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18 Distributed Energy  
  Resource Saturation 

Thanks in large part to the recent 
influx of solar distributed energy 
resource (DER) generation, the 
California utility grid is becoming 
saturated much faster than anyone 
ever expected. Saturation in this context refers to the 
maximum solar capacity beyond which the elec-
tric power system becomes unstable. In addition to 
potential grid instability issues, saturation can result in 
interconnection delays for solar EPC firms. This article 
explores some of the interconnection challenges as 
well as some potential remedies for grid saturation.  
 BY TIM MCDUFFIE, PE 

38 Energy Storage Equipment for  
  Grid-Tied Residential Projects

New high-density lithium-ion battery technologies, 
innovative software and power electronics designs, 
and changes to incentive programs, such as Cali-
fornia’s storage-centric Self-Generation Incentive 
Program (SGIP), are ushering in a new era for grid-
connected, customer-sited energy storage projects. 
This article profiles 15 manufacturers that design and 
build inventive equipment for residential-scale solar-
plus-storage systems.  
BY JOE SCHWARTZ 

50   Solar Customer  
    Engagement with  

    Content Marketing 
A well-designed content marketing strategy— 
supported by a robust customer relationship  
management (CRM) system—builds connections 
with prospects, engages visitors to your website, edu-
cates customers about products and services, estab-
lishes your brand as an industry expert and develops 
qualified leads. In this article, we give you a bird’s- 
eye view of content marketing, including developing 
a marketing plan, identifying topics that interest your 
audience, and getting your message out to prospects 
and current customers.
BY ANTHONY FIORINO AND KIM SACCIO-KENT  
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L-Mount Series

quickmountpv.com | 925.478.8269

L-Mount with 
Elevated Water Seal Technology®

Works with all leading racks

quickmountpv.com | 925.478.8269

Industry’s Fastest Just Got Faster 
Waterproofing | Cost-e�ective | Single-bolt Installation

So you can install solar, faster.

Visit us at
Intersolar!

BOOTH#

9411
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f  O N  T H E  C O V E R  Headquartered in 

Visalia, California, CalCom Solar is an EPC firm 

that specializes in designing, permitting, building 

and optimizing solar energy systems for agricultural 

operations. Located in Bakersfield, California, the 240 kWac 

Pacific Ag–Sierra Land project deploys 12 NEXTracker single-axis 

trackers, 960 Boviet Solar 310 W modules and 8 Huawei 30 kW string 

inverters. Lightly-loaded distribution circuits in agricultural regions are 

often the first to reach grid saturation due to a high level of deployed 

PV generation capacity coupled with intermittent circuit loading.

Photo: Courtesy CalCom Solar
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Trojan Battery’s new line of Solar AGM 
deep-cycle batteries delivers extraordinary 

total energy over the life of the battery. 
These maintenance-free batteries can be 

counted on day in and day out as a highly 
reliable power source for a wide range of o�-grid, 

grid-tied and unstable grid applications.

SOLAR AGM

trojanbattery.com/GoSolarAGM
800-423-6569      +1-562-236-3000MAINTENANCE-FREE

PROJECT MEDIA

C R E A T I V E  S E R V I C E S

ROUND

1
Solar Ad Campaign “Introducing Solar AGM” Home Power/SolarPro

PROJECT OWNER COLOR (RGB, CMYK, PMS)

Mark Malki CMYK

DIMENSIONS DATE DESIGNER

8.125 in x 10.875 in 6-5-17 Mike Mittelstaedt
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the Wire Industry Currents

SMA Is Taking Orders for Newest 
Tripower Inverter
 
[Rocklin, CA]    SMA America has announced that it is taking orders for the newest 
member of its Sunny Tripower lineup, the CORE1. Developed for commercial low-
slope rooftop, carport and ground-mount applications, the freestanding 50 kWac 
inverter is designed with features to streamline installation time and reduce BOS 
costs. It does not require any racking on roof-mount systems, and it features six MPP 
trackers, 12 plug-and-play direct string inputs, dc and ac disconnects, and optional dc 
and ac surge protection. The CORE1 has built-in Wi-Fi, and technicians can configure 
it from any mobile device. It offers monitoring and control with full grid-management 
capabilities, SunSpec MODBUS compatibility and optional 24/7 remote monitoring. 

SMA America / 916.625.0870 / sma-america.com

S-5! ReleaSeS 
TRapezoidal Roof 
BRackeT
[Colorado Springs, CO]   Metal roofing panels 
with trapezoidal profiles are common in many 
commercial and agricultural structures. S-5! 
has released four new attachment brackets, 
RibBrackets I–IV, for use with this roofing type. 
The various bracket models are 
compatible with specific 
trapezoidal panel profiles. 
Designed to straddle 
the crown of the roof-
ing panel, they secure 
with suitable fasten-
ers such as hex head 
screws with sealing 
washers or Bulb-Tite 
rivets. Each bracket 
provides four attach-
ment points. RibBrackets 
I–IV include a factory-applied 
EPDM rubber gasket seal on their base for 
weatherproofing. S-5! designed the product for 
compatibility with its S-5-PV Kit, Edge Grab  
or bottom-mount rails. RibBrackets I–IV are  
not compatible with L-Feet or side-mounted  
rail systems. 

S-5! / 888.825.3432 / s-5.com

Panasonic Extends Module 
Workmanship Warranty
[Newark, NJ]   Panasonic Eco Solutions North America 
has extended its HIT series module workmanship war-
ranty to 25 years. This warranty extension augments the 

HIT series’ existing power 
production warranty, 
which guarantees 91% of 
rated power over a 25-year 
span. Panasonic’s recently 
released 96-cell N310K, 
N315K and N320K mod-
ules have a rated  
STC power output of  
310 W, 315 W and 320 W, 
and module efficiencies  
of 18.5%, 18.8% and  
19.1%, respectively.
Panasonic Eco Solutions North 

America / business.panasonic.com/

solarpanels

http://www.sma-america.com
http://business.panasonic.com/solarpanels
http://www.s-5.com
http://business.panasonic.com/solarpanels


Genius Tracker™ Has More 
Power Output and Higher ROE 

  Energy Production: 4,525 MWh/yr
System Size = 2.545 MW DC

 Energy Production: 4,320 MWh/yr
System Size = 2.545 MW DC

GameChange Solar 
Genius Tracker™

Competitor 
Central Drive Tracker

20% HIGHER
LEVERAGED ROE

5% MORE
ENERGY PRODUCTION

14ft Row Spacing25ft Row Spacing

With GameChange, modules pack onto shorter rows and use less space than competitors. 
The extra space is used to widen rows. 
Increased row spacing gives higher kwh output and higher ROE.

P : 212-388-5160
info@gamechangesolar.com
gamechangesolar.com

Ground and Roof Fixed Tilt Racking & Tracker Leader
Wind Tunnel Tested by Industry Leader CPP, ETL / UL 2703  
Independent  Assessment by Black & Veatch, 20 Year Warranty 

GENIUS TRACKER™
World's Fastest Installing Single Axis Solar Tracker

GameChange Utility Scale Genius Tracker™ in Northwest USA

Visit 
Us at

http://www.gamechangesolar.com
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the Wire

TRojan SolaR 
announceS aGM 
BaTTeRy line
[Santa Fe Springs, CA]   Trojan Battery has intro-
duced a redesigned line of valve-regulated lead-acid 
(VRLA) absorbent glass mat (AGM) batteries for 
deep-cycling applications, including renewable 
energy systems. Trojan’s Solar AGM product family 
includes 6 V, 8 V and 12 V nominal models. Its SAGM 
06 375 is a Group L16 6 Vdc nominal battery with a 
capacity of 375 Ah at the 20-hour rate. Housed in a 
rugged polypropylene case, the Solar AGM batteries 
are manufacturer approved for vertical and horizon-
tal installation orientations. Trojan specifies a cycle 
life of 4,500 cycles for its Solar AGM batteries at a 
20% depth of discharge.

Trojan Battery / 800.423.6569 / trojanbattery.com

AMtec Offers Auxiliary 
Power Enclosure
[Pleasanton, CA]   Developed for centralized large commercial, 
industrial and utility PV plants, AMtec Solar’s Auxiliary Power Cabinet 
is an all-in-one freestanding enclosure that is customizable to meet 
specific project requirements. The skid-ready cabinet provides 
convenience power for lighting, trackers, weather stations and 
SCADA equipment. The unit 
is configurable for various 
main transformer voltages 
and includes a 480 Vac to 
120/240 Vac step-down 
transformer, as well as 
options for 240/480 Vac 
and 120/240 Vac breakers. 
Other available builds can 
house weather stations, 
uninterruptible power sup-
plies, Ethernet switches, 
dataloggers, cell modems, 
generation kWh meter-
ing and an interface for an 
external generator circuit. 
A NEMA 3 enclosure with 
an active fan-driven, filtered 
vent system protects  
components. AMtec’s Aux Cab is listed to UL 508a.       

