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many things to many people, we interviewed stakeholders across the value
chain—technology companies, service
providers, BOS companies and system
integrators—to learn more about
energy storage products, business
models and integration challenges.

The electric grid of the future will inevitably be more decentralized, interconnected
and resilient than it is today. Arguably,
nothing represents this trend better than
microgrids, which operate in parallel with
the local utility grid and have the potential
to benefit a wide cross section of stakeholders. Utility-interactive microgrids can benefit consumers and facility owners through
lower bills, improved power quality and
increased reliability. They can also serve
as controllable grid resources for utility
operators, which is a value proposition with
broad societal benefits.
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Energy storage systems are an essential enabling
technology that allows for the increasing integration of renewable resources into the electric power
system. Explosive growth characterizes the market
that is projected to increase from 62 MW in 2014 to
220 MW in 2015. Since the energy storage market is
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Integrator
Perspectives on
Module-Level 		
Power Electronics

		
Seven years have elapsed since
		
Enphase Energy released its
		
first-generation microinverter
system, a launch that for practical purposes created
the modern module-level power electronics (MLPE)
product class. Integrators have experienced the highs
and the lows associated with the development and
deployment of module-level systems. We reached
out to several integrators across the US to get their
perspectives on the past, present and future of MLPE.
COMPILED BY JOE SCHWARTZ

Rapid Shutdown. You don’t want to worry
about NEC® 2014. So we did.

ABB’s Rapid Shutdown units are NEC 2014 code compliant and cost effective.
This new solution strategically fits within 10 feet of the array and will shut power
down within 10 seconds or less—all without the need of extra conduit. It’s a simple
path to full compliance. This is just one of the ways that we at ABB empower solar
installers with the latest technology to make their jobs easier and the world better.
Visit abb-solarinverters.com/rapidshutdown to learn more.
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For 40 years, the National

Park Service used diesel generators to power Alcatraz
Island, requiring roughly 2,000 gallons of diesel fuel per
week. After an audit revealed that the cost of electricity for
the island was roughly $0.58/kWh, the Golden Gate National
Recreation Area applied for and received a $3.6M American Recovery
and Reinvestment Act grant, which it used to install a hybrid solar microgrid. The
Alcatraz Island Microgrid includes a 307 kW SunPower PV array, a 1,920 kWh Deka Unigy II battery
from East Penn, eight 100 kW Princeton Power Systems inverters and a pair of 250 kW diesel
generators. In 2013, the PV and storage upgrades reduced the island’s diesel fuel requirements by
more than $200,000. Photo: iStock photo © franckreporter
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TM

The No-Compromise Rail-Free Mounting System

Save time and money on every installation
and sell more solar with Quick Mount PV

Quick Mount PV Quality
• Engineered for strength and simplicity
• Works with standard module frames
• Superior waterproofing with patented Elevated Water
Seal technology
• Certified UL System Fire Class Rating A, Type 1 Modules

Cost Savings on Every Job
• Quick and easy to install
• Minimal tools required for installation
• Ground up to 300 contiguous modules with a single
grounding lug

Sell More Solar!
• Pack more jobs on each truck and complete more
installs per day

Visit us at Intersolar!
Come see live Quick Rack demos
at booth #9221!

• Proprietary design software accurately configures the
array to ensure code-compliance
• Clean, distinctive look generates more referrals

quickmountpv.com | 925.478.8269
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COMMERCIAL PROJECTS THAT LAST.
THE FRONIUS SYMO.
/ 10 – 24 kW. Three Phase SnapINverters for unparalleled ease of installation.
/ Protect your investment in sustainability - with the only truly field serviceable commercial string inverter.
/ Fronius SuperFlex allows for utmost design flexibility in 208/240 and 480 AC applications.
/ Complete Solution inside: NEC 2014 compliant, Wi-Fi & Modbus capable, AFCI, String Combiner & DC disconnect.
/ Only string inverter to offer complete versatility for standard wall mount, completely flat roof mount or pole mount.
www.fronius-usa.com
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Follow us @FroniusUSASolar on Twitter!
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Industry Currents

Solmetric Announces I-V Curve
Tracer Software Update
Solmetric developed its PVA-1000S I-V curve tracer to
assist integrators with array commissioning, troubleshooting, O&M and
auditing activities. The 1,000 Vdc I-V curve tracer has a standard current
rating of 20 A; a 30 A model is also available. The PVA-1000S includes
Solmetric’s SolSensor wireless PV reference sensor and can capture
either 100 or 500 trace points per curve measurement. The recently
announced version 3.7 software update includes custom array tree labeling for flexible array mapping, support for tracked arrays, and city lookup
for latitude and longitude. Download the free update at solmetric.com/
downloads-pva.html.

[Sebastopol, CA]

Solmetric / 877.263.5026 / solmetric.com

SolarEdge
Increases Optimizer
Power Level
[Fremont, CA] Designed for compatibility with highpower 60-cell modules that vendors are introducing to
the US market this year, SolarEdge’s recently announced
P320 optimizer supports 60-cell modules with STC power
ratings of up to 320 W. The P320 is rated for a maximum
short-circuit current of 11 A and an absolute maximum input voltage of 48 Vdc. The add-on optimizer is
compatible with all SolarEdge inverter models and features single-bolt installation and a 25-year warranty. Like
other optimizer models in SolarEdge’s product line, the
new P320 enables module-level optimization, monitoring
and shutdown functionality that holds optimizer voltage
at 1 Vdc during standby
system operation.
SolarEdge / 877.360.5292 /
solaredge.us

SolarBOS
Introduces Battery
Aggregation Panels
SolarBOS has expanded its diverse
BOS equipment suite with the introduction of the
Battery Connection Panels product line. The panels
combine the output circuits of multiple storage battery
banks on the dc side of the inverter, allowing integrators to safely connect multiple banks in parallel to
meet a project’s specific storage capacity requirement.
Depending on the model,
the 1,000-Vdc rated panel
has a maximum common
bus rating of 2,560 A and
features 2–16 inputs that
accept up to 600 MCM
conductors. Options
include load-break or
non-load–break disconnect
switches, circuit breakers, input monitoring and
NEMA 4 and NEMA 4X
enclosures.

[Livermore, CA]

SolarBOS / 925.456.7744 /
solarbos.com
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Over 100 MW installed in NC Alone So Far in 2015

Leading The PV Racking Market

All Your Commercial and Utility PV Racking Needs
BALLASTED GROUND POST GROUND CARPORT ROOF

MADE
in USA

212.359.0205

tyz@gamechangeracking.com
www.gamechangeracking.com

Commercial & Utility Scale Racking
Wind tunnel tested by industry leader CPP
Independent assessment by Black & Veatch
ETL / UL 2703 tested
20 year warranty

Booth # 9621
July 14 - July 16
Moscone Center

San Francisco, CA
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Array Technologies Launches
Next-Generation Tracker
Developed for utility-scale PV power plants, Array
Technologies’ DuraTrack HZ v3 offers significant advancements over its previous
DuraTrack HZ v2.5 model. The recently launched third-generation tracker has a
redesigned drivetrain that incorporates two-stage gearing and octagonal torque
tubes to enable the installation of up to 80 modules per row. To speed module installation, Array Technologies developed a single-fastener module clamp with integrated
grounding. The drivetrain has sealed gearboxes that are designed to be maintenance
free for the life of the plant. The DuraTrack HZ v3 minimizes driveline and module
gaps to maximize array density and site utilization while requiring half of the motors
and controllers of the previous model. A passive wind mitigation feature protects
against storm survival risks and the maintenance requirements associated with active
stow components.

[Albuquerque, NM]

Solectria Expands
3-Phase String
Inverter Line
[Lawrence, MA] Solectria, a Yaskawa
company, has added the 1,000 Vdc
480 Vac PVI 36TL to its 3-phase
string inverter product family. The
non-isolated 36 kW inverter features
two independent MPP trackers with
four fused inputs per tracker. The
operating voltage range for the 36TL
is 280–950 Vdc, and the MPPT range
is 520–800 Vdc. The 124.5-pound
inverter has a CEC-weighted efficiency of 98% and a tare loss of only
1 W. An integrated ac/dc disconnect
is standard. Options include webbased monitoring, ac/dc disconnect
covers, dc combiner bypass, and roof
mount bracket and shade cover.
Solectria / 978.683.9700 / solectria.com

Array Technologies / 855.872.2578 / arraytechinc.com

Fronius Begins US-Based
Manufacturing
[Portage, IN] Fronius is now manufacturing its line
of Primo non-isolated inverters at its 400,000square-foot facility in Portage, Indiana. The Primo
is designed for the residential market and is
available in power classes from 3.8 kW to 8.2 kW.
Part of Fronius’ SnapINverter line, the Primo is
a lightweight 47.3 pounds and features a hinged
mounting system. Its dual MPP trackers allow for
the independent optimization of two PV source circuits.
The operating voltage range for the Primo inverters is 80–600 Vdc. The MPPT
range is 270–480 Vdc for the 8.2 kW model and varies slightly for each model
in the Primo lineup. Additional features include arc-fault circuit interruption, integrated Wi-Fi for data collection and free lifetime monitoring through the Fronius
Solar.web portal. In addition, Fronius is scheduled to begin shipping its Rapid
Shutdown Box in fall 2015 to facilitate NEC 2014 Section 690.12–compliant
SnapINverter systems.
Fronius USA / 877.376.6487 / fronius-usa.com
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Residential Solar Financing:
Integrators Can Offer a Financial Solution
ven with a strong 5-year outlook
for solar, many growing businesses
in our industry face critical risks. Each
day brings us closer to the expiration
of the investment tax credit (ITC), and
each win makes us a greater perceived
threat to the utilities. Some utilities are
pushing back against the rapid growth
of customer-owned distributed solar,
as evidenced by utility-owned rooftop
solar programs, attempts to develop
rate structures and fees that are not
solar-friendly, and the alteration of
state net-metering policies. Financing
may be central to a group of factors,
such as reducing soft costs, that can
mitigate the risks and help residential
solar installation companies maintain
stable growth. If you are not doing so
already, you should consider offering
financing products to your potential
customers in addition to design and
installation services.
Five short years ago, the US economy
was still scraping by on fumes, and environmentally conscious early adopters
were typically the only ones turning to
grid-tied solar. Meanwhile, the banking industry was still in tight-clasped,
risk-averse recovery mode. With average
residential PV system prices hovering
near $50,000 in 2010, third-party ownership (TPO) system leases and power purchase agreements (PPAs) were a boon
to the residential solar market in the US
and helped it grow into the $3 billion
market it represents today. However,
with shifts in the industry environment,
affordable solar ownership may be able
to provide your customers with greater
long-term value.

Even for those with the means, solar
was generally too new and the payback
period too long to make it attractive to a
high volume of customers. At the time,
a home equity line of credit (HELOC)
may have been the optimal PV system
financing vehicle. However, so many
households had upside-down mortgages that HELOCs were not an option
for many homeowners. In this market
environment, TPO, often referred to
as “solar as a service” because of its
subscription-like pricing approach,
opened the door to millions of otherwise unreachable customers. Under the
TPO model, a third-party investor—who
can take advantage of all available solar
tax incentives and rebates—owns the
system. This arrangement effectively
lowers the net system cost and associated monthly payments for the consumer, and it adds convenience as it
removes the burden of monetizing available incentives from the homeowner.
With its promise of free installations and immediate monthly savings,

TPO-Fueled Growth
In 2010, the cost of a typical residential
PV system was within a few thousand
dollars of Americans’ median income.

Figure 1 The Center for American Progress published data that shows similar solar
installation distribution patterns and corresponding income ranges for New Jersey’s Clean Energy Program (NJCEP), Arizona Public Service’s (APS) solar rebate
program and the California Solar Initiative (CSI).
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TPO has been the go-to financing
model for sales teams from coast to
coast. And why not? The TPO model
fits many of the purchasing preferences of Americans—no money down,
immediate savings and risk-free guarantees. In all columns, this looks like a
win. Many Americans, specifically the
middle class, heard this message loud
and clear. The same key markets where
TPO has catapulted solar into popularity have seen a tight correlation
between adoption rates and those customers with gross annual household
incomes between $40,000 and $89,999
(see Figure 1). While TPO attracted the
interest of homeowners, it also caught
the attention of Wall Street, which
has contributed to the TPO model’s
credibility with heavy investments in
residential solar.
Loans Enter the Arena
Fast-forward to 2015. The up-front
cost of solar, access to capital and
C O N T I N U E D O N PA G E
the health of the

14
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S

loan products
and processes
have resulted in
a levelized cost
of energy (LCOE)
for residential
systems with
solar loans that
is between 19%
and 29% lower
than that for the
LCOE of residential TPO systems,
depending on
the term of the
loan (see Figure 2). One thing to consider is that shorter-term loans typically result in higher annual payments
for the customer at the beginning
of the solar asset’s 20-year lifetime,
as the NREL study illustrates (see
Figure 3, p.16). In addition to offering
ownership, solar loans have another
advantage in that they are typically
independent of state policies that may
place restrictions on TPO models. As a
result, the availability of modern loan
products has begun to open up new
markets and also provide a means to
sustain the economics of residential
solar in markets with declining incentives and rebates. C O N T I N U E D O N P A G E 1 6

One of the most impactful recent developments in residential solar financing has
been the transition from secured loans,
such as a lien on the home, to unsecured
loans where a lien is filed on the solar
equipment only.

loan products tailored for the solar
market. They have successfully
tackled the crucial ease-of-approval
process for consumers with modern
web-based tools that can rival those
of established TPO offerings. A growing number of providers are active
in the solar loan market, including Admirals Bank, Dividend Solar,
EnerBank, GreenSky, Mosaic and
Sungage Financial, as well as distributors such as BayWa r.e.
According to the recent NREL
study “Banking on Solar: An Analysis
of Banking Opportunities in the U.S.
Distributed Photovoltaic Market,”
changes in the solar market and in
0.30

0.20

0.10

0.00

5-year
loan

10-year
loan

20-year
loan

20-year
PPA

SDG&E res.
tier 2/3

Figure 2 NREL’s “Banking on Solar” report concluded that residential PV systems
financed with solar loans had a levelized cost of energy (LCOE) between 19%–29%
lower than the LCOE for residential systems with 20-year PPAs.

