individual
panel. Marking each conductor that
installing two consumptionCT (see Table 1 above). For example,
passes through the Line 2 CT with
monitoring CTs on each line and then
based on a 60% fill calculation, you can
red tape helps separate Line 1 and
parallel-connecting the CT wiring.
install 36 12 AWG THWN conductors
Line 2 circuits and ensures that all
When you are installing parallel
within a single Enphase consumptionred-marked conductors are landed on consumption-monitoring CTs, you
monitoring CT.
Line 2. Using zip ties to bundle Line 1
must verify that all conductors passYou should consider several best
and Line 2 conductors can organize
ing through the Line 1 CT terminate
at circuit breakers on Line 1, and that
practices when installing multiple
the conductors and make it easier to
Line 2 conductors passing through
conductors in a single CT: Always
install a CT around them.
the Line 2 CT terminate at circuit
turn off the main breaker to reduce
If multiwire branch circuits are
present,
you
should
verify
that
the
breakers on Line 2. Run a fill calculathe risk of electrical shock, and be
tion to determine that conductors fill
aware that the line side of the main
ungrounded conductors in these
breaker will remain energized. If
circuits are wired on opposite line con- no more than 60% of the CT’s crossductors. Multiwire branch circuits use
sectional area. Finally, observe the
the CT installation requires you to
16
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Multiple conductors In some
cases, grouping individual circuit
conductors (Line 1 and Line 2) to
run through each consumptionmonitoring CT may be the most
practical installation approach.

main service meter to an enclosure
that is separate from the main service
panel. Relocating the main meter
to a separate enclosure makes the
former utility side of the main service
panel accessible for the installation
of the consumption-monitoring CTs.
If you relocate the service meter, you
must cover the old service meter
base with a service cover blank and
install meter jumper bars in the old
meter base.

Retrofitting the Electrical
Service
If the consumption-monitoring
CTs do not fit, you cannot just
quit. If all else fails, you may
want to ask the utility for access
to the service conductors to connect the CTs on the utility side
of the service panel. Another
option would be to coordinate
with the utility to relocate the

Courtesy Enphase Energy

safety requirements spelled
out in the NEC, particularly
with respect to multiwire
branch circuits.

Extending Consumption
CT Conductors
You can often extend consumption
CT wiring if the system-monitoring
equipment is not located in close
proximity to the service mains.
Follow the recommendations provided in the manufacturer’s installation manuals. When extending
the consumption-monitoring CT

PROVEN.
Baked, frozen or wet – 20,000 units
tough tested in America.
The #1 3-phase string platform
in the USA. Check us out.
chintpowersystems.com
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QA
If all else fails, you may want to to ask
the utility for access to the service
conductors to connect the CTs on the
utility side of the service panel.
wiring, I recommend using Type CL3R,
four-conductor, 14 AWG, 16 AWG or
18 AWG security cable. CL3R cable is
readily available at many local hardware stores. The cable meets Code
requirements for indoor and outdoor
installations as detailed in Article 725
for Power Limited Circuits and Table
725.154 of the NEC.
Validating Monitoring
System Accuracy
One good test to validate that the
CTs and associated consumption

monitoring are installed correctly is to turn off the PV
system to verify that the monitor and the main service meter
report the same consumption.
If the data do not match, then
troubleshoot using the following steps.
P Confirm that the consumption

meter is monitoring all
circuits of the main service
meter.

P Ensure that the CTs for each

line (1 and 2) correspond to the
power wiring of the consumption monitor. You can confirm
this by testing the voltage
between the line terminals at the
monitor and the line terminals
at the service.

P Confirm that the consumption

monitoring CTs are oriented
correctly.

P Confirm that the CT wires are

not reversed at the wiring
terminals.

P If you are installing multiple

conductors in a single CT, turn
on the load breakers individually and confirm that each circuit
increases the load reported by
the consumption monitor.

If the consumption monitor is reporting a negative load, then one or both
of the CTs likely are not oriented
correctly on their corresponding line
conductor or busbar.
—Nick Soleil / Enphase Energy /
Petaluma, CA / enphase.com

NEW!
MPPTsolid 230/100
RUGGED &
RELIABLE
• 230 Voc
• 100 A max charge current
• 24V/48V/72V compatability
• ETL listed to UL1741

520-777-7906
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Tight Deadline? Choose AET

[

]

“We selected AET not only for their high quality
product, but because we knew they would meet our
strict deadline and still provide the level of engineering
and design support needed for this particular project,”
said George Hershman, VP and Division Manager of
Swinerton Renewable Energy.

Project Size

30 MW...6 weeks delivery
7 MW...2 weeks
3 MW...1 week

RAYPORT

™ XXXXXX

SOLAR MOUNTING SOLUTIONS
Get a Quote Today
www.AETenergy.com
info@aetenergy.com
586-466-5073

Made in America
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Ground-Mounted Racking Considerations:

Site Grading,

Landfill Deployments,
Bonding and Earthing, and

Mass Customization
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Part 1: Site Grading and Design Optimization
By Samuel Laughlin and Bill Reaugh

W

hen developers consider a piece of land for a
large-scale ground-mounted PV power generation
asset, the costs for grading and earthwork can be
significant drivers of project viability. The project developer’s
or owner’s goals determine in part when, where and how
much to grade. These decisions must also fit the requirements
of the site with respect to AHJ controls and the mechanical
limitations of the equipment the developer may use.
The best approach to this puzzle is one that integrates a
holistic view for these requirements across multiple engineering disciplines, including civil, structural, electrical, mechanical and geotechnical, and water resources. A few of the first
questions to ask are: How does the topography behave? Is
the proposed equipment capable of dealing with the site in
its current state or are modifications required? If the requisite
site modifications are significant, are there other solutions
that align better with the project’s financial goals?

To Grade or Not to Grade
Grading typically includes two major activities: cutting, the
process of removing quantities of soil, and filling, the process
of building up quantities of soil. Ideally, the amount of soil
imported to or exported from the site is near zero to reduce
both costs and environmental impacts.
The needs and conditions of the land underlying the
solar array structure make each project unique. Depending
on site conditions and construction requirements, a piece of
land may need no preparation, minor surface clearing and
grubbing of subsurface plant roots, smooth grading or full
grading. Generally speaking, developers perform grading
because the site requires it or because doing so will support
plant optimization.

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

21

GRADING REQUIRED
In certain circumstances grading is unavoidable. The most common reasons for grading
are to meet AHJ requirements or best practices for access roads or storm water management. Grading may also be required to
conform to vendor-specified mechanical
tolerances for the mounting system.
On-site access roads. AHJs and industry best practices dictate minimum and
maximum slopes for access roads, as well
as compaction and surface maintenance
requirements. Grading is required where
the existing topography does not meet
these longitudinal or cross-slope requirements. While the local fire department typically has the final say on access roads, the
local building department or the site owner
may also have applicable requirements.
Storm water management. Site-specific
hydrologic characteristics are a critical
factor in determining grading require- Flood routing model Site designers can use software—such as FL0-2D, which
ments and plant design. If a site lies generated the results shown here—to model storm water flow over complex
in a flood zone, for example, the flood topography and thus help determine the optimal amount of site grading.
depth determines the minimum height
for electrical equipment. Storm-induced runoff and scour GRADING FOR OPTIMIZATION
affect minimum pile embedment depths. The contributing Site preparation impacts solar power plant optimization in a
watersheds and historical water flows may dictate deten- variety of ways. For instance, minimizing the amount of steel
tion basins or improvements to the existing storm water in the foundation or the time required to wash the modules
channels. Local environmental agencies may have require- can offer potential benefits. Maximizing the ground-cover
ments related to dust or water quality that impact these ratio (MW/acre) or specific energy yield (MWh/MW) can
grading activities.
also yield benefits. Rather than focus C O N T I N U E D O N P A G E 2 4
Mechanical tolerances. In general, fixed-tilt mounting
systems are more capable of dealing with topographi- High and dry Designers should ensure that electrical equipcal changes across a site than are single-axis trackers. ment is above the reach of flood waters. AHJs may also
However, many large-scale ground-mounted systems use require the use of raised-earth pads for major electrical equiptrackers to maximize energy production from the available ment, including substations, switchyards and transformers.
land area. Trackers have a maximum slope (% grade) associated with the north-south axis of the torque tube and,
if applicable, the east-west elevation of the driveline.
Should existing slopes fail to accommodate the maximum
slopes of the torque tubes or drivelines, grading is one possible solution.
While tracker equipment manufacturers specify maximum slope values, installation guidelines or product datasheets do not always provide these design criteria. Instead,
some manufacturers provide a grading requirements document or similar reference upon request that details civil engineering needs for sites. This document provides information
about mechanical tolerances to help engineers determine
project-specific design criteria, including maximum slopes
and maximum and minimum pile elevations above grade.
22
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on a single variable, a well-integrated engineering effort
develops the best result holistically by evaluating all these
variables in concert with the goal of achieving the lowest levelized cost of energy.
Steel piles. A combination of subsurface soil conditions,
torque tube height requirements, tracker reaction forces on
the pile and terrain variation determines the amount of steel
required for driven pile foundations. The higher the torque
tube height, the more steel the project requires. The larger
the terrain variation from one end of a tracker row to the
other, the more steel the project requires. Strategic grading
has the potential to compensate for both of these conditions.
For example, grading to channel water across the site can
reduce flood depths and equipment height, whereas smooth
grading can compact soils or minimize terrain variations.
When optimizing a pile foundation plan, the design team
generally seeks to minimize the total amount of steel the client must purchase or to optimize logistics by minimizing the
total number of pile types and lengths. The former activity
reduces the material cost for the steel, while the latter reduces
the cost to transport and distribute piles across the site.
Soil volume. Another optimization variable for the design
team to consider is the volume of soil that heavy equipment
will need to move around the site. On one hand, reducing the
required amount of earthwork has the advantage of speeding up the site preparation time, which allows the contractor to start installing equipment sooner. It is also beneficial
to reduce site disturbance in areas that have the potential
for below-grade archaeological or paleontological resources.
On the other hand, minimizing earthworks could limit the
area of land available for modules and other electrical equipment or increase the total amount of steel required. If the
design must space rows further apart to account for terrain
features, that restriction reduces ground-cover ratios.
Operations and maintenance. Site designers should also
consider the amount and type of O&M activities required
to keep a solar project operating optimally. For example, it
may be beneficial to use a ground-cover ratio that allows

maintenance personnel to wash
two rows of modules at the
same time. In addition, locating
serviceable equipment—especially combiner boxes, inverters and transformers—close
to maintenance roads makes
O&M activities more efficient.
Available area. The design
team also can employ multiple
site or soil preparation variables to maximize the available
land area for PV modules. These
include placing detention basins
under PV array fields, strategically routing storm water,
developing flood-control channels, leveling hills and filling
valleys, and so forth. Whereas
locating detention basins below
tracker arrays tends to increase
the torque tube height and the
required amount of foundation
steel, smooth site grading generally allows the use of shorter Clean and green
piles. Further, more-extensive Borrego Solar deployed
earthwork and site preparation this 1.3 MW PV system at
activities lead to higher levels an active landfill in Maine.
of pre- and post-construction The site also includes an
monitoring for environmental 8 MW power plant fueled
by captured methane gas.
quality impacts.
Specific yield. The goal of
optimization exercises is to maximize the energy harvest
per unit of installed power. For instance, the design team
might adjust the ground-cover ratio or increase site slopes
to increase the amount of incident sunlight. The potential
downside is that more-extensive site preparation activities
tend to increase grading costs.

Part 2: Ground Mounts on Landfills
By Bryan Morrison

O

ver the past 20 years, towns, municipalities and
other entities have closed and capped nearly 6,000
landfills. Since the land at the majority of these sites
is contaminated or contains remediated soils, they are not
suitable for typical residential or commercial uses. However,
these capped landfills can still provide value for municipalities as host sites for ground-mounted PV power plants.
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A capped landfill typically becomes an expense for the
community, requiring annual maintenance and continual
monitoring. By leasing the land for PV project development,
municipalities can recover maintenance and monitoring costs as
well as generate revenue. Project developers also benefit because
these tracts of land are often offered at exceptionally low lease
rates compared to land suitable for commercial development.

A lot has happened
since the 1970s

C ou r te sy Bor re go S ola r

Stiebel Eltron heat pump
manufacturing in the 1970s

To capitalize on the low cost of land, however, project
developers need to address some unusual design challenges
and unique risks associated with deploying a groundmounted PV power plant over a landfill cap.
GROUND MOUNTS ON LANDFILLS
The first thing that project developers must consider is the
construction of the landfill itself.
Landfill cap. Several different types of landfill cap designs
appear in the US. Modern-day landfills commonly feature a
Standard Subtitle D Cover cap design, as shown in Figure 1. This
type of cap uses either a high-density polyethylene (HDPE) or a
linear low-density polyethylene (LLDPE) geomembrane liner in
Vegetation
6-inch-thick erosion layer

18-inch-thick protection layer

Drainage layer
Geomembrane liner (barrier layer)
Foundation layer

Figure 1 The goal
of the geomembrane liner—shown
here in the context
of a Standard
Subtitle D Cover
cap—is to restrict
any fluids or
gasses from moving either into or
out of the municipal solid waste.

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

For one thing, since our philosophy is to make it right,
then keep making it better, our heat pumps have
continued to improve since we started developing
them in the mid-1970s.
For another, other manufacturers have recently
decided that what we foresaw 40 years ago has merit.
In energy-conscious Germany, with a tolerance for
only the finest engineering, our heat pump water
heaters have been the best-seller for over 35 years.