AMtec Solar Products / 510.887.2289 / amtec1.com

SolarEdge Introduces 
Increased Power Optimizer
[Fremont, CA]   To meet the requirements of higher-power and higher-
efficiency modules entering the US solar market, SolarEdge has intro-
duced its P370 power optimizer to support 60- and 72-cell modules 
from vendors such as LG and Panasonic. The 370 Wp P370 replaces 
SolarEdge’s P350 model. The P370 has an absolute maximum input volt-
age of 60 Vdc and an MPPT voltage range of 8 Vdc–60 Vdc. It has  
a 25-year warranty and the same list price as the P350 model it  
is replacing.

SolarEdge / 510.498.3200 / solaredge.com

http://www.amtec1.com
http://www.solaredge.com
http://www.trojanbattery.com


925-456-7744     |     www.solarbos.com 

Break Free From Breakers

AC COMBINERS AND RECOMBINERS

• Reduced nuisance trips at high ambient temperatures

• String inverter isolation (load or non-load break)

• No breaker degradation due to trips or use as disconnects

• Reduced maintenance (no breaker O&M testing)

• Lower installed cost

• No back-fed breakers

• Less shading, mounts in any orientation

• High interrupt ratings (up to 200kaic)

http://www.solarbos.com
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W hat if commercial solar 
contractors could consult 
a catalogue of PV projects 

that have already been sold, funded 
and designed, for which qualified 
customers are actively soliciting 
bid proposals? Sounds pretty good, 
right? I am here to tell you that such a 
resource exists, and to help you access 
and win these projects. 

In the US, the commercial con-
struction industry, including the vast 
majority of public works projects, 
traditionally relies on a design-bid-
build (D-B-B) model of soliciting 
bid proposals. In contrast, the solar 
construction industry is more likely 
to use a design-build process. Many 
solar contractors I have spoken with 
are reluctant to bid on D-B-B projects. 
Some are unfamiliar with the bidding 
process or feel that it takes too much 
time; others would rather originate 
their own projects and avoid a com-
petitive bidding environment. 

They are missing out on an oppor-
tunity to land profitable projects. My 
experience suggests that relatively few 
contractors respond when solar proj-
ects go out to bid via a D-B-B process, 
and that even fewer contractors submit 
a bid. My hope is that demystifying this 
process will encourage commercial 
solar contractors to view D-B-B proj-
ects as another customer acquisition 
route, one that they are currently  
underutilizing. Adding these oppor-
tunities to your new-project funnel 
not only diversifies your project and 
revenue streams, but also reduces your 
company’s reliance on lead sellers and 
direct sales tools. 

Understanding the Process
In a design-build project, the customer 
contracts with a company that takes 
on both the design and the construc-
tion of the PV system. This company 

could be a general contractor, an EPC 
firm, or an architecture or engineer-
ing firm that then subcontracts out 
the construction. The key point is that 
the customer contracts one company 
that is responsible for both the project 
design and the construction. 

By contrast, in a design-bid-build 
project the customer contracts with a 
design professional, usually an archi-
tect or engineering firm, to produce 
a detailed design. Once the design is 
complete, the customer then puts it out 
to bid and selects a contractor to build 
the system to the design specifications. 
The key point is that the customer con-
tracts the design firm and the contrac-
tor separately. 

Request for proposal. At the core of the 
D-B-B bidding process is a document 
called a request for proposal (RFP) or an 
invitation to bid. The RFP includes the 
project design documentation and other 
essential information such as bid dates, 
general information for bidders, condi-
tions for the bid, scope of work, contract 

terms, insurance requirements and bid 
submission forms. When responding to 
an RFP, it is very important to read the 
bid documents carefully. 

Failure to follow the bid preparation 
instructions precisely—for example, by 
overlooking a submission deadline or 
a required piece of documentation—is 
an easily avoided way to get eliminated 
from consideration. The goal of the RFP 
process is to make it easier for the cus-
tomer to compare proposals. By defining 
the project design and bid submission 
terms in advance, the customer is able 
to make an apples-to-apples comparison 
when evaluating bids. This is in contrast 
to the apples-to-oranges comparison 
that customers must make when evalu-
ating design-build proposals, where 
different contractors are invariably pro-
posing different technical solutions.

Finding solicitations. Before you 
can submit a proposal, you have to 
find the project solicitation. While it 
is not particularly difficult to locate 
projects to bid, the process can be 

QA Quality Assurance

Winning Design-Bid-Build Projects

Finding project RFPs  Locating solar project requests for proposal (RFPs) can be 
time-consuming. Online services such as BidSync (shown here) and Onvia aggre-
gate RFPs based on user-customized search criteria and send daily alerts. 
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time-consuming. Governmental agen-
cies and local municipalities gener-
ally post RFP solicitations to their 
publicly accessible websites. Some of 
these websites allow you to sign up 
to receive email alerts whenever new 
RFPs are posted.

The challenge for specialty con-
tractors is that these public entities 
tend to post all their bid solicitations 
in one place, meaning you might 
have to search through RFPs related 
to landscaping, water systems and 
roof replacement to find a PV project 
solicitation. A typical medium-sized 
city could have 10 pages of RFPs, and 
searching through these solicitations 
might uncover one solar RFP or none at 
all. If you multiply this example across 
various public-sector entities and web-
sites, you can see how tracking RFPs 
quickly requires a significant invest-
ment of time. 

Another option for finding solicita-
tions is to pay for a service that tracks 
and aggregates RFPs and sends you 
daily email alerts. Companies such 
as BidSync (bidsync.com) and Onvia 
(onvia.com) offer these services and 
allow you to customize your search 
criteria to specific geographic areas and 
types of projects. These options are a 
worthwhile investment if your service 
area is large enough to generate many 
RFPs and you intend to respond to a 
majority of solicitations.

Responding to an RFP
Though the structure of individual RFPs 
varies somewhat, bid solicitations tend 
to adhere to accepted industry stan-
dards. Responding to an RFP generally 
follows a predictable five-step process.

Step 1: Review the documentation. 
The first step in the process is to review 
the RFP and the design documents. 

In most cases, the RFP itself is part of 
the contract, which means that the 
winning bidder will be held to all of 
its conditions and terms. Review the 
design documents carefully, as this is 
the design you will have to build unless 
the RFP allows for changes. The level  
of depth can vary from basic permit 
documents to highly detailed construc-
tion plans with complete equipment 
specifications. The less detailed the 
design, the more leeway the bidder  
has in determining installation specif-
ics. Responding to very detailed  
designs with equipment specifications 
can take additional time, as you need to 
identify equipment that meets all  
the requirements. 

Step 2: Gather questions. While 
reviewing the RFP and design docu-
ments, make a list of any questions 
that come up, whether specific to the 
solicitation or regarding the project in 

http://www.bidsync.com
http://www.onvia.com
http://www.standingseamroofanchor.com
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QA

general. The RFP will have instructions 
for how to submit these questions and 
will call out the last date for submit-
ting them. The solicitor will subse-
quently send out an addendum to all 
bidders describing and answering each 
of the submitted questions. Note that 
the RFP may allow multiple rounds 
of question submittals, provided that 
bidders deliver questions for each 
round prior to the relevant cutoff date; 
if so, the first round is generally due 
before the prebid conference.

Step 3: Attend prebid conference and 
site walk-down. The prebid conference 
provides contractors with an oppor-
tunity to walk the project site, take 
photos, meet the customer’s represen-
tative and the design team, get further 
answers to previously submitted ques-
tions and ask new questions. While 
attendance is usually optional, I would 
treat the prebid conference and site 
walk-down as a requirement, simply 
because the contract typically holds 
the bidder responsible for knowing the 
site conditions. The prebid conference 
also gives you a chance to evaluate your 
competition and see who else is a seri-
ous bidder. 

Step 4: Evaluate the need for substi-
tutions. The prebid conference helps 
you obtain enough information to 
determine whether the project needs 
substitutions. This is one area where 
the bidder can have some input into 
the design. For instance, you may want 
to use a different module. The RFP 
should provide a method for submitting 
this request, typically with supporting 
information and a rationale for mak-
ing the substitution. The solicitor will 
review each substitution request and 
send all bidders information regarding 
approved substitutions. 

STEP 5: Estimate project costs. The 
end goal of the RFP response process 
is to determine a competitive lump-
sum bid price. While some solar 
contractors may be unfamiliar with 
pricing a project based on someone 
else’s design, this is a key skill worth 
attaining. To win a bid solicitation, 
you need to be able to estimate 
project costs based on a review of 
the design documents. An essential 
step in this process is to complete a 
takeoff, a count of the material the 
project requires. By reviewing the RFP 
documentation, you can determine 

quantities for PV modules, 
inverters, combiners, con-
ductors, conduit, mounting 
hardware and so forth. In 
addition to determining 
in-house labor costs and 
overhead, you may need to 
solicit bids from subcon-
tractors. Once you have 
estimated your material and 
labor costs, you can apply 
the desired markup or mar-
gin. Your goal is to arrive at a 
price that is lower than com-
peting bids while allowing 
your company to complete 
the scope of work profit-
ably. (For more information, 
see “The Science and Art of 
Estimating,” SolarPro, June/
July 2014.) 

Completing the Bid Forms 
Completing bid forms correctly is a 
time-consuming task that may daunt 
first-time bidders. The process is much 
more involved and requires much more 
information than putting together a 
private sector design-build project 
proposal. However, once you have a 
couple of responses under your belt, 
you will find that the process becomes 
easier and more efficient. For a modest 
investment in time and resources, your 
company can access the meaningful 
business development opportunities 
that D-B-B projects represent.