D at a co u r t e sy NR EL

consumer economy have all improved.
According to SEIA, the cost of residential solar has plummeted 45% since
2010. The average cost of a residential
system is now in the neighborhood
of $25,000. The number of lenders
infusing capital into the residential
solar market is growing at a robust
pace, and consumers with little or
no equity in their homes can borrow
money for a PV system with ease.
Before we accuse the current solar
loan market of mirroring the practices
that resulted in the housing collapse,
sending our economy into a tailspin
during the recession, bear in mind two
things: first, easy access to solar loans
requires good credit (typically a credit
score of 680 or better), and second,
these are not loans to go buy a new ski
boat. An investment in solar offsets an
expensive and volatile payment with
one that is reduced and controlled.
One of the most impactful recent
developments in residential solar financing has been the transition from secured
loans, such as a lien on the home, to
unsecured loans where a lien is filed on
the solar equipment only. This shift not
only removes the equity requirement,
it also drastically simplifies the lending
process for consumers. Interestingly, two
distinct camps—home improvement
lenders and pure-play solar financiers—
are active in this arena.
Home improvement lenders have
modified existing loan products to
create offerings that are well matched
with the economics of solar, and in the
process they have pushed debt financing to the forefront. Options such
as no interest or up-front payments
enable homeowners to float solar
incentives, and, depending on the
loan’s terms, they can bring monthly
payments in line with or below those
for many TPOs. In addition, depending
on the loan’s specifics, homeowners
can frequently bundle ancillary and
independent upgrades into the loan.
While newer to the scene, pureplay solar lenders have developed

LCOE ($/kWh)

QA

Secure your solar investments
by harnessing the power of
true reliability and flexibility.
Introducing the new line of three phase string inverters:
the Conext CL
TM

The ideal solution for commercial buildings, carports
and decentralized power plants.
Designed for high efficiency, maximum flexibility and easy
installation and service:
• Detachable wiring box with multiple options to fit different
installation needs
• Built-in Gateway to support remote monitoring and control features
• High conversion efficiency: 98.4% peak efficiency and 98.0%
Euro/CEC efficiency
• Flexible mounting options: wall, pole, and a 10° minimum
tilt installation
• Guarded by our electrolyte-free design and rigorous Multiple
Environmental Over Stress Testing (MEOST) for superior reliability

Learn more and download our free solution guide,
“Decentralized PV Systems Using Conext CL Inverters”
Visit www.SEreply.com Keycode l968u
©2015 Schneider Electric. All Rights Reserved. All trademarks are owned by Schneider Electric Industries SAS or its affiliated companies. • www.schneider-electric.com • 998-1270880_US
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Figure 3 NREL’s “Banking on Solar” report determined that economic factors such as
the cost of annual payments, which can be higher for loans than for PPAs depending
on the loan’s terms, influence consumer demand for various types of solar financing.
The solar loan analysis includes the cost of an inverter replacement in year 10.

the messaging that will help them
close new sales contracts. In the
information age, the solar industry

can now expect to be held to a higher
standard of delivering a quality experience to consumers than previously.

ECO-N-T makes it easy!
• Tough
• Simple
• Flexible

Solar charge controller
for 12/24 V systems

1 (520) 777-7906

Learn more at: www.phocos.com
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Yearly payments ($)

Homeowner Sophistication
Increasing
As residential solar financial offerings have multiplied, navigating the
available options has become more
complex for homeowners. At the
same time, consumers are seeing
more proposals and asking more
questions. In many cases, potential
solar buyers are more informed than
ever. New resources, such as the
Clean Energy States Alliance free
publication, “A Homeowner’s Guide
to Solar Financing: Leases, Loans,
and PPAs” (cesa.org/assets/2015Files/Homeowners-Guide-to-SolarFinancing.pdf ), educate prospective
buyers. The routine questions
customers are asking are becoming more sophisticated. This in turn
requires installation companies
to dedicate time and resources to
retraining sales reps and updating

Banking Will Innovate
In Deutsche Bank’s February 2015
“Industry Solar” report, research

6

Historic Projection

Non-residential

5

Residential
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Annual PV installations (GW)

To create a successful financial
product, you must make it simple and
streamlined for the consumer. To position an offering optimally, you must
be able to address the motivation of
your evolving customer base. Bear in
mind that post-recession consumers
are still relatively risk averse. They are
more demanding of the products they
buy, while simultaneously seeking the
best value. Whereas savings was a
key driver years ago, both you and the
homeowner are likely placing more
emphasis now on some of the ancillary
benefits of solar, such as increasing
the value of the home and the implications that some financial contracts
may have for future home sales or
system enhancements.
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Year Report 2014 Q4” by SEIA and GTM
Figure 4 According to the “Solar Market Insight
Research, 2014 was the third consecutive year of greater than 50% annual growth
in the residential solar market segment. The report projects a drop in residential
installations due to changes in the ITC that are expected at the end of 2016.

analyst Vishal Shah projects that 47 US
states will achieve grid parity by 2016
without additional state subsidies. In

its “Solar Market Insight Report 2014
Q4,” GTM Research and SEIA reported
the installation of 1,231 MWdc of PV

Measure and Maximize your
O&M is critical to the ROI of your
PV projects, and so is your
choice of curve tracer
Choose the Solmetric PV Analyzer:
• Highest accuracy and throughput
• Largest display with best array
troubleshooting features
• Database of 50,000 PV modules
• 1000V, 20A and 30A models
• 300ft wireless sensor range

solarprofessional.com | S O L A R P R O
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QA
in the US residential sector in 2014,
representing a 51% annual growth
over 2013. According to the report,
2014 was the third consecutive year of
greater than 50% annual growth in the
residential solar market, with deployment of more than half a gigawatt of
residential solar installations absent
any state incentives.
With so much momentum and
upside forecasted, is there actually reason to be concerned with the business
realities of a post-ITC solar market? No
one knows exactly what will happen,
but logic and experience would indicate
that many rebate-driven and emerging
markets that are economically viable
now and over the next 18 months likely
will not be in 2017 due to changes to the
ITC (see Figure 4, p. 17). Some studies
have gone so far as to show solar installation numbers retreating in all states
but California and New York.
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While the evolution of solar
financing helped grow the industry in
the past, will it be able to answer the
call in the future? Generally speaking, financial entities currently view
solar as an emerging and somewhat
unproven asset class with multiple
residential securitization rounds
under its belt. The recent advent
of solar-specific YieldCos—yieldoriented, publicly traded companies
formed to own and manage long-term
solar assets to produce a predictable
cash flow—are set to provide enduring financing for large projects on a
global scale and have broken ground
for new financial vehicles with potentially lower capital costs.
Two mainstream yield-oriented
investments, master limited partnerships (MLPs) and real estate investment trusts (REITs), have yet to make
significant solar debuts. An MLP is

a publicly traded limited partnership that is required to derive at least
90% of its income from IRS-qualified
sources, mostly pertaining to the use
of natural resources. The majority of oil
pipelines, for example, are managed by
MLPs. Because MLPs are classified as
partnerships, they are not required to
pay federal or state corporate income
taxes. REITs, companies that own and
operate income-producing real estate,
benefit from taxation structures similar to those of MLPs. However, the IRS
would need to reclassify solar assets
as real property to make this financial
mechanism viable. Whether these
existing financial vehicles will gain
traction in the solar industry is still
unknown. However, what is certain
is that Wall Street is sufficiently
invested in solar to spur the development of new mechanisms for capital
cost reduction.
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QA
Even the most competitive
financing mechanisms have room to
improve. To do so, the solar industry
needs to emphasize standardization, which leads to transparency
and therefore bankability. NREL is
leading the standardization charge
with its Banking on Solar initiative,
which is operating in parallel with
the SunShot-funded Solar Access
to Public Capital (SAPC) working
group. SAPC operates under NREL
to facilitate capital market investment via securitization and financial
innovation. To this end, the group has
developed standard residential lease
and commercial power PPA contracts, and is currently developing a
standardized loan product.
Intertwined with financial standardization is the need for highquality PV installations. SAPC recently
published two guides, “Best Practices
in PV System Installation” and “Best
Practices in PV System Operations
and Maintenance,” that it developed
to “improve solar asset transparency
for investors and rating agencies,
provide an industry framework for
quality management, and reduce
transaction costs in the solar asset
securitization process.” This voluntary
framework represents one effort to
facilitate standardization and uniformity among installers.
Comprehensive project standardization could include solar loan
documentation that references a
set of parameters—such as system
performance, monthly and lifetime
savings, product quality, product and
system warranty, system price and
construction quality—to determine
accurate appraisal values. By combining this information with homeowner
qualification, the financial world can
better assign overall project risk and
value, furthering its ability to offer
competitive and equitable terms.
Standardization efforts such as uniform commissioning procedures and
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documentation, and investing in technical certifications for staff, may help
you prepare for the demands of future
financier requirements.
Financing for the Future
Were it not for the scale the solar
industry has achieved, the financial
world might still view us as a relatively well-organized group of people
who wear Birkenstocks with socks.
Thankfully, that is no longer the case.
We have cemented our place in the
energy industry, and the evolution of
system financing has been and will
continue to be central to our success.
What can we expect in the future?
Solar plus has become the catch-all
term for enhancements to grid-tied
solar, such as energy storage and
dynamic grid interaction. If the public
and media reaction to Elon Musk’s
announcement of the Tesla Powerwall
battery for homes is any indicator of
consumer interest in on-site energy
storage, it may well be the solar
industry’s next disruptive technology.
Energy storage, and complementary
innovations, will command the attention of TPOs and lenders alike, pave
the way for a new dynamic of grid
interaction and continue to define the
role of utilities. As technology-specific
incentives emerge, such as California’s
1 GW–plus energy storage mandate,
the lending community will need to
address the complexities these new
systems create.
Many in the industry believe that
solar will ultimately follow the path of
automobiles, with approximately 80%
purchased and 20% leased. Point-ofsale financing, where installers sell a
combined product that includes both
system hardware and financing, will
continue to play a prevalent role in
the coming years while solar remains
a big ticket item. Increased activity and deeper payment history will
bolster confidence among lenders.
Standardization will enable platforms

to accurately assign (and investors to
evaluate) risk. In addition, it is likely
that the current 20-year ceiling on
most financing will extend to 25 years
to match module production warranties. The change could help offset some
of the disappearing ITC benefit.
Loans will evolve in several ways,
with an emphasis on ease of use. Some
will continue to focus on flexibility,
so that the consumer can bundle
solar with a new deck and upgraded
kitchen. Others will place the emphasis on the security that O&M and production guarantees provide. Yet others
will offer simplicity for the installer
and homeowner, with polished new
portals that invite consumers to
take an easy first step toward energy
independence. Regardless of the specific products, fees and rates should
become more competitive in the
future than they are today. TPO will
have to find a way to compete from a
cost standpoint with debt. The success
of vertically integrated organizations
that utilize relatively few products
may face a challenge from lenders with
portfolios that consist of more diverse
product offerings from an aggregate of
independent installers, better mitigating risk—an approach that Wall Street
typically favors.
Regardless of the model, leases and
loans each have attributes that align
with the needs of various homeowners. To capitalize on the greatest range
of opportunities, your best bet is to
offer a small set of compelling options
that sales reps get to know thoroughly.
Weigh your options as they emerge,
but keep your financial product suite
a deliberate solution set, just as you
would with equipment. Familiarity
with quality financing solutions
enables a sales consultant to deliver
customers a compelling value proposition while meeting their individual
needs and priorities.
—Matt Koenig / BayWa r.e. /
Santa Fe, NM / baywa-re.us
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D E P L OY I N G
SOLAR-PLUS-STORAGE

M I C RO G R I D S
By C.J. Colavito and Jobin Michael

C ou r t es y Dy n ap o w er

Solar integrators will play an important role
in the evolution of the 21st-century smart
electric grid via the deployment of
utility-interactive solar-plus-storage microgrids.
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echnology is fundamentally changing the way electricity is produced, delivered and consumed. The
electric grid of the future will inevitably be more
decentralized, interconnected and resilient than it
is today. Arguably, nothing represents this trend better than
microgrids, which operate in parallel with the local utility
grid and have the potential to benefit a wide cross section of
stakeholders. Utility-interactive microgrids can benefit consumers and facility owners through lower bills, improved
power quality and increased reliability. They can also serve
as controllable grid resources for utility operators, which is
a value proposition with broad societal benefits.
In this article, we briefly explore different microgrid
definitions and applications. We then focus specifically on
distributed grid-interactive solar-plus-storage microgrids,
as these are most relevant to solar developers, engineers

and integrators. We explore the pros and cons of different
solar microgrid configurations. We consider some of the
system integration challenges associated with designing
and installing solar microgrids. Lastly, we provide practical
insight about managing customer expectations with regard
to system capabilities and economic performance.

What Is a Microgrid?

Microgrids are a key pillar of the 21st-century electric grid
envisioned by the Smart Grid Research and Development
(Smart Grid R&D) Program, which the Office of Electricity Delivery and Energy Reliability at the US Department of
Energy (DOE) administers. According to the Smart Grid
R&D Multi-Year Program Plan (2010–2014) (see Resources),
the program’s short-term goals call for commercially viable
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microgrids by 2020, as well as a self-healing distribution grid with a high penetration of distributed energy resources, demand response and
plug-in electric vehicles. In 2011, the Microgrid
Exchange Group, an ad hoc group of subject
matter experts within the Smart Grid R&D
Program, put forward the closest thing to a
consensus definition of a microgrid after much
discussion and scrutiny.
As defined by the Microgrid Exchange
Group, which comprises people researching and
deploying microgrids: “A microgrid is a group
of interconnected loads and distributed energy
resources within clearly defined electrical boundaries that acts as a single controllable entity with
respect to the grid [and] can connect and disconnect from the grid to enable it to operate in both
grid-connected or island mode.” This definition
is generally consistent with one developed by a
working group at the International Council on Alcatraz Island microgrid The National Parks Service installed a 307 kW
Large Electric Systems (CIGRE): “Microgrids are PV array and a 1,920 kWh energy storage system at Alcatraz Island to
electricity distribution systems containing loads reduce generator run times, diesel fuel costs and CO emissions. The hybrid
2
and distributed energy resources (such as dis- microgrid system comprises Princeton Power inverters, SunPower PV modtributed generators, storage devices or control- ules, Deka valve-regulated lead acid batteries, a pair of diesel generators
lable loads) that can be operated in a controlled, and a master microgrid controller that prioritizes solar utilization.
coordinated way while connected to the main
power network or while islanded.”
The similarities in these definitions belie the elasticity
Community microgrid. Community microgrids are inteof microgrids in practice. Microgrids vary considerably in grated into utility networks rather than located behind a
terms of scale, complexity and loads. They can incorporate customer’s meter. Though community microgrids use the
many different types and combinations of power genera- same technologies as campus microgrids, the utility contion and energy storage technologies, including fossil fuel trols the system and the distributed energy resources are
generators, microturbines, fuel cells, photovoltaics, wind, subject to utility regulation. Customers often deploy comsmall hydro, biomass, batteries, flywheels, electric vehicles, munity microgrids to improve grid resiliency or support
energy management systems and controlled loads. While essential community services in the event of an emergency
microgrid categories and reference architectures are fluid, that results in widespread power outages. The utilities that
the following are some examples of microgrid applications Hurricane Sandy impacted are among the early adopters of
community microgrids.
or types.
Campus microgrids. Military bases and university or corIslanded microgrid. With no connection to a transmission
porate campuses deploy this type of microgrid. The cus- or distribution network, islanded or off-grid microgrids protomer or facility owner owns and maintains the microgrid vide power to remote communities, isolated industrial sites or
assets as well as the dedicated distribution system behind actual islands. However, they incorporate the same types of disthe meter. Though interconnected to the local utility grid, tributed power generation, energy storage assets and advanced
campus microgrids typically support autonomous operation control capabilities as utility-interactive microgrids, often as a
to some degree, either allowing the facility to operate inde- means of reducing dependence on diesel generators.
pendently during a utility outage or supporting critical loads.
Nanogrid. Their function rather than their size defines
For example, Black & Veatch commissioned a microgrid at microgrids. However, some microgrids serve multiple buildits corporate headquarters in April 2015 that incorporates ings or customers, whereas others serve a single building or
combined heat and power (two natural gas microturbines), load. The term nanogrid describes the latter, which is effecvariable renewable energy (150 kW of rooftop solar), distrib- tively the smallest microgrid building block.
uted energy storage (100 kWh lithium-ion battery) and conAdvanced microgrid. Researchers and analysts use the term
trollable loads (45 electric vehicle charging stations).
advanced microgrid to differentiate C O N T I N U E D O N P A G E 2 6
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between today’s commercially available microgrids and the
next-generation microgrids they envision coming online in 5
or 10 years. According to the authors of the Sandia National
Laboratories report The Advanced Microgrid (see Resources),
an advanced microgrid is “loosely defined as a dynamic
microgrid.” As such, the milestones along the road map to
advanced microgrids have less to do with hardware than with
software and regulation. To realize the 21st-century smart
grid, utility operators need to be able to dynamically control
variable renewable resources, distributed energy storage systems and microgrid assets. This requires new specifications,
protocols, standards, qualification tests, security measures
and protection schemes. It also requires new ways for asset
owners to participate in electricity markets.