Engineering & manufacturing
excellence since 1924

800.582.8423

www.StiebelEltron.us

Solid waste
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concert with several layers of sand, soil and vegetation. A 12to 18-inch drainage layer and a 6-inch soil layer are commonly
found above the liner. The thickness of these layers determines
the allowable bearing pressure on the liner.
A Standard Subtitle D Cover landfill cap provides allowable temporary bearing pressures (for vehicular traffic) of up
to 7 pounds per square inch (psi) and permanent bearing
pressures of up to 5 psi. Allowable bearing pressures dictate
foundation designs for mounting systems and other equipment, as well as access road designs for plant construction
and maintenance. Bearing pressure also determines what
types of vehicles can safely operate on top of the landfill.
Since a damaged or punctured membrane would be costly
to repair and would cause significant project delays, bearing
pressure is an extremely important design consideration.
Storm water management. Landfills are designed to maximize municipal solid waste storage capacity and therefore
result in large dome-shaped plateaus with steep side slopes.
Given these terrain features and the minimal amount of
cover material, storm water runoff is another critical PV
system design consideration. Landfills rely heavily on both
vegetation and drainage swales to manage storm water and
prevent erosion. It can be extremely costly and time consuming to modify these existing storm water management
features to accommodate a PV system.
Gas vents. PV system designers also need to consider
landfill maintenance features such as gas vents, settlement
plates and monitoring wells. It is especially important for
installers to pay attention to gas vent locations. Since a large
percentage of the gas emitted from a landfill is either methane or carbon dioxide, workers in the proximity of a passive vent risk exposure to flammable gas or a zero-oxygen
environment. Landfill gas can also contain ammonia and
hydrogen sulfide, both of which can cause a variety of respiratory issues. Since landfill vents often emit odorless gasses,
workers need to rope off vent pipes in close proximity to the
PV array to ensure that no one accidentally gets too close to

Co u r t es y B o r reg o S ol ar

Behind the fence A ballasted fence at the array perimeter is
a good option for minimizing fencing costs on landfill projects.
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these vents. To prevent gas from migrating into enclosures,
workers should locate electrical equipment away from landfill vents. Smoking is prohibited when working on a landfill.
Vegetation control. Mowing is the most common form
of routine landfill maintenance. If certain species of trees,
shrubs or brush are allowed to grow on the landfill, their
root systems will eventually penetrate the geomembrane
liner. Regular mowing prevents this from happening. When
preparing a PV array layout for a landfill, designers need to
understand and consider how maintenance personnel mow
the site and ensure that all sections of the landfill remain
accessible to the mowing equipment.
Fencing. Many existing landfills are already fenced, and
some of these fences require only minor modifications
to comply with National Electrical Code requirements.
Unfenced landfills can present significant design and budgetary challenges. The landfill membrane often extends for
many acres beyond the usable array area. Fencing this long
perimeter is a costly and time-consuming proposition. More
often than not, project developers need to contend with
wetlands located at the perimeter of the landfill that could
require additional permits through local conservation committees, extending the project mobilization timeline. If it is
not practical to build a conventional fence, system designers
can consider adding a ballasted fence at the array boundary,
provided they factor the fence location into the array layout.
PV SYSTEM CONSIDERATIONS
After taking landfill design into account, project developers
need to adapt their PV system design and installation practices to the site.
Build from the vegetation up. It is a good idea to hire a site
contractor who has experience with landfill closures or making landfill repairs. Given the minimal amount of material
above the geomembrane liner, the most productive design
and construction strategy is to build the PV system up from
the vegetation layer. This means that the array foundations,
equipment pads, electrical infrastructure and access roads
are all installed above grade. The goal of this design approach
is to maintain the existing protection of the cap and to preserve the functionality of existing storm water controls.
Prior to commencing construction activities, an authorized agent should inspect the existing landfill conditions
to ensure that both the gas vents and storm water controls
are intact and that no depressions due to settlement exist.
The developer needs to remedy any depressions under the
supervision of the AHJ prior to construction. During construction, crews need to immediately remediate any ruts or
divots caused by construction traffic and weather events.
The contractor can alternate construction activities among
different areas or project phases to allow the protective layers of the landfill to dry out between C O N T I N U E D O N P A G E 2 8

BUILT FOR THE LONG HAUL
Reliable conversion efficiency for decades
Homeowners want a solar panel that yields the greatest
amount of electricity for the longest time. That’s precisely
where we focus our manufacturing process. Using ultra-thin
amorphous silicon layers, Panasonic HIT® absorbs and retains
more sunlight and produces up to 36% more electricity than
conventional panels.
Our new space-saving 330W and 325W panels set the standard
for long-term conversion efficiency. They employ 96 cells in
the same size footprint as standard 60-cell panels. That means
more output per square foot and fewer panels to install.
Plus, our 15-year workmanship and 25-year output warranties
give homeowners iron-clad peace of mind that they’ve made
the very best solar investment.
Grow your installation business for the long haul with a brand
installers have trusted since 1997. Learn more about Panasonic
HIT® at business.panasonic.com/solarpanels.

36% MORE POWER GENERATION

N330

N330

HIT®: 9,167kWh/year
(15pcs x 330W = 4.95kW)
NOTE: Panasonic’s simulation in CA, USA

VS

STANDARD*

STANDARD*

Standard*: 6,716kWh/year
(15pcs x 260W = 3.90kW)
*Conventional crystalline module

weather events or while the crew is repairing them in an
effort to minimize project delay.
Road layout. The first step in the design process is to determine the proper location of the construction road. Placing
the access road along the spine (the highest points) of the
landfill reduces or minimizes impacts to existing storm
water controls. If space and landfill topography permits, it is
ideal to have a road entering one side of a landfill and exiting the other, as this is beneficial for project logistics and
project velocity. At a minimum, PV designers need to provide a sufficient number of turnarounds to accommodate
construction traffic and material delivery.
Array layout. Designers determine the usable array area
flanking the access road based on the slope of the terrain
and the mechanical tolerance of the mounting system. Since
ballasted mounting systems are susceptible to sliding forces
and constrained by the allowable bearing pressure on the
landfill cap, these systems are commonly limited to a 5°–7°
slope. Once designers have identified existing landfill features and areas with acceptable slopes, they can begin to lay
out the array, keeping in mind maintenance activities and
cap protection.
Mounting system selection. Developers also must consider differential settlement when designing this type of
system. As the landfill decomposes, the surface naturally
settles differentially due to the varying types of material
decomposing below. Landfills will settle 10–20 feet over
their lifetime, and settlement of 1 foot per year in the first
years of closure is common.
To tolerate this settlement, designers should use a statically determinate mounting structure that they can analyze
using static equations of equilibrium to determine reaction
forces. A structural design with two foundations per array
table that allows for future in-field adjustment is generally
best for withstanding settlement over the life of a system.
By comparison, a structural design with three or more foundations may be subject to intolerable stresses that result in
module deflection and possible destruction.
Cable tray. Landfill projects have unique electrical infrastructure requirements in two ways: The design needs to
account for settlement, and the site has insufficient cover
material to allow burial of conduit or cables. Since landfill
applications require an above-grade solution, designers typically specify cable tray. Cable tray comes in 10- or 12-foot
sections that installers do not have to physically connect to
one another, so it can tolerate differential settlement, provided the conductors offer adequate slack.
Each cable tray section generally has four independent
height-adjustable feet, allowing for installation on uneven
ground. The base area for these feet is often adequate to
disperse the weight of the cable tray and conductors, as
well as keep the point loads below the maximum allowable
28
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Design criteria Designers can determine the size and
shape of ballast blocks by considering soil bearing pressure
and design loads dictated by the local building code.

bearing pressure. As an added benefit, cable tray remains
visible to the landscaping crew even when the grass grows
tall between mowings, and physically protects the electrical
cables from both mowers and string trimmers.
Electrical equipment pad. As is the case with typical groundmounted systems, centralizing the location of the inverters
offers cost and performance benefits. The optimal location
is typically somewhere along the access road near the center of the array. The shoulder of the access road serves as
a means of bringing in the medium- or high-voltage circuit
to the distribution transformer from the point of common
coupling. Since the road is subject to both vehicular traffic
and differential settlement, system designers generally call
for a reinforced concrete duct bank to protect these circuits.
Concrete equipment pads for landfill applications
may have to be quite large, given the extreme weight of
the electrical equipment and the relatively low allowable
bearing pressure. A typical 1 MW liquid-filled mediumvoltage transformer usually weighs more than 1,000
pounds. In many cases, it makes sense to install a single
reinforced concrete equipment pad that supports all of
the equipment, rather than multiple smaller concrete
pads, as the larger pad will save preparation and installation time. Using a single pad also protects the conductors
against damage due to differential settlement, since the
single pad will move uniformly as a single unit.
System grounding. Opting for a single equipment pad also
provides a means for system grounding. Given the shallow
depth of the landfill cover material, it is obviously not possible to install an 8- or 10-foot ground rod as a grounding
electrode. Instead, a copper ground ring with supplemental copper grounding plates typically offers adequate system grounding. The thickness of the concrete pad, plus the
depth of the fill material beneath it, provide the burial depth
required for the ground ring.

Part 3: Bonding and Grounding
By Marvin Hamon, PE

BONDING
Per the definition in Article 100 of the National Electrical Code,
equipment is bonded when it is “connected to establish electrical continuity and conductivity.” Employing an equipmentgrounding conductor (EGC) is one way to make this low-

impedance connection.
Another way is to make
a mechanical connection
by, for instance, bolting
two pieces of conductive
material together.
Intent. As described
in NEC Section 250.4,
bonding establishes a
low-impedance connection between conductive
equipment and materials to conduct fault current safely and minimize
potential voltage differences between conductive components. By providing a low-impedance path for line-to-line or
line-to-ground faults, the designer ensures that fault currents
quickly rise to a level that activates an overcurrent or groundfault protection device.
C ou r te sy S u n Mo do

T

o provide a safe PV system, designers
and installers need to understand the
fundamentals of bonding and grounding. Whereas proper bonding ensures that a
ground-mounted PV array is free from stray
shock hazards for the life of the system, proper
grounding prevents dangerous voltage differentials between the PV array and the ground on
which installers or service technicians stand.
Since people often confuse these terms and
practices, here I define each individually, consider its intent, and review hardware options
and installation methods.

Integrated
bonding Mounting systems listed
to UL 2703 include
integrated bonding
components—
such as this selfgrounding clamp
from SunModo—
that have undergone accelerated
lifecycle testing.

solarprofessional.com | S O L A R P R O
_MountingSystems_1508.indd 1

29

7/23/15 8:59 AM

Ground-Mounted Racking Considerations

Ground-Mount Vendors in North America

Hardware. In the 1990s and
early 2000s, installers used
Vendor
Headquarters
Phone
URL
thread-forming screws, UL-listed
grounding lugs and bare copper
AP Alternatives
Ridgeville Corners, OH
419.267.5280
apalternatives.com
EGCs to connect all the conducApplied Energy Technologies (AET)
Clinton Township, MI
586.466.5073
aetenergy.com
tive parts of a ground-mounted
PV system. While straightforArray Technologies
Albuquerque, NM
855.872.2578
arraytechinc.com
ward and easy to verify during
Brilliant Rack
Lilburn, GA
678.280.7453
brilliantrack.com
inspection, this bonding method
is also relatively expensive. It
Clenergy
San Diego, CA
858.790.8066
clenergy.us
requires a lot of lugs and copDCE Solar
Huntersville, NC
704.650.7474
dcesolar.com
per, and it is time-consuming to
implement in the field. In other
DPW Solar
Albuquerque, NM
800.260.3792
dpwsolar.com
words, this approach is not well
GameChange Racking
New York, NY
212.388.5182
gamechangeracking.com
suited to deploying PV systems
at low prices and high volumes.
Ironridge
Hayward, CA
800.227.9523
ironridge.com
About a decade ago, compaMounting Systems/HatiCon
West Sacramento, CA
855.731.9996
mounting-systems.us
nies such as Wiley Electronics
(now Burndy) introduced specialNexTracker
Fremont, CA
510.270.2500
nextracker.com
ized bonding clips for PV applicaOrion Solar Racking
Commerce, CA
310.409.4616
orionsolarracking.com
tions to address this pain point.
These products have sharp or
PanelClaw
North Andover, MA
978.688.4900
panelclaw.com
serrated surfaces that bond the
Patriot Solar Group
Albion, MI
517.629.9292
patriotsolargroup.com
exposed metal module frames
and other electrical equipment
Polar Racking
New York, NY
844.860.6722
polarracking.com
to the metal mounting structure
PV Racking
Southampton, PA
855.787.2257
pvracking.net
during installation. Though these
new bonding products allowed
RBI Solar/Renusol
Cincinnati, OH
513.242.2051
rbisolar.com
quick and easy installation, some
Schletter
Shelby, NC
888.608.0234
schletter.us
AHJs and industry stakeholders
were skeptical that they could
S:Flex
Greenwood Village, CO
303.522.3974
sflex.com
effectively replace conventional
Solar FlexRack
Youngstown, OH
888.380.8138
solarflexrack.com
hardware and copper EGCs.
These (often single-use) compoSunLink
San Rafael, CA
415.925.9650
sunlink.com
nents also make system inspecSunModo
Vancouver, WA
360.844.0048
sunmodo.com
tion challenging since they are
invisible once installed.
Ten K Solar
Minneapolis, MN
877.432.1010
tenksolar.com
UL convened a Standards
TerraSmart
Estero, FL
239.362.0211
terrasmart.com
Technical Panel to develop the
UL 2703 product safety stanUnirac
Albuquerque, NM
505.242.6411
unirac.com
dard—which covers PV moduleUS Solar Mounts
Sparta, WI
608.272.3999
ussolarmounts.com
mounting systems, clamping
devices and ground lugs—in part
Zilla
Lafayette, CO
720.880.6700
zillarac.com
to address these concerns about
effective bonding. Mounting Product procurement The vendors in this table provide PV ground-mount solutions
systems listed to this standard (ballasted, penetraing, fixed-tilt or tracking) and are either based in North America or
include bonding components have satelite offices here.
designed to establish electriEGC sizing. NEC Table 250.122 provides guidance for
cal conductivity between PV modules and other electrical
equipment connected to metal racks. Further, a Nationally identifying the minimum allowable EGC size. But, many
Recognized Testing Laboratory has certified the efficacy of people fail to read the note that states the following:
“Where necessary to comply with C O N T I N U E D O N P A G E 3 2
these bonding connections.
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The all-in-one
PV test solution
Save yourself up to 40 minutes with the PV150, the only all-in-one PV
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systems and provides complete test traceability.
Performs the following tests:
4
4
4
4

Visit www.seawardsolar.com/solarpro
or call 813-886-2775
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Temperature
Temperature
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Connection to earth Grounding electrodes—such as the
ground ring beneath this inverter pad—establish a direct
connection to earth. To limit voltage to ground within a
ground-mounted PV array, system designers can extend the
grounding electrode system or deploy auxiliary grounding
electrodes throughout the array field.