Throughout the process of com-
pleting the bid forms, keep these three 
priorities in mind. First, you must write 
a proposal that meets all of the RFP 
requirements. Second, you want to avoid 
doing anything that will trigger a rejec-
tion due to noncompliance. Third, you 
want to emphasize any unique qualities 
of your company that give it a competi-
tive advantage over other bidders. 

Many RFP requirements are famil-
iar to solar contractors. For example, 
you need to show proof of insurance, 
carry a construction bond, show rel-
evant experience, 
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Design-bid-build model  Blue Oak Energy is the engineer of record for the 10 MW Southern 
California Edison (SCE) Dexus Lee project. The Blue Oak team engineered the project to about 
80% and SCE bid the construction out to several contractors.

https://solarprofessional.com/articles/business-finance/the-science-and-art-of-estimating
https://solarprofessional.com/articles/business-finance/the-science-and-art-of-estimating
https://solarprofessional.com/articles/business-finance/the-science-and-art-of-estimating
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provide a list of qualifications and so 
forth. When listing experience and 
qualifications, the goal is to show 
that the bidder has completed similar 
projects in the last 3 to 5 years. Do not 
assume that the client will automati-
cally disqualify your company if it does 
not have experience with projects that 
are exactly the same as the one under 
bid. With a competitive bid and good 
references, a less experienced bidder 
can win the contract. 

Other RFP requirements are 
unique to public works projects. For 
example, you may need to document 
your commitment to fair employment 
practices, comply with prevailing wage 
requirements or certify that you do 
not have any conflicts of interest. You 
may also need to identify subcontrac-
tors or major equipment vendors. In 
some cases, your company may need 
to meet specific registration require-
ments to submit a bid. In California, 
for example, contractors must register 
with the Department of Industrial 
Relations to be eligible to bid on a 
public works project.  

Another option is to outsource bid 
preparation, if you plan to bid regularly 
on public works projects with a high 
enough value to justify the expense 
of outsourcing. Several companies 
provide this service to contractors. 
The bidder still needs to prepare the 
cost estimate, but the service provider 
prepares the other tedious parts of 
the bid package. I recommend that 
you start by doing the bids yourself to 
build an understanding of how they are 
put together. Then you can determine 
whether you want to make an effort to 
win more of these projects. 

Bid Evaluation 
Solicitors evaluate bids for public 
works projects according to well-
defined rules that are intended to level 
the playing field for bidders. While the 
lowest price wins the day, agencies 
may favor or even set aside contracts 

for certain official business categories. 
They will also screen out any bids that 
do not satisfy the RFP requirements 
and, in many cases, any bidders who do 
not meet minimum requirements for 
experience or qualifications. 

Diverse or small business certifica-
tion. Many government entities have 
established goals for business diver-
sity that seek to improve inclusion 
in public spending by offering more 
economic opportunities for local busi-
nesses, small businesses in general or 
those owned specifically by disadvan-
taged groups. For example, an agency 
might have a scoring system in place 
that accounts for women-, minority- 
or disabled veteran–owned business 
certification. Other entities may have 
set-asides available exclusively for 
diverse or small businesses. To qualify 
for most of these business categories, 
you must meet specific requirements 
and complete a certification process. 
While this process requires a major 
investment of time that you must fin-
ish prior to bidding on projects, such 
certifications often improve bid com-
petitiveness. It is possible to qualify for 
more than one certification. 

Responsive bids and responsible 
bidders. While these concepts sound 
similar, they describe different quali-
fication criteria. A responsive bid is 
one that meets all of the requirements 
outlined in the bid documents, which 
means that the bidder must deliver it 
on time to the correct location, and it 
must include all of the required forms, 
certifications and requested informa-
tion. Failure to meet these minimum 
requirements results in a nonrespon-
sive bid, which is generally grounds  
for disqualification. 

The process of determining whether 
a bidder is responsible is more subjec-
tive. A responsible bidder has the capa-
bilities and qualifications required to 
complete the scope of work. To make 
a judgment about bidder responsibil-
ity, agencies evaluate prior experience, 

references, financial qualifications and 
trustworthiness. If a purchaser finds a 
bidder lacking in any of these areas, the 
agency may decide that the contractor 
is not a responsible bidder and elimi-
nate it from consideration.

Ranking bids. At the end of this 
process, the bid solicitor ranks all the 
responsive bids, from the lowest cost 
to the highest, and contracts the quali-
fied bidder with the lowest bid price to 
execute the project. Depending on the 
project scale, the evaluation process 
can take hours, days or even months. 
If a losing bidder feels the solicitor did 
not fairly evaluate its bid, that bidder 
can appeal the decision. In some cases, 
the issuing agency determines that 
none of the bids are acceptable and 
rejects them all. This often results in a 
project redesign with the goal of reduc-
ing costs; once the new design is com-
plete, the bidding process starts over.

Private Sector Projects 
In today’s market, public sector entities 
are most likely to use the D-B-B process 
to select solar contractors. However, 
the commercial construction indus-
try has long relied on this process in 
private sector settings. Therefore, it is 
entirely possible that you will see more 
private sector requests for D-B-B solar 
projects in the future. 

It is generally more difficult to find 
opportunities to bid private sector 
projects. Rather than advertise bid 
opportunities to the general public, 
private sector entities tend to reach out 
directly to a short list of preferred pro-
viders. These are often contractors that 
they have worked with in the past or 
that their architecture or engineering 
firm has recommended. The process of 
evaluating proposals in the private sec-
tor is also less formal and transparent. 
In this scenario, customers are free to 
accept whichever proposal they prefer 
based on their own judgment. 

—Marvin Hamon / Hamon Engineering / 
Alameda, CA / hamonengineering.com 
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T
hanks in large part to the recent influx of solar 
distributed energy resource (DER) generation, 
the California utility grid is becoming satu-
rated much faster than anyone ever expected. 
Saturation in this context refers to the maxi-

mum solar capacity beyond which the electric power sys-
tem becomes unstable, which varies circuit by circuit and 
also has holistic implications at the system level. Investor-
owned utilities (IOUs) currently lack many of the data sets 
and analytical tools needed to properly assess the impact of 
DER saturation. As a result, many projects are languishing in 
a seemingly endless cycle of interconnection review studies 
and grid upgrades. In this article, I explore how we got here, 
illustrate some of the interconnection challenges and con-
sider some potential remedies.

By Tim McDuffie, PE

What is causing 
interconnection 

delays for solar EPC firms 
in California and what can 

industry stakeholders  
do to fix the problem? 

Distributed Energy 
Resource Saturation
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HOW DID WE GET HERE?
In spite of the recent rise of DER generation—which 
includes demand management as well as distributed energy 
storage and variable renewable resources—the basic archi-
tecture of California’s electric power system remains much 
the same today as it was 100 years ago: a relatively small 
number of centralized generation sources push power out 
to electric consumers across a vast long-distance network 
of high-voltage transmission lines and medium-voltage 
distribution lines. 

Though this system has served California fine to date, 
it is not particularly well suited to meeting the state’s 
future needs, which are changing due to shifts in envi-
ronmental and energy policies. More Than Smart is a 
nonprofit organization whose mission is to help policy 

makers and industry stakeholders transition to a 21st-
century electric power system. The authors of its report 
“A Framework to Make the Distribution Grid More Open, 
Efficient and Resilient” (see Resources) note: “There is a 
recognition that California is at a crossroads with respect 
to the future role of the electric system generally and the 
distribution system specifically.”

Rise of virtual net metering. With the implementation of 
net energy metering (NEM) and California’s Rule 21, which 
details interconnection, operating and metering require-
ments for DER projects, the state’s IOUs enabled customers 
to generate renewable power for use in offsetting a specific 
load. The interconnection method used to apply for the NEM 
tariff was typically a line- or load-side tap, landing behind 
an existing meter. In general, this interconnection did not 

Distributed Energy 
Resource Saturation
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create a problem for the local utility system because the cus-
tomers consumed most, if not all, of the generation at the 
source, and backfeed across the point of interconnection 
was minimal.

However, in 2014, the advent of net-energy metering 
aggregation (NEMA) changed the dynamic because it per-
mitted load offset using virtual net metering. Generation 
customers can now create power anywhere on their prop-
erty and export it directly back to the electric grid. The utility 
then nets that generation against their aggregated electri-
cal consumption over one or more meters. The customer 
pays the difference or, in the instance of a surplus, receives a 
credit to offset future consumption. 

On paper, this seems straightforward, and it has allowed 
customers to install larger solar projects to offset multiple 
meters. The problem this creates for IOUs is that, while the 
load is virtually offset, they must study a stand-alone genera-
tion system as an exporting facility. While the rules on how 
the utility compensates the customer differ from those for a 
traditional exporting facility, the overall impact on the util-
ity distribution system is the same as if the facility were an 
export project. 