Solar Microgrids

Though microgrids are technology neutral, they are especially
well suited for integrating batteries in concert with photovoltaics. In their Clean Energy Group report, Solar+Storage 101 (see
Resources), Seth Mullendore and Lewis Milford note: “With
steadily dropping costs in both solar and energy storage technologies, [solar plus storage] has become a viable and more

reliable choice for emergency power. Not only do [solar-plusstorage] systems have the ability to provide power indefinitely
when the grid is unavailable, they can also cut costs and generate revenue the other 99.9% of the time when the grid is functioning normally.”
For the purposes of this article, we use the term solar
microgrid to refer specifically to a solar-plus-storage microgrid that is deployed behind the meter in a commercial
or industrial application. Our intention is to distinguish
solar microgrids from small-scale grid-tied battery backup
PV systems on the one hand and utility-scale energy storage systems on the other. Advanced controls capable of
balancing captive loads and energy resources, as well as
bidirectional flows of stored energy, characterize a solar
microgrid. Not only do the batteries in a solar microgrid
support stand-alone operation, but the system controller
can also dynamically discharge them in parallel with the
grid, as a means of providing value-added services for both
the utility and the customer.
By comparison, the role of the batteries in a simple gridtied battery backup PV system is only to provide uninterruptible power to critical loads during a power outage. Otherwise,
the system works in a binary utility-interactive mode, either
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on or off. Meanwhile, a utility-scale energy storage system
deployed at a substation to manage or firm up variability is
not a solar microgrid, as we are using the term, because the
energy storage asset is installed in front of the meter, likely
does not support islanded operation and interconnects at
higher voltage levels than a solar microgrid.
SYSTEM CONFIGURATIONS
You can subdivide solar microgrids into three basic configurations or architectures: ac coupled, dc coupled and hybrid
systems. There are pros and cons associated with each
design approach.
AC coupling. In an ac-coupled configuration, the PV system
and the energy storage system each have their own inverter,
as shown in Figure 1 (p. 28). These separate inverters connect to one another on the ac side of the system, typically
through a dedicated subpanel containing backup loads. The
PV inverter is typically a standard utility-interactive inverter,
albeit one capable of receiving external controls. The storage inverter controls battery charging and discharging. You
would therefore more properly refer to it to as a power converter or power conversion system.While some power converters have an integral grid isolation device, in our experience,

it is more common to use a dedicated external grid isolation
device actuated via a master system controller.
Compared to dc coupling, an ac-coupled configuration
typically offers improved conversion efficiencies and equipment availability, as well as simplified system monitoring
and serviceability. Conversion efficiencies are improved
because the PV system connects to standard utilityinteractive inverters, which are often 97% or 98% efficient.
While power converter options are more limited than PV
inverter options, several vendors serving the solar market—including ABB, AEG Power Solutions, Eaton, Ingeteam,
Parker and Schneider Electric—also offer commercial-scale
energy storage converters. Further, you can deploy any
power converter suitable for dc coupling as a dedicated storage converter in an ac-coupled microgrid. Having all of these
options to choose from makes it relatively easy for designers
to identify a storage converter with the desired capacity rating and product features.
An additional benefit to using utility-interactive PV
inverters is that you can use standard OEM or third-party
PV monitoring solutions. While this may sound trivial, it is an
important consideration for some applications. For example,
off-the-shelf monitoring options are valuable for customers
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Figure 1 This figure shows a schematic diagram for an ac-coupled solar microgrid in which the PV and energy storage systems
connect to separate inverters that share a connection to a common ac bus.
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Figure 2 This figure shows a schematic diagram for a dc-coupled solar microgrid in which the PV array and energy storage
system both connect to the dc bus of a multiport power converter.

who want to install a public lobby display to showcase their PV
system. This may also be the easiest way to provide customers
with a client login that enables them to track expected versus
actual PV production. Meanwhile, having two separate inverters makes it easier for technicians to isolate the storage system
from the PV system for maintenance and troubleshooting.
The drawbacks of ac coupling relate to costs, space
requirements and system control. Because ac-coupled systems require two separate inverters, they are typically more
expensive than a comparable system deployed using a single
multiport converter. Systems deployed using a dedicated
energy storage converter face difficulties in qualifying for the
30% investment tax credit (ITC). Two inverters also take up
more physical space than a single converter. Lastly, system
control and interoperability may be more limited or complicated in systems deployed using two inverters, especially if
the inverter manufacturers differ. Mismatched inverters may
also make it more difficult to monitor both the PV and the
energy storage systems effectively.
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DC coupling. In a dc-coupled configuration, the PV and
energy storage systems share a power converter with three
or more ports. As shown in Figure 2, two ports on the dc side
of the converter are dedicated to the PV and battery inputs,
and a third port on the ac side of the converter provides an
input for the utility grid. While power from the PV array
flows in one direction only, power flow on both the battery
and utility ports is bidirectional.
DC coupling can reduce material and labor costs compared to an ac-coupled system since it can rely on a single
power converter. DC-coupled systems are generally more
compact in terms of physical space. Not only do you have to
install fewer pieces of equipment, but also this approach eliminates redundant subcomponents and controls. Meanwhile,
the process of qualifying the energy storage components for
the 30% ITC is simplified when the solar and storage share the
same converter.
In specific scenarios, dc coupling may provide unique performance benefits. For example, battery C O N T I N U E D O N P A G E 3 0
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charging from the PV array is likely
more efficient in a dc-coupled system, simply because it involves fewer
power conversion steps. In addition,
with some products, the battery input
to the dc bus permits extended hours
of operation on the PV port, allowing
for additional energy harvest early in
the morning or late in the evening.
The potential drawbacks of dc
coupling include limitations related
to product availability, weighted efficiency, shared converter capacity
and energy metering. Relatively few
equipment vendors—including Dyna- Campus microgrid Panasonic Energy Solutions designed and installed this solarpower, Ideal Power and Princeton plus-storage system for the British Columbia Institute of Technology (BCIT). The
Power—offer multiport converters Energy OASIS (Open Access to Sustainable Intermittent Sources) project includes
for solar microgrids. As compared to 250 kW of carport-mounted Panasonic PV modules and 500 kWh of Panasonic lithiuma standard utility-interactive inverter, ion batteries and EV charging stations. It is integrated into the Smart Power Microgrid
these specialty converters have a at BCIT’s Barnaby Campus.
lower CEC-rated efficiency, typically
in the 94% to 96% range. You need to consider whether you
A drawback to backup generators is that fuel is no lonare compromising system services and functionality by having ger carbon free or free of cost. Further, fossil-fuel generators
two dc sources share converter capacity. For example, will PV require periodic maintenance, as well as regular cycling. A
production occupy essential converter capacity at times when hybrid microgrid configuration also increases system comthe system needs to discharge stored energy? Obtaining full plexity. In addition to requiring more sophisticated controls,
credit for PV-generated energy may also present a problem, these systems may also be more complicated to commission
since there are losses associated with energy storage system or troubleshoot.
charge and discharge cycles. Further, applying revenue-grade
metering to dc-coupled systems in solar renewable energy ENGINEERING AND DESIGN CONSIDERATIONS
credit (SREC) markets is uncharted territory for both integra- Compared to utility-interactive PV systems, solar microgrids
present additional design and integration challenges. Suptors and regulators.
Hybrid system. A hybrid system configuration integrates port of stand-alone operations requires additional hardadditional generator(s) into the dc- or ac-coupled microgrid. ware, and some of this equipment—most notably the
Potential renewable energy resources include wind or battery bank—is physically large. Design calculations are
micro-hydro turbines or biogas digesters. However, it is most more complex, since these systems have bidirectional power
common to augment a solar microgrid with a natural gas flows and multiple energy sources. This operational comor diesel generator. In this scenario, the generator typically plexity requires extra controls and software. Finally, solar
connects to the backup loads’ subpanel via a controllable microgrids require additional safety considerations.
contactor or a transfer switch. The master controller manEnergy storage. To optimize system performance, longevages operation of the entire system, including the generator ity and cost, you must identify the right storage technology
and the grid-isolation device.
based on application-specific conditions of use. This is a
As a design strategy, integrating a fossil-fuel generator complex analysis, well beyond the scope of this article. At
into a solar microgrid is a way of reducing energy storage a high level, however, battery selection is largely a function
capacity requirements and associated costs, while ensur- of expected discharge frequency and depth. Power-oriented
ing that you still meet customer needs. Of course, a backup batteries are better suited for applications with short charge
generator is most valuable when a major storm or disas- and discharge times. Energy-oriented batteries are better
ter results in an extended grid outage, which is also when suited for applications with long charge and discharge times.
refueling may prove problematic. Nevertheless, integrating
Jay Marhoefer is the co-founder and CEO of Intelligent
additional generation resources is a great way to increase Generation, a software-as-a-service company that uses softoverall system resiliency and reliability, as well as extend ware algorithms to optimize a distributed network of storautonomy during stand-alone operation.
age assets for maximum market value. Marhoefer notes:
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“Selecting the right type of battery requires a certain expertise, as it depends on the economic application of the energy
storage system. For example, a power-oriented battery suitable for frequency regulation is not practical as a means of
managing demand or capacity charges.”
In the frequency regulation market operated by PJM,
a regional transmission organization (RTO), energy storage systems are categorized as a “dynamic, fast-responding
resource,” and are compensated based on their ability to
respond to a signal within a 4-second interval. This is not
necessarily a high-energy application, but it does require a
high-power battery, one that can charge or discharge very
quickly. By contrast, load shifting for demand response purposes requires a high-energy battery, but is not necessarily a
high-power application.
In terms of technology, lithium-ion batteries currently
dominate the market. According to US Energy Storage Monitor, a report from GTM Research and the Energy Storage
Association, lithium-ion batteries accounted for 70% of the
grid-connected energy storage capacity deployed in 2014.
Flow batteries, which have a flowing electrolyte, are another
option for solar microgrids.
High-energy densities, relatively low weight and good
cycle life characterize lithium-ion batteries, making them
ideal for everything from cell phones to electric vehicles.
These commercial applications have helped scale the technology and reduce costs. Lithium-ion batteries are available
from divisions of large, well-known companies such as LG
and Panasonic. Since they respond well to fast, intermittent high-power demands, they are well suited for frequency
regulation and similar grid services. However, their usable
capacity is limited, meaning that lithium-ion batteries
perform better and last longer when they are not fully discharged. Further, large-scale lithium-ion batteries require
active space conditioning, as prolonged exposure to heat
reduces cycle life.
Flow batteries, on the other hand, have extremely highcycle life—the limits of which laboratories have not fully
characterized yet—and their full capacity is available for discharge without any reduction in cycle life or performance.
This makes flow batteries an excellent choice for long duration and deep discharge applications, such as load shifting
and backup power. Since flow batteries are not suited for
mobile applications, they do not benefit from the growth
of the electric vehicle industry to scale manufacturing economically. Start-up companies such as American Vanadium
and ViZn Energy offer flow batteries.
Site evaluation. The location and layout of major system
components is important to the success of a microgrid project. Equipment layout impacts construction costs, system
maintenance and the host customer’s experience. Designers
need to consider how major components—such as the PV
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array, energy storage system and backup loads’ subpanel—
relate to one another, as well as to the point of connection and backup loads. Evaluating the time and materials
required to relocate backup load branch circuits is critical,
as this is a potential source of cost overruns. If the customer
has a list of high-priority backup loads, verify the feasibility and practicality of extending these branch circuits to the
backup loads panel. Otherwise, the customer will be disappointed to learn at a later date that the system does not back
up these loads.
Energy storage components, in particular, are a significant design consideration. Containerized battery energy
storage systems for commercial and industrial applications
are physically equivalent to 20-foot shipping containers
and often include control components, space conditioning
and fire suppression systems. In some cases, you need more
than one battery container. In addition to accounting for
the physical footprint of the enclosure(s), designers need to
consider noise, waste heat, aesthetics, accessibility, working
clearances and proximity to the point of connection. Note
that the proximity of the energy storage and power conversion systems relative to the PV array and point of interconnect is particularly important in dc-coupled systems. Both
the physical distance of the circuits and the conduit routing
have a significant impact on construction costs.
Design calculations. Compared to utility-interactive PV
systems—or even grid-tied battery backup systems—solar
microgrids require additional design calculations, and
some of the nuances are not entirely obvious. With a utilityinteractive PV system, for example, designers can verify
the adequacy of the service simply by comparing the maximum combined inverter output capacity with the incoming
AC-coupled/
dc-coupled
inverters

Subpanel with
backup loads

utility service rating, in either amps or kilovolt-amperes.
Solar microgrids, by comparison, require an additional
design step because the storage system is both a load and an
energy source. As a result, designers need to consider the ac
rating of the power converter in both directions.
In practice, this means designers must add the power
converter’s maximum input rating to the maximum
expected instantaneous building load. This sum should be
less than the electrical service capacity. If this sum is greater
than the service capacity, designers have two options: upsize
the service or limit the loads. Conceptually, upsizing the
service capacity so that it exceeds the sum of the maximum
possible site loads is a brute-force design solution, as it is the
most expensive answer to the problem. Unless you expect a
microgrid to generate a significant portion of its revenue by
participating in ancillary service markets dependent on the
full converter capacity, service upgrade costs are seldom justified. A more cost-effective solution is to control either site
loads or charge current. The latter is generally a more practical option, as you can accomplish this using the microgrid
control system.
You must perform the same type of analysis for the
backup loads subpanel, as well for any electrical equipment between the microgrid point of connection and the
utility transformer. In some cases, it is a good idea—if not a
requirement—to install additional energy meters as a means
of providing closed-loop verification of system inputs, which
allows the control system to check the accuracy of any one
data stream by comparing it to others.
Point of connection. To prevent component overloading
in the electrical system, you often need to interconnect
solar microgrids on the supply side of C O N T I N U E D O N P A G E 3 4
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Figure 3 The hybrid microgrid in this figure includes a fossil fuel generator and connects on the supply side of the main service
panel, which accommodates higher system capacities than a load-side connection.
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the main overcurrent protection device (OCPD), as shown in
Figure 3 (p. 32). When considering design options, do not rule
out moving the metering point upstream to clear the way for a
supply-side connection. It may be more desirable to locate the
point of connection outside the building, as this may lower
costs, improve safety and provide emergency responders with
more-direct access to the system disconnecting means.
Backup loads. Power converter capacity on the one hand
and the amount of stored energy on the other limit the
ability of a solar microgrid to autonomously support loads
during a power outage. While the duration of stand-alone
operation varies based on customer habits, instantaneous
power requirements are a hard-stop design limit. As such,
you need to pay particular attention to the continuous ac
current rating of the power converter, as well as its overload
or surge current rating.
At start-up, some commercial and industrial loads—most
notably large motors or compressors—require a large amount
of current, referred to as locked rotor amps (LRA). The information label for a motor typically includes its LRA rating. If
this is not available, you can measure inrush current during
the site evaluation. To properly operate backup loads, the
power converter must support instantaneous surge currents
on top of the expected base load requirements.
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Sequence of operations. The sequence of operations is a
matrix that informs the control system logic. It identifies all
of the components that the local control system will interact
with, as well as all of the system operating modes. It then
defines the state of operation for the power converter, the
status of controllable loads, the position of switches, alarm
trigger set points and so forth, for every possible operating mode. In our experience, the sequence of operations is
unique for each job, based on how the system integrates with
the host facility, which components and energy resources
are present, and how the system generates revenue.
The control system for the Konterra Microgrid project
(see pp. 72–73), for example, prioritizes using power converter capacity as a current source to process PV-generated
power, as this provides the most predictable revenue steam.
Since the converter capacity (500 kW) is larger than the
PV input capacity (402 kW), the controller uses any excess
converter capacity to participate in PJM’s fast-response
frequency regulation market. This allows the PV system to
generate additional revenue during the day, as well as at
night. In the event of a grid outage, the controller opens the
isolation device and switches the power converter to island
mode. In this mode, the converter acts as a voltage source
and operates loads connected to the backup subpanel.