250.4(A)(5) or (B)(4), the equipment-grounding conductor shall be sized larger than given in this table.” In other
words, choosing a conductor based on Table 250.122 is no
guarantee that the design will provide an effective path for
fault currents. However, the NEC offers no further guidance
about how to upsize an EGC.
Engineers need to account for a number of variables—
incident energy ratings, available fault currents, overcurrent protection device (OCPD) time-current characteristics
and so forth—to ensure that a fault will not damage an EGC.
Fortunately, the unique electrical characteristics of PV systems work in their favor. For example, the available fault current in a PV array is much less than that from even the smallest
utility service; the maximum fault current from a 500 kW PV
array might be 1,000 A, whereas a 600 A utility service might
easily have an available fault current of 50,000 A or greater.
Conductors can carry a high amount of current for a short
time without incurring damage. Therefore, Table 250.122 is
32
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very conservative for the purposes of PV array design. In most
applications, a 10-gauge EGC is more than adequate.
Table 250.122 also provides installers and inspectors
with a convenient basis of comparison for UL 2703–listed
PV mounting systems, which should be bonded at least as
well as those bonded with an EGC. As a quick bonding test,
for instance, an installer could take a resistance reading
between two points in an array, such as between one row of
modules and an adjacent row. Assuming that these module
rows are 100 feet long and spaced 10 feet apart, the installer
should see a resistance reading equivalent to 210 feet of
10 AWG copper. According to NEC Chapter 9, Table 8, which
details conductor properties, a single-strand 10 AWG copper conductor has a resistance of 1.21 mΩ per foot. So if
the row-to-row resistance measurement is in the vicinity of
254 mΩ (210 feet x 1.21 mΩ/foot), that suggests the equipment is properly bonded. A significantly higher reading
means a poor mechanical connection somewhere in the
path probably needs correction.
Maintenance. It is not that difficult to create a good
electrical bond in a new mounting system. The challenge
is maintaining that connection over time in an outside
environment. This is precisely why PV designers need to
specify UL-listed equipment and assemblies, as UL product safety standards define test procedures intended to
determine how bonded connections will age. While measuring bonding resistance during system commissioning
is important, it does not indicate what the resistance will
be after 6 months or 10 years in the field. Therefore, O&M
providers should review bonding resistance as part of their
scheduled maintenance activities.
GROUNDING
Per NEC Article 100, equipment is grounded when it is “connected to ground [the earth] or to a conductive body that
extends the ground connection.” A grounding electrode
establishes the actual connection to ground. A grounding
electrode conductor extends the ground connection to the
EGC or the conductive equipment.
Intent. Grounding is sometimes referred to as earthing,
since it ensures that conductive equipment is at the same
electrical potential (voltage) as the earth. Eliminating voltage difference between ground and conductive surfaces such
as PV module frames and mounting systems mitigates shock
and fire hazards. As long as the aluminum frames and steel
racks, for example, are at earth potential, electrical current
will not flow to ground through a person who is installing or
servicing the array. In this scenario, the source of the voltage
difference could be a cross-connection fault with another
power system—perhaps an overhead power line falling onto
a PV array—or a lightning strike. Proper C O N T I N U E D O N P A G E 3 4
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setup of a ground-mounted array prevents any shock to service personnel because they will never provide the best electrical connection to earth.
In the field. Normally an electrical system is grounded
at one point only: the point of supply. This connection to
ground might be located at the utility service entrance or
on the secondary side of a transformer. The Code also requires
a connection to ground on the dc side of transformer-isolated
inverters. However, this single-point approach to grounding can cause problems in large-scale ground-mounted
PV systems, where the farthest reaches of the PV array
may be located a great distance from the grounding electrode system.
While designers can extend the grounding electrode system throughout the PV array with buried electrodes—as is
done with substations—this is very expensive. Alternatively,
NEC Section 250.54 allows the use of auxiliary grounding
electrodes, which do not have to comply with electrodebonding requirements. The steel foundation members often
serve as auxiliary grounding electrodes. Section 250.52 covers electrodes permitted for grounding. Ground-mounted PV
array foundations may comply with Subsections 250.52(2)
or (3), depending on whether the system uses driven piles

or posts embedded in concrete. Designers can increase
the overall connection to earth in a ground-mounted PV
system by specifying a foundation with one or more posts
per array table or row of modules that qualifies as a grounding electrode.
Some in the PV industry feel that auxiliary grounding electrodes can actually make a PV system less safe in
areas prone to lightning strikes. When lightning strikes the
ground, localized voltage increases in the earth but normally dissipates over time. If there are auxiliary grounding electrodes in the area of increased voltage, however,
the voltage rise can cause current flow up one auxiliary
grounding electrode through the PV array and out the nearest auxiliary grounding electrode that is at a lower voltage,
which could put people or equipment in harm’s way. In a
grounding electrode system, the buried bonding jumpers
that connect each of the individual grounding electrodes
into a single system would carry this current below the surface of the earth.
[Editor’s note: For information on system grounding, which
is a design consideration not covered here, see “Grounding
Compendium for PV Systems,” SolarPro, April/May 2013.]
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Integrated Design
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Ready

Part 4: Scalable Mounting Solutions
By Keith Beisner and Sara Jacobs
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T

he increased rate
of solar adoption is
opening up new markets to solar providers and
ramping up project volumes.
Developers, EPC firms and
solar providers are seeing an
increased number of project
opportunities as well as a
wider range of project sizes
across their portfolios. In
addition, the solar industry’s
footprint is expanding into
all regions of the US, from the
remotest rural areas to the
tightest urban spaces.
Rapid market expansion Prepare for the unexpected Project developers can avoid costly delays by working with
means that solar solution pro- products that allow for interchangeable foundation options.
viders must streamline their
designs across a wide range of environmental conditions. Solar a range of optimal foundations. The key is to provide a range
installers have to be prepared to deal with variable surface and of standardized foundation options that developers can
subsurface conditions. At the same time, the industry is under easily interchange without having a negative impact on the
great pressure to lower costs. These realities require new solu- overall system design or aesthetics.
tions. Solar providers and EPC firms require a new generation
If project developers discover the need for diverse foundaof efficient, cost-effective solutions that enable them to better tions during the engineering design phase or preconstruction
react and adapt.
pull tests, mass customization allows designers to optimally
specify different foundation types before construction starts.
MASS CUSTOMIZATION
Often, though, EPC firms do not discover these soil variations
The key to making solar happen in more places while driv- until installation work is already in progress. When installers
ing costs down lies in having a mounting-system design that must quickly react to problems without a ready-made soluis centered upon built-in environmental adaptability, con- tion on hand, delays and escalating costs are the norm.
Product designs that allow for swap-in foundation changes
struction flexibility and predictable costs. Developing cuscan
equip installers to make on-the-fly changes during contomized solutions on a site-specific basis is not a scalable
struction
without incurring high costs for replacement parts
strategy. Instead, the industry needs racking systems comand
project
delays. For example, if installers hit a refusal while
posed of standard components that installers can assemble
driving
a
post
on-site, they might quickly swap in a cast-inin a variety of ways to meet each project’s unique challenges.
place
ballasted
foundation on top of the soil while utilizing
This mass customization approach will allow the industry
the
same
superstructure.
Readily available and interchangeto accelerate most rapidly because it is both highly configuable
foundation
options
can
help eliminate expensive in-field
rable and cost effective.
modifications.
Foundation design. Installers need different foundation
options to avoid costly delays caused by variable soil conMounting structure. When it comes to the racking strucditions and unpredictable subsurface obstructions within a ture itself, mass-customized solutions provide design
project portfolio. To achieve economies of scale, however, it flexibility to accommodate project variations, including difis essential that these foundation options be part of a stan- ferent modules, terrains, and wind or snow loads. Although
dardized product solution. Taking the need for foundation 72-cell modules are the de facto standard on ground-mount
flexibility a step further, soil conditions can vary dramati- projects, each module frame has its own distinct set of
cally within a site, meaning even a single project may require mounting dimensions. Mounting systems that are adaptable
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Terrain following Mounting systems with terrain-following capabilities may enable project developers to cost-effectively
deploy PV systems on marginal sites.

to different modules without component modification eliminate the need for last-minute change orders.
Similarly, standardized products with terrain-following
capabilities reduce not only site preparation and installation time, but also PV system cost and complexity. In recent
years, the scope of projects has grown to include not only
flat, level and prepared sites but also more-challenging
sites with undulating slopes or hilly terrain. Mounting systems that installers can deploy without making major site
improvements or modifications can reduce preconstruction
civil work and improve project economics.
As solar projects expand into regions with higher wind
and snow loads, mounting systems must also adapt to
these environmental conditions. Standardizing products
to accommodate higher loads without the need for custom
components simplifies both the design and the supply chain
processes. This simplification allows optimal project delivery timelines and improved cost efficiencies.
Soft costs. Beyond material costs, mass customization
also shaves project soft costs. Many developers and customers are seeking better-integrated electrical and mechanical designs across their project portfolios. Mounting
solutions with standardized table sizes—such as two-high
in portrait configuration—make this integration possible.
Different foundation configuration options, meanwhile, can
accommodate changing environmental factors while keeping other variables, including table size and mechanical
and electrical components, consistent across multiple project sites. Standardizing these mechanical and electrical
design processes can lower costs and increase engineering
efficiency while allowing for easy preparation, installation
and O&M.
THE DOMINO EFFECT
A domino effect begins to take place when product design and
engineering become more efficient. Solar providers, large and
small, can take on more projects in more locations. While these
36
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growth factors place a high demand on materials, mass customization also streamlines supply chains. It allows companies
to inventory components and reduce lead times. It accommodates short-notice schedule or design changes. This adaptability is critical to companies with aggressive and sometimes
simultaneous or competing construction schedules.
Furthermore, the ability to use the same system and
components on all sites, regardless of environmental and
site conditions, allows installers to implement best practices more consistently and can dramatically improve
installation efficiencies. On-site crews learn to quickly troubleshoot unpredictable situations and implement rapid, costeffective mitigation solutions while also reducing punch
lists and mitigation work.
With the combined advantages of mass customization,
solar providers gain maximum efficiency and achieve economies of scale across projects of all sizes. Mass customization reduces costs and allows rapid growth in nonresidential
markets where ground mounts are typically deployed. The
result is more successful solar projects and a faster technology adoption trajectory.
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What’s in YOUR Project?

Did you know that nearly 25% of all solar electricity in North America
flows through a SolarBOS product? Ever wonder why?
We believe it’s due to our product quality, flexibility and manufacturing
capabilities right here in the US. Not to mention our world-class
customer service and wide product range, including everything from
AFCI Combiners to Breaker Enclosures to PV Wire Harnesses. Add to this
our 2-day shipping to most every jobsite in North America and it’s easy
to see why so many customers choose SolarBOS.
Solar Balance of Systems. It’s what we do.
www.solarbos.com
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Self-Consumption
PV Systems
Compiled by Joe Schwartz

Regulatory changes and technical advances are beginning to push the deployment of self-consumption PV
projects in the US. Will it remain a niche application or
become a common system configuration nationwide? I
reached out to several industry stakeholders to get their
perspectives on the past, present and future of selfconsumption and zero-export PV systems.
What were some of the first global markets for
self-consumption PV systems?
What factors drove the initial development
and deployment of these systems?
European nations, specifically Germany, drove the selfconsumption market. Utility concern over dealing with high
PV penetration led to a reduction of the feed-in tariff to below
the customer cost for electricity, essentially ending PV overproduction’s free ride on the utility infrastructure. PV system owners faced the dilemma of selling their highest PV
production during the middle of the day for a fraction of the
cost of purchasing power from the utility. From a technology
standpoint, the puzzle became how to maximize the use of a
building’s PV production, and in countries such as Germany
the best return was to shift loads to times of PV production.
This involves smart meters watchdogging the connection
with the grid and intelligently managing loads such as water
heaters and other appliances. The next level of maximizing
38
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self-consumption includes energy storage, typically in the
form of batteries. The associated metering and controls
become even more intelligent, as they need to choose between
load control, battery charging or exporting to the grid. Some
of these systems use predictive features and weather forecasting to change the logic around how to best use the available
PV generation.
—Wes Kennedy, senior field application engineer,
Fronius USA
The main driver is the intersection of two market events: an
increase in markets with high levels of PV saturation and a
decrease in solar and storage system prices. Today, locations
that lead in the deployment of self-consumption systems, such
as Germany and Hawaii, have high levels of PV saturation.
In these markets, utilities have adjusted the rate for energy
sold back to the grid. For example, in Germany the utilities
decreased the feed-in tariff. In Hawaii, they lowered the net
energy metering (NEM) rate paid for PV energy fed into the
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creation of online solar energy exchange platforms such as
the sonnenCommunity.
A similar scenario occurred in Australia, which has the
highest penetration of residential solar combined with
incredibly high utility peak pricing between 3 pm and 8 pm
daily. Storage is key to enabling Australian customers to
increase their consumption of solar energy and decrease
the amount of energy they require from the utility grid in
the waning afternoon hours, maximizing the use of solar
energy and minimizing the need to use high-cost energy
from the grid.
The US market is following a similar pathway to increasing distributed energy resources (both renewables and
storage) and is undergoing the same uncertainty around
the future of energy costs and policies. With the influx of
renewables, grid operations, power markets and financial
structures will need to evolve to take these new energy
sources into account. Smart energy storage provides flexibility for customers and utilities to evolve in the face of
changing feed-in tariffs, energy storage and renewable
energy incentives, utility-rate tariffs and use cases for distributed resources.
—Greg Smith, senior technical trainer, sonnen

grid. In such markets, system owners pay a higher price for
energy purchased from the grid than they receive for energy
sold to the grid. This pricing gap financially motivates owners
to self-consume their own energy at an effectively lower rate.
—Peter Mathews, North America general manager,
SolarEdge
Germany and Australia are two of the first global markets
for self-consumption PV systems. The adoption of selfconsumption PV in Germany escalated due to a combination of market factors: the desire of customers to gain
autonomy from the utility, favorable economics for energy
storage caused by a spread between the feed-in rate versus the
retail rate, and the desire to have control and transparency
of energy generation and consumption. The development of
energy storage technology was key to controlling the generation and consumption of PV in Germany. The deregulated
energy market in Germany also provided an opportunity for
customers to buy and sell excess solar energy, leading to the

Nonexporting PV systems have been around in the US for
some time. Facilities deployed them to streamline interconnection for systems intended to offset some portion
of a large facility’s daytime load. However, the real growth
in self-consumption or self-supply systems took off first in
Germany due to increasingly lopsided economics where
energy exported to the grid under the feed-in tariff compensated suppliers at less than the retail rate of electricity.
Grade-school economics tell us it’s not a desirable financial
position to buy high and sell low, and this drove interest in
increasing the portion of PV power consumed on-site.
This movement picked up steam in areas such as Australia
and Hawaii, where interconnection constraints limited or
eliminated the ability to export energy. The next factor is primarily a logistics challenge: most residential load does not
align with solar production potential, so a curtailment-only
system is limited in terms of how much benefit it can provide. Adding storage and an intelligent inverter substantially
increases the potential benefit of the PV system, because the
addressable load is now available 24/7.
—Philip Undercuffler, director, strategic platforms,
OutBack Power Technologies
The first markets to reach grid parity (meaning identical cost of grid-supplied energy and PV-generated energy)
were Australia and Germany. With regulatory reduction of
PV feed-in tariffs, the cost (benefit) of PV-generated energy
solarprofessional.com | S O L A R P R O
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What additional components and software
are required for nonexport or curtailed residential
PV systems without energy storage?
Is this equipment certified and available
in the US market? What are the basic modes
of operation for these systems?
In theory, the systems and software are pretty simple. An
energy meter at the interconnection measures the direction
and quantity of energy in real time and feeds a controller that
communicates with the inverters to maintain the energy
import at or above zero. Unfortunately, I know of no off-theshelf systems that can do this in the US. Installers can build
custom control systems, but not at a cost that makes them
affordable for the average residential system. Due to the load
profile of the average residence, I do not see a cost-effective
solution to implement a nonexport PV system without some
type of storage, either thermal or electrical, since residential
loads peak in the evening.
—Marvin Hamon, PE, principal, Hamon Engineering
A smart meter is the main element needed. It monitors
the current flow in service entrance feeders. As soon as PV
production exceeds load and the feeder current drops to
near zero, the import meter sends the PV inverter a simple
power-curtail command. All modern smart inverters can
move on the power curve, raising voltage and reducing current exported to zero at near-Voc conditions. This level of
control is available in the US today, but requires some custom integration by the system installer.
—Wes Kennedy, Fronius USA
In general, for PV systems to meet limited or nonexport requirements, the system must include a meter. However, each market
or state has its own requirements. In Hawaii, for example, Rule
22 from the Hawaiian Electric Company requires the installation of a meter and an inverter that limits the amount of energy
transferred to the grid. SolarEdge inverters are self-certified