In addition, the advent of NEMA promoted use of the 
NEM tariff on a much broader scale than previously antici-
pated. The benefits of net metering are no longer limited to 
small roof-mounted residential systems; the door is now 
open for much larger ground-mounted projects all the way 
up to 1 MWac to interconnect under the NEM tariff. As 
shown in Figure 1, the rate of nonresidential NEM intercon-
nections across all IOUs has grown 246% since 2014. 

Engineering review. Integrating increasing amounts of DER 
generation is an inherently challenging project. The authors 

of the Electric Power Research Institute (EPRI) report “The 
Integrated Grid: A Benefit-Cost Framework” (see Resources), 
note: “The question is about the ways in which DER interacts 
with the power system infrastructure. The formula for this 
answer has multiple dimensions. Beneficial and adverse cir-
cumstances can arise at differing levels of DER saturation. 
The interaction is dependent on the specific characteristics 
of the distribution circuits (design and equipment), existing 
loads, time variation of loads and generation, environmental 
conditions, and other local factors. Benefits and costs must 
be characterized at the local level and the aggregated level of 
the overall power grid.”

With this in mind, we have to expect long interconnec-
tion time lines with large non-NEMA projects, as reliability 
engineers must extensively model the impact these systems 
have on the electric power system. However, very large PV 
systems can connect directly into the transmission system, 
bypassing the distribution system altogether. Though NEM 
and NEMA projects initially experienced shorter engineer-
ing review time lines, these projects are now hitting a wall 
in areas where IOUs deem the existing utility infrastructure 
inadequate to support additional DER generation. 

In effect, a large portion of the electric power system 
is not designed for backfeeding from the distribution sys-
tems into the transmission level. The antiquated protective 
devices at the substation and transmission level are designed 
for power flowing to the distribution system, not from it. As 
a result, increasing numbers of relatively small DER projects 
fail to pass the Rule 21 fast-track interconnection review 
process, and then they must undergo detailed studies with 
significantly longer time lines.

Interconnection delays. During a recent distribution-level 
substation walkthrough, I had an experience that 
offered a microcosm of the situation we are in. The 
purpose of the visit was to help a client understand 
the IOU’s proposed upgrades related to direct 
transfer trip (DTT), a protection scheme that man-
ages unintentional islanding—and that can do so 
faster and more reliably than the anti-islanding 
protections in an inverter. (Islanding refers to a  
situation where an inverter-based distributed 
generator continues to energize a power-system 
circuit.) The utility’s protection engineers were 
concerned that an additional 1 MW of distributed 
generation (DG) could backfeed the substation and 
support an unintentional island.

During this walkthrough, the person charged 
with managing the substation on a day-to-day basis 
pointed to a voltage regulator and said: “That’s 
going to be a problem.” This statement confused all 
of us until the substation manager explained that 
the voltage regulator had 
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been installed 70 years ago. This meant 
it had analog controls, which could not 
accept the digital commands that util-
ity operators need to send to a voltage 
regulator to enable DTT. Admittedly, I 
initially thought the substation man-
ager was exaggerating the age of the 
equipment, but when we walked over to 
the voltage regulator, he pointed out the 
year printed on the nameplate: 1946. 

Though it is just one piece of hard-
ware, this voltage regulator is emblem-
atic of the challenges associated with 
transitioning a 20th-century power 
system into a 21st-century infrastruc-
ture. Some of the technology that the 
utility employs, while perfectly func-
tional, is antiquated. When the utility 
installed that voltage regulator back 
in 1946, nobody could have dreamed 
that a solar power plant would neces-
sitate its replacement in 2016. This 
single voltage regulator serves hun-
dreds, if not thousands, of customers. 
Taking it offline, while manageable, 
requires a substantial amount of coordination within the 
utility system to ensure no loss of service. The system oper-
ator will need to take lines out of service, reroute feeders 
and so forth. There is no room for error in a system where 
reliability is of the utmost importance. To manage these 
risks, the utility typically conducts these change-outs when 
the load is at a minimum so the potential impact is as low 
as possible, which in this case is between the months of 
November and February. 

In this particular case, 
the IOU conducted a detailed 
study related to the pro-
posed project in March 2016 
per Rule 21. Since the IOU 
identified the need for spe-
cific substation upgrades, 
we requested that the utility 
place the project in the 2016–
17 upgrade window. However, 
projects in the queue from the 
previous year had reserved 
all of the spots in this year’s 
upgrade window. As a result, 
the upgrades required to 
interconnect this project will 
have to wait until the 2017–18 
upgrade window. 

This sort of delay stacking is 
directly due to DER saturation, and 
antiquated equipment compounds 
the problem. Had there been enough 
load to offset the combined genera-
tion, the vintage voltage regulator 
could have gone right on function-
ing into perpetuity. Instead, what 
would normally have been an inter-
connection process of 3–6 months 
became a project of 18–24 months. 
It is important to keep in mind that 
we are not talking about a 50 MW 
utility-scale project, but rather a 
NEMA project with a generating 
capacity of less than 1 MW. 

These time lines impact system 
owners by delaying their ability 
to realize returns on their invest-
ment. Without these returns, loan 
terms are subject to higher rates 
and the financial viability of a proj-
ect drops significantly. As a result, 
many owners choose to walk away 
from projects rather than wait out a 

substation upgrade, which has a crippling financial impact 
on the solar industry in California and severely slows down 
DER interconnection. 

Amanda Johnson is the utility interconnection manager 
at JKB Energy, a solar integration firm specializing in com-
mercial and agricultural solar projects in California’s Central 
Valley. Johnson has firsthand experience with interconnec-
tion delays. “Many of our customers are subject to substa-
tion upgrade requirements when building solar projects that 

are close to the upper end 
of the 1 MW limit for a NEM 
or NEMA project,” she says, 
“despite the fact that these 
customers pull the same 
amount of energy from the 
grid throughout the year.” 
Whenever this happens, 
interconnection time lines 
increase to allow for the nec-
essary engineering reviews 
and equipment upgrades.

According to Brad 
Heavner, CALSEIA’s policy 
director: “Trend lines for 
large and small systems 
have been moving in oppo-
site directions. While the 
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Congested substations  This map 
highlights the substations impacted by 
CAISO’s 9th Transmission Cluster Study, 
as mapped by CalCom Solar using public 
queue information.

“With the bountiful hydro 
conditions expected this year 

and significant additional solar in-

stallations both in the form of central 

stations and on rooftops, we expect 

to see substantial excess energy 

production this coming spring. Cur-

rently, the forecast is that we could 

have the need to curtail from 6,000 

MW to 8,000 MW.”

—CAISO memorandum, February 2017

DER Saturation
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California IOUs have done a great job of automating the 
interconnection process for standard rooftop systems, new 
roadblocks keep emerging for large systems. We used to 
hear complaints about 4-month delays turning into 9-month 
delays, but we are now hearing about 2-year delays.”

Part of what makes these scenarios so commonplace is 
an outdated way of approaching distribution network design 
and upgrades. Utilities can no longer stop at the transmis-
sion level in envisioning the utility grid as a network. For 
elevated levels of DER penetration to become sustainable, 
the network platform mentality must percolate down to the 
distribution level. 

Infrastructure upgrades. Think of the transmission sys-
tem as a freeway designed for one-way traffic flow, where 
substations are off-ramps to the smaller feeder roads that 
represent the distribution system. With the rise of DER 
generation on these distribution circuits, traffic suddenly 
wants to flow backward onto the freeway. This two-way 
traffic flow disrupts the system, causing congestion as 
well as reliability and safety concerns. To mitigate these 
problems, the system operator must begin an extensive 
infrastructure upgrade process to convert each of these 
off-ramps into combination on- and off-ramps. The pro-
cess is costly and time consuming; we have all experi-
enced how freeway upgrades tend to make traffic worse 
before it gets better. 

This is analogous to the interconnection chal-
lenges in California today, with one big traffic jam 
of DER generation projects all trying to get on the 
same freeway at the same time. This situation leads 
to frustrated customers and impatient solar com-
panies. It is unfair, however, to place the blame for 
the problem on the IOUs. Increased participation in 
the NEMA tariff program has resulted in an ever-
increasing number of applications to interconnect. 
Compounding the problem, the amount of DER 
generation simply overwhelms the existing distri-
bution system. When I asked CALSEIA’s Heavner 
which specific area seems to be the most congested, 
he responded: “California.”

Fresno County, a major hub in PG&E’s utility 
system, is a good case study for this phenomenon. 
As shown in Figure 2, Fresno County is a hotbed for 
nonresidential solar interconnections. The rate of 
interconnection for nonresidential NEM projects 
in Fresno County has grown more than 250% since 
2014. Current interconnection processes cannot 
keep pace with the upgrades required to intercon-
nect these projects in a relatively short time frame. 
This is simply a case of too much solar, too soon. 

While California’s environmental and energy 
policies envision integrating more than 15 GW 

of DER generation into the state’s electric power system, 
these projections may underestimate the grid transforma-
tion that is under way. Because of the scale and the capital-
intensive nature of the grid investment required to meet 
these goals, stakeholders must plan and invest wisely. 
The More Than Smart report elaborates: “As distribution 
infrastructure is largely depreciated over several decades, 
investments in this decade may need to be useful to 2040. 
The implication for California is that the current annual 
utility distribution investment of nearly $6 billion is effec-
tively a 25-plus year bet on a future [that] will likely be 
quite different than we can imagine today.”