Co ur te sy D y na po w e r

Integrated power system Dynapower’s containerized IPS500 is 23 feet long and weighs 27,000 pounds, which is a
significant siting consideration. However, it includes a 250 kWh
lithium-ion battery bank, a multiport power converter—with a
pair of 500 kW-rated inputs for solar plus storage—and ac and
dc switchgear.

You must develop the sequence of operations control
matrix with the consensus of all project stakeholders, including the host customer, electric distribution company, AHJ,
equipment vendors, engineer of record and EPC. Meet with
the electric distribution company and AHJ early in the project
development cycle to apprise them of the plan, and adjust it as

necessary based on their feedback. Coordinate the sequence
of operations with the energy storage system vendor to ensure
that the battery can support the desired functions and capabilities. Clear communication is critical not only for establishing
a common set of criteria by which to evaluate project success,
but also as a means of managing customer expectations.
Safety. A 20- or 40-foot storage container filled with
batteries presents inherent safety hazards, some of which
utility-interactive PV systems do not pose. However, system
integrators are intimately familiar with many of the commonsense safety responses to these hazards. For example, strict
adherence to the access and working space requirements
in NEC Section 110.26 is essential. You need to identify arcflash hazards, guard live parts and ensure that system labeling meets or exceeds Code requirements. You also need to
consider using fire-retardant materials and an automatic
fire suppression system.
Energy storage systems also require heightened attention to incident preparedness. The authors of the US DOE
Emergency Storage Safety Strategic Plan (see Resources) note
that it is “essential to engage the first responder community
early” in the process of designing and siting energy storage
systems, with the goal of improving overall safety and developing hazard mitigation techniques. After meeting with first
responders, you will need to produce a site-specific safety

Advancing the
power plant of the future.
nextracker.com
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plan and training curriculum, and document an easy-tofollow emergency shutdown procedure. For best results,
engage project stakeholders in this process. Power converter
and energy storage system vendors, for example, are good
sources of input when developing procedures and documentation related to system commissioning, performance validation or hazard mitigation.
According to the US DOE report, the codes, standards
and regulations pertaining to energy storage systems are
generally insufficient and inadequate at this time. Therefore,
it is incumbent on you to assume additional responsibility
for risk assessment, incident preparedness and safety documentation. In the event of an emergency, facility managers
or first responders must be able to quickly isolate the PV and
energy storage systems without endangering themselves.
This may require automated and manual means of shutting
the system down. It certainly requires additional alarms, sensors, controls, isolation switches and software programming
as compared to a conventional utility-interactive PV system.
As a best practice, consider designing solar microgrids to
meet the rapid-shutdown requirements in NEC 2014.
Engineering controls, like product safety standards, are
essential to electrical system safety. This means you need to

specify listed equipment and use equipment in accordance
with its listing. Bob Gohn is the director of product management at NEC Energy Solutions, a company that develops and
manufactures advanced batteries for grid-scale energy storage applications. Gohn notes: “It is critical that lithium-ion
batteries carry relevant UL, CE and FCC certifications. Many
integrators fail to notice when battery product safety certifications and safety features are lacking.”

MANAGING CUSTOMER EXPECTATIONS
The onus is also on you to set realistic customer expectations. Inverter-based energy storage systems invariably present tradeoffs in terms of capabilities and costs. These issues
are even more nuanced in systems that provide ancillary
services behind the meter.
System capabilities. The first step in setting realistic customer expectations is to understand your client’s goals
and priorities. This is especially relevant to the selection
of backup loads. Stand-alone operation is limited based on
the available PV generation and energy storage capacity; so
the more circuits customers decide to back up, the shorter
the projected period of autonomous operation. It is seldom
practical to back up all site loads, and it is impossible to
support loads that exceed power converter capacity. Make sure customers
understand these design implications
and performance tradeoffs. Consider
State
Program
Summary
integrating a fossil-fuel generator for
Arizona
Competitive RFP
Arizona Public Service (APS) to solicit 10 MWh of
the customer with a large number of
energy storage capacity with 2018 in-service deadline
critical backup loads, as this is generCalifornia
Self-Generator Incentive
Started in 2008; advanced energy storage sytem
ally more cost-effective than increasProgram
incentive of $1.62/W, with a 10% annual reduction
ing PV array and battery capacity.
Connecticut
Connecticut Microgrid
Grant and loan program administered by Department
You should also advise customers
Program
of Energy & Environmental Protection (DEEP)
of any potential technical issues assoMaryland
Grid Transformation
Initiative with competitive funding for discrete
ciated with supporting certain types
Program
public-purpose microgrid projects, and
of ancillary service. To maximize paynoncompetitive funding for advanced control systems
ments in the PJM market, for example,
and cost-effective storage technologies
dynamic fast-responding resources
Massachusetts Energy Storage Initiative
Includes $10M FY 2015 budget to encourage energy
should follow a 4-second signal as
storage deployment for renewables and grid support
closely as possible. Though the intent of
New Jersey
Renewable Electric Storage
Incentive for behind-the-meter energy storage
this program is to improve overall grid
Competitive Solicitation
system with renewables; $3M FY 2015 program
stability, the local impacts of an energy
closed; FY 2016 program planned
resource that is rapidly changing power
New York
Performance-Based Incentives
NYSERDA incentive of $300/kW or $600/kW;
levels and direction are not always posifor Existing Facilities
maximum amount is $2M up to 50% of project costs
tive. These rapid power fluctuations can
Demand Management
Con Edison incentive of $2,100/kW for demand
deteriorate power quality on the local
Program
management systems >50 kW; maximum
distribution circuit, which you may
amount is 50% of project costs
observe in the form of voltage flicker.
Reforming the
$40M NY Prize competition that helps communities
One of the simplest ways to mitiEnergy Vision
build microgrids capable of islanded operation
gate this type of problem is to ensure
Early adopters While California is leading the way, as it did with the adoption of
that the active bid capacity of the
solar technologies, several other states also have emerging energy storage markets.
fa st - re sp o n di n g C O N T I N U E D O N P A G E 3 8

States with Emerging Energy Storage Markets
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YOU WANT A SPRING IN YOUR STEP,
NOT IN YOUR POWER

PROTECT YOUR BATTERIES AND
MAXIMIZE ENERGY HARVEST WITH
TWO NEW MAGNUM-DIMENSIONS
PRODUCTS FROM SENSATA
PT-100 Charge Controller

The PT-100 is a Maximum Power Point Tracking
Charge Controller designed to maximize energy
harvest from your PV array and improve battery
life. Optimally charging batteries, providing
electronic protection, and extinguishing series
arcs with an integrated PV arc-fault circuit interrupter, the power you see is smooth. The PT-100
is 99% efficient, can support a PV array of up to
6600 watts with PV input voltage up to 187 VDC,
and is compatible with 12, 24, or 48 volt systems.

SEE THE
PT-100 & ACLD-40 AT

Intersolar NA, San Francisco,
July 13-16, Booth #8523

ACLD-40 Load Diversion Controller

The ACLD-40, designed to make AC coupling
installations easy, monitors the battery voltage of
a battery bank and connects to an AC diversion
load to avoid overcharging. You don’t need
hard-to-find DC loads with the ACLD; and with
built-in Pulse Width Modulation, your chosen
AC appliances will run without spikes in power.
The ACLD-40 controls up to 4000 watts of excess
power and works with 24 or 48 volt systems.
To learn more about Magnum-Dimensions
products, visit www.magnumenergy.com

The World Depends on Sensors and Controls
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resource is small relative to the loads. Otherwise, this is a technical problem that regional transmission organizations and
local distribution companies need to work together to solve.
The effect on the local distribution grid resembles what happens with a large PV system operating during unstable sky conditions, which can cause local voltage regulation equipment to
adjust more frequently and contribute to premature failure.
According to Lyle Rawlings, the president and CEO of
Advanced Solar Products: “Utilities have concerns about
using batteries for frequency regulation due to the potential
effects of frequency regulation on the distribution system. The
regional transmission organization could potentially handle
this by coordinating with the local distribution companies
and designing a fast-response frequency regulation signal
that does not cause voltage flicker. These are highly technical matters that regional transmission organizations, electric

distribution companies and solar project developers need to
work out as this market develops.”
Customers also need to understand that today’s commercially available solar-plus-storage systems are relatively
one-dimensional. In theory, it is possible to use a single
energy storage system to address a variety of complementary applications and aggregate multiple revenue streams—
a process known as stacking. However, this requires control
systems that are more complex than those developed to
date. “The high expectations for storage systems are both a
blessing and a curse,” notes Chris Larsen, the business development manager at Dynapower. “The versatility of storage
looks like a Swiss Army knife on paper. The real challenge is
implementing controls and algorithms that allow systems to
operate in all of the intended modes.”
Companies usually program solar-plus-storage systems to
support a specific and limited set of functions
based on the market context, potential revenues and host customer needs. The functions
selected affect stand-alone autonomy based
Transmission
Market
on the energy storage system’s likely state of
operator
overview
Notes
charge when an outage occurs. The control
CAISO
Pay-for-performance
Implemented regulation program to meet FERC
system also requires customization based
frequency regulation
Order 755 in 2013; working on new flexible
on the market value of ancillary services,
ramping product tariff
site-specific equipment configurations and
ERCOT
Fast-responding
Pilot regulation program is voluntary, as the Electric
individual customer needs. Developing and
frequency regulation
Reliability Council of Texas is not subject to FERC
debugging a custom control system requires
service pilot program
Orders; studying nearly 600 MW of new storage
advance planning.
capacity for possible future integration
Economic performance. It is inherently
ISO New
Alternative technologies
Pilot regulation program in place since 2008;
more difficult for project developers to genEngland
frequency regulation
implementing new frequency regulation
erate revenue projections and estimate
pilot program
market design in 2015
return on investment for solar microgrids
than for utility-interactive PV systems. This
MISO
Pay-for-performance
Implemented program to meet FERC Order 755 in
is not only true for systems that participate
frequency regulation
2013; working on improving dispatch signals and
in spot markets for ancillary services, but
developing markets for new products
also for systems that realize savings based on
NYISO
Pay-for-performance
Implemented regulation market in 2013;
avoided costs. Demand charge reductions,
frequency regulation
studying new market rules that would allow
for example, are difficult to estimate withbehind-the-meter generators to participate in
out detailed historical load data. Even when
wholesale markets
these data are available, demand charge savPJM
Pay-for-performance
Implemented regulation program to meet FERC
ings are highly dependent on customer habfrequency regulation
Order 755 in late 2012; proposed a new capacity
its. If the customer’s energy consumption
performance product for storage plus
habits change significantly, you will need to
renewables for 2016/2017 delivery year
adjust the system performance expectations.
SPP
Fast-responding frequency Southwest Power Pool implemented regulation
Another factor that you need to
regulation service
pilot project in 2013; working on developing
account for with frequency response is the
pilot program
markets for new products
cost of operation. Significant energy losses
Market-based incentives Pay-for-performance frequency regulation proare associated with using batteries as a
grams provide premium compensation for fast-responding resources, such as
dynamic fast-responding resource, simenergy storage systems. Transmission operators are also developing other
ply due to the round-trip efficiency losses
ancillary service products that will provide additional revenue streams for
associated with the energy storage system.
energy storage assets in the future.
You must account for C O N T I N U E D O N P A G E 4 0

Wholesale Market Opportunities
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Marhoefer at Intelligent Generation
elaborates: “Today, project financing for
energy storage is similar to where PV project finance was in the early 2000s, before
the advent of power purchase agreements.
A primary impediment to storage project
finance is the merchant risk associated
with frequency regulation, which is a spot
market. It is also a thin market that will
be subject to downward price pressure as
cheaper storage assets saturate the market
in future years. However, costs for lithiumion energy storage systems continue to
trend downward as production scales. At
some point, the costs will be low enough to
spur investment despite the merchant risk.”
Analysts and service providers are
Hazard mitigation Industry stakeholders are still developing best practices,
not the only industry stakeholders concodes, standards and regulations pertaining to energy storage systems. Meanvinced of the inevitability and imporwhile, the NEC provides general guidance regarding things like access and
tance of microgrids. The authors of the
working space requirements.
California Public Utilities Commission
storage system energy losses—as well as energy that the
report Microgrids: A Regulatory Perspective
control system or space-conditioning system consume— (see Resources) note that “this development is happening
when running financial models. These losses effectively whether the utility, or regulator, encourages it or not.” The
reduce PV system production, which will decrease energy real issue, they conclude, is what utilities and regulators will
credits or SREC payments.
do to use these technologies most effectively.
Finally, you need to consider the operations and maintenance implications of solar-plus-storage systems. Batg C O N TAC T
tery life expectancy generally decreases the more often and
C.J. Colavito / Standard Solar / Rockville, MD /
more deeply the system cycles batteries, which also impacts
cj.colavito@standardsolar.com / standardsolar.com
financial performance. Specifying the wrong battery based
on the conditions of use, for example, can severely curtail
Jobin Michael / Standard Solar / Rockville, MD /
battery life. In addition to accounting for increased maintejobin.michael@standardsolar.com / standardsolar.com
nance and insurance costs, you must also add transmission
RESOURCES
dispatch and scheduling fees. To set appropriate customer
Bower, Ward, et al., The Advanced Microgrid, Sandia National
expectations, you need to factor all of these considerations
Laboratories, Sandia Report SAND2014-1535, March 2014.
into the customer’s financial pro forma.

Untapped Potential

Compared to utility-interactive PV systems, solar microgrids
are relatively expensive to deploy and difficult to finance.
While these are meaningful market barriers today, most
analysts expect rapid and significant growth in energy storage applications. Mike Munsell at Greentech Media notes
(see Resources): “GTM Research likens the current commercial energy storage market to the U.S. solar market of 2005.
[Though still expensive,] the technology is sophisticated
enough to allow for widespread adoption, and the business
models are just beginning to emerge.” Further, much of the
energy storage market growth in the next 5 years is expected
to come from behind-the-meter applications.
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Distributed Energy
Storage Systems
Compiled by David Brearley
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hether interconnected behind or in
front of the meter, utility-interactive
energy storage systems can address
grid integration issues associated with
the increased deployment of variable
renewable energy resources, while
providing other benefits to both utility operators and consumers. Distribution system operators
can use energy storage systems to improve grid resiliency
and reliability. Electric customers can use these systems to
manage their energy use in new and profitable ways.
Explosive growth characterizes the market for distributed
energy storage systems. In the US Energy Storage Monitor,
GTM Research and the Energy Storage Association estimate
that energy storage deployments will increase from 62 MW in
2014 to 220 MW in 2015. The market is also growing in ways
that will interest solar integrators. While behind-the-meter
installations accounted for only about 10% of the energy storage market in 2014, analysts expect customer-sited storage to
account for 45% of the market within the next 5 years.
Since the energy storage market is many things to many
people, I interviewed stakeholders all across the value chain—
technology companies, service providers, BOS companies
and system integrators—to learn more about energy storage
products, business models and integration challenges.