Curtailment Changes to Germany’s feed-in-tariff drove the
development and deployment of self-consumption systems.
Outside the US, SMA offers both grid-direct and ac-coupled
battery-based power electronics for PV installations with
energy curtailment requirements.
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becomes significantly lower than the cost of grid-supplied
energy. By consuming self-generated PV energy, customers
can reduce their energy bills, resulting in amortization of
the investment for the PV system and profits from the subsequent savings. Due to low PV system cost, amortization
periods have become reasonably short, so customers can
realize direct savings within a foreseeable timeframe. This is
the main driver for self-consumption in these countries. In
countries or US states where net metering still is a common
way of benefiting from PV generation, the drive for increased
or enhanced self-consumption remains low.
—Martin Volkmar, product manager, energy management
solutions, business unit residential, SMA Solar Technology

for Rule 22. In terms of operation, these systems limit PV
production to a level no higher than the electrical demand
of the site. If the system produces more power than the site
can consume at the time, the energy is lost. To maximize the
economic return of these installations, owners should try to
match their demand profile with the PV production profile.
—Peter Mathews, SolarEdge
The necessary components are a traditional grid-tied PV
inverter with open communications and the ability to control power via communications, a power meter at the utility
point of interconnection, and a system controller that communicates curtailment signals to the PV system based on
the meter measurements. I am not aware of any US equipment specifically certified for nonexport as there is no applicable US certification standard.
—Kent Sheldon, vice president of technology, Greensmith
Energy Management Systems
Outside the US, SMA provides the Sunny Home Manager
system, which incorporates the required power curtailment
control function. Combined with the SMA Energy Meter
for grid connection point measurement, the system complies with common requirements in Germany, Australia and
some other European countries. The new generation of SMA
inverters are compatible with the SMA Energy Meter and
do not require the Sunny Home Manager. The SMA Energy
Meter has the same regional availability as the Sunny Home
Manager. SMA energy management systems will enter the
US market in the future. Hawaii has announced regulation
for customer self-supply with zero export, and the exact
rules are in development. We expect other jurisdictions to
follow in the future.
—Martin Volkmar, SMA Solar Technology
C O N T I N U E D O N PA G E 4 2
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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
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What additional components and software are
required for nonexport or curtailed residential
PV systems with energy storage?
Is this equipment certified and available
in the US market? What are the basic modes
of operation for these systems?
There are generally two approaches for integrating storage
into PV systems, whether for backup or for self-consumption
applications. One is the new application of older, established
technologies, which generally rely on two separate devices to
manage either the PV or the battery bank. In ac-coupled systems, the two devices are inverters, one for the PV array and
one for the battery bank. In dc-coupled systems, a PV controller regulates the battery charge, and an inverter uses energy
stored in the battery to run loads. These systems have evolved
over the last 10-plus years, primarily from the off-grid market,
and have integrated increasing intelligence to meet the new
demands of grid-tied applications. They have been available
for many years.
What I find particularly exciting are the new generation
of hybrid inverters that interface with both the PV array

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
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and the battery bank. These multiport inverters eliminate
an entire piece of equipment and the associated cost of
purchase, installation and maintenance. These advanced
inverters must integrate the ability to change modes—from
a current-source grid-following device to a voltage-source
grid-forming device—based on the presence of the grid. This
new generation of devices is either just entering or will soon
be entering the US market. 2016 will be a big year for “Eurostyle” self-consumption equipment.
—Wes Kennedy, Fronius USA
With intelligent connected energy storage and advanced
inverters, JuiceBox stores excess energy and shifts it for use
in the evening when PV generation is low and homes have
the highest load. JuiceBox Energy is one of a handful of
products that are certified for this application and already
installed in the US.
—Neil Maguire, CEO and founder, JuiceBox
With a SolarEdge system, the integrator needs to install
an energy meter and upgrade the SolarEdge dc-optimized
inverter to a StorEdge inverter. These components are all
certified. Once installed, the inverter runs in one of four
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modes of operation: self-consumption, load management,
limited power production and, if there is a battery, storage.
—Peter Mathews, SolarEdge
I am not aware of any storage system specifically certified
for nonexport as there is no applicable US certification
standard. This is a major obstacle for the installation of selfconsumption systems in the US. Without certified nonexport products, utilities may require that integrators install a
certified reverse-power relay between the PV energy storage
system and the grid. However, this is usually cost-prohibitive
for residential systems ($6,000–$10,000 per relay).
—Kent Sheldon, Greensmith Energy Management Systems
The zero-export application is a built-in feature of the sonnenBatterie system. Sophisticated management control software is the key to managing residential PV-plus-storage for
any energy profile in a smart home. The sonnenBatterie’s
energy manager control software uses past household energy
patterns (including energy generation and usage, time of
day and historical weather data) in combination with selflearning forecasting software to predict usage and generation
at the home, and then manages solar-plus-storage accordingly.
For example, if the software predicts that excess solar generation will occur during a low usage period, the energy manager will shed capacity in the battery ahead of time to absorb
the excess solar peaks. Additionally, the sonnenBatterie system uses smart-home technology that can monitor large-load
household appliances such as washing machines, pool pumps
and dishwashers. If the storage system is at a maximum state
of charge and the system is still generating energy, the energy
manager will automatically operate the smart-plug–enabled
appliances using the excess solar. Finally, sonnen products
have the capability to control the inverters on the PV system (only after fulfilling household usage, storage usage and
smart-plug appliance usage), which allows for reduced generation when needed, ensuring that excess solar does not get
back-fed into the grid where prohibited.
The sonnenBatterie is available today. The product
houses the battery inverter, lithium-ion batteries, 200 A
automatic transfer switch and other components inside
a single unit with a separate meter outside the enclosure.
These energy storage systems meet all the required specifications currently in the marketplace, including UL 1741, UL
1973, UL 1998 and are developed to meet UL 9540 standards.
The sonnenBatterie has two basic modes of operation:
self-consumption and backup modes. These are critical
modes for any residential energy storage system that provides zero export and PV curtailment. The sonnen energy
storage system can also support multiple applications in
one system, including solar self-consumption, emergency
backup, off grid, rate arbitrage, demand-charge reduction
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OutBack Power’s Radian and FXR inverters provide a
unique, simple and effective self-supply option with
our GridZero ac input mode. GridZero is a load-following self-supply profile, where the inverter operates
in parallel with the grid and views every load as an
opportunity to displace grid power with the customer’s own energy. GridZero has only two settings: the
upper limit of how many amps of load the customer
wants the system to take on, and the lower limit of how
deeply they want to discharge the battery. In GridZero
mode, the inverter never uses the grid to charge the
battery, ensuring that solar always recharges it. In
combination with OutBack Power’s EnergyCell Nano
Carbon advanced lead-acid batteries optimized for Euro-style Fronius developed multiport hybrid inverters, such
partial state of charge applications, GridZero and as its Tesla-compatible Symo Hybrid, as well as an energy meter
solar can deliver reliable energy at a fraction of the and system monitor for the European self-consumption market.
retail utility rate in areas such as Hawaii. In addition, Fronius’ initial storage-based self-consumption system for the US
customers can also use the Radian and FXR under market uses its single-phase Primo Hybrid inverter. Availability is
Hawaii’s zero-export (momentary parallel track) pro- projected for late 2016.
gram, which eliminates interconnection hassles, minimizes solar fees and maximizes customer independence system, and replacing it with another solution will always
and autonomy. Both the Radian and FXR inverters are fully add to the system cost.
—Marvin Hamon, PE, Hamon Engineering
certified to UL 1741 and IEC 62109 as multimode inverters
for both US and international markets.
NEM is under review in nearly every state, and I have
—Philip Undercuffler, OutBack Power Technologies
mixed feelings about the attacks on it. In the short term,
The SMA solution, including the Sunny Home Manager, sup- it’s a simple regulatory incentive to increase distributed
ports PV systems with ac-coupled battery storage systems. PV. However, to step back a little, it is true that as PV penIn curtailed systems, batteries give the benefit of storing PV etration levels increase, the utility has increased problems
energy, which the system would otherwise need to dump. At maintaining grid integrity. PV system owners surely want
times of no sun, the user can supply the load with the bat- the grid to be there when the sun isn’t shining, so the utility
has to maintain the infrastructure as though PV isn’t there,
tery-stored energy.
while conversely having the flexibility to reduce grid pro—Martin Volkmar, SMA Solar Technology
duction when PV generation is high. In addition, there is a
basic disconnect between PV production and load, as illusWhat is your perspective on regulatory changes
trated by the fabled “duck curve” in California, where the
impacting net energy metering in US locations
utility has to go from very low midday production, driving
such as Hawaii and Nevada?
wholesale markets for power negative, to the main peak of
Are these changes driving the deployment
the day at 6 pm, a huge swing comprising GWs of capacity
of self-consumption PV systems?
in a very short period of time. All this is to say that NEM
doesn’t accurately reflect the utility costs of maintaining
If a self-consumption system is the only way to install grid- the grid’s stability. At some point, the utility rate structure
tied PV and the financials come out positive, then people should become transparent to the end users, with pricing
will continue to install systems. From the point of view of the based on the actual stressors on the grid. This transparcustomer, NEM is a free and 100% efficient energy storage ency will drive innovative approaches to distributed PV,
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and zero grid export. Given the ongoing growth of
energy storage applications, another key feature for
sustainable energy storage products is the capability to
upgrade firmware and software remotely to take advantage of future applications and revenue streams.
—Greg Smith, sonnen

create an incentive for storage, and generally result in a
more robust, flexible and resilient grid.
—Wes Kennedy, Fronius USA

without compensation, when the utility rates justify the price
of the self-consumption system.
—Kent Sheldon, Greensmith Energy Management Systems

Changes in NEM are driving a movement toward selfconsumption. NEM was great for kick-starting the solar
industry and has helped create 200,000 jobs in this country.
However, when PV penetration climbs as it has in Hawaii,
significant numbers of people are essentially not paying for
the luxury of being connected to the grid. It is fair for the
owner of a solar home to pay a reasonable fee for transmission and distribution assets, but the solar homeowner
should not have to pay a tax to maintain aging fossil fuel
generation assets.
—Neil Maguire, JuiceBox

Stability in regulatory frameworks and permitting guidelines
for jurisdictions are beneficial to the entire energy industry.
They allow the industry to drive efficiencies, lower costs and
help create a framework that enables stakeholders to coexist and build their respective businesses. Grid operators and
utilities need to consider the increasing challenges that the
growing deployment of renewables poses. However, they need
to address these challenges in ways that allow the use of technological solutions to mitigate these effects. Changes in NEM
and retail rates in places such as Hawaii and Nevada have
people looking for alternatives and better ways to increase
self-consumption of renewables, which is where storage plays
a key role. As seen in Germany, changes in tariffs will drive
self-consumption and therefore increase the deployment of
right-sized solar systems and solar systems with energy storage. Deploying distributed battery storage on the grid will also
mitigate the challenges of large load and intermittent generation sources, helping grid operators and regulatory entities
operate a more stable grid.
—Greg Smith, sonnen

Changes to NEM will probably increase the deployment of selfconsumption PV systems in the future, but not until the electric
utilities start imposing and enforcing caps on the total amount
of export-generating grid-connected distributed energy
resources (DER). I do not anticipate customer self-supply, as
it’s called here in Hawaii, taking off for several years until the
utilities close the door to export-generating DER.
—Marco Mangelsdorf, president, ProVision Solar
Because the typical energy usage of
a homeowner does not match the
daytime energy generation of a PV
system, adjustments in NEM policies will likely promote more selfconsumption with storage. With
more than 70 PV markets in the US,
grid structures vary throughout the
country. We will likely see many variations in policy and rate structure.
—Peter Mathews, SolarEdge

Energy storage Compared to a simple curtailment function for grid-direct systems,
integrating energy storage increases both the functionality and the flexibility of selfconsumption projects. JuiceBox developed its 172 Ah at 50 Vdc nominal lithium-ion
battery system and software for applications that include peak shift, load shave and
backup. Installed by Rising Sun Solar, this is the first JuiceBox system in Hawaii.

Co u r t e s y J u ic eB ox

NEM changes will absolutely drive
the demand and installation of selfconsumption PV systems, especially
in regions with high energy prices.
The US PV industry in these regions
will shrink dramatically without selfconsumption storage systems (we’ve
already seen this happen in Hawaii).
PV integrators will either have to
install PV with storage or significantly
reduce the size of traditional gridtied PV systems to insure zero export
during peak hours. Self-consumption
systems will also become popular in
markets that allow net power export
solarprofessional.com | S O L A R P R O
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These tariff changes have created a different set of economic
incentives for owners of many home solar systems that will
make energy storage systems more attractive to a segment of
consumers. For most consumers, even where available solar
levels are quite high, storage is a vital component of a reliable self-consumption system.
—Stu Statman, vice president of engineering, Sunverge Energy
Successful campaigns against solar are increasingly emboldening utilities. They quickly adopt the language and tactics
that have proven successful in other regions, while the solar
industry has not effectively countered the argument of a supposed cost shift from solar customers to other ratepayers.
NEM is an accounting agreement that removes transactional
friction by assuming all energy has the same value, whether
bought or sold. The truth is that energy doesn’t always have
the same value. We are already seeing negative midday wholesale pricing in California’s energy market due to the imbalance of load and generation, and the utilities point to this as
proof that solar is overcompensated. However, the converse is
also true. NEM undervalues solar by disincentivizing energy
time-shifting or of delivering it as higher-value kW instead of
volumetric kWh.

ENGINEERED
FOR

Ideally, as regions approach higher percentages of distributed generation, forward-looking utilities and utility
commissions will create vibrant new markets in which
distributed energy resources can participate by shifting
loads and generation to balance supply and demand while
providing ancillary services. Hawaii’s PUC envisions creating such a market, but has yet to concretely establish it.
Nevada’s restructuring of the social contract without consideration of grandfathering existing systems creates massive disruption by gutting the economics of installed solar.
Utilities in both states underestimate how easy it is to cut
the cord today. As consumers do the math, adding the base
charges, minimum bills, taxes and other fees to the volumetric rates, and compare that to independent solar, we’re
seeing a shift beyond load defection to outright grid defection driven by pure economics, with a sprinkle of American
independence on top.
—Philip Undercuffler, OutBack Power Technologies
The absence of net metering, and penalties for feeding PV
power into the grid, create a strong motivation to use selfgenerated power directly or store it locally.
—Martin Volkmar, SMA Solar Technology
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Do self-consumption requirements limit
the maximum value that distributed
PV generation can provide to utilities and
regional transmission grids?
It depends on whether the utilities and regional grids attach
any value to distributed PV in the first place. Many see it as
a cost and not as a value generator. If they view it as a cost,
then self-consumption simply lowers their cost.
—Marvin Hamon, PE, Hamon Engineering
I am a big believer in incentives rather than absolutes. A requirement for self-consumption, such as zero sell-back, is a knee-jerk
response from a panicked utility. The networked grid, with an
unbundled utility rate structure and open protocol communications, will allow the birth of the prosumer: the producer and consumer who will be able to buy and sell not just kW but a whole
host of grid support features in real time. This increases the reliability and resiliency of the grid, enables the smart grid of the
future, and moves us toward the big picture goal of 24 hours of
sun—a planet running on a 100% renewable energy basis.
—Wes Kennedy, Fronius USA
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There is a difference between rate structures that encourage
self-consumption and regulations that mandate no export to
the grid. To maximize the value of distributed PV and storage, the technology should support the ability for consumers
to opt in to demand response and other utility-run programs
with a share of the value. In some utility territories, JuiceBox
Energy systems interconnect with an allowance for export.
Once the utilities define the residential demand response
programs, customers can immediately opt in without any
reworking of the physical interconnection.
—Neil Maguire, JuiceBox
A utility open to working with the PV industry allows the
creation of multiple value streams from PV systems coupled
with storage. For example, demand management, time-ofuse shifting and voltage regulation programs can create
value for both homeowners and utilities.
—Peter Mathews, SolarEdge
Storage systems increase the value to utilities and transmission operators by offering them the ability to provide
real-time, truly distributed ancillary services—including
frequency regulation, frequency and voltage droop control,
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Load following OutBack
Power’s Radian (shown here)
and FXR inverters’ GridZero
ac-input mode provide a loadfollowing self-supply profile,
where the inverter operates in
parallel with the grid and views
loads as an opportunity to
displace grid power with sitegenerated solar energy.