POTENTIAL REMEDIES 
Creating a sustainable 21st-century grid requires mixing 
and matching new data with emerging technologies. While 
many potential solutions are on the horizon, there is no 
silver bullet. The end solution will probably come from all 
of the stakeholders, each working to solve small pieces of 
the overall puzzle. When used in conjunction with rapidly 
advancing smart grid communications, this combined con-
tribution will have a substantial impact on the overall prob-
lem of excessive DER congestion. 

Better modeling can generate the data needed to iden-
tify weaker areas of the utility grid and incentivize solar 
DER development in the appropriate areas. R&D road maps 
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Figure 2  Fresno 
County is home to 
some of the larg-
est solar projects 
in California.
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Limited DER capacity  
This screenshot from 
Southern California 
Edison’s publicly 
available Distributed 
Energy Resource 
Interconnection Map 
(DERiM) illustrates the 
saturation issues in 
San Joaquin County. 
Though the area is 
larger than the state 
of Rhode Island, every 
distribution circuit  
has potential trans-
mission constraints.
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should include allocations to understand new phenomena 
such as islanding, and IOUs and regulators should imple-
ment solutions to these problems in a reasonable and tar-
geted manner. Smart inverters have the potential to provide 
the level of control that IOUs require to curtail and prevent 
overgeneration. Energy storage systems can provide cus-
tomers with an unprecedented ability to control when and 
how their systems produce energy. 

Proactive planning. Given the scale of the existing power 
system and the investment necessary for its modernization, 
the authors of the More Than Smart report argue that distri-
bution planners should start by evaluating the existing sys-
tem and developing a baseline model of its capabilities. Once 
this exercise is complete, distribution planners and reliabil-
ity engineers can stress-test this baseline model against a 
set of future scenarios. By identifying capability gaps in this 
manner, stakeholders can determine the grid upgrades that 
provide the best return on investment.

The More Than Smart report explains: “Analysis today 
requires both the traditional power engineering analy-
sis as well as an assessment of the random variability and 
power flows across a distribution system. Such an analy-
sis would include real and reactive power flows under a 

variety of planned and unplanned situations across a distri-
bution system, not just a single feeder. Evolution to a more 
network-centric model for a distribution system to enable 
bidirectional power flow underscores the need for a funda-
mental shift in planning analysis.”

To facilitate this shift, California Assembly Bill 327 calls 
on IOUs to develop distribution resource plans that iden-
tify optimal locations for DER deployment, as well as ways 
to optimize the value of these resources. As part of these 
efforts, IOUs and other stakeholders are participating in 
working groups, which More Than Smart is facilitating, to 
establish two new planning tools: locational net benefit 
analysis (LNBA) and integrated capacity analysis (ICA). 

Laura Wang, project director for More Than Smart, 
explains: “We envision that the IOUs will use both tools 
[LNBA and ICA] to meet the objective of Assembly Bill 327, 
which asks IOUs to determine optimal DER locations on their 
distribution systems. Developing these tools is expected to 
be an iterative process. IOUs will continue learning from the 
implementation process, the working group will refine the 
methodology as smart inverters become standard, and the 
[California Public Utilities Commission (CPUC)] makes a 
final decision on how these tools should be used.”

Introducing our new line of 2kV Photovoltaic Cable:
 2kV ServiceSolar® (Photovoltaic)
 • Stocking 12AWG - 8AWG in Standard Colors
 • Stocking 6AWG and Larger Black Only
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One challenge to over-
come is that there is no con-
sensus on when and how to 
compensate solar DER pro-
ducers for avoided costs. 
According to a February 1, 
2017, CPUC memo: “[The 
LNBA Working Group 
emphasizes] that the LNBA 
addresses the narrow ques-
tion of evaluating DERs in 
single locations against cer-
tain distribution upgrades 
that are already in IOU dis-
tribution system plans, and 
should not be construed as 
the advancement of a comprehensive, location-specific 
utility avoided–cost calculator that could be used to pro-
actively identify high-value locations for DER deployment.” 

The ultimate goal of the LNBA is to identify the locational 
value of DER, ideally at a granular level based on a model of 
the entire electrical system. While a lot of work remains to 
be done, the LNBA tool will one day determine how DERs 
are compensated in California. Whereas IOUs can cur-
rently react to power quality issues only after they become 
a problem, the LNBA will eventually allow IOUs to identify 
problem areas in advance and promote specific DER func-
tionality in certain markets by setting a premium price for 
these services. 

The ICA, meanwhile, is unlike any utility analysis ever 
attempted, and thus will undergo slow and methodical 
development. At the conclusion of this process, the ICA 
will provide each IOU with the ability to quickly study any 
part of its grid and will allow stakeholders to swiftly assess 
a proposed interconnection location. The first objective is to 
identify how much DER generation developers can add at 
any interconnection point on the distribution system. The 
second is to bring DER generation into utilities’ annual plan-
ning of the distribution system by identifying the best sites 
for future DER development. 

These analyses represent a paradigm shift in the way IOUs 
view distributed generation, as they will transform solar DER 
projects from a liability to an asset on heavily congested por-
tions of the utility grid. The LNBA will ultimately determine 
future NEM rates. The ICA will transform a reactive intercon-
nection process—wherein developers are subject to the long 
review time lines in the Rule 21 tariff—into a proactive pro-
cess. Gone will be the days of waiting for months only to find 
out that your proposed system location is on the worst pos-
sible distribution line in an IOU’s service territory. 

Increased research. IOUs  need to devote greater resources 
to understanding new problems that arise from expanded 

transmission network pen-
etration. One example of 
a relatively new, and often 
misunderstood, problem is 
islanding. With the imple-
mentation of UL 1741, which 
requires all certified inver- 
ters to shut down within 2 sec-
onds of grid de-energization,  
reliability engineers generally 
agree that there is no need to 
worry about an island form-
ing and continuing in perpe-
tuity. What is less clear is the 
extent to which they need to 
worry about the impacts of a 

temporary short-duration island.
Overcurrent protective devices manage fault conditions 

by sensing when a sharp surge in current hits a circuit over 
a brief period. The problem is that if a fault occurs during a 
temporary island, the circuit has already been interrupted; 
therefore, there is no device available to clear the excess cur-
rent. While a few extra seconds of inverter operation might 
not seem like a long time, it is more than enough time to gen-
erate overcurrent conditions that could damage electrical 
equipment and negatively affect power quality.

The safety and reliability tests in Screen P of the Rule 
21 engineering review analyze the potential for temporary 
islanding. (See “Rule 21 Engineering Review Process,” pp. 
32–33.) These tests are relevant to the interconnection dis-
cussion because many projects that fail Screen P face longer 
interconnection time lines. This is so the IOUs can design and 
implement DTT, SCADA visibility reclosers or other mitiga-
tion techniques to negate the threat of extended run-ons at 
the substation or transmission network level. The issue of 
temporary islanding begs further analysis. We need to under-
stand not only the conditions required for a temporary island 
to occur, but also the potential implications. 

In an August 2016 project report for the California 
Solar Initiative (see Resources), General Electric Energy 
Consulting recommends five updates to the PG&E intercon-
nection process:

1. In initial review: Raise the screening limit from 
15% peak load to 60% of estimated simultaneous 
load; the estimated simultaneous load will be based 
on conversion factors as was defined and imple-
mented in Task 2 Report: Statistical Analysis of PV 
Generation and Load Balance.

2. In supplemental review: Keep the existing 
minimum daytime load screen when SCADA data is 
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“The largest issue at hand with util-

ity transmission and substation lines 

is regulations requiring that 
utility companies remain 
reactive instead of proactively  

responding to address increased 

grid saturation.” 

—Amanda Johnson, utility interconnection 

manager, JKB Energy
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available, and allow 80% of estimated simultaneous 
load by maintaining the power factor of the section 
below 0.98 inductive.

3. In detailed review: Allow up to 105% of simul-
taneous load by detuning circuits to maintain the 
power factor between 0.95 and 0.98 inductive, to 
address islanding concerns if needed.

4. In protection requirements: Modify the Direct 
Transfer Trip exemption bulletin to enable the quick 
interconnection of certified inverters rated less than 
1 MW if there are no significant machine-based gen-
erators on the island.

5. In protection requirements: Eliminate reclose 
blocking for all certified inverters by lengthening 
reclose time on high-penetration feeders to 10 seconds.

To date, PG&E has only implemented items 4 and 5 at 
any level. This situation highlights a larger problem: IOUs 
are mandating major upgrades based on an incomplete 
understanding of new phenomena. In addition, the IOUs 
mandate these upgrades with no oversight from the CPUC. 

For its part, the CPUC has no technical personnel on staff 
and therefore lacks the resources to adequately assess and 
review such issues. 

A California bill signed into law in September 2016 estab-
lishes an expedited review process for such circumstances 
that includes an independent engineering expert. However, 
the state legislature has not approved the funds needed to 

“California’s distribution system  

planning, design and investment 

should move toward an open,  
flexible and node-friendly 
network system (rather than a 

centralized, linear, closed one) that 

enables seamless DER integration.”