Jason Abiecunas

Proje c t ma na ge r a nd mic rogr id busine ss l ead,
B la c k & Ve a t c h, bv.c om

In April, Black & Veatch commissioned a microgrid at its world
headquarters in Overland Park, Kansas. What power generation
and energy storage resources are integrated into this microgrid?

This microgrid includes two 65 kW microturbines, 50 kW of
PV technologies, a 100 kWh battery energy storage system
and a custom central control system to operate these
resources in unison. The PV component is segmented into a
1,000 V system, a traditional 600 V system and a system utilizing microinverters. The objective is to test many alternative
microgrid technologies in a real environment to determine
the best mix of resources for client projects. We are using our
Asset360 platform to perform advanced analytics to monitor
the condition of the equipment and the performance of the
system. This platform provides both a technical dashboard
for our operations personnel and an educational dashboard for the general public.
How much of the campus can the microgrid support in island mode?

The microgrid is designed to operate the Rodman Innovation
Pavilion as an island independent from the utility grid. The

Energy storage systems are an essential enabling
technology that allows for the increasing integration of
renewable resources into the electric power system.
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maximum load for the Innovation Pavilion is approximately
300 kW. The microgrid can export excess generation to the
East Building of the Black & Veatch campus.
What were the most challenging aspects of implementing this
microgrid? The biggest technical challenges are integrating

the controls for multiple generation sources with the building energy management system. This integration is critical to
achieving the largest benefit from the system. Black & Veatch
developed a custom controls system that provides the flexibility to operate the system as a living laboratory. We are in the
early stages of implementing a testing program to analyze operating modes of the different system components, demonstrate
advanced functionality and optimize system operation. Based
on this effort, we will develop technical resources and white
papers to support clients developing microgrid projects.

Do you think that microgrids and energy storage systems are a
threat to or an opportunity for incumbent utilities? Distributed

resources, energy storage and microgrids will facilitate new
means of delivering energy services. However, the best application for these technologies is not to create a new electricity delivery model but rather to incorporate them into the
existing electric grid, as this results in the most reliable
electric system. Utilities are best positioned to apply these

new technologies through their networks and in partnership
with their customers.

Darren Hammell

Cofounde r a nd c hie f st r a t e gic offic e r,
Pr inc e t on Pow e r Sy st e ms, pr inc e t onpower. com

What types of solar-plus-storage microgrids can Princeton Power
Systems support? We focus on 10 kW–5 MW commercial

and industrial systems, including interactive microgrids
and islanded systems. We can accommodate dc-coupled
PV arrays and ac-coupled microgrids, and we specialize in
systems that use advanced batteries. Our power converters
are UL-listed for on- or off-grid operation and enable rapid
synchronization with generators.

What are your fastest-growing markets and business applications?

California, Hawaii, Texas, New York and New Jersey are the US
states with the fastest-growing markets. These are primarily
grid-interactive applications, which use energy storage for
demand management or solar plus storage for resiliency. In
the Caribbean and Africa, we are installing many independent
island systems where solar replaces generators as the primary
energy source to improve reliability, reduce emissions and
lower costs.

Co u r t e s y S a n D i eg o Ga s & El ec t r i c

What is the role of your Energy Management Operating System (EMOS)? The

Improved reliability and resilience Since a single transmission line supplies power
to the remote community of Borrego Springs, CA, its service is susceptible to disruptions caused by thunderstorms or wildfires. San Diego Gas & Electric has successfully
deployed an advanced microgrid with energy storage, power generation and automated switching that is capable of supporting 1,000 metered customers in the event
of an outage. SDG&E is in the process of expanding this microgrid to provide backup
power to all 2,800 metered customers.

EMOS is the software that ties the
various components of the microgrid
together. While every microgrid is
different, the EMOS architecture
allows us to configure each of the
components for optimal operation.
We can complete the initial programming and configuration in a matter of
days, and we often provide an EMOS
hub workstation that island operators can use to monitor and reprogram the system locally. EMOS is
compatible with many cloud-based
asset management services that
can remotely monitor and dispatch
the microgrid as needed to provide
the host site, utility or regional grid
operator with the maximum value
and reliability.
Do you think distributed energy storage
is a threat to incumbent utilities? If we

define an incumbent as a utility that
solarprofessional.com | S O L A R P R O
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is not willing and able to adapt its business model, then distributed energy storage could be a death sentence. However,
utility companies are in a great position to take advantage of
these technological advancements by adopting and deploying
distributed energy storage.
What can utility regulators do to improve cost recovery for
microgrids and distributed energy storage solutions? Several

utilities have recently published findings about the tremendous value that distributed storage has to their operations.
Generally speaking, the closer storage is to the end user, the
more valuable it is. However, the value of storage accrues
to various parties. For example, a business owner can get
backup power from the same battery bank that helps the
utility offset peak demand. Regulators need to ensure fair
compensation to all parties for these services. There are
many ways to accomplish this, most of which involve unconventional models of sharing assets, such as lease buyback
programs and other financial tools.

John Jung

C h ief e x ecu t iv e o ff i c e r, Gre e n smi t h ,
green s m it h e n e r g y.c o m

What energy storage products and services does Greensmith offer?

Greensmith is a provider of grid-scale energy storage software,

as well as an integrator of grid-scale storage systems. Our
GEMS software platform optimizes the performance of gridscale energy storage systems, including batteries, inverters
and other hardware. Our software customers include utilities, independent power producers and renewable energy
facility owners. As an integrator, we delivered one-third
of the energy storage capacity installed in the US in 2014,
as well as the single largest battery-based power system
deployed globally last year.
How can software address grid integration issues for variable
renewable energy resources and distributed energy storage
systems? Energy storage software is positioned to address

resource intermittency, the CA-ISO “duck-curve” graph,
backfeed issues, curtailment of renewable energy generation
and grid instability. Software facilitates application stacking
by allowing owners to program their systems to perform
multiple applications. It also enables fleet management
by allowing operators to manage geographically dispersed
energy storage assets via SCADA [supervisory control and
data acquisition] systems.
What are the biggest challenges to the increased deployment and
commercialization of energy storage solutions? First, the energy

storage industry needs to continue to drive down costs—not
only battery costs, but also hardware costs and soft costs.
Second, the industry needs to move C O N T I N U E D O N P A G E 4 6

Distributed Energy Storage Applications
Category

Application

Description

Electric
supply

Energy time-shift

Store off-peak energy for resale at on-peak times; store energy that would otherwise be curtailed

Supply capacity

Provide peak generation capacity for electric power system; defer investment in new capacity resources

Load following

Provide fast-responding resource to match generation to fluctuating load

Reserve capacity

Provide reserve capacity should normal supply resources unexpectedly become unavailable

Voltage support

Maintain voltage levels by injecting or absorbing reactive power; service works best when located closest to loads

Congestion relief

Avoid congestion-related costs and charges associated with inadequate transmission facilities

Upgrade deferral

Defer or avoid need for transmission or distribution system upgrades

Substation on-site power

Supply backup power to protection, communications and control equipment

Time-of-use cost management

Store off-peak energy to supply customer loads when on-peak time-of-use rates apply

Demand charge management

Discharge stored energy to reduce instantaneous power draw and peak demand charges

Service reliability

Use stored energy to ride through power outage

Service power quality

Protect on-site load from effects of short-term power quality degradation, such as voltage spikes, dips or sags

Time-shift

Store low-value energy generated by renewables at off-peak times until it has a higher financial value

Capacity firming

Mitigate variability by discharging stored energy when renewables are not producing full power

Ancillary
services

Grid
system

End user

Renewables
integration

Potential storage markets The IREC report “Deploying Distributed Energy Storage” (see Resources) identifies 14 potential
applications for distributed energy storage, summarized here.
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r.e.sponsible for your success.

Globally minded,
locally focused.
In April 2015 Focused Energy became
BayWa r.e. Solar Systems LLC
Since 2008, we at Focused Energy have been pioneers in our
support of local, independent installers – the foundation of a robust
and healthy solar industry. Now as an integrated part of BayWa r.e.,
we offer even greater resources and are soundly positioned to
support our growing network of partners well into the future.

BayWa r.e. renewable energy is fast becoming the world leader
in solar PV, wind, bioenergy and geothermal energy generation
and is ideally positioned to meet one of the greatest challenges
of our generation: delivering reliable and clean energy.

For more on the BayWa r.e. renewable energy network please
visit: www.baywa-re.us
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Black & Veatch microgrid The campus microgrid at the Black & Veatch world headquarters includes 50 kW of PV (left), a pair
of 65 kW microturbines (right) and a 100 kWh energy storage system (not shown).

beyond the battery and recognize that other energy storage
technologies—particularly software—play a key role in energy
storage system performance and return on investment. Third,
the industry needs to avoid adopting a cookie-cutter approach
to grid-scale energy storage. These are complex systems, and a
simplistic approach is likely to result in system failures or suboptimal deployments. Finally, the industry needs to continue
to advocate for common-sense regulations and incentives
that encourage energy storage deployment. In spite of these

challenges, we believe the energy storage industry is heading
for a period of strong and extended growth.
What can technology or service providers do to improve the value
of energy storage systems for independent system operators and
distribution system operators? Technology and service pro-

viders can improve the value of energy storage systems by
developing systems that can perform multiple applications,
allowing their owners to use a single energy storage asset
to access multiple value streams. For
example, owners may want to program
Fast-responding frequency regulation Greensmith deployed this 20 MW energy
their systems so that they can be used
storage system in PJM service territory to provide frequency regulation services,
for renewable smoothing during one
which help transmission operators maintain real-time equilibrium between generapart of the day and for grid balancing or
tion and loads.
electric vehicle charging later in the day.

Chris Larsen

E ne r gy ma na ge me nt bus i nes s
de v e lopme nt le a de r,
Dy na pow e r, dy na pow er. com

What products and services does Dynapower
offer for solar-plus-storage applications?
Co u r t e s y G re en s m it h

Dynapower has deployed more than
230 MW of grid-tied storage inverters
in North America and Europe. Nearly
half of that installed base is storage plus
renewable resources, either PV or wind.
We employ multiport inverters, which
allow storage and C O N T I N U E D O N P A G E 4 8
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renewables to connect to a single inverter. Compared to a
solar-plus-storage system deployed with two single-port
inverters, a multiport inverter system uses fewer BOS components, takes up less space and costs less.
What are the primary behind-the-meter applications for
Dynapower’s inverter-based energy management solutions?

Solar Grid Storage, which SunEdison acquired in March of
this year, was a pioneer in using our solar-plus-storage solutions to provide frequency regulation services in behind-themeter applications. This approach allows a single project to
capitalize on more than one revenue stream. The industry
needs to quickly move in this direction in advance of the
reduction in the commercial investment tax credit for solar
property, which is scheduled to drop from 30% to 10% in
2017. Our solar storage systems are also used in microgrid
applications to provide emergency power along with
frequency regulation and solar generation. This approach is
particularly useful in public buildings that are designated
as emergency shelter locations, such as police stations,
fire stations and schools. Massachusetts recently awarded
several grid resiliency projects, some of which will follow
this model.

Follow us...

Call Today!
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What battery technologies are you using in your energy storage systems? We deploy most of our systems using lithium-

ion batteries with battery management systems. However,
some chemistries are better than others for certain
applications. At the highest level, you need to distinguish
between power applications, such as frequency regulation,
and energy applications, such as load shifting. On a couple
projects, we have used our multiport inverters in conjunction with two different battery types, such as lead-acid and
lithium-ion. This allows us to use an energy-type battery to
participate in energy markets and a power-type battery
to participate in the power market, which provides attractive improvements for the project’s internal rate of return.

What are the biggest challenges to the increased deployment and
commercialization of distributed energy storage solutions and
microgrids? Financing is probably the largest barrier, just as

it was at one point with PV. It will take a while for the financial community to get comfortable with bid-in markets for
frequency regulation. Investors also have questions about
the capacity degradation associated with some new battery
technologies. Battery costs are trending downward, which
will have a positive effect on deployment rates. However, the
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bigger challenges are unlocking multiple revenue streams
and overcoming concerns about bankability.

Carl Mansfield

G en er a l m a n a g e r o f e n e r g y sy st e ms a n d
s er v ic e s grou p, S h a r p E l e c t ro n i c s ,
s h ar p s m a r t s t or a g e .c o m

What products and services does Sharp offer for solar-plusstorage applications? Sharp offers the SmartStorage energy

storage solution, which is designed to reduce peak demand.
SmartStorage uses software to provide continuous remote
monitoring of a building’s energy demand. Peak demand
charges are the fastest-growing part of utility bills for commercial and industrial entities, and in some cases they can
represent up to 50% of a company’s monthly utility bill. Our
system uses predictive controls to limit a facility’s electricity demand by selectively releasing stored energy, offsetting
spikes in demand. The SmartStorage system predicts where
those peaks are going to occur, along with their magnitude. We discharge the battery during those peaks so that
the actual net consumption is much lower than it would
be otherwise.
What is the ideal physical and economic environment for Sharp’s
SmartStorage solution? We target commercial and industrial

customers who are paying high demand charges—typically
above $20/kW per month—in California, New York, New
Jersey, Massachusetts and Hawaii. We don’t find specific
property types are always good or always bad targets for our
product; it depends on the individual energy usage profile,
which the site’s operations dictate. However, schools tend to
be good targets because their set daily cycle usually results in
a narrow peak load from early morning to about lunchtime.

What makes energy storage systems ideal for demand reduction applications? Battery solutions can achieve demand

reduction without requiring changes in a site’s operations.
Further, lithium-ion battery–based systems do not require
substantial space. Our system can work as a hybrid solution deployed with PV, or as a stand-alone storage solution.
We find that hybrid installations generally provide better
returns. PV tends to narrow the width of the peak load and
storage will lower its height.

What are the primary deployment challenges associated with
demand reduction solutions? This is a new technology and

requires that we educate customers, who typically do not
have a good understanding of rate structures that bill separately for demand and energy. We also have to provide a performance guarantee to create a bankable product. It is also
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application, system loads and customer expectations. In some parts of the world, we see a culture of maintenance and a willingness to care
for a flooded battery to ensure maximum life. In
others, the priority is on ease of use, which will favor
maintenance-free AGM [absorbed glass mat]
batteries. While price is a concern, it must be
balanced with long-term value. Trojan’s Smart
Carbon batteries are a good choice for situations
where batteries operate frequently at a partial
state of charge, which can quickly diminish the
overall life of a lead acid battery, resulting in frequent and costly battery replacements. With batteries now one of the most expensive components
of these systems, it is critical to maximize the life of
the battery bank to reduce total cost of ownership.
What are the biggest challenges to the increased deployment and commercialization of distributed energy storage solutions and microgrids? Accurately defining the

load profile, or system sizing, remains one of the
biggest challenges. Whether a system is off-grid or
grid-interactive, it’s important to accurately define
the role of energy storage, how it will function and
Demand management Behind-the-meter energy storage deployments
what needs it will serve, to manage customer expeccoupled with intelligent control algorithms—such as Sharp Electronics’
tations and design a system that will deliver value
SmartStorage solution—can reduce commercial and industrial customover the long term. A one-size-fits-all approach
ers’ demand charges.
to storage will result in either an oversized or an
undersized system. Another issue is the rapid develchallenging to predict future utility rates. While the prospect opment of new energy storage technologies. New technologies
of rate redesign potentially risks future savings, our system is need to prove their technical viability and cost effectiveness.
fully upgradable after deployment. We can easily and remotely Many companies that entered the energy storage space a few
adjust operating parameters to account for tariff changes.
years ago are no longer around.