Self-consumption requirements do not limit the value distributed PV generation can provide to the grid. Aggregation
of the excess energy generated by distributed systems can
provide large-scale renewable energy to the grid. By deploying decentralized large-scale PV-plus-storage systems,
utilities can relieve high-congestion areas and reduce interruptions in service without using peaker plants, which are
costly to build and operate. Distributed energy storage
resources are capable of providing additional services such
as frequency regulation, grid management and balance
demand response to bolster the grid without requiring large
capital investments on the part of utilities. Finally, additional
distributed PV with storage deployments gives the utilities
renewable resources to fulfill customer load demand while
helping them meet mandated clean energy goals.
—Greg Smith, sonnen
Self-consumption systems aren’t for everyone. There are a
variety of reasons why solar owners may choose to remain
connected to the grid. Distributed PV offers great long-term
value to both consumers and utilities through the aggregation
of individual systems into virtual power plants (VPPs). These
VPPs increase grid reliability, provide efficient distribution of
locally generated power and reduce the need for utility investment in additional large-scale generation. This offers economic upsides to both PV owners and the local utility.
—Stu Statman, Sunverge Energy
The answer depends on whether you consider self-supply
systems a means to an end or a step along the path of market evolution. An imperfect analogy is cell phones. At first
they were simply an alternative to hard-wired communication. With the advent of smart phones, they became
indispensable in day-to-day life, and using them for phone
calls is almost tertiary. Today, self-supply systems provide
a powerful tool for increasing the ratio of energy independence, but they are essentially an electronic check valve—
they allow energy flow in only one direction. To maximize
the effectiveness of the grid infrastructure, especially in an
increasingly decentralized grid, we need to balance supply
and demand. Intelligent inverters with energy storage and
generation can provide a powerful tool to deliver bidirectional energy flow of both generation and load when it’s
most valuable. The tools exist, but the market and pricing signals to properly reward participation are in their
48
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power-factor correction, and volt and VAR support—much
faster than traditional spinning generation. Market mechanisms will need to be in place to provide incentives for end
users and developers to offer these services to the grid.
—Kent Sheldon, Greensmith Energy Management Systems

infancy. With the Supreme
Court’s ruling reaffirming
FERC 745, the tools are going
into place to create a market
where customers can manage
their generation and load in
response to pricing signals,
thereby increasing the utilization of the grid while returning a profit.
—Philip Undercuffler, OutBack Power Technologies
Systems such as the Sunny Home Manager provide an interface to utilities and distribution network operators who can
regulate the PV curtailment limit via direct data connection.
In such cases, PV plant owners may receive reimbursement
for their contribution to grid stability, in the form of incentives or monetary benefits.
—Martin Volkmar, SMA Solar Technology

What is your perspective on grid defection?
Do you think this form of self-consumption will
gain traction in certain markets?
It will gain traction if the PV financials are favorable to owners and if utilities continue to create an environment that
promotes it. Overall, grid defection and load defection is not
the direction we should be going in to increase our use of
renewable energy; but if utility resistance to distributed PV
continues, it will become a more viable option. I anticipate
requirements where residential customers either cannot
disconnect from the grid, as exist in Florida, or have to pay
exit fees that make leaving the grid a costly decision. Exit
fees are already common for commercial customers.
—Marvin Hamon, PE, Hamon Engineering
Grid defection is an emotional response rooted in frustration
with utility policy. Producing all your own power 24 hours a
day, 365 days a year is a big job and isn’t easily compatible

with the typical modern lifestyle. Hawaii is probably the
easiest place in the US to do so, but even Hawaii has clouds.
Do we really want backup generators running all over the
islands when a storm rolls through? The Rocky Mountain
Institute differentiates between grid defection (cutting the
cord) and load defection (reducing the reliance on the grid).
Most folks will want to build out their solar-plus-storage system yet remain connected to the grid, as long as the utilities
wise up and don’t institute punitive shortsighted rate structures that drive distributed solar off the grid.
—Wes Kennedy, Fronius USA
We hear from a lot of people who don’t like their utilities and
want to take their 4,000-square-foot home with dual air conditioning units off grid. These homes can consume 100 kWh
per day. In this scenario, the answer is not to couple solar with
massive storage or to add a large dirty gas generator. The best
solution is typically to stay grid tied and to add solar and storage for self-consumption and critical emergency power.
—Neil Maguire, JuiceBox
It’s a hell of a lot of hype and spin at present. In the near term
at least (6–36 months), formerly grid-tied, battery-based offgrid systems will be very few and far between, at least in my
market in Hawaii.
—Marco Mangelsdorf, ProVision Solar

Co u r t e s y s o n n e n

Today, off grid is only a small
part of the US PV market. It
is still more cost-effective for
homeowners to stay connected
to the grid and to use the PV and
grid resources interchangeably.
With combined PV and storage,
homeowners can increase their
level of energy independence, in
Integrated sonnen initially
developed its sonnenBatterie
for the German self-consumption and backup market, but
the company recently introduced a UL-listed version for
US applications. The product’s
software uses past household
energy patterns (including
energy generation and usage, time of day and historical
weather data) in combination
with self-learning forecasting
software to predict a home’s
usage and solar generation.

many cases producing and storing all the energy they need.
However, to be fully disconnected from the grid does incur
added costs and lifestyle changes.
—Peter Mathews, SolarEdge
This seems to be a universal fear of most utility companies.
They are suffering from allowing various companies to get
between them and their customers with PPA contracts. Now
they are overreacting to the prospect of PV plus storage, which
could enable their customers to disconnect and become their
own utility companies. Unless utilities dramatically increase
their general service charges, it would be foolish to isolate
your property from the option of maintaining access to convenient utility power via an infrastructure that is already in
place. I prefer to think of the utility service as a cheap backup
generator when there isn’t enough PV generation or when
there is a problem with your distributed generation system.
I do think this form of self-generation will become popular in markets with extremely high utility-tariff rates. We
are already seeing demand grow in many island markets,
including Hawaii. In some markets, the local governments
are incentivizing relatively small, isolated village power systems rather than funding expensive transmission projects to
serve remote villages. Some village power projects have successfully integrated PV, wind, batteries and backup generators. These applications are becoming more commonplace,
given the reduction in PV and battery prices, combined with
the increase of utility power prices.
—Kent Sheldon, Greensmith Energy Management Systems
Grid defection is happening on a small scale. Now that the storage technology exists to increase self-consumption, customers
have greater control over their energy choices. In certain markets such as Hawaii, self-consumption will increase because the
right technology and tariff structures exist. In addition, smart
storage in combination with solar generation allows customers a real option to go completely off grid in regions where grid
services are cost-prohibitive or unavailable.
—Greg Smith, sonnen
Self-consumption works for some consumers but not for others. So many factors affect that decision, which is driven largely
by economic considerations but also by practicality and reliability. There will be an increased deployment of intelligent
systems that can be effectively aggregated into virtual power
plants and that offer economic benefits and increased reliability on both sides of the meter. These systems will become an
important factor in the self-consumption decision.
—Stu Statman, Sunverge Energy
OutBack has been successfully enabling grid defection for 15
years, and this is a large and growing C O N T I N U E D O N P A G E 5 1
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Mandalay Bay Zero-Export PV System

T

he 6.4 MWdc MGM Phase I solar project at the
Mandalay Bay Convention Center offsets a significant portion of the convention center’s electrical load.
While the facility uses more power than the solar plant can
generate, contractually the Mandalay Bay property must use
all the power generated from the PV plant. Consequently, the
project team installed multiple safeguards to ensure that solar
generation would not back-feed into NV Energy’s system. The
project also required that Mandalay Bay would not experience
a power outage during system interconnection and commissioning. Project partners NRG Renew, MGM Resorts and
Eaton worked together to develop a solution.
To meet the nonexport power requirement, the team
installed metering at the point of connection between NV Energy
and Mandalay Bay. This interconnection point is located at one
end of a 12,470 V main-tie-main system. Normally, both mains
are closed and the tie is open. A system of three locks and two
keys ensures sequencing, allowing closure of only two of the
three switches at one time. The new and existing switches are
Eaton metal-enclosed switchgear (15 kV).
The PV system feeds into the switchgear connected to
the (previously spare) switch between the tie and right main.
Sunora Energy Solutions (an NRG Renew subsidiary) installed
metering current transformers, potential transformers and a
multifunction power meter to manage the power on the NV
Energy side of the right main switch. NV Energy
helped with the configurations, and enabled the
team to avoid power outages to Mandalay Bay
during system interconnection.
In the event of a power outage or to facilitate
maintenance, the existing key interlocks allow

—John S. Glass, lead field service engineer, Eaton;
Jared Porpiglia, manager, procurement, NRG Renew
Large scale While zero-export
systems are frequently associated with residential applications, the 6.4 MWdc MGM
Phase I solar project at the
Mandalay Bay Convention
Center is required contractually
to eliminate the possibility of
back-feeding solar generation
into NV Energy’s system.
(inset) Redundancy In addition
to a relay system at the solar
plant switchgear and the main
point of interconnection, this
project’s zero-export strategy
includes a system of three locks
and two keys that ensures
sequencing, allowing closure of
only two of the three switches
at one time.
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operators to open one main and close the tie. In this condition, if the solar feeder remains on, the PV plant could export
generated power through the unmetered left main. This would
result in a contractually unacceptable situation. To eliminate
the possibility of any power back-feeding onto the grid, installers added interlocks that require isolation of the solar feed
before operators can close the tie switch.
The difficulty was adding the interlocks without impacting the power flow to Mandalay Bay. A creative key interlocking system avoided even a momentary power outage. The
team installed a system of two locks and one key on the solar
feed and tie switch. The new lock on the tie switch physically
blocks access to the existing lock, which requires a key from
one of the main switches to enable closure of the tie.
The team also installed a relay system at the solar plant
switchgear and the main point of interconnection. This system allows NRG, Mandalay Bay and NV Energy to monitor
and control features in real time. If the solar power output
reaches 92% of the load, a curtailment feature in the relay
system forces an automatic reduction in PV power output. If
any issues arise, that activates alarms, and NV Energy, NRG
and Mandalay Bay have the option to limit the solar power
output remotely through the relay control. The expectation is
that there will be no need for curtailment.
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portion of our market. The economics and benefits of energy
independence have never been better; and as utilities increasingly rely on penalizing solar with minimum bills and access
charges, we see customers doing the math and cutting the cord.
—Philip Undercuffler, OutBack Power Technologies
Grid defection will almost certainly increase as a result of
new technology and lower system costs, but it will still be
limited to a small group of individuals. While some are able
to accept the more modest lifestyle required for grid defection, most US consumers would not compromise. The most
likely markets to see some rise in grid defection are Hawaii
(among other island markets) and other areas of the US
where the electricity rates are steadily increasing, such as
California and Arizona.
—Martin Volkmar, SMA Solar Technology

How will the US market for self-consumption
PV systems, and the equipment used in
these systems, evolve over the next 5 years?

OLL FORMING
TAMPING
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USTOM ASSEMBLY

The next 5 years will be a time of rapid development in
integration and ease of deployment of plug-and-play smart
meters; smart hybrid inverters; battery banks that are modular, safe and robust; and networked appliances and home
controls. Software will offer intuitive visualization and
insight into real-time market signals that allow prosumers
to participate fully in supporting and receiving benefits from
the networked smart grid.
—Wes Kennedy, Fronius USA
We will see one state after another move away from NEM
and to a rate structure that encourages self-consumption.
—Neil Maguire, JuiceBox

It’s impossible to tell since it is driven by utility decisions that are difficult to predict and system costs that are
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experiencing a downward trend. If utilities continue to create environments that promote self-consumption instead of
reasonable grid energy exchange, and energy storage costs
continue to decline, the number of consumers who choose
to install these systems will increase.
—Marvin Hamon, PE, Hamon Engineering

The last few years have seen a decline in battery and PV product
prices and an increase in smart inverter capabilities. This allows
smart energy management both on a micro level for individual
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Reimagined
platforms SolarEdge announced
the commercial
release of its
Tesla Powerwallcompatible
StorEdge system
in January. The
system features a
400 V nominal dc
bus, an optional
energy meter and
monitoring software
that allows the
StorEdge platform
to support self-consumption, backup
power and other
energy management applications.

Self-consumption will first evolve in Hawaii
because of very high utility prices and an unstable
grid caused by high penetration of PV and wind.
Allowing further deployments of PV and wind on
these grids requires self-consumption. Hawaii
will also require PV and storage systems to take a
more active role in grid support functions.
I see self-consumption indirectly evolving on
the continental US through the installation of PV
and storage systems to reduce demand charges
and participate in ancillary services. As energy
rates increase and more NEM programs disappear, these systems will transition to performing
voluntary self-consumption due to simple economic forces.
—Kent Sheldon, Greensmith Energy
Management Systems

C ou r te sy S ola r E dge

households and at a macro level for the utilities. If
this trend continues, evolving technologies and grid
requirements will make many new financial models
possible, self-consumption being one of them.
—Peter Mathews, SolarEdge

Considering what happened in Germany with changes to
feed-in tariffs and higher utility-rate tariffs, you can expect
similar regulatory changes to have an impact on PV systems in the US. Some markets have already seen dramatic
changes on the regulatory side, and residential demand
charges and distribution access charges are likely to
become a reality. Storage systems will continue to provide
solutions that help future-proof customers. The number of
storage system installations will increase, not only because
of potential regulatory changes and customer desire to
consume more of the solar energy they produce, but also
because of the declining cost of energy storage technology.
Storage will become a standard part of the solar installation, instead of an add-on.
—Greg Smith, sonnen
Sunverge Energy just announced its next-generation system,
which offers more lithium-ion battery chemistry options than
before, in a smaller footprint and at a reduced price. Systems
will continue to improve and become more attractive to consumers. At the same time, the most important advances are
in the intelligence of the systems and the control platform in
the cloud, which will make possible this transition to power
as a service, as well as much more intelligent, automatic and
efficient management of distributed power resources.
—Stu Statman, Sunverge Energy
Today’s market is in its infancy. Installers are kitting
together solutions using the products and tools available,
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few of which were designed specifically for grid-tied selfconsumption systems. As the market develops, inverters will
likely transition from a narrow focus on energy production
to a broader perspective of energy management. Systems
will become easier to design and install as designers learn
from the lessons of the PV industry in terms of modularity
and repeatability.
—Philip Undercuffler, OutBack Power Technologies
Due to rising PV system saturation, net-metering schemes
will end in more and more US states. This will give momentum to the paradigm change in using PV systems—from
earning money through high feed-in rates or net metering,
to energy cost reduction through enhanced self-consumption rates and higher self-sufficiency levels for households
with PV systems, including storage.
The rising number of smart homes in the US will contribute to using self-generated PV energy more efficiently. With
a network of appliances in the smart home, load shifting will
become an easy-to-realize standard for energy efficiency
measures in the near future. Appliances will automatically
use power when the sun provides it at sufficient levels.
—Martin Volkmar, SMA Solar Technology
g C O N TAC T
Joe Schwartz / SolarPro / Ashland, OR /
joe.schwartz@solarprofessional.com / solarprofessional.com
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Regardless of the role a PV business plays in the solar value chain,
a solid marketing strategy in 2016 must do more with less.