—More Than Smart report, August 2014
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enact this bill, so the IOUs will continue to have unchecked 
power to implement such policies. 

For their part, IOUs say that they make many of their 
policies, such as anti-islanding, with an abundance of  
caution. However, the CPUC should encourage IOUs to take 
a closer look and analyze whether their determinations are 
appropriate or whether they have gone overboard because 
they lack the data for an informed decision. In addition, the 
solar industry must request, encourage and support techni-
cal policy review when new data supports a revised approach.

Most UL 1741–certified inverters are capable of much 
more than just producing kilo-
watts. Technicians can program 
them to absorb or create reactive 
power and to play an active role 
in power-factor correction. In a 
more traditional sense, DER proj-
ects can also supplement existing 
power plants during periods of 
high demand. The missing piece 
of the puzzle in the current inter-
connection model is a lack of 
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lines  One of the challenges 
facing system operators, 
utilities and regulators is 
that excess solar genera-
tion on distribution circuits 
could negatively impact the 
reliability or power quality of 
the interconnected transmis-
sion system.
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understanding as to where 
we need these services and 
under what circumstances we 
should implement them. 

Smart inverters. On utility- 
scale projects, dedicated sub-
stations provide a secure, reli-
able means for utility visibility, 
control and curtailment of PV 
systems. This is not the case on 
smaller DER systems because 
they typically do not connect 
through a substation. As a 
result, IOUs have no visibility 
into the quality or quantity of 
power those DER systems are 
producing. At a basic level, 
an IOU cannot even confirm 
whether the system is producing power at all. Smart invert-
ers can help bridge the gap and allow IOUs some basic func-
tional control of and visibility into DER systems. 

Seizing on this opportunity, in 2013 the CPUC, IOUs 
and solar industry stakeholders convened a working group 
to explore the role that smart inverters can play in eas-
ing grid congestion. In a June 2016 Solar Builder article (see 
Resources), Brian Lydic, senior standards and technology 
engineer at Fronius USA, explains: “Seeing the need for not 

only frequency tolerance but 
grid-supportive functions in 
general, the California Public 
Utilities Commission and the 
California Energy Commission 
convened the Smart Inverter 
Working Group (SIWG) in 
early 2013 to start developing 
recommendations of techni-
cal requirements for inverter-
based DER in California.” 

A recent result of the 
SIWG is the implementa-
tion of UL 1741 Supplement 
A (SA). This supplement is 
a step toward allowing IOUs 
the visibility and control they 
need to handle high levels 

of DER penetration. Beginning on September 8, 2017, all 
California IOUs will require the design of new Rule 21 solar 
applications around inverters certified to UL 1741 SA. This 
supplement specifies an enhanced testing protocol that 
UL describes as an “advanced inverter grid support utility-
interactive test plan” that addresses anti-islanding (with 
advanced features active during test), low- and high-volt-
age ride through, low- and high-frequency ride through, a 
must-trip test, ramp rate (normal and C O N T I N U E D  O N  PA G E  3 4
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Figure 3  Adding energy storage capacity—both in front of and behind the meter—is one way to flatten California’s duck curve.
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“It is difficult to pick apart which 

obstacles are due to real grid- 

saturation issues and which are  

due to outdated rules of thumb.  

Certainly, we are starting to 
bump against real limits, and 
that is causing the utilities to 
take a more conservative approach 

to all interconnection reviews.”

—Brad Heavner, policy director, CALSEIA

DER Saturation
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The existing Rule 21 tariff structure clearly defines inter-
connection study time lines. The initial review is the first 

technical review, which is part of the fast-track process (15 
days). If necessary, from there the project goes into supple-
mental review (30 days). The overall review process begins 
and ends within 45 days, an extremely reasonable and well-
defined window. Until recently, many projects fell within this 
window, and developers could clearly state expectations to 
their clients. Although detailed studies were an option, utili-
ties exercised this option only in specific 
circumstances, such as a customer want-
ing to use inverters not listed for UL 1741. 
This all changed recently, and detailed 
studies are the new norm. Grid congestion 
is the driving force behind this change. 

Screening process. As illustrated 
in Flowchart 1, Rule 21 begins with a 
review process that consists of 13 screens 
(Screens A through M), which apply broad 
rules of thumb to see if a DER system will 
have a substantial impact on the distribu-
tion system. Pass these screens, and your 
project will sail smoothly toward intercon-
nection. Fail any of these screens, and 
your project gets sent to supplemental 
review, which adds three more screens 
(Screens N through P) that check various 
grid-impact parameters. Screen N, the 
penetration test, is a turning point for most 
projects—this is where a project can start 
to veer off course dramatically. 

Screen N checks to see if there is a 
potential for power to backfeed through 
the substation into the transmission net-
work. It aggregates all distributed genera-
tion on a bank and nets that value against 
the absolute minimum load with the 
contingency of the largest load suddenly 
dropping offline. This is known as an N-1 
contingency scenario, which means that in 
the worst case the substation could back-
feed for what is generally understood to be 
a brief period. 

Reverse power flow onto transmission 
networks is a precarious situation with the 
potential to cause wide-scale network prob-
lems affecting millions of customers. Unlike 

distribution feeders, which are radial in nature, the transmis-
sion network is a complex series of bus ties and high-voltage 
switches that typically loops nodes together, creating a mesh 
with an almost infinite number of pathways the power can 
travel. Analyzing the potential safety and reliability impacts 
of backfeeding on a power system at this large scale is 
extremely complex. 

Detailed studies. As shown in Flowchart 2, when a 
project fails Screen N and enters a detailed study, that 

Rule 21 Engineering Review Process 

Interconnection technical framework overview

Complete and valid interconnection request

Non-export/
net energy metering

Networked secondary A

Transformer rating D

Voltage drop C

Certi�ed equipment B
ESingle-phase generator

HLine con�guration

Short-circuit interrupting capability G

Short-circuit current contribution F

Does the applicant choose to go directly to detailed studies?

Non-export/net energy metering (NEM) or export?

Fast-track eligibility MW limit

No

No

No

No

No

No

No

Pass

Pass all
screens

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Fail

Fail

Fail any test

Pass

Export

Initial review screens A–H

Fail any screen

Go to electrical
independence tests
and detailed studies

Does quick review of failed screens determine
requirements to address the screens?

IWill power be exported across the PCC?

JGenerating facility ≤ 11 kVA?

JIs generating facility a NEM project
whose nameplate capacity is ≤ 500 kW?

LT. dependency / stability test

MAggregate generation ≤ 15%
of line section peak load?

Proceed with interconnection subject
to requirements determined by

initial review or SR, if any

Pass
all

OPower quality & voltage �uctuation

PSafety and reliability test

NPenetration test

Supplemental review (SR)

Go to electrical independence tests
and detailed studies

Are requirements determined
without further study?

Initial review screens I–M

Fail

Flowchart 1  This flowchart details the initial and supplemental review 
screens required under California’s Rule 21.
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process starts with the electrical independence test  
(EIT), Screens Q and R. This is a 20-day review time line 
that assesses how much of the project’s generated power 
will actually impact the transmission network. If the project 
is deemed electrically independent and passes screens 
Q and R, it enters an independent study, which carries a 
60-day time line. If the project fails one of the electrical 
independence test screens, it can go one of two ways:  
into a distribution group study or into a transmission clus-
ter study. 

A window to enter the distribution group study opens 
twice a year, once between March 1 and March 31 and 
then again between September 1 and September 30. If a 
project does not fall into one of these windows, it winds 
up on hold until the next window opens. In the worst-
case scenario for a project that fails Screen R on April 1, 
the minimum review time line will exceed 1 year. In the 
best-case scenario, the review time line will be close to 
6 months. That duration does not take into account any 
required upgrades that come out of the review and the 
associated delays with implementation. These upgrades 
can add another 6 months to 1 year to the interconnection 
time line, putting the overall time frame between applica-
tion and full permission to operate a sub–1 MW project 
between 1 and 3 years. Remember, the failure of  

Screen N—which oversaturation of the utility grid drives 
directly—was the first domino to fall in this chain reaction 
of interconnection delays. 

The final path a project can take—and the one that has 
the greatest impact on project delay—is inclusion in a trans-
mission cluster study. Here is where interconnection time 
lines can really get out of hand. It is entirely possible that 5% 
(26 kW) of a 505 kWac system could make its way onto a 
50 MW transmission circuit and trip a cluster study. That is 
an incremental increase of 0.00052% that pushes the proj-
ect into an interconnection time line of 3-plus years. 

A transmission cluster study has only one open win-
dow, between March 1 and March 30 of every year. It is not 
uncommon for study review to exceed 1 year, with the need 
for massive transmission network upgrades causing addi-
tional delays of 1–2 years. The overall interconnection time 
line can easily exceed 3 years. While transmission cluster 
studies are still a relatively new phenomenon—CAISO 
has only conducted eight to date—they are unfortunately 
becoming more commonplace due to DER saturation. 