Dean Middleton

Peter Nortman

What product platforms does Trojan Battery offer for solar storage
systems in the US? Trojan is the largest battery manufacturer

What is CODA Energy’s area of expertise? Our expertise is in com-

Se n ior s ales d i re c t o r f o r re n e wa b l e e n e r g y,
Trojan B at te r y, t ro j a n b a t t e r y.c o m

that focuses on deep-cycle energy storage. We offer a range
of deep-cycle products, including flooded and maintenancefree VRLA [valve-regulated lead acid] technologies. Our
products have a long history in the global off-grid market
and are also used in both residential grid-tied and backup
systems in the US.
Which of these products are best suited for stand-alone microgrid
or nanogrid applications? Trojan products are designed to sup-

port stand-alone microgrid or nanogrid deep-cycle applications. The product line or model selected will depend on the
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plete life-cycle management of sophisticated, distributed and
networked energy storage systems. CODA Energy has created
and developed a UL-listed and -certified energy storage appliance that we deploy behind the meter in commercial and
industrial businesses using a fully financed, zero–up-front
cost, 50/50 shared savings model.
Where are your primary geographical markets? Our commer-

cial and industrial customer base is global. However, not
every location offers an incentive program for implementing energy storage to alleviate heavy grid congestion and
growing demand, as in California or the C O N T I N U E D O N P A G E 5 2

SM
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US Northeast. Cost savings are the primary market driver
for behind-the-meter applications of energy storage, so
California’s high commercial demand costs combined with
the state’s robust incentive program make it our primary
focus today.

reliability and performance has helped a great deal in expediting the permitting and interconnection process. We also
sell to commercial and industrial customers directly, which
streamlines communications with authorities having jurisdiction over installation locations.

What battery technologies are you using in your energy storage
systems? Our current products use lithium iron phosphate

How do you think the energy storage market will evolve over the
next 3–5 years? Utilities are becoming more progressive as they

battery cells, which offer an excellent combination of safety,
cycle life, reliability and operating efficiency. We source our
batteries from a variety of vendors, thoroughly vetting each
technology in our certified battery testing facility. This allows
us to take advantage of declining cell prices and focus on battery management systems and energy management software.

What are the biggest challenges to the increased deployment and
commercialization of distributed energy storage solutions? The

industry needs to develop and implement technical standards to transform energy storage from a nascent technology into a safe, plug-and-play appliance. Permitting and
interconnection requirements vary greatly from jurisdiction
to jurisdiction and utility to utility. This lack of standardization is a challenge. Getting our product UL listed for safety,

consider how they can use energy storage and renewable generation to meet growing demand, regulatory requirements
and infrastructure upgrade requirements. I expect to see more
interplay and interdependency between the solar and storage
markets, even if the assets are not colocated.

Ryan O’Keefe

Se nior v ic e pre side nt of busine ss
de v e lopme nt , I de a l Pow e r, ide a lpow e r.c om

What products does Ideal Power offer for distributed utilityinteractive energy storage? We offer microgrid-forming 30 kW

and 125 kW power conversion systems, which are available
in both two-port and multiport models. Whereas two-port
models have one dc and one
ac port, our multiport models have two dc ports in addition to one ac port. These
software-driven transformerless power conversion systems enable the integration
of multiple energy sources
and also provide grid support
and enhance grid resiliency.
Our systems reduce material
costs by eliminating the need
for a transformer, and they
eliminate double-conversion
power losses in bidirectional
applications.

C ou r t e s y C OD A E ne r g y

How are customers using Ideal
Power’s products? Most of our

UL-listed appliance While the CODA Core energy storage system is battery technology
agnostic, the company is currently using lithium iron phosphate battery cells in demand
management applications.
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customers are integrators
serving the commercial and
industrial market for behindthe-meter peak shaving and
demand management applications. Our systems can
scale from 30 kW peak to
240 kW peak using one to
eight of our 30 kW converters.
By the C O N T I N U E D O N P A G E 5 4

download our FREE quick-quote app in the Apple Store

,
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end of the year, our systems will scale from 125 kW to 1+ MW
using one to eight of our 125 kW converters.

grids will be important to increasing the deployment of
energy storage systems.

What battery technologies are compatible with Ideal Power converters? Our power conversion systems are compatible with

What can utility regulators do to improve cost recovery for
microgrids and distributed energy storage solutions? Given their

and can be optimized for any battery. We have partnered with
integrators who use various chemistries, and we have tested
the performance of our systems with a number of companies’ batteries. Battery storage systems generally operate 1–4
hours, depending on the application. Integrators typically use
lithium-ion batteries in these energy storage systems.
What are the biggest challenges to the increased deployment
and commercialization of solar-plus-storage microgrids and
distributed energy storage? Utility integration is, by far, the

biggest barrier. Utilities are not yet comfortable with or
educated about how to approve interconnect applications. However, this situation is improving. While demand
management systems in California have a payback period
of 3–5 years—due to high demand rates and local incentives—cost recovery is still an issue in many markets.
Codes and standards are also an issue. The interoperability of components that are compatible with diverse utility

current business model, it is generally not in their best interest for utility regulators to improve cost recovery for these
assets. However, programs such as PJM’s frequency regulation
market provide appropriate incentives and payback.

Daniel Sherwood

Dire c t or of produc t ma na ge me nt , Sola r BOS ,
sola r bos.c om

What products or services does SolarBOS offer for solar-plusstorage microgrids or distributed energy storage systems? Until

recently our focus was on the battery connection panels used
to connect multiple storage batteries in parallel prior to an
inverter. These connection panels are like giant combiner
boxes, except instead of 15 A inputs they might have 1,500 A
inputs. We are getting our feet wet with a few lithium storage
battery projects where we integrate the battery cells, battery
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management system and a NEMA-rated enclosure for our
customers. Recently, we built a 500 kWh storage battery that
we installed in a 40-foot sea container and paired with a 1 MW
grid-interactive inverter. That project was completed in partnership with Amperex Technology Limited (ATL), a global
battery supplier entering the North American market.
What kind of battery technologies are you specifying in your
energy storage systems? Lithium iron phosphate is our chem-

istry of choice. We like the improved safety features: The
battery won’t catch fire if you overcharge it or if a cell gets
damaged in shipping.
What are the biggest challenges to the increased deployment and
commercialization of distributed energy storage solutions? The

biggest hurdle is sticker shock. Our customers are used to the
price of lead acid batteries, which are comparatively inexpensive—or at least seem to be at first. What customers need to
realize is that lead acid batteries don’t hold up well if you deepcycle them or if you allow them to sit at less than 100% state
of charge. Lead acid batteries are also inefficient. If you put
10 kWh of energy into a lead acid battery, you get only about
7 kWh back out. Lithium batteries are more cost-effective

than lead acid batteries over the life of a microgrid project,
once you factor in efficiency improvements, dramatically longer battery life and reduced maintenance.
What can industry stakeholders do to improve cost recovery for
distributed energy storage solutions? Like PV projects, energy

storage systems require a large up-front cash outlay that
you recover over time. Part of the solution is to make storage batteries more bankable, which will increase financing
availability and reduce financing costs. Independent system
operators also need to open up more markets for grid services. Right now, unless I’m a large industrial user of power,
I will pay about the same for 1 kWh at 4pm as I do at 4am.
Energy costs should be higher when the grid is constrained,
to create an incentive to reduce peak demand.

Phil Undercuffler

Dire c t or of st r a t e gic pla t for ms, O ut B a c k P ower,
out ba c kpow e r.c om

How is the solar-plus-storage market in the US evolving? We

are entering the third wave of solar plus storage. In the first

no, we didn’t invent this...
...but in the history of solar racking our experience goes back to the beginning.
• Over 20 Years in the industry
• Innovative products
• Application expertise
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when energy is most valuable and leverage
storage energy to the best effect. The industry
needs to develop tools and business models
that will unlock the maximum value of energy
storage systems.

C ou r te sy A qu ion E n e r gy

Do you think that distributed solar plus storage
is a threat to or an opportunity for utilities? We

stand at a fork in the road. Down one path, we
have distributed energy storage working as a
powerful asset for utilities—relieving congestion, balancing circuit loading, regulating voltage—and providing broad societal benefits.
In this scenario, grid operators reward and
encourage energy storage. We have true grid
resiliency as a side benefit, in the same way the
Internet is resilient by virtue of its distributed
architecture. Down the other path, we have
load defection and eventual grid defection as
home and business owners realize that having
their own power resource is less expensive and
more reliable than buying energy. In this sceAqueous hybrid ion battery Aquion Energy uses a water-based electrolyte
nario, negative load growth coupled with the
in its battery products, which are well suited for stationary energy applicaeventual impact of long-deferred infrastructions such as renewable energy time-shifting or stand-alone islanding.
ture investments catches up with the utilities
and creates the so-called utility death spiral.
Utilities increase electric rates, assess meter
fees
and
access
charges for distributed generation, which
wave, systems were primarily off-grid, which constituted
exacerbates
the
negative load growth by increasing grid
the majority of the market. The second wave consisted of
defection
rates.
grid-connected systems where the customer was willing
to make the additional investment beyond the solar one to
ensure reliability of service and resiliency; in effect, storage What can utility regulators do to improve interconnection of and
served as an insurance policy. In today’s third wave, storage cost recovery for solar plus storage? One watt of non-exporting
is actively engaged in the daily energy cycle of the home or stand-alone storage faces greater fees and interconnection
facility. Storage works to increase self-supply or decrease hassles than a megawatt of exporting PV. Regulatory bodies
grid charges by addressing demand charges or other tariff- can clear the path to interconnection and provide cost cerrelated levers, or it provides income streams via participa- tainty for developers and system owners, much as they have
tion in demand response or other peak pricing programs. It done for solar. Solar plus storage decreases circuit loading. It
may also provide ancillary grid services, such as frequency shouldn’t be held to a higher standard than solar, especially
regulation and capacity markets.
when it can address some of the negative issues stand-alone
solar can present.
What are the biggest challenges to the increased deployment and
commercialization of utility-interactive distributed solar-plusstorage applications? The primary challenge at the moment is

not technical, but rather policy related. The many benefits of
distributed storage are well understood, but leading states
such as California, New York and Hawaii are still refining the
tariff and interconnection structures to unlock its full potential. In addition, system integrators and designers do not yet
fully understand storage. Unlike solar inverters, which convert photons to electrons based on the arc of the sun, storage
systems need some level of market intelligence to determine
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Integrator Perspectives on

MODULE-LEVEL POW
Compiled by Joe Schwartz

Integrators weigh in on equipment
advances, market variables and
NEC requirements that impact the
sale and deployment of modulelevel power electronics systems
in the US.

S

even years have elapsed since Enphase Energy released
its first-generation microinverter system in July 2008,
a launch that for practical purposes created the modern module-level power electronics (MLPE) product
class. In the ensuing years, microinverter products from vendors including ABB, APS, Darfon, SMA America and SolarBridge
Technologies (acquired by SunPower) have entered the US market, as well as module-level dc optimizer products that include
systems from SolarEdge Technologies and Tigo Energy.
As the MLPE class has evolved, string inverter manufacturers
have been hard at work refining and enhancing products with
new features such as dual independent MPP trackers and wide
voltage input windows. These upgrades make string inverters
and their centralized, off-the-rooftop power conditioning and
optimization more flexible in terms of array layout, and more
competitive with some of the benefits MLPE has historically
offered, such as shade mitigation and the ability to configure
source circuits (ac or dc) with different numbers of modules.
Integrators have experienced the highs and the lows associated with the development and deployment of MLPE. I reached
out to several integrators across the US to get their perspectives
on the past, present and future of module-level systems.
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Module-Level Power Electronics

Product evolution Enphase Energy released its first microinverter, the 175 W M175 (left), in 2008. Its current fourth-generation
micro, the 250 W M250, offers increased power conversion and installation efficiencies, as well as improved reliability.

How would you characterize your experience with
MLPE systems?
Over the last 7 years, Sun Light & Power has dabbled in several MLPE products and deployed others in earnest. We had
an early interest in microinverters, especially for residential
projects, but we experienced a relatively high failure rate in
the field. DC optimizers seem more reliable, with the inverting taking place off the roof and in a centralized device.
We have designed hundreds of systems with Ampt,
Enphase Energy, HiQ Solar, Maxim, SolarBridge Technologies,
SolarEdge Technologies and Tigo Energy module-level products. The majority of our recent experience has been with Tigo
and HiQ, with about 100 systems built. We have become more
interested in string-level MPPT devices such as Ampt String
Optimizers and HiQ TrueString inverters for commercial systems and have been moving away from module-level devices
for projects other than residential rooftops.
On my house I have Tigo optimizers on a 3 kW system
that overproduces compared to modeled performance. It
has two additional monitoring systems; as an engineer, I like
to have all of the data. The PV system powering the Sun Light
& Power headquarters uses the HiQ 208V Mini Inverter and
HiQ Balancers. Since the HiQ Balancers provide MPPT for
each module, we built the system from a medley of surplus
modules without worrying about matching their electrical
characteristics. Access to granular data from our rooftop
array is very useful for testing.
The largest MLPE system we have designed and built is
about 2,000 modules, just over 500 kW. In retrospect, the
amount of data available is more overwhelming than useful.
—Blake Gleason, PE, director of engineering,
Sun Light & Power, Berkeley, California
Technicians For Sustainability has installed more than
30 microinverter systems, the first in December 2008. Our
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experience is limited to Enphase and Power-One (ABB). We
generally install microinverters in residential systems with
less than 12 modules.
—Kevin Koch, president, Technicians For Sustainability,
Tucson, Arizona
We have been installing systems using MLPE for about
the last 5 years. We have projects with Enphase microinverters and SolarEdge optimizers and inverters, as well as
LG and SunPower ac modules. We have roughly 400–500
MLPE systems installed, the majority of which are Enphase,
although SolarEdge is quickly catching up. Our largest MLPE
system is approximately 20 kW.
—Fortunat Mueller, co-founder, ReVision Energy,
Portland, Maine
At my previous employer, we installed the entire San
Diego Unified School District project—31 different schools—
exclusively with Enphase microinverters. The sites ranged
from 60 kW to 200 kW, for a total of approximately 3.2 MW.
With Sunsense, I primarily use optimizers and inverters
from SolarEdge. I’ve also worked with SunPower ac modules and ABB’s microinverter system. Sunsense began using
SolarEdge products in early 2014, when Colorado started to
require rapid-shutdown functionality. Previously, the majority of our residential systems used SunPower-branded string
inverters or Enphase microinverters, which Sunsense has
installed for the last 5 or 6 years. We typically use MLPE on
residential and small commercial systems.
The largest system that we’ve installed using dc optimizers is a 15.6 kW residential array in Colorado’s Roaring Fork
Valley. We have three additional 25 kW–50 kW and 11 residential MLPE projects on our schedule. These projects will
utilize SolarEdge optimizers and inverters. We also have one
scheduled Enphase project and one ABB microinverter project. I would not be surprised to see C O N T I N U E D O N P A G E 6 2
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Less than 3% of our system designs use MLPE.
With the advent of dual MPPT string inverters, we
expect that percentage to decrease.
—Kevin Koch, Technicians For Sustainability

High power MLPE vendors are advancing designs to meet changes
in equipment and markets. For example, SolarEdge has been consistently increasing the power processing capabilities of its optimizers. You can pair the P400, which Sunlight Solar Energy used in this
residential iinstallation, with modules up to 400 W and 80 Voc.