T

hanks to the relative youth of the solar industry,
marketing budgets will remain limited until marketing departments can fully demonstrate their
contribution to revenues. Meanwhile, major shifts
in consumer purchasing behaviors not only create
new marketing challenges but also present new opportunities for marketers to quantify their impact on the bottom
line. Customers have moved from in-person meetings and
phone calls as the means of performing their initial due
diligence, research, vetting and purchasing; they are now
going through this journey alone and online. Since marketers traditionally manage the online presence of a brand, this
change in the customers’ journey requires a transition from
traditional marketing and branding campaigns to revenuemarketing initiatives responsible for the early stages of
engagement that the sales department used to handle.
In this new paradigm, brands have to interact with prospects through digital channels and forums, where they have
less control over shaping customers’ decision-making processes. Tools such as email, blog posts, webinars, online
forms and videos allow marketers to create customized,
multifaceted, presales lesson plans full of valuable content
for each specific buyer persona with whom they want to do
business. Further, marketers can now use digital marketing
tools to track engagement with prospects online and quantify the impact that marketing and communications have on
bringing business into the organization.

The Evolution of Solar Marketing
In any organization, marketing shapes and continuously
maintains the corporate brand. The brand is the collective
sum of all interactions (no matter how insignificant) the
organization has with an external—or internal—audience.
Success in marketing is measured qualitatively by how the
marketplace perceives the brand and quantitatively by revenue. As brand ambassadors, marketers are on the front lines

Solar Marketing
By Philip Hall
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Solar Marketing

of this initiative and are responsible for the heavy lifting that
enables the organization to achieve its mission and goals.
Solar marketing today has evolved in step with the US
solar industry. The North American market for PV products
really hit its stride in 2000 with the passage of California’s
Senate Bill 1345, which directed the state’s energy commission to develop and administer a grant program supporting
the purchase and installation of solar energy and selected
small distributed generation systems. Initially, the solar
industry faced skepticism from potential customers who
were hesitant to be early adopters of an innovative technology, and it lacked financial backing as the investment community was unwilling to risk supporting a “green” energy
source it knew little about.
However, the growth of international markets that were
embracing photovoltaics drew the attention of Wall Street,
and slowly investors turned their attention to the massive
untapped US market potential. Primarily in California, solar
competition grew in the residential and small-scale commercial sectors. More money went into researching new technologies, financial products and project development. The US
solar market grew year over year, and audiences’ understanding of the solar value proposition matured. As solar firms grew
and expanded into new geographies, so did their marketing
departments, disseminating content that explained how solar
works, touted the many benefits it provides and identified
product vendors and installation contractors.
Fast-forward a decade: Solar’s potential customers have
become far more sophisticated, and, thanks to the Internet,
they can be their own subject matter experts without having
to make a phone call or meet with a vendor. Several recent
studies suggest that today’s buyers complete 60%–70% of
their purchasing journey digitally. Whereas information
about solar used to be scarce and hard to find, buyers now
have access to a wealth of content from a variety of sources.
Paradigm shift Empowered by digital tools, today’s buyers are more proactive and self-directed than ever before.
Research by CEB suggests that business-to-business customers complete more than half of their due diligence before
contacting a supplier.
Customers are choosing to delay
commercial conversation with suppliers

D a t a s o u rc e C EB

57%
complete

Customer due
diligence begins
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Customer has first
serious engagement
with sales
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Purchase

Given that today’s consumers tend to refrain from engaging a salesperson until the last possible moment, marketers
need to innovate and find ways to curate the brand experience—not only adapting content to multiple platforms, but
also targeting buyers early in their journey. In other words,
marketers need to shift the dynamic in their strategies from
that of seller and buyer to that of teacher and student.

Effective Solar Marketing
Until solar matures and becomes a more pervasive player
in the US energy mix, marketing departments will face the
challenge of acquiring more customers with fewer resources.
Just a few years ago, the cost to install solar was double what
it is today, which enabled some companies to spend liberally
on building their brand and market share. Today, solar is a
tight-margin business that requires low customer acquisition costs for companies to turn a profit while continuing
to grow.
One of the most cost-effective marketing strategies is
to segment the database of potential customers, and then
nurture and engage those leads by generating audiencespecific value-added content. Since today’s customers are
actively looking for information via digital platforms, brands
that provide trusted content are more likely to win their
business. Therefore, marketers should focus on generating
content intended to inform and educate rather than push a
specific product or service offering.
MARKET SEGMENTATION
The solar industry sells to a variety of customer types and
decision makers: homeowners, business owners, low-income
housing developers, tenants, entities with investment-grade
credit, public institutions, utilities, independent power producers, consultants and even politicians. Customer relationship management (CRM) software allows marketers to
segment prospects by customer type and level of interest.
Selling solar to the chief financial officer of a food packing facility in California’s Central Valley is completely different from selling it to a homeowner in Florida. Similarly,
selling racking to the vice president of procurement for an
EPC firm is different from selling it to the buyer for a local
PV parts distributor. The basic concept behind market segmentation is that prospective customers are more receptive to content that speaks directly to them and their needs.
For example, a facilities manager for a school district might
find a blog post titled “Evaluating Inverter Warrantees Most
Commonly Used for School Facilities” more compelling
than one titled simply “Evaluating Inverter Warrantees.”
Targeting audience needs in marketing content dramatiC O N T I N U E D O N PA G E 5 8
cally improves response rates.
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CRM software. To collect customer datasets, some solar
companies purchase contact lists. Others become members of a trade association to access its membership list,
or they scour the web or collect business cards at trade
shows. Regardless of how a company builds its lead database, CRM software allows it to manage and track these prospective customers.
A CRM software platform is the hub that archives information about new, existing and potential clients. Popular
CRM offerings today include Insightly, Oracle, Salesforce,
SugarCRM and Zoho. Each offers off-the-shelf solutions that
also allow customization. Some of these solutions are geared
toward design-build companies with 100 employees or less,
while others are better suited to large online consumer
product retailers.

Marketing automation As detailed in this excerpt from a
larger infographic, marketers can use software platforms such
as Pardot to assign scores automatically to incoming leads
based on certain actions or signals.

Administrators can use CRM software to set alerts and
triggers that allow various departments within an organization to coordinate and communicate with one another. The
marketing department, meanwhile, can use this platform
to segment datasets into categories such as leads, contacts,
opportunities and accounts. The CRM platform can also
integrate with marketing automation tools and digital marketing platforms.
Marketing automation tools. Automation tools such as
HubSpot, Marketo, Oracle Eloqua and Pardot can serve up
58
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different pieces of content at specified intervals or in
response to specific actions or milestones, based on sets of
rules defined within the software. With Pardot, for example,
marketers can create a set-it-and-forget-it email drip campaign: At the click of a button, the prospect receives a series
of targeted email messages in a prescribed order.
Integration with CRM platforms further empowers marketing automation tools. For instance, when a prospect takes
a specific action, such as clicking on a link in an email or filling out a form on a website, the CRM platform can alert the
appropriate sales representative and note the interaction in
the lead database. While it takes a lot of work to set up these
processes, which require constant iteration and improvement, they do offer another way to accomplish more with
fewer resources.
Grading leads. Grading is the process of segmenting existing and potential customer datasets into clearly defined Tier 1
and Tier 2 markets. Tier 1 markets comprise ideal customers;
Tier 2 markets are less immediately lucrative but still worth
pursuing. For example, Tier 2 markets might include customers who are in an area that is more difficult for the company
to service or customers who require a resource-intensive form
of financing.
CRM software can assign each prospective customer a
grade based on conformity to an ideal customer profile. For
instance, the marketing and sales teams might decide that
the ideal customer is a homeowner in New Mexico with an
average electric bill of $200 per month. Based on this benchmark, a residential prospect in Albuquerque with an average electric bill of $250 might receive an A grade in the CRM
platform, whereas a neighbor with an average electric bill of
$150 might receive a B. Grading is one way to sort the lead
database within the CRM platform to identify the highestpriority prospects.
Scoring leads. Scoring is the process of differentiating
leads within marketing automation software according to
the level of customer interest or engagement. Low scores
generally describe early-stage buyers with minimal brand
engagement. The more those prospects interact with marketing content, the higher their score.
For example, the software could assign two points
for clicking on a marketing email. If the lead then goes
on to interact with the content in a way that indicates
readiness to buy (perhaps downloading a list of customer
references), that could add another 20 points. The sum
total of all of these engagements—page views, site searches,
downloads, email opens, email clicks, page landings, webinar registrations, video views and so on—is the lead’s score.
A higher score implies a greater interest in the brand and
its offerings.
Scoring leads in this manner enables more timely and
appropriate interactions with prospective customers. CRM

General Segmentation vs. Hypersegmentation
Recipients

General segmentation

Hypersegmentation

1,000

300

Response rate

2%

4%

Total responses

20

12

Table 1 While hypersegmentation can improve marketing
campaign response rates, it runs the risk of netting fewer total
responses by applying too many data filters.

software can send automatic alerts to sales personnel whenever a lead reaches a particular score threshold. The score
can also indicate whether this is an early-, middle- or latestage buyer and allow the marketer to initiate an appropriate strategy. (See “The Buyer’s Journey” on p. 60.)
General segmentation versus hypersegmentation. To segment a database, marketers should start by filtering their
lists according to the most clearly quantifiable values, such
as buyer type, procurement stage, industry type, geography, site specifications and so forth. Then the focus shifts to
maintaining the accuracy of these limited fields as the database expands.
While the data will never be perfectly accurate, taking
a strategic approach to segmenting lists maximizes their
usefulness. It is best not to focus on job titles, for example,
since employees with the same title do not necessarily have
the same role from one organization to another. Further, in
the business-to-business space, customers are ultimately
business entities, agencies or organizations. As such, a chief
financial officer and a facilities manager might both offer
inroads to potential customers, but they will have different
goals based on their specific roles. The marketing content
should reflect these distinctions.
There is a fine line between optimal segmentation and
too much. While a tightly refined list might result in a great
response rate, it also requires more time to filter and may
not result in the highest number of responses. As shown
in Table 1, casting a wider net may result in a higher number of responses, offsetting a lower response rate. Applying
too many filters to the data could eliminate an opportunity
that falls just outside those parameters. Hypersegmentation
works only if the data are extremely clean and thorough, and
the company has the resources to generate enough content
for each precise customer segment.
If customers in a specific market segment share five or
more characteristics, then refine the segment further based
on those characteristics ( for example, residential customer, located in a specific region and so on). If customers
come through a variety of channels and many are unique
in some way, segment on the two or three characteristics

most common in the ideal Tier 1 and Tier 2 segments ( for
example, the “ideal customer” defined earlier—homeowner, in New Mexico, electric bill greater than $200 per
month). An abundance of responses is a good problem to
have. The marketing department can then work on finding ways to further refine customer profiling or implement
some sort of qualification process that insulates the sales
team from tire kickers.
LEAD NURTURING AND ENGAGEMENT
With the list segments defined, next up is the use of digital marketing tools and online forums to engage each segment in a variety of ways. In this context, engagement is
any interaction a customer or prospect has with the brand.
Unfortunately, not all potential customers are ready to buy
at the same time, and prospects actively looking for the
brand’s products and services will be at different stages of
the procurement process. Therefore, the marketing plan
needs to engage prospective customers at regular intervals
over a period of time that is roughly double the length of the
average sales cycle. This lead-nurturing plan can be elaborate or simple.
The optimal cadence (frequency of touches), as well as
the quantity of interactions, will depend on the buyer segment and its familiarity with and interest level in the company’s offerings. The strategy could involve sending a single
email to a list of recipients once a month for a year, or 10
different emails over the course of a single month. Marketers
can also mix and match engagement methods, perhaps
implementing a program that uses email marketing in conjunction with follow-up phone calls that attempt to drive
traffic to the registration page for a webinar. The intent is
the same, regardless of method or cadence: to develop a trail
of content that nurtures prospective customers along the
buyer’s journey. In effect, the goal is to get prospects who
are initially unaware of the company and its products and
services to a point where they reach out for more-specific
information about an offering—which is a signal that they
are ready to buy.
Social media platforms. By setting cookies on website visitors’ browsers, marketing automation tools also improve
marketers’ ability to track customer engagement on different social media platforms. Tracking these interactions
offers insight about the content that prospective customers
find most valuable or interesting. These insights can help
marketers improve web traffic and blog content and reach
new audiences.
While each social media platform has its own limitations
and conventions, they all provide opportunities for customer
engagement. Twitter currently has a limited character count,
whereas YouTube is a platform for video content. Facebook
has a casual and familiar tone, while LinkedIn is professional
solarprofessional.com | S O L A R P R O
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The Buyer’s Journey

T

Volume of content

he buyer’s journey comprises three stages—early, middle
Middle-stage content helps customers understand the pros
and late—and marketers need different content to address
and cons of various products or offerings on the market. It also
each of these stages.
addresses common concerns that buyers have about specific
Early-stage buyers. These buyers have the most research
offerings. Perhaps installers have expressed concern about the
to do and the longest lead time until they become customprice of a mounting system because it is not the cheapest one on
ers. Since every customer has to pass through this stage, it is
the market. The marketer could respond to this concern by hostessential that marketers generate content targeted to the needs
ing a webinar about mounting system qualification methodoloof early-stage buyers. However, the possibility exists that these
gies, highlighting features that make the product faster to install
prospects will not progress all the way through the buying cycle
in the field or easier to service over the life of the system.
or will pivot to another company’s solution along the way.
Late-stage buyers. These buyers are ready to procure.
Marketing content that provides value to early-stage buyers
While late-stage buyers might seem like low-hanging fruit, it
tends to be general in nature. It communicates market trends, pro- is difficult to win business when the first contact occurs this
vides examples of how an offerlate in the buyer’s journey.
ing has helped similar buyers or
Late-stage buyers may feel
Middle stage
(looking for a teacher)
introduces buyers to a specific
confident in the research
benefit that the company brings
they have already performed.
to the table. A simple brochure
If they have formulated a
Early stage
Late stage
(long way
(mind
explaining the benefits of installpositive impression about
to go)
made up)
ing solar at home is a good
a competitor’s product or
example of content targeting
service, it will prove difficult
early-stage buyers. The goal is
to win them over.
not to hype the company and
Late-stage content elabits differentiators so much as
orates on why the company’s
it is to nurture the prospect’s
solution is the best, explains
20%
60%
20%
confidence in a general solution,
why it has the most-satisfied
one that particular company
customers and details
Life cycle of a buyer
happens to provide.
how its offering will deliver
Volume
of
content
Marketers
should
emphasize
content
the most value. Because
Middle-stage buyers.
for
middle-stage
buyers
because
this
is
where
they
have
converting
can be an uphill
These buyers are closer to
the
greatest
opportunity
to
instill
the
brand
connection
that
battle
at
this
buyer stage, the
signing a contract. They genertranslates
to
increased
conversion
rates.
company
should
not dedicate
ally understand what product
too
many
resources
to it.
or service the company offers.
That
said,
the
marketing
department
does
need
to
have
some
However, they want to feel more confident in their purchascontent
geared
toward
late-stage
buyers,
offering
a
reason
to
ing decision. This middle stage is where marketers can really
buy from their company rather than the competition. This could
educate buyers and equip them with the information they need
be as simple as a press release highlighting a customer win in a
to become subject matter experts, in the process developing
specific market segment, or a video testimonial from a satisfied
brand loyalty and moving them along the path to becoming
late-stage buyers.
customer underlining the company’s credibility.{
and conservative. Marketers can use these distinctions to target different types of leads with different content.
VALUE-ADDED CONTENT
Remember when customers used to engage with professionals
directly? Fifteen years ago, solar professionals went door-to-door
to discuss how solar worked. Customers attended home and garden shows and Rotary Club breakfasts to meet with the one or
two solar integrators active in their local market. Solar company
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websites were very basic—devoid of sticky features intended to
hold customers’ attention or promote return visits—and displayed a limited volume of content in a single format: text.
Today’s consumers no longer need to walk the floor of an
exhibit hall to get a snapshot of the solar industry. Instead,
all the information they require is available from their web
browser’s search bar. Further, research by McKinsey &
Company suggests that 50% of business-to-business transactions now take place on digital platforms.