For the small and midsize commercial solar industry in 
California, these extended delays are simply untenable. The 
dilemma is clear: Pass Screen N, and your project will inter-
connect in 45 days; fail Screen N, and your project may face 
a delay of more than 3 years. {

Electrical independence tests

Applicant chooses
to go directly to

distribution group
study process

Applicant chooses
to go directly to

transmission
study process

Electrical independence test for transmission system Q

Electrical independence test for distribution system R

Electrical independence test for transmission system
(for distribution study group)

Q

Pass

Pass

Pass

Fail

Fail

Fail

Distribution study group
formation

Independent study process

Distribution study group
process

Transmission cluster study
process

Generating facility
greater than fast-

track eligibility
MW limit

Supplemental review
did not determine

requirements without
further study

Flowchart 2  This flowchart 
details the electrical indepen-
dence tests and detailed  
studies that the generating 
facility may have to undergo  
to conform with California’s 
Rule 21.
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soft start), specified power factor, volt and VAR modes, 
and optional tests including frequency watt and volt watt. 
These functions have the potential to turn highly congested 
areas of DER from a burden to a blessing. 

Additional controllability is theoretically a great asset 
in the context of managing overall grid congestion, but the 
reality is that changing operational parameters will result in 
lower returns on investment. The CPUC needs to explore how 
and when to compensate customers for grid support func-
tionality. Lydic concludes, “In general, any of these changes 
will allow for higher-penetration levels and thus benefit the 
PV industry, but care must be taken that revenues are not 
unduly affected.” 

Security is another area of concern, especially with 
regard to communication and control protocols. Tying 
inverters or any portion of a DER system into the utility 
SCADA system immediately opens a channel for hacking 
and potential security breaches. A safe, reliable communica-
tion system can help mitigate these risks. Any smart inverter 
certification program must specify a simple, widely imple-
mentable communication protocol. Ideally, the circum-
stances that activate grid-stability functions (and possibly 
reduce production) in San Diego will be the same as those in 

Sacramento. The CPUC should clearly define how IOUs exer-
cise smart inverter functions and ensure consistent imple-
mentation of these standards throughout California.  

Energy storage systems. As shown in Figure 3 (p. 30), 
increased solar generation capacity is changing California’s 
daily power production curve. A 2013 California Independent 
System Operator (CAISO) report first identified the duck 
curve. This term describes the shape of the daily power pro-
duction curve due to periods of significantly lower electri-
cal demand in the middle of the day followed by a steep  
ramp-up in the afternoon and early evening. This profile 
stands in stark contrast to the traditional two-peak bell 
curve model of power consumption, where power peaks 
during the midday hours, drops a little and then ramps back 
up during the early evening. 

A side effect of identifying the duck curve is that  
IOUs are asking the CPUC for a change in the time of use 
(TOU) periods, allowing them to charge more for energy 
during the ramp-up period in the late afternoon rather 
than in the middle of the day. This change in TOU periods 
will result in a significant reduction in the value of power 
for NEM customers, but will help IOUs reduce peak after-
noon demand. 

DER Saturation
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Energy storage is another way for utilities to flatten the 
duck curve. Storage can both pull up the trough of the curve 
(the duck’s back) and push down the peak of the curve (the 
duck’s tail). It is possible to deploy both large-scale and  
distributed-scale energy storage to address California’s duck 
curve. On a large scale, for example, the utility could divert 
excess solar generation into utility-scale energy storage sys-
tems at the substation or subtransmission level. These front-
of-meter storage assets can reduce the overall impact of DER 
backfeeding onto the transmission network and allow IOUs 
to store reserves for use during the late afternoon or early 
evening ramp-up periods. A complementary option is to use 
smaller-scale energy storage systems at the customer level. 
Solar-plus-storage systems are a perfect fit for these behind-
the-meter applications.

Advances in power system analyses, such as the ICA tool, 
are going to prove crucial for identifying the best areas in 
which to apply distributed energy storage resources. An IOU 
could install a large battery bank, for example, and then 
incentivize solar development in that area. Essentially, the 
IOU would be creating a giant energy storage reservoir and 
asking the solar industry to help fill it. The overall effect 
would be greater solar development and a smoother, more 
stable load profile, creating a win-win scenario for IOUs and 
solar developers alike. 

SETTING EXPECTATIONS 
No solar developer wants to tell customers that their small 
ground-mounted system could potentially have a 3-plus–
year delay in interconnection. Sometimes this delay does 
not present itself until the developer is already 6 months 

“Kilowatts generated on a  
distribution line can affect the 
performance of that circuit (and 

maybe adjacent circuits), the opera-

tion of the interconnected transmis-

sion system, and how the generation 

fleet is dispatched. The influence  

extends to how the system is 

designed and built, what assets are 

added, and what assets were antici-

pated but [are] no longer needed 

(avoided capital expenditures).”

—EPRI report, February 2015
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into the process. Customers often do not understand or 
have the patience for such setbacks. However, areas on the 
distribution grid that were once prime DER locations have 
now become saturated, resulting in nightmare scenarios for 
developers and customers alike. 

Johnson at JKB Energy shares an example: “Not only do 
many customers experience substation upgrade require-
ments, but also some have had to upgrade the same substa-
tion more than one time. On multiple occasions, existing 
customers have sought to install additional solar capacity 
on a distribution circuit they were already interconnected 
to only to face additional upgrades—in some cases, within 
12 or 18 months of the previous substation upgrade.” She 
continues: “Instead of mandating that the IOUs anticipate 
future solar generation capacity, the CPUC requires prompt 
distribution upgrades based on the existing interconnec-
tion queue. The lack of pre-emptive upgrades on the utility 
substation infrastructure has caused significant impacts to 
customers’ bottom lines.” 

Developers and EPC firms should do everything in their 
power to set reasonable and accurate interconnection time 
lines, which may mean informing customers that the path to 
interconnection could be a long and arduous journey. One 
useful tool in setting expectations is the revamped Rule 21 
pre-application report. For a nominal fee, companies can 
get access to grid minimum loading data, utility equipment 
sizes, utility equipment ratings and other real-time site- 
specific utility data. With some technical understanding, 
they can use these data to identify distribution and service 
level upgrades prior to submitting an interconnection appli-
cation. The data contained in the expanded pre-application 
can be crucial in early determination of the overall intercon-
nection cost and time line. 

Engagement. When I speak to colleagues, many of the 
same topics come up across the industry: new tracking tech-
nologies or magic widgets that boost production, innovative 
ideas on how to save a buck in wire management and so on. 
Many people simply do not understand that grid congestion 

is a major issue. What good does a fancy new tracking sys-
tem with impeccably concealed wiring do if you cannot plug 
the project in? 

To develop and advance solutions to California’s intercon-
nection problems, we need more industry engagement. The 
more we debate, write about and analyze these obstacles, the 
faster we can overcome them. Companies that participate in 
the discussion have a distinct advantage because they will 
understand the coming changes. They can proactively develop 
the business mechanisms to get the most out of future inno-
vations while everyone else is just playing catch-up. 

Kenneth Sahm White is the economics and policy analy-
sis director at the Clean Coalition, a nonprofit working to 
expedite the transition to a 21st-century energy system. 
White explains: “We are actively engaged in regulatory pol-
icy development though official proceedings and working 
groups related to procurement, interconnection, full valua-
tion, planning, pilot programs, and development of markets, 
tariffs and compensation for the range of services that dis-
tributed energy resources can provide to customers, utilities 
and transmission operators. We advocate for policies and 
programs that typically overlap with growth and cost reduc-
tion in all renewable energy industries.”

Groups such as the Clean Coalition and CALSEIA are 
instrumental in consolidating the solar industry’s concerns 
and presenting a clear and effective message to the appro-
priate parties at the CPUC or in the IOUs. These groups also 
provide training and discussion forums to develop proposals 
for policy changes that impact the entire industry. Heavner 
emphasizes the importance of working together as a unified 
industry via groups like CALSEIA: “We need everyone to join 
forces to take solar to the next level.”

Tim McDuffie / CalCom Solar / Visalia, CA / tim@calcomsolar.com /  

 calcomsolar.com
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“We are likely underestimating the 

value of DERs because our models 
are designed to measure load 
reductions over long periods of 

time, and mostly are not able to mea-

sure the short-term services DERs 

could provide.”

—CPUC memo, February 2017 
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Adara Power
Founded in 2013 as JuiceBox Energy and rebranded under its 
current name in 2016, Adara Power was an early developer 
of products integrating lithium-ion battery technology with 
power electronics for residential-scale solar-plus-storage 
systems. In addition to providing solutions for backup power 
during grid failures, Adara focuses on energy storage systems 
layered with monitoring and control software for peak shift, 
load shave and self-consumption applications. Its flagship 
product is the 8.6 kWh residential Energy Storage System 
(ESS), which deploys Samsung lithium nickel manganese 
cobalt oxide (NMC) cells, configured to operate at 50 Vdc 
nominal. The system’s battery is certified to UL 1642, and has 
a specified minimum life of 10 years. The Adara ESS is com-
patible with the Schneider Electric XW+ inverter-chargers. 
Designs can dc- or ac-couple solar arrays with the Adara sys-
tem. Integrators have successfully ac-coupled inverters from 
vendors including SMA America and SolarEdge with Adara’s 
first-generation system.    