MLPE system numbers double by the end of this year.
—Doni Nicoll, logistics manager and residential systems
designer, Sunsense Solar, Carbondale, Colorado
I have been selling Enphase microinverters almost exclusively since late 2009. We have designed and installed hundreds of residential and commercial systems. At one site, we
have four buildings, each with 27 kW and totaling 108 kW.
The largest single-building Enphase system we have designed
is 43 kW.
—Jason Szumlanski, principal solar designer,
Florida Solar Design Group, Fort Myers, Florida

In terms of annual installed system capacity, approximately what percentage of your installations use
MLPE? How has this changed over time?
About 20% of our installed systems in the last 3 years have
used MLPE products. However, the MLPE projects tend to
be residential, so the overall installed capacity is more like
5%–10%. For example, I looked at 63 of our projects with
Tigo Energy MLPE. The average system size is 29 kW, and
the median size is 8 kW. We had a ramp-up of MLPE projects
starting in 2009 that peaked about 2 years ago. Since then we
have focused more on string-level MPPT.
—Blake Gleason, PE, Sun Light & Power
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Historically, we used MLPE only when there was
a compelling, site-specific reason, such as substantial shading, multiple roof planes or a system that we
expected to expand in small increments over time.
These projects represented about 20%–25% of our
residential volume in 2013. In 2014, with the introduction of small string inverters with wide inputvoltage windows, better shade tolerance and dual
MPPT inputs (SMA America’s Sunny Boy TL-US models in particular), the percentage of ReVision’s projects using MLPE fell to 10%–15%. However, in 2015,
due to the adoption of NEC 2014 in one of our markets, the number of systems using MLPE increased
rapidly to 30%–35% of our overall residential volume
and close to 100% of our residential systems in New
Hampshire and Massachusetts. Almost all of these
systems use SolarEdge equipment.
—Fortunat Mueller, ReVision Energy

In just the last year, Sunsense has moved almost
exclusively to SolarEdge products on the residential side.
We also specify Enphase and ABB microinverter systems. In
2014, approximately 30% of our systems utilized MLPE. This
year approximately 82% of our residential and small commercial systems will use some type of MLPE.
—Doni Nicoll, Sunsense Solar
Before adoption of NEC 2014 in Massachusetts in January
2014, MLPE systems were roughly 10% of our business. We
mainly utilized MLPE as an upgrade for existing systems
that had developed shading issues. Eighteen months later,
MLPE systems make up more than 90% of our business.
—Brandon Stephens, director of Massachusetts operations,
Sunlight Solar Energy
In 2009, the company I ran went from 100% string inverters to more than 95% microinverters overnight. A few customers still wanted string inverters for various reasons, and some
modules we sold were not compatible with microinverters.
—Jason Szumlanski, Florida Solar Design Group

What version of the NEC is in effect in the regions
your company serves? Have Code changes, such as
Section 690.12, impacted your use of MLPE?
California generally adopted NEC 2011 in 2014. We have not
yet been tempted to use MLPE for rapid shutdown because we

do not yet have the rapid-shutdown requirement. However,
we have been pushing toward rack-mounted string inverters
for a variety of reasons, including looking forward to meeting rapid-shutdown requirements. I do not anticipate needing
module-level shutdown capabilities. Occasionally we work
with a local fire marshal who requires an unusual level of
remote disconnecting means. In some cases, features such as
PVSafe from Tigo Energy have been sufficient to satisfy those
fire marshals.
—Blake Gleason, PE, Sun Light & Power
The jurisdictions we work in have not adopted NEC 2014,
and we are not subject to rapid-shutdown requirements.
This has allowed us to continue to select products based on
quality, performance, reliability, manufacturer stability and
strength of warranty.
—Kevin Koch, Technicians For Sustainability
We are on NEC 2014 in Maine, Massachusetts and New
Hampshire. Massachusetts and New Hampshire are starting
to enforce 690.12, which forced a move to MLPE. So far, Maine
is not enforcing the rapid-shutdown requirements. The state
is waiting for more products to come to market that are listed
Visit us
at the
Intersolar
Show
Booth
9114

and work effectively with popular string inverters.
—Fortunat Mueller, ReVision Energy
In our installation area, we have at least 22 different AHJs.
We deal primarily with NEC 2011 and NEC 2014. Prior to the
adoption of NEC 2014, we were aware of some of the advantages of dc optimization but never had the right excuse to
fully dive in.
—Doni Nicoll, Sunsense Solar
Massachusetts adopted NEC 2014 in January 2014.
Initially, we used a contactor-based rapid-shutdown
approach, as the industry was trying to catch up with 690.12
requirements. Only one manufacturer had the equipment
to meet the new requirement, and it was expensive and
difficult to procure. We chose to design an in-house shutdown system, based on dc contactors mounted in junction
boxes. We installed one within 10 feet of the array and one
near the inverter, as required. This approach, combined with
an additional kill switch located outside the home, near
the utility meter, was expensive, but it enabled us to pass
our electrical inspections. Thankfully, by Q2 of 2014,
SolarEdge’s line of inverters and optimizers offered a rapid-
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shutdown solution that enabled us to make an efficient,
cost-saving transition.
In our experience, AHJs approve SolarEdge systems
because they meet all section 690.12 requirements, make
system shutdown easy and are not overly complex. We have
passed 95% of our electrical inspections in the last year since
we made the switch to full MLPE utilization.
—Brandon Stephens, Sunlight Solar Energy
Florida is currently on NEC 2008.
—Jason Szumlanski, Florida Solar Design Group

How do MLPE products impact the cost of systems?
Is there an effect on your cost of doing business?
For example, do you realize increased sales, system
design, inventory, installation or O&M efficiencies?
MLPE products generally cause a significant increase in our
installed cost and the end customer’s price. Many of these
costs were not obvious at first, and we had to learn the hard
way. Some of these costs have decreased over time as MLPE
products have improved, and as we have become familiar
with various products and developed our own best practices.

Certainly, there is an up-front equipment cost increase for
MLPE. Often, there is additional design cost in figuring out
details such as mounting (if MLPE is nonintegrated), grounding, custom cables and monitoring requirements. When an
MLPE product is relatively new, there has been a beta-testing
cost; we end up working with product manufacturers to smooth
out the wrinkles in their product, processes and documentation. Sourcing and securing the product adds procurement
costs, especially since normal procurement channels are still
coming up to speed and since MLPE devices can evolve so
quickly that last month’s standard product is now obsolete.
Installation costs include mounting the boxes, wiring,
grounding, dealing with communications, and mapping modules and associated devices from their physical location to
a paper layout. After installation, there are additional setup
costs for the monitoring websites, including transferring the
paper map to the website map of individual module locations.
On the flip side, we have occasionally realized some savings on O&M when the MLPE assists with troubleshooting
array problems such as faults. However, it is much more common for us to incur additional O&M costs to fix, reboot or
replace malfunctioning MLPE products or related communications devices.

TECHNICAL ONLINE TRAINING IN
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The primary benefit of MLPE, besides increased production in some cases, has been on the sales end. In certain
opportunities, offering the MLPE solution has increased
our close rate and therefore reduced our cost of sales. If we
were more comfortable with microinverters on residential
projects (and if we sold more residential projects), we could
increase sales and preliminary design efficiency because of
reduced focus on string length requirements.
—Blake Gleason, PE, Sun Light & Power
Microinverter designs improve the cost equation for very
small systems, and this is our primary application of MLPE.
For installations below about 2.5 kW, or less than nine or 10
modules, the installed cost of a microinverter system is lower
than that of a string inverter system. We do not see an installed
cost savings for dc optimizer–based systems.
On the flip side, our O&M costs are significantly higher for
microinverter systems, as we have had multiple failures requiring repeated deployments. The jury is still out as to whether
dc optimizer systems such as those from SolarEdge and Tigo
Energy will have higher or lower O&M and long-term performance costs compared to string and microinverter systems.
—Kevin Koch, Technicians For Sustainability

Using MLPE definitely increases the installation cost
(both labor and hardware), but the difference isn’t huge. I
don’t think we’ve seen any savings related to increased sales,
design or inventory savings. Frankly, our O&M experience
with MLPE systems has not been great. First-generation
Enphase inverters failed at an intolerably high rate in our
coastal climate. Our experience with the first-generation
SunPower ac modules was equally bad, though we installed
significantly fewer of those. The cost and customer disruption for microinverter replacements are why we have been
less than enthusiastic adopters of MLPE, and why we’ve
moved back into that realm only due to regulatory pressure.
So far, our experience with the newer generation of products
from Enphase and SolarEdge has been substantially better.
We are cautiously optimistic that the MLPE vendors have
resolved some of the early design and manufacturing issues.
—Fortunat Mueller, ReVision Energy
The additional equipment cost associated with MLPE
systems has not slowed sales. We’re on track to sell more
residential systems than we did in the previous year. One
improvement to MLPE is that system monitoring has
become easier to configure. From an O&M standpoint, these
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products allow us to dive into a system and find an issue, but
most likely, we’ll get an email before we even know about the
issue. Designing and permitting systems has become more
streamlined. MLPE offers a wide range of string options and
allows mismatched strings with different numbers of modules. From a design and installation point of view, this has
been extremely beneficial.
—Doni Nicoll, Sunsense Solar

Sticking with one primary product greatly reduces procurement complexity, design work and stale inventory.
While microinverters cost more on a dollar-per-watt basis,
the advantages of streamlined operations nearly outweigh
the additional costs. The advantages in terms of sales features easily overcome the price premium. Additionally, the
peace of mind that module-level monitoring provides is
valuable to system owners.
—Jason Szumlanski, Florida Solar Design Group

What are some primary sales, design or installation
advantages of MLPE systems?
On the sales side, MLPE allows us to “ignore” or, in reality,
mitigate shade. For presentation purposes, many MLPE
products allow us to showcase flashy granular monitoring.
For design and installation, we can vary the number of modules per string or per ac circuit, which allows more flexibility. We also can eliminate jumpers between arrays. Finally,
in many cases we can use longer and therefore fewer strings.
—Blake Gleason, PE, Sun Light & Power
Microinverters reduce the inverter and associated labor
cost for small systems and provide increased design flexibility. We have used microinverters to facilitate cost-effective
system expansion. However, we generally feel that these
advantages are not worth the long-term O&M risk.
—Kevin Koch, Technicians For Sustainability
The biggest advantage is that MLPE opens up areas of
the roof that would historically have been unusable, such
as areas partially behind a chimney or a dormer adjoining the main roof. Being able to utilize more of the rooftop
helps us meet our customers’ growing desire to meet more

C ou r te sy S u n se n se S ola r

We appreciate the flexibility in module selection for
both the 60- and 72-cell SolarEdge variants, and we’ve
found that SolarEdge systems are reliable and simple to
install. Module-level monitoring is beneficial for both
our clients and our installers. The increased efficiency in
monitoring allows us to remotely troubleshoot the rare
system malfunction and limit costly service calls.
—Brandon Stephens, Sunlight Solar Energy

Off the roof While NEC 2014 rapid-shutdown requirements
for rooftop installations are pushing the deployment of MLPE
systems in some markets, installers are also deploying them
off the roof, as in the case of this SolarEdge system by Sunsense Solar.

of their energy needs with a PV system. MLPE simplifies
design somewhat, but, considering the current generation
of string inverters with dual MPPT inputs and wide voltage
windows, residential system design is already incredibly
flexible and straightforward.
—Fortunat Mueller, ReVision Energy
Anyone who designs SunPower systems knows that
working with its high-voltage modules limits MLPE equipment options, which can be challenging at times. SolarEdge
offers a good solution for these systems.
—Doni Nicoll, Sunsense Solar
We have installed more than 30 residential systems in 2015
to date, ranging from 2.5 kW to 15 kW, and we have another 30
systems scheduled for installation in the next three months.
In a highly competitive market such as Massachusetts, technological advances in system components must be customer
friendly. Key selling points of MLPE systems are shade mitigation, design flexibility, module-level performance monitoring
and overall increased system output. The SolarEdge system
offers all of these features, plus a 30% equipment savings over
microinverter systems and a small 2%–3% cost increase over
current string inverters. This has led to higher customer satisfaction and an increase in sales.
—Brandon Stephens, Sunlight Solar Energy
C O N T I N U E D O N PA G E 6 8
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Module-level monitoring, diagnostics and repair are clear
selling points. MLPE greatly simplifies design. For example, a
single-line diagram can describe a wide range of microinverter
system sizes when the contractor enters just a few parameters.
This approach expedites the AHJ’s plan review, as the personnel
reviewing drawings become comfortable with the standardized
electrical schematics. Installation is somewhat streamlined.
Simplifying the training of new employees is a key advantage.
—Jason Szumlanski, Florida Solar Design Group

What are some primary sales, design or installation
limitations of MLPE systems?
The primary limitations are in two very important areas:
long-term O&M costs and the availability of compatible
replacement products over the 25-year design life of a PV
system. Inverters will need replacing at least once during
that time. For example, a 30-module string inverter system
would require at least one inverter replacement. With an
MLPE system, the inverters may require servicing 30 times
or even more to maintain the operation of that system.
Of more concern, however, is the possibility that the MLPE
product used will no longer be available. If a string inverter

THE SPEED OF LIGHT
Does your smart inverter need
a revenue-grade power meter with
a fast power (Opt FP) update rate?

manufacturer goes out of business, we feel confident that we
can substitute another brand of string inverter. This may require
limited reworking of conduit runs, but otherwise it would be a
straightforward process. In an MLPE system, if the manufacturer goes out of business, the trunk cable will create compatibility issues if we need to substitute replacement products.
MLPE replacement is significantly more labor intensive
than string inverter replacement. This labor and technology
risk is something consumers should be aware of. In our costbenefit analysis, the gain in flexibility or performance that
MLPE systems offer over the current string-level inverter
technology does not justify that risk. It is imperative for the
long-term viability of the distributed generation solar market that we think through and prepare customers for the
O&M issues that will come up over time.
—Kevin Koch, Technicians For Sustainability
Because our MLPE systems are currently mostly SolarEdge,
we are limited somewhat by the choice of inverter sizes and
voltages. In particular, there are not great options for smaller
projects connecting to 3-phase power systems, but that is an
issue with both microinverters and string inverters.
—Fortunat Mueller, ReVision Energy
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connection for commissioning, which can be problematic.
—Doni Nicoll, Sunsense Solar

Co ur te sy ABB

The additional cost of microinverters puts installers at
a slight competitive disadvantage compared to installers
using string inverters. The competitive arguments against
microinverters, including increased potential points of failure, can be a disadvantage at times. Consumers who are
strictly price shoppers may not see the value in MLPE.
—Jason Szumlanski, Florida Solar Design Group
Communications Ongoing refinements in MLPE communication hardware and software, such as ABB’s wireless data
monitoring, are a notable advancement in MLPE systems.

What has been your experience with the reliability
of MLPE components? How does it compare to nonMLPE components or systems? Has your
experience with MLPE reliability changed over time?