C ou r te sy Bor re go S ola r

post, infographic, webinar or print collateral—valueadded content should emphasize the teacher-student
dynamic between the seller and the buyer and leave
customers with a sense of trust in, and respect for, the
brand. When value-added content is done well, creating and disseminating it results in customers who
are better informed and therefore more discerning. If
these better-informed buyers trust a brand, they are
more likely to contact its sales representatives or visit
its online store when they are ready to buy.
Generating content. Fostering customer loyalty
depends largely on a marketer’s ability to create or
source content that is of value to prospects and to
deliver it when and where they are looking for it.
Such content needs to target different market segments and buyer stages. While every organization is
unique, a good rule of thumb is that 20% of the content should target early-stage buyers, 60% should
target middle-stage buyers and 20% should target
late-stage buyers.
To generate content that
provides real value to real
customers, the marketing
department should work with
sales to identify the common
purchasing profiles within
the existing customer base,
and then develop content for
those profiles. Say one type of
customer needs to convince a
group of colleagues to make
a purchase. Appropriate content helps that person communicate the benefits of an
offering to various department heads: For instance, a
white paper or blog entitled
“Guide to Evaluating the Economic Benefits of Solar” could
enable a facilities manager to
justify an investment in solar
to a chief financial officer who
is concerned only about the
bottom line.

Now, more than ever before, marketers have the
ability to engage with clients in online forums where
the prospect or customer is most comfortable. While
solar marketers may have more limited financial
resources than they did a decade ago, they also have
more digital pathways for conveying messages about
the continuous evolution of solar technologies, regulations and policies. These pathways include paid online
text ads, sponsored web searches, pay-per-click ads,
display ads, blogs, digital publications, email marketing campaigns, webinars, Facebook, Twitter, LinkedIn,
YouTube and so forth. Each one provides marketers
with opportunities to cast a line, dangle some bait and
try to catch the interest of prospective customers.
The most effective bait is value-added content, which
educates and informs customers or engages them in a
conversation. To stand out from the noise, value-added
content should not be packed with sales pitches: Its goal
is to provide information that customers can use along
their buyer’s journey. Regardless of the medium—blog

Co u r t es y S E I A

Value-added content Blog posts, such as these on
Borrego Solar’s website, are a prime opportunity for
companies to disseminate content that educates and
informs prospective customers, ultimately building their
trust in the company’s brand.

Confidence building Organizations such as the Solar
Energy Industries Association,
which produced this solar
jobs infographic, are a good
source of general content for
early-stage buyers.

solarprofessional.com | S O L A R P R O
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The failure to segment marketall-too-common divide between
ing content and target specific types
marketing and sales, eliminatof buyers and buyer stages results in
ing delays that sometimes occur
messages that may be off topic or too
in handing off opportunities. The
general to serve potential customers.
software also provides a central
Obtuse marketing not only confuses
platform where the sales team can
customers but also contributes to list
identify and engage qualified buyfatigue: When the messaging is not
ers while the marketing departeducational and does not provide
ment nurtures early-stage leads
real value, recipients simply tune out
further along the buyer’s journey.
the brand and unsubscribe from permission-based emails.
It takes a lot of time and resources
to develop quality content for multiple
market segments and buyer stages,
While solar is a low-margin
and then disseminate it effectively.
business, and marketing departMarketers need to take advantage of
ments are under increasing
resources in other departments within
pressure to lower customer
their organization, as well as beyond
acquisition costs and generate
it. The public relations department,
revenue, it is important to underfor example, can pitch educational Teaching tools SunLink’s YouTube channels, one promise in messaging and overand promotional articles to media of which is shown here, offer a good example of
deliver in practice. Overselling or
outlets. The finance team can develop how marketers can use social media to educate
deceptive phrasing in marketing
an article about the pros and cons of prospects about product offerings and differentiapoisons the well for everyone.
various financing products for a trade tors, all good content for middle-stage buyers.
Not only are unhappy customers
publication. The marketing departmore likely to share stories about
ment can distribute the published article to customers looking their buying experiences than happy customers, but also
to evaluate solar financing options. The implicit endorsement potential customers are more likely to believe negative than
of a third-party publication will add credibility to the message, positive reviews.
and, as long as the piece is informative, prospective customers
No one wins if a vendor advertises an impossibly low
rate for a power purchase agreement as a way to win more
will appreciate receiving it.
In addition to developing value-added content in-house, business. If customers get hit with a change order later, that
marketers can leverage other industry resources. The Solar leaves them with the impression that solar is not as good
Energy Industries Association, for example, is an excellent a deal as advertised. If the vendor absorbs these costs and
source of content about the general benefits of solar and the operates at margins that are not sustainable, that vendor
current state of the industry for early-stage buyers. More- will eventually go out of business and leave customers withdetailed content published in industry trade publications out warranty support. Getting such a black eye does not
suits the needs of middle-stage buyers. To perform a valuable engender customer satisfaction or trust, nor does it attract
service for prospective customers, simply point them in the investors, and it leaves open chinks in the armor that oppodirection of quality information from a trusted source—con- nents to solar can exploit.
As an industry, we are selling systems with a 25-year sertent that is easy to source and disseminate, but still provides
vice
life. For many customers, a PV power system purchase
valuable insights for potential customers. For instance, a
monthly email blast might provide links to the five most inter- is a one-shot deal. It is also a very large purchasing decision
esting articles on a topic published in the last 30 days. Social for both residential and commercial customers. As such, it is
important that they have a good buying experience and be satmedia offers another outlet for sharing good information.
Marketing automation tools allow the marketer to eas- isfied with the results. Ultimately, what is best for solar busiily disseminate value-added content to various market seg- nesses is also what is best for consumers—namely, a thriving
ments. To track engagement by buyer segment, the marketer solar industry with a healthy amount of competition.
integrates these automation tools with social media platforms, CRM software and various other application program
g C O N TAC T
interfaces. Rules within the marketing automation and CRM
Philip Hall / Borrego Solar / Oakland, CA / phall@borregosolar.com /
platforms can feed qualified leads directly to the sales team.
borregosolar.com
When used in this manner, these software tools bridge the
C ou r te sy S u n L in k

Responsible Marketing
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North America’s Most-Attended Solar Event
Moscone Center, San Francisco
Hear it here first! Be part of the first major U.S. solar event of the year
18,000 visitors connect with 550 international exhibitors
Solar & Energy Storage – The perfect match! Intersolar is co-located with ees®

co-located with

Exhibit now!

Interview

An Experienced Perspective

Richard Lawrence, NABCEP
Advancing Certification and Standards for Solar Professionals

A

group of dedicated volunteers
from the renewable energy
industry founded the North American
Board of Certified Energy Practitioners
(NABCEP) as a nonprofit organization
in 2002. NABCEP administers the most
well-recognized and respected personnel certifications for renewable energy
professionals in North America. The
organization launched the first Solar PV
Installer certification exam (now called
PV Installation Professional) in 2003,
the first Solar Heating Installer certification in 2006 and the first PV Technical
Sales Professional certification in
2011. NABCEP began its Company
Accreditation Program in 2012. In the
13 years since NABCEP recognized the
first Certified Solar PV Installers, over
3,850 individuals have achieved NABCEP
certification and over 28,500 have taken
an entry-level exam.
Richard Lawrence is NABCEP’s
executive director. He holds an MS in
environmental education from Lesley
University, where he focused on renewable energy education, training and
workforce development. Lawrence
joined NABCEP in 2011 as the director
of operations and became the executive director in 2013. Previously, he
worked for 10 years as a renewable
energy educator and advocate with
several nonprofit organizations and
community colleges throughout the
Northeastern US.
SP: The American National Standards
Institute (ANSI) accredits NABCEP’s
PV Installation Professional and Solar
Heating Installer Certifications. Can you
explain what that means and elaborate
on what is required to achieve and maintain ANSI accreditation for a personnel
certification program?
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S O L A R PR O | March/April 2016

RL: Being ANSI accredited means that we follow
international standards
and best practices in the
development, maintenance
and administration of our
certification programs.
Since 2007, ANSI accreditation has ensured that the
NABCEP PV Installation
Professional certification
is in compliance with the
ISO/IEC 17024 standard.
Independent ANSI assessors regularly review and
audit all our policies and
procedures regarding
certification to ensure that
we continue to operate in
accordance with this rigorous international standard.
The standard has strong
emphasis on impartiality,
Richard Lawrence, NABCEP Lawrence joined
fairness, security, confiNABCEP in 2011 as the director of operations and
dentiality, reliability and
became the executive director in 2013.
validity. Anyone can issue
program, and what are NABCEP’s specific
a piece of paper saying that someone
continuing education requirements?
is certified; operating a certification
program in accordance with ISO/IEC
RL: Solar professionals should view
17024 means that the issuer took all the
NABCEP certification as a dynamic and
right steps to obtain industry input and
ongoing process. One of the requirevalidation of the job task analysis [the
ments of ANSI accreditation is that the
information essential for understanding
certifying body ensures on a regular
basis that those with its certification
what tasks are required on the job and
remain competent at performing the
what knowledge, skills and abilities are
job. Those who achieve our certificanecessary to carry out those tasks], certions must actively perform the job
tification eligibility criteria, examination
method and recertification requirements. for which we have certified them, and
they must regularly update and refresh
Ultimately, it means that the certificatheir knowledge about the profession
tions we issue are rigorous and well
respected by the industry, consumers and through continuing education activities.
NABCEP accomplishes this with a recerother stakeholders.
tification procedure every 3 years.
SP: What is the role of continuing eduEach of our certifications has
cation within a personnel certification
slightly different requirements for

recertification, but all certificants
must complete at least 18 hours of
relevant training and demonstrate a
decision-making role on a minimum
number of completed jobs every 3
years. This essentially amounts to a
minimum of 1 day of training per year.
While dozens of registered training
providers offer continuing education opportunities throughout the
year, NABCEP designed its annual
Continuing Education Conference
to provide all 18 hours over a single
3-day period. We move the conference
between locations in the east, west
and central parts of the country so
that at least once every 3 years we hold
the event in regions where we have a
lot of certified professionals.
SP: What does NABCEP look for when
approving a continuing education provider?

RL: We intend our continuing education
to keep our certified professionals up to
date on the latest codes and standards,
technology and industry best practices.
Companies or training institutions
offering courses for experienced workers related to one of our certification
job task analyses can register them for
NABCEP CE credits by completing a
simple application. Most NABCEP CE
providers are product manufacturers
offering technical training sessions on
their equipment. Taking these types of
courses helps ensure that solar professionals have training that is directly
related to the actual equipment they are
specifying, installing and maintaining
for customers.
SP: NABCEP is holding its fifth annual
Continuing Education Conference in San
Diego April 4–6, 2016. Do you have to be
NABCEP Certified to attend this event?

RL: While the primary purpose of
the conference is to provide current
NABCEP-certified professionals with an
opportunity to get all of the training they
need to recertify, the annual NABCEP
Continuing Education Conference is

also a great event for skilled PV professionals who are not yet certified. All the
sessions are geared for people who have
significant PV experience, so we do have
some requirements for who can attend.
The majority of attendees are NABCEP
certified, and this creates a unique
and much anticipated event for those
working every day designing, selling,
installing and maintaining PV systems.
Attendees enjoy networking with others
like them who eat, sleep and breathe PV,
and they appreciate the attention the
organizers, exhibitors and speakers give
to ensure that the activities and content
are as relevant as possible to them.
SP: What are some of the new training
sessions this year’s event will offer?

RL: The first 2 days of the conference
are split between exhibitor technical
training sessions in the morning and
in-depth special topic panel sessions
in the afternoon. The third day has a
few all-day options available for really
diving into a topic. As always, a select
group of exhibitors will be updating
participants on their latest products
through 90-minute technical sessions.
The sessions keep the sales pitch to
a minimum and give attendees the
opportunity to engage with high-level
technical staff. We have a great lineup
covering all the major components
of residential- and commercial-scale
systems, with and without storage.
SP: How are the panel sessions shaping
up and what are some of the highlights?

RL: Each year we engage a diverse
group of industry experts on a conference planning committee. The main
objective is to come up with a short
list of the most relevant and interesting topics for the 2-hour panel sessions. Using their input and feedback
from last year’s attendees, we’ve
arranged 16 of the most timely and
focused presentations for PV sales and
installation professionals. This year,
we’ve focused more on energy storage,

larger-scale systems and technical
sales, while keeping important sessions on technical challenges and
installation best practices.
SP: Is NABCEP getting a good response
from vendors for participation in the equipment and services expo?

RL: Yes! We have sold out exhibit space
every year so far and fully expect to
sell out again. Exhibitor interest is very
strong in this event because we put
exhibitors in front of the most active,
knowledgeable and experienced professionals in the country. Many exhibitors comment on how much more
valuable this event is to them than the
bigger trade shows are, because everyone they talk with is actually buying
and installing product.
SP: According to GTM Research, the two
largest national integration firms—SolarCity
and Vivint Solar—accounted for 46% of
the US residential solar market in the first
half of 2015. How does the trend toward
increasingly large installation companies
impact national certification efforts?

RL: We originally intended the NABCEP
PV Installation Professional certification
for the one person a customer worked
with to design, install and maintain
a system. As companies grow larger,
there’s a natural progression toward
more specialization of the workforce. As
such, it can now take quite a bit longer
for an employee in a larger company to
master the breadth of tasks covered in
NABCEP’s job task analysis. Those who
are able to achieve certification are held
in higher regard within these companies
and quickly move up the ranks. The
needs of the industry have always guided
NABCEP’s programs. As the industry
evolves, we continue to adjust our programs and develop new credentials to
meet stakeholder needs.
SP: Is NABCEP working on any new projects or certifications?

RL: We have a lot of new and exciting
solarprofessional.com | S O L A R P R O
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initiatives in 2016. First, the board
has approved a major update to the
NABCEP Entry Level Program. Tens of
thousands of people have taken this
exam over the past 10 years. It serves to
identify those who have mastered the
fundamentals of the technology and is
a great tool for employers to use in hiring and promoting staff in a wide variety of positions. We will be rebranding
the program as the NABCEP Associate,
and a new experience-based pathway
will allow anyone with 6 months of
relevant work experience to qualify for
the credential.
We are also just about to launch
two new credentials targeting system
inspectors, one for PV and one for
solar heating. Reports from companies hired to perform comprehensive
post-installation system inspections
have found that most systems installed
today still have code violations after the
AHJ has approved them. We hope that
these new credentials encourage code
officials across the country to learn
more about solar and what to look out
for when inspecting these systems.
Finally, we will be conducting
a major update and revision to the
PV Installation Professional job task
analysis this year. During this update,
we will identify the knowledge and
skills associated with the major divisions of system design, installation
and maintenance that we see workers
specializing in. Doing so will pave the
way toward developing new credentials for people performing a portion
of the overall job task analysis.
SP: Do you have any insight into where
new markets for solar are emerging in
North America now based on the demand
for NABCEP certification?

RL: We’ve seen a growing market in
the Southeast over the past few years.
While I’m excited about the new market
there and encouraged by the adoption
of requirements for NABCEP credentials
that we see in some of the utilities in
these areas, my bigger concern is what
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I see happening in some of the existing
markets around net metering, demand
charges and other policies that have
a dramatic impact on the economic
viability of solar. Some states have seen
hundreds of jobs disappear literally overnight. These attacks on solar are cropping up all across the country. It’s more
important than ever for solar companies
to pay attention and get involved.
SP: Several solar training organizations
offer courses designed to help individuals prepare for NABCEP’s PV Installation
Professional and PV Technical Sales
certifications. What advice do you have
to help solar professionals evaluate the
various providers?

RL: Hundreds of schools, colleges,
nonprofit organizations and private
companies offer solar courses today.
The vast majority offer only one or two
introductory-level courses. These can be
a great way to get started, but it’s naïve
to think that you can learn everything
needed to become a solar professional
from one or two classes on the subject.
The best programs offer a wide variety of
courses and focus on renewable energy
technology. They have a strong introductory level class or two, and intermediate
and advanced courses in topics such
as off-grid systems, technical sales,
commercial-scale design, and maintenance and troubleshooting. In addition,
while an online course can be very valuable, there’s no substitute for hands-on
experience. Better training programs
have a dedicated lab with a variety of different types of systems and components.
Finally, if the goal is to prepare for one
of our certification exams, instructors
should have the certification themselves.
SP: What are the benefits of NABCEP’s
Company Accreditation program and
how does it differ from the certification an
individual would acquire?

RL: NABCEP certifies individuals and
accredits companies. Both certification
and accreditation are ultimately about
consumer protection. When we initially

developed our certification programs,
customers were primarily hiring individual contractors to install and maintain
their solar equipment. Now customers
are comparing quotes from different
companies and have very little control
over who actually designs and installs
the system. The NABCEP Company
Accreditation Program helps to ensure
that the company has qualified staff;
appropriate policies and procedures;
a focus on worker safety; and commitments to ongoing staff training, quality
assurance and ethical practice.
SP: We were pleased to see that NABCEP
recently elected one of our contributing
authors, Rebekah Hren, to its board of
directors. What other opportunities does
NABCEP have for professionals looking to
support the organization?

RL: NABCEP wouldn’t exist without the
contributions and dedication of industry
experts. We have over 100 volunteers
who serve on our board and various
committees. We’re always looking for
experienced professionals to provide
guidance and technical assistance in
the development and maintenance of
our programs. If anyone is interested,
please send a resume and letter of interest to info@nabcep.org. We also love
having NABCEP Certified Professionals
volunteer time at our booth at different
conferences during the year to speak
with people about the value of their
certification and what it has meant for
their careers.
SP: In addition to the Continuing
Education Conference, what are some
NABCEP-related dates industry professionals should be aware of in 2016?

RL: The next application deadline
for certification exams is August 5,
2016. NABCEP Continuing Education
training will be available at Intersolar
North America in July and Solar Power
International in September. Of course,
people can check the SolarPro training
calendar for other NABCEP CE Credit
opportunities throughout the year.

Built to Last...
Starting with SolarPro’s September/October 2015 issue, we began
charging for US and international subscriptions to the print edition, as
well as access to our full digital issue archive. This change will offset
a portion of our growing printing and shipping costs and allow us to
continue to dedicate significant resources to developing the in-depth
technical content that makes SolarPro so valuable.
If you were previously a SolarPro print subscriber and would like
to continue receiving the print edition, please purchase a subscription
today. If you have an existing digital-only subscription, no changes
have been made to your online account. Complimentary subscriptions
to SolarPro’s digital edition will continue to be available to solar
industry professionals.

Stay Connected...
Subscribe Today
• All print subscriptions include complimentary access to SolarPro’s
digital edition
• One-Year (Six-Issue) Print-Edition Subscription—US $39.95;
International $59.95
• One-Year Full Digital Archive Access (40+ Issues) $69.95
• One-Year Print-Edition Subscription + Full Digital Archive Access—
US $89.95; International $109.95
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System Profiles

Solar Frontier Americas Development

C ou r te sy S ola r F ron tie r A m e r ic a s De ve lopm e n t (4)

Morelos del Sol

Overview
DEVELOPER: Solar Frontier Americas
Development, solar-frontier.com
EPC FIRM: DEPCOM Power,
depcompower.com
ENGINEERING SERVICES: Sisener
Engineering, N.A., sisener.com
DATE COMMISSIONED: October–
November 2015
INSTALLATION TIME FRAME:
162 days (mobilization to mechanical
completion)
LOCATION: Lost Hills, CA, 35°N
SOLAR RESOURCE: 5.7 kWh/m2/day
ASHRAE DESIGN TEMPS:
102.2°F 2% average high, 28.4°F
extreme minimum
ARRAY CAPACITY: 18.72 MWdc
ANNUAL AC PRODUCTION:
40,215 MWh
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he 18.7 MWdc/
T
15 MWac Morelos
del Sol solar plant

is located in Kern
County, California.
Solar Frontier Americas
Development coordinated the project’s
timeline and led an
experienced team
including EPC firm
DEPCOM Power and
engineering services
provider Sisener Engineering. Solar
Frontier’s advanced thin-film CIS modules, Clavijo single-axis trackers and
Bonfiglioli power stations and inverters
comprise the system’s major components. DEPCOM Power began construction on Morelos in May 2015. The plant
reached commercial operation on
November 25, 2015.
Project planning for Morelos del
Sol began in 2010. The site’s geological

features required detailed attention
in the engineering phase. Site-specific
challenges included a gas line that runs
diagonally under the array field. The
Solar Frontier Americas Development
team worked closely with Southwestern
Gas through preconstruction and build
phases to execute in accordance with
protocol and ensure safety. In addition,
the development team coordinated with
PG&E to time the interconnection to

the site’s 34.5 kV–to–70 kV substation,
accommodating back-feed restrictions
and ensuring that no service disruption
for other line users would occur.
The team specified Clavijo singleaxis trackers for the project. With over
1 GW of fixed-tilt arrays and trackers
installed worldwide and a pipeline of the
same size for 2016, Clavijo is experiencing rapid growth in the US market. It has
installed close to 100 MW of tracking
systems in the US to date, primarily in
California. Clavijo engineered a reinforced SP1000 tracker to accommodate
the Solar Frontier CIS modules configured in two-up portrait orientation. This
configuration maximizes the output of
each power block.
Six enclosed Bonfiglioli 2.5 MW RPS
Stations provide an added level of protection and security for the project’s 12
Bonfiglioli 1,350 kVA RPS TL-US central
inverters (two per power station). The
design called for prebuilt power stations

to reduce on-site time and
labor costs. The inverters
feature six MPP trackers per
unit, active power control,
reactive power control,
dynamic grid support and a
CEC efficiency of 98.2%. Each
power station has two ac
circuits aggregated in a sectionalizer that will automatically isolate sections of the distribution
system in the event of faults. The project
design utilizes Cooper Sector Series
4-way sectionalizing switchgear.
Morelos del Sol will provide PG&E
with a projected 40,215 MWh of solar
energy annually under a 20-year power
purchase agreement. In October 2015,
Turner Renewable Energy and Southern
Power, a subsidiary of Southern Company,
acquired Morelos del Sol, expanding the
utility giant’s renewable energy portfolio
to eight solar projects in California with a
total capacity of over 300 MW.
“Solar Frontier Americas Development is
very proud of this project. Through close
collaboration with our development team,
equipment suppliers and construction
partners, we completed Morelos del Sol
on time, and it has met our quality and
performance standards.”

Equipment Specifications
MODULES: 111,744 Solar Frontier
CIS thin-film SF165-S and SF170-S,
165 W STC and 170 W STC, +5/-0 W,
1.95 Imp, 87.5 Vmp, 2.2 Isc, 112 Voc
(SF170-S)
INVERTERS: Six Bonfiglioli 2.5 MW
RPS Stations; 12 Bonfiglioli RPS
TL-US 1350 central inverters (two per
power station), 1,350 kVA rated output,
1,000 Vdc maximum input, six MPP
trackers per inverter unit, 610–850 Vdc
MPPT range, 406 Vac output;
one medium-voltage 406 Vac Wyeto-35 kV Delta step-up transformer
per RPS Station
ARRAY: Eight modules per source
circuit (1,360 W, 1.95 Imp, 700 Vmp,
2.2 Isc, 896 Voc for SF170-S), 10–16
circuits per source-circuit combiner, 24
source-circuit combiners per RPS Station (typical); 18.72 MWdc plant total
ARRAY INSTALLATION: Tracked
array, Clavijo single-axis trackers, 0°
azimuth, ±50° tracking range of motion
SOURCE-CIRCUIT COMBINERS:
144 Shoals STG.CBC.16.
BLAHNC01E1, 30 A fuses
SYSTEM MONITORING: DC Systems
Real-Time Smart Energy Suite

—Robb Owen, director of
construction and engineering, Solar
Frontier Americas Development
solarprofessional.com | S O L A R P R O
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Affordable COURSES,
Rich CONTENT.

High-quality solar training without the high price tag.

Affordable Solar Education Since 1990.

For more information and to register
VISIT: MIDWESTRENEW.ORG/COURSES
or call 715-592-6595. Request a training catalog!
Follow MREA on facebook and Twitter @MREA
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Projects
Same Sun of Vermont

S a m e S u n of Ve r m on t

Same Sun Solar Society

Overview
DESIGNER & PROJECT MANAGER:

Khanti Munro, director of development
and technical design, Same Sun of
Vermont, samesunvt.com
LEAD INSTALLER: Tyler Crow, Same

Sun of Vermont
DATE COMMISSIONED: August 2015
INSTALLATION TIME FRAME:

20 days
LOCATION: Poultney, VT, 43.5°N
SOLAR RESOURCE: 4.21 kWh/m2/day
ASHRAE DESIGN TEMPERATURES:

84.2°F 2% average high, -14.8°F
extreme minimum
ARRAY CAPACITY: 113.4 kWdc
ANNUAL AC PRODUCTION:

144,800 kWh

S

ame Sun of Vermont’s inaugural
Solar Society community solar project brought together a shared vision,
over a decade of solar experience, an
open-minded landowner and more
than a dozen Vermonters in the market
for off-site solar. Various community
solar models are gaining traction across
Vermont and nationwide, and Same Sun
had a growing list of potential customers who were unable to install solar on
their residences due to excessive shading, slate roofs or rental agreements.
A Solar Society is distinguishable
from other community solar models
in the region. Rather than subjecting
customers to a leasing model that offers a
small percentage discount on the monthly
bill, a Solar Society allows customers to
buy and own outright a specific percentage of the array based on their energy
requirements. They can completely zero
out their monthly electric bill and still
enjoy all benefits of true ownership,
including the federal tax credit. They
also have the option to retire or sell their
renewable energy certificates.

A dedicated Same Sun team spent
a year in research and due diligence to
address successfully the legal, land use,
financial and permitting challenges
associated with the solar society model.
With a land lease in place and some
members (off-takers or subscribers)
signed up, the team still faced challenges such as soft soils and the site’s
rural single-phase service.
Geotechnical analysis and multiple
pull tests revealed that the site’s soil
was almost entirely moist clay. The first
racking company on-site was unable to
yield passing pull-test results, even with
an 8-foot embedment depth. RBI Solar’s
longer 20-foot piles just passed muster
at an impressive 14-foot embedment
depth. The longer piles were crucial to
avoid a costly change to a concrete or
helical pier foundation.
The second major challenge was
the site’s single-phase service. During
the initial project planning stage, Same
Sun’s design target was a 150 kWac
system interconnected to a 3-phase
service. However, the nearest 3-phase
solarprofessional.com | S O L A R P R O
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Equipment Specifications
MODULES: 360 SolarWorld Sunmodule

Pro-Series XL SW 315, 315 W STC,
+5/-0 W, 8.71 Imp, 36.5 Vmp, 9.35 Isc,
45.6 Voc
INVERTERS: Single-phase 120/240

S a m e S u n of Ve r m on t (3)

Vac 600 A service, 12 SMA Sunny Boy
7700TL-US, 7,680 W rated output, 600
Vdc maximum input, 270–480 Vdc rated
MPPT range, 125–500 Vdc operating
MPPT range
ARRAY: 10 modules per source
circuit (3,150 W, 8.71 Imp, 365 Vmp,
9.35 Isc, 456 Voc), three source circuits
per inverter (9,450 W, 26.13 Imp, 365
Vmp, 28.05 Isc, 456 Voc), 113.4 kWdc
array total
ARRAY INSTALLATION: Driven-pile
ground mount, RBI Solar GM-I racking,
180° azimuth, 25° tilt
INVERTER AC COMBINERS: Two

12-circuit two-pole ac panels, 40 A
breakers
SYSTEM MONITORING: Solar-Log 1000

revenue-grade meter with CTs and cellular modem, Solar-Log WEB Commercial
Edition monitoring package

Do you have a recent PV
or solar heating project
we should consider for
publication in SolarPro?
Email details and photos to:
projects@solarprofessional.com
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distribution for the actual site was
too far away to justify the cost of a
line extension. Given the specific line
location and proximity to a substation,
Green Mountain Power allowed for a
maximum plant capacity of 100 kWac,
which was somewhat larger than anticipated considering the site’s singlephase service.
To help mitigate the increased
costs associated with the single-phase
system’s long, high-current conductor
runs, Same Sun aggregated the 12 SMA
Sunny Boy 7700TL-US inverters behind
the array closest to the point of interconnection. This reduced the ac run by
approximately 200 feet. The system’s
source-circuit layout mitigates early
morning and late afternoon shading on

row ends. To optimize component costs,
the electrical design bumped the dc:ac
power ratio up to just under 125%. In
addition, the design specified parallel
sets of aluminum homerun conductors
to minimize costs while keeping ac voltage drop at an acceptable level.
“In my 15 years working in the solar industry, this project was undoubtedly one of the
most rewarding. Like all solar projects, it
had its unique challenges—most notably
developing a progressive community solar
model and orchestrating an off-site generation project with so many stakeholders.
Connecting the dots between a parcel of
fallow land and Vermonters who couldn’t
otherwise go solar was priceless.”

—Khanti Munro, Same Sun of
Vermont

Lower your Labor Cost
with ACRak
®

Darfon micro inverter pre-wired &
installed on IronRidge XR100 rails
 Reduces time & cost of installation
 Simplifies inventory management
 Works with 60 & 72 cell modules
 Assembled in the USA


1P
1-Panel Package

4P
4-Panel Package

Included in the Box






Power rails with micro inverter & trunk cable
Dead rails
IronRidge XR100 end cap & splice kits
Grounding straps
BMC waterproof caps & disconnect tool

Order Now!
(855) 477-1100
pvsales@darfon.com
www.darfonsolar.com

24P
24-Panel Package

SIMPLIFYING SOLAR

SOLECTRIA IS OWNED BY YASKAWA
$4B Company
11,500 Employees
Over 22 Million Inverters Installed
22 Manufacturing Facilities Worldwide
Celebrating 100 Years of Manufacturing

www.solectria.com | inverters@solectria.com