Most MLPE manufacturers are less than 10 years old and
several are already out of business. Manufacturing defects or
bad batches are also an issue. In our experience, MLPE vendors offer outstanding customer service, back their products
and replace faulty equipment in a timely manner. On the
installation side, many MLPE systems require an Internet

Our experience with MLPE reliability has generally been poor,
although it has improved somewhat over time. The arguments
MLPE manufacturers have put forth—that many small points
of failure are better than one or several large points of failure,
and that you can defer component replacement until you
perform regularly scheduled maintenance—have not held
water. The reality is that most customers do not want faulty
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Co ur te sy APS Ame r i c a
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equipment languishing, so we end up with more truck rolls.
A handful of MLPE failures versus a central or string inverter
failure once in 10 years leaves customers wondering about the
overall reliability of the system they purchased.
Specifically, the weak points of MLPE appear to be communications, component failures or obsolescence, and
compatibility with AFCI devices for dc optimization products. We have been through a few painful cycles of MLPE
beta testing and experiencing the “bleeding edge” along
with our customers. Overall, the reliability and maturity of
MLPE is increasing.
—Blake Gleason, PE, Sun Light & Power
Our experience with first-generation microinverters was
not positive, and that has made us fairly conservative about
adopting this technology. As a result, string inverters tend to
be our default choice unless a compelling reason, such as site
conditions or Code requirements, pushes us to MLPE. In the
last few years, we have had better experiences, although we
still have more issues overall with MLPE systems than with
string inverter systems.
—Fortunat Mueller, ReVision Energy
The Enphase M190 microinverter admittedly had a very
high failure rate. Some of our systems required 100% replacements with either the same model or upgrades to the M215.
Enphase has been proactive and generous in supporting its
warranty on early models. The failure rate went to near zero
with the introduction of the M215, with most failures occurring at or soon after installation. We have had essentially no
failures of the Enphase M250.
String-inverter failure rates were also high for our clients, with some brands outperforming others. One brand in
particular had a near 100% failure rate in less than 10 years.
Other brands have been very solid, with near-zero failure
rates. I would consider the new generation of microinverters to be as reliable as the best brands of string inverters,
although only time will tell.
—Jason Szumlanski, Florida Solar Design Group
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What advancements in MLPE components
or systems would increase your use of these
technologies?
True integration of the module-level components
with the modules themselves is a necessary first step.
Several manufacturers have accomplished this. The
MLPE warranty must be covered for the full term
of the module warranty and must be covered by the
module manufacturer. Additionally, dc optimizers
need full compatibility with AFCI and other string
inverter features.
—Blake Gleason, PE, Sun Light & Power

Universal connections and standardization for compatibility between products would be a major development, as
would ownership by stable businesses capable of supporting the service requirements over the system design life.
Ultimately, advancements that minimize long-term O&M
costs will benefit the solar industry and contribute to the
increased adoption of MLPE technologies.
—Kevin Koch, Technicians For Sustainability
Most important, we need increased reliability and
decreased cost. A distant third would be continued improvements in the robustness of communications and ease of setup.
However, MLPE communications are now much more reliable
and user friendly than they were just a few years ago.
—Fortunat Mueller, ReVision Energy
More MLPE options for high-voltage modules are
needed. MLPE cost needs to continue decreasing while
manufacturers develop products that can last as long as the
module. Most inverters have warranties of only 5–10 years,
whereas most modules have 25-year warranties. That’s a
tough act to follow.
—Doni Nicoll, Sunsense Solar
Integrating monitoring into the MLPE would be a good
idea. The monitoring gateway is a point of failure with a
shorter warranty period that adds complexity to the system. Enabling microinverters to connect directly to existing
Internet routers would be ideal. Alternatively, a lower-cost
and simpler gateway device would be a good improvement.
—Jason Szumlanski, Florida Solar Design Group
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Konterra Solar Microgrid

Overview
DESIGNER: Jobin Michael, senior

project engineer, Standard Solar,
standardsolar.com
LEAD INSTALLER: Francis Guns III,
project manager, Wanex Electrical
Services, wanex.com
ENERGY STORAGE INTEGRATON:

SunEdison (formerly Solar Grid
Storage), sunedison.com
DATE COMMISSIONED:

September 2013
INSTALLATION TIME FRAME: 90 days
LOCATION: Laurel, MD, 39.1°N
SOLAR RESOURCE: 4.6 kWh/m2/day
ASHRAE DESIGN TEMPERATURES:

93°F 2% avg. high, 5°F extreme min.
ARRAY CAPACITY: 402.4 kWdc
ANNUAL AC PRODUCTION:

511,917 kWh
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T

he Konterra Solar Microgrid project
is one of the first commercial-scale
grid-interactive solar microgrids in the
US. This project received the Maryland
Energy Administration (MEA) Game
Changer grant, awarded for projects
that display the potential to significantly
advance the state’s clean energy market
through commercially available technologies. One of the team’s main goals
for the project was to leverage frequency
regulation revenues to enable costeffective deployment of grid-tied
solar plus storage for backup power
during grid failures. The integrated
storage ensures continued PV
generation during grid outages, and
incorporated frequency regulation
services improve the economics of
battery deployment.
Standard Solar developed the
project and fulfilled all engineering,
construction, and operations and

maintenance tasks. It teamed with Solar
Grid Storage (recently acquired by SunEdison) to finance, integrate and operate
the battery storage system and inverters.
Konterra, a real estate development and
management company, is the PV system
owner, host and energy offtaker. The project is located at the Konterra headquarters in Laurel, Maryland.
The system concurrently utilizes
two energy sources—a PV parking

Equipment Specifications
MODULES: 1,364 Suniva MVX 295-72-

5-701, 295 W STC, +4.99/-0 W, 8.13
Imp, 36.3 Vmp, 8.62 Isc, 44.7 Voc
INVERTERS: 3-phase 277/480 Vac

canopy system and an energy storage
system—to power selected essential
loads in the event of a utility outage.
The 402 kWdc array consists of Suniva
modules installed on Solaire 360 T carport structures. The array is configured
in two 201 kW sections that feed one of
two 250 kW Princeton Power Systems
inverters, which manage both the energy
storage and PV systems simultaneously
on the dc side. The storage system uses
AllCell Technologies integrated lithiumion Sanyo cells to provide 300 kWh of
total on-site storage capacity.
The Konterra solar-plus-storage
facility has capabilities beyond those of a
simple grid-tied with battery-backup PV
system. As a distributed grid-interactive
solar-plus-storage microgrid, it can
both discharge in parallel with the grid
(grid-interactive mode) and also isolate
itself from the grid for stand-alone
operation (islanded mode). To properly and safely operate, and automatically switch between the two modes,
the system includes a comprehensive
monitoring and controls system, along
with several critical pieces of integration equipment, including eight Shark
meters. These meters allow the control
system to monitor overall system activity
and provide closed-loop verification of
switch operation.
Unlike a standard grid-tied with battery-backup PV system, Konterra’s facility

service, two Princeton Power Systems
(PPS) Battery-Integrated Grid-Interactive (BIGI) 250 inverters, 250 kW rated
output, maximum input UL-certified to
600 Vdc, 250–580 Vdc MPPT range
(the BIGI 250 has two independent
dc ports [battery and PV] and one ac
port); Siemens 2,000 A critical load
center with load and PV breakers, and
a Siemens WLS-EOSM 1,600 A islanding breaker with ETU776 trip unit
BATTERIES: AllCell Technologies integrated Sanyo URI8650FM lithium-ion
cells; two 150 kWh battery enclosures,
each connected to a BIGI 250 inverter;
300 kWh/500 kW storage capacity total

has the unique ability to provide fastresponse frequency regulation support to
the local grid—in this case operated by
PJM Interconnection, a regional transmission organization serving several eastern
states. Regulation services can improve
power system stability by correcting for
short-term changes in electricity use,
according to PJM. By participating in the
frequency regulation market, Konterra
helps PJM match grid generation to load
and adjusts generation output to maintain the desired frequency. As an added
benefit, Konterra’s frequency market
participation generates revenue for the
storage system owner.
“We commissioned this project after
months of dedication, innovative work
and communication among all project
partners. This was one of the first commercial-scale, grid-interactive solar-plusstorage projects in the country. There’s
considerable potential for these types of
projects, and we expect to see many more
as renewable penetration increases.”

—Tony Clifford, CEO, Standard Solar

ARRAY: 11 modules per source circuit
(3,245 W, 8.13 Imp, 399.3 Vmp, 8.62
Isc, 491.7 Voc), 124 source circuits
total; three 12-source-circuit combiners and two 13-source-circuit
combiners aggregated via a contactor
recombiner for each inverter (201.2
kW, 504.1 Imp, 399.3 Vmp, 534.4 Isc,
491.7 Voc)
ARRAY INSTALLATION: Parking
canopy structures, Solaire Generation
360 T canopies, 207° azimuth, 7° tilt
SOURCE-CIRCUIT COMBINERS:

10 SolarBOS CS200-14-15, disconnect combiners, 15 A fuses
ARRAY RECOMBINERS: Two Solar-

BOS RC-05-200CM-N4 contactor
recombiners, 200 A fuses
SYSTEM MONITORING: Locus Energy

LGate 350 PV monitoring with kiosk;
advanced metering and on-site PPS
controller to monitor battery and
inverter system performance, provide
remote maintenance and manage
frequency regulation (FR) activities
EV STATIONS: Two SemaConnect
ChargePro charging stations with
option to add four units
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ADVANCED ONLINE TRAINING IN

MEGAWATT SYSTEM DESIGN
The online training experts at HeatSpring have teamed up with
PV design and instruction professional Ryan Mayfield and
SolarPro to offer Advanced Megawatt Design, a first-ofBe one
its-kind, highly technical 10-week online training.
This course has been developed for professionals
responsible for designing, specifying, permitting and
managing the construction of large commercial and
industrial solar projects.

of the first 30
registrants
and receive a
$300 discount!

For a complete course outline or to register, visit

solarprofessional.com/megawattdesign
A TECHNICAL TRAINING PARTNERSHIP BETWEEN
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Projects
Same Sun of Vermont

C ou r te sy S a m e S u n of Ve r m on t

Shrewsbury Mountain School

Overview
DESIGNER & PROJECT MANAGER:

Khanti Munro, director of development
and technical design, Same Sun of
Vermont, samesunvt.com
INSTALLERS: Tyler Crow, Jon Klos,

Jake Boulier, Same Sun of Vermont
DATE COMMISSIONED: April 2015
INSTALLATION TIME FRAME: 8 days
LOCATION: Shrewsbury, VT, 43.5°N
SOLAR RESOURCE: 4.3 kWh/m2/day
ASHRAE DESIGN TEMPERATURES:

84°F 2% avg. high, −20°F extreme min.
ARRAY CAPACITY: 25.2 kWdc
ANNUAL AC PRODUCTION:

30,440 kWh

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

S

ame Sun of Vermont won the
Shrewsbury Mountain School project via competitive bid. The PV system
is designed to provide at least half of
the small elementary school’s annual
electrical usage. Given the school’s location along the spine of Vermont’s Green
Mountains, the project posed some
unique design challenges, including
70 psf snow loading, the need to make
the system kid-proof, NEC 2014 Section
690.12 rapid-shutdown compliance and a
1-week spring break installation window.
When Same Sun inspected the roof
in early spring of 2015, the crew immediately recognized the significance of the
rooftop snow and ice loading. The standing seams along the two valleys were
noticeably deformed downhill, and the
glacier-like drift from the lower valleys
to the ground was high enough to negate
the need for ladder access.
To help mitigate the long-term
effects of the snow, the array design
keeps the modules well out of the
roofs’ valleys. In addition, the installers

fabricated custom snow guards from
short pieces of PV rail that they
mounted perpendicular to the ends of
each interior module row. The guards
help deflect the downward flow of snow
and ice. To protect the two rooftop
conduit runs, Same Sun installers let
the module rails run slightly long and
installed aluminum rigid conduit on top
of the rails. Running the conduit in this
manner not only simplified conditionsof-use conductor sizing, but also keeps
the conduit a few inches above the
primary flow of the snow and ice. Lastly,
the installation team attached racking
clamps to every seam, rather than every
other or every third seam as is typical in
less-challenging environments.
Same Sun specified microinverters
for the Shrewsbury Mountain School
project for several reasons. Modulelevel optimization mitigates the impact
of morning shading from a tree line to
the east of the array. It also reduces the
impact of some very obvious variations
in the amount of snow buildup and
solarprofessional.com | S O L A R P R O
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Projects
Equipment Specifications
MODULES: 90 SolarWorld Sunmodule

Plus SW 280 Mono, 280 W STC,
+5/-0 W, 9.07 Imp, 31.2 Vmp, 9.71 Isc,
39.5 Voc
C ou r te sy S a me Sun o f Ve r mo nt ( 3 )

MICROINVERTERS: 120/240 singlephase service, 90 Enphase M250,
250 W peak output power, 48 Vdc maximum input, 16–48 Vdc operating range,
27–39 Vdc MPPT range, 16 microinverters per single-phase 20 A branch
circuit maximum
ARRAY: One microinverter per module,
9–13 micros per inverter output circuit
(IOC), 9 A–13 A at 240 Vac per IOC,
eight IOCs total combined at new
dedicated ac inverter combiner panel
via two-pole 20 A breakers; 25.2 kWdc
array total, 90 Aac at 240 Vac
ARRAY INSTALLATION: Flush mount,
standing seam roofing, IronRidge
XRS-1000 rails with grounding midclamps, EcoFasten ASGU-2 clamps
installed on every seam (approximately
20-inch spacing) to handle snow
loading, 140° azimuth, 18° tilt
SYSTEM MONITORING: Enphase Envoy

communications gateway hardwired
to school network, Enphase Enlighten
web-based monitoring

shedding on different areas of the roof.
The building was short on appropriate
wall space for string inverter mounting.
The only available locations were far
from the point of interconnection and
difficult to make inaccessible to young
children. Specifying micros also facilitated adherence to the relatively new
690.12 rapid-shutdown requirements.
Lastly, module-level monitoring is a real
boon for the teachers at the school, who

are excited to incorporate information from the new solar array
into their curriculum.
Physical array layout and
the necessity to keep modules as far away from the roof
valleys as practical primarily
dictated the characteristics of each
inverter output circuit (IOC). The longer
12- and 13-module IOCs have a centerfed configuration to minimize ac voltage
drop. While it was not a specific requirement of the RFP, an ambitious project
goal was to complete the installation
during the school’s 1-week spring break
in early April. The tight timeline would
minimize liability and the disruption of
school activities. With the added labor
associated with the microinverter and
trunk cable installation, unique conduit
run and custom snow guards, and a
bonus half-day lost to snow removal, the
installers completed the system with
just under a half day to spare.
“Working with schools inevitably provides
a unique set of challenges, but always
a very gratifying result. Shrewsbury was
no exception. A very cooperative school
administration, a dedicated installation
crew and a 70-hour work week yielded a
robust system with exceptional educational potential.”

—Khanti Munro, Same Sun of
Vermont
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Need a better tank?

Highest-quality domestic hot water
storage tanks for residential or
commercial installations with any
type of boiler, geothermal, or solar
hot water application.
› Large-bore heat exchangers maximize
heat transfer

Highly acclaimed
SBB single or dual coil
indirect tanks

› SB-E tanks have auxiliary ports
› SB-E electric element can be replaced
without draining the tank
› Heavy gauge welded-steel vessels
and heat exchangers
› Porcelain enamel coating on all surfaces
in contact with domestic hot water
› Up to three inches of insulation
minimizes standby heat loss
› Heavy-duty sacrificial anode with
visible wear indicator
› Extra-large clean-out port
for ease of maintenance

Stiebel Eltron SBB and SB-E tanks
and heat exchangers are warranted
against material defects for life. All
other parts, excluding the sacrificial
anode, are warranted for 10 years.
See warranty for complete details.

Tanks being porcelain-fired at Stiebel Eltron’s factory in Holzminden, Germany

Stiebel Eltron has been at the forefront of
water heating technology since we started in
Germany in 1924. As a leader in the field we
have no intention of standing still.

800.582.8423

www.stiebel-eltron-usa.com

New!
SB-E single coil tanks
with electric element

Your Partner for the Long Run...
See us at
Booth #8311!
and
Booth #2320!

▸ NEC 2014 Compliance
▸ Advanced Grid Features
▸ Celebrating 10 Years
▸ Backed by 100 Years of

RELIABLE. BANKABLE. SERVICEABLE.
Built for the real world

www.solectria.com | inverters@solectria.com