In April 2017, Adara announced its second-generation sys-
tem, the Adara Pulse. The modular system is driven by Adara's 
iC3 Controller and expandable to 20 kWh of storage. The  
Adara Pulse supports ac coupling for off-grid and grid-tied 
applications. Adara’s peak-shifting, solar-charging and self-
consumption, and nonexport algorithms ensure compliance 
with the federal investment tax credit and adaptability for a 
wide range of energy storage applications. The monitoring and 
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By Joe Schwartz

Solar Energy Storage Equipment 
for Grid -Tied Residential Projects

N
ew high-density lithium-ion battery tech-
nologies, innovative software and power 
electronics designs, and changes to incen-
tive programs, such as California’s storage-
centric Self-Generation Incentive Program 

(SGIP), are ushering in a new era for grid-connected, 
customer-sited energy storage projects. This article 
profiles 15 manufacturers that design and build inven-
tive equipment for residential-scale solar-plus-storage 
systems. I highlight power electronics, as well as some 
current lithium-ion battery products that may be less 
familiar to solar professionals than the more-established 
lead-acid battery brands and models. In some cases, the 
equipment detailed is also suitable for small-commercial 
projects that have an energy storage requirement. While 
US markets for residential-scale grid-connected PV stor-
age systems are still limited, the continued advancement 
of product designs and falling storage costs will speed 
the opening of new markets and opportunities.  
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control system is designed to optimize storage utilization in reg- 
ions subject to time-of-use rates and supports net-metering  
programs such as California’s Net Energy Metering 2.0. 
The Adara iC3 Smart Controls offer cellular connectivity and 
support out-of-the-box communication between lithium-ion 
batteries such as LG Chem’s 48 Vdc RESU10, 
Schneider Electric XW+ inverters and a cloud-
based software platform.

Adara Power • San Jose, CA • 888.692.3272  

• adarapower.com

Enphase Energy
When Enphase Energy launched 
in 2006, it created the modern 
microinverter product class. Since 
then, it has continued to refine its 
microinverter and monitoring sys-
tems, as well as their installability. 
Enphase developed its AC Battery, 
initially announced in October 
2015, to support self-consumption 
and energy time-of-use optimiza-
tion across global markets. The 
company first introduced the bat-
tery in Australia, and announced 
US availability in February 2017. 
The AC Battery, a scalable, mod-
ular energy storage system, is a 
component of Enphase’s Home 

Energy System, which includes the company’s microinvert-
ers, Envoy networking hub and gateway, and module-level 
Enlighten monitoring software. 

The Enphase AC Battery uses lithium iron phosphate 
(LiFeYPO4) chemistry from Eliiy Power with cell safety 

certifications from TÜV Rheinland 
and UL, including UL 9540. The 
cells provide 1.2 kWh of capacity at 
a nominal voltage of 25.6 Vdc. The 
AC Battery can discharge to 100% of 
rated capacity and has a round-trip 
cell efficiency specification of 96%. 
Weighing only 55 pounds, the AC 
Battery is designed for single-person 
installation and interconnection 
with standard household wiring. Its 
enclosure is NEMA 2 rated for indoor 
installation in an unoccupied space. 
The AC Battery carries a 10-year or 
7,300-cycle warranty for greater than 
80% of its initial rated capacity. 

Enphase Energy • Petaluma, CA • 877.797.4743 

• enphase.com 

Solar Energy Storage Equipment 
for Grid -Tied Residential Projects

Adara Power, first-generation energy  
storage system and monitoring (inset)
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Iron Edison Battery 
Company 
Founded in 2010, Iron Edison 
Battery Company offers nickel 
iron and lithium iron batter-
ies for solar energy storage, 
along with solar energy system 
design services. Iron Edison devel-
oped its lithium iron phosphate  
(LiFePO4) battery line in standard bat-
tery-based solar power electronics voltage 
configurations of 12 Vdc, 24 Vdc and 48 Vdc 
nominal. These configurations make it a drop- 
in replacement for standard lead acid battery banks and 
compatible with inverters and charge controllers from 
manufacturers including Magnum Energy, MidNite Solar, 
OutBack Power, Schneider Electric and SMA America.

Iron Edison’s lithium-iron battery system includes an 
onboard integrated battery management system that moni-
tors and regulates each cell in the battery bank to provide 
balanced charging and discharging while guarding against 
overcharge, overdischarge and thermal overrun situations. 
Internal dc disconnects provide battery protection and iso-
lation. An indoor-rated rugged metal enclosure contains the 
battery system. Iron Edison offers 180 Ah–5,600 Ah battery 
capacities as well as custom voltages and amp-hour capaci-
ties. The company rates its lithium iron batteries at 7,000 
cycles at 30% depth of discharge (DOD), 5,000 cycles at 50% 
DOD and 2,000 cycles at 80% DOD, and backs them with a 
7-year warranty.      

Iron Edison • Denver, CO • 720-432-6433 • ironedison.com

JLM Energy 
Established in 2011, JLM Energy designs and manufactures 
products for energy storage, management, monitoring and 
control. Its UL-listed Energizr 100 and Energizr 200 grid-
tied storage systems are at the center of its product offer-
ings. Both use specific configurations of the JLM Battery 
Pack. Each lithium iron phosphate (LiFePO4) battery pack 
has a nominal voltage of 52 Vdc, a nominal capacity of 50 
Ah and an operating voltage range of 40 Vdc–57.6 Vdc. JLM 
specifies a cycle life of 3,000 cycles at 80% depth of discharge 
(DOD) and discharge under 25°C, and a cycle life of 5,000 
cycles at 50% DOD and discharge under 25°C. The Energizr 
100 uses four battery packs configured in parallel for a nomi-
nal operating voltage of 52 Vdc and a capacity of 10.4 kWh. 
The higher-capacity Energizr 200 accommodates up to eight 
battery packs in series for a nominal voltage of 416 Vdc and 

a storage capacity of 20.8 kWh. JLM 
Energy backs its batteries with a 
20-year warranty. 

JLM developed the Energizr 100 
primarily as a grid-independent system 

for backup power applications. Its design 
allows installers to integrate the battery system 

with a residence’s grid-direct PV system string 
inverter, electrical loads, the utility grid and even a 

backup ac generator. During a utility outage, the product 
creates a local microgrid that allows the grid-tied inverter 

to keep generating energy for battery charging. The more 
feature-rich Energizr 200 offers demand shaving, time-of-
use shifting, and solar self-supply, as well as integrated sup-
port for smart thermostats, real-time whole-house power 
measurement and load control. JLM’s Measurz software ana-
lyzes user habits and provides efficiency recommendations 

for homeowners. Its Loadz 
controller connects appli-
ances to a home's Wi-Fi, 
allowing users to control 
and monitor energy use. 

JLM Energy • Rocklin, CA • 

800.475.3960  

• jlmenergyinc.com

LG Chem 
Established in 1947, LG Chem is a diversified global chemi-
cal company that manufactures a wide range of products, 
including petrochemical goods, materials for electronics 
such as LCD displays, and rechargeable batteries. It is one of 
the largest lithium-ion battery manufacturers globally, with 
solutions for home electronics, electric C O N T I N U E D  O N  PA G E  4 2
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Iron Edison, 
lithium-iron 
battery system

JLM Energy, Energizr 200 
and Loadz (right)
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vehicles and stationary energy 
storage systems. Headquartered 
in Seoul, South Korea, LG Chem 
has its US headquarters in Troy, 
Michigan. It manufactures lithium 
-ion cells and batteries in Korea, 
China and the US.

In April 2017, LG Chem 
announced the launch of its 
UL-listed RESU lithium-ion bat-
tery system for residential appli-
cations in North America. The 
RESU product line includes two 
voltage options and several capac-
ity configurations. Its low-voltage 
models are available with capaci-
ties of 3.3 kWh, 6.5 kWh and  
9.8 kWh. The high-voltage RESU 
models operate at 400 Vdc nomi-
nal and offer capacities of 7 kWh 
and 9.8 kWh. The 400V RESU10H 
(9.8kWh) product is compatible with SolarEdge’s StorEdge, 
a dc-coupled storage solution based on a single inverter for 
both PV and storage. LG Chem will make additional inverter 
compatibility options available later in 2017 to provide 
homeowners with a range of pretested solutions.

LG Chem • Troy, MI • lgchem.com

Magnum Energy
Magnum Energy, founded in 2006, designs and manufac-
tures inverter-chargers for mobile, marine, off-grid and 

backup power applications, as well as pro-
ducing PV charge controllers, component 
integration panels and system monitoring 
equipment. Magnum was the first manu-
facturer to offer inverter-charger mod-
els with split-phase 120/240 Vac output 
in the US. Its 24 Vdc and 48 Vdc nominal 
MS-PAE series inverter-chargers connect 
to the grid for ac battery charging, but do 
not export power to the utility grid with-
out the integration of an ac-coupled third-
party string or microinverter system. In 
2016, Magnum announced its MicroGT 
500 microinverter. Designed for integra-
tion with the company’s battery-based 
inverter-charger systems, as well as for use 
in grid-direct power export applications,  
the MicroGT 500 communicates with 
Magnum Energy battery-based inverters 
in ac-coupled mode to taper the charge  
based on temperature-compensated bat-

tery state-of-charge parameters. Each dual-MPPT microin-
verter supports two PV modules.

In 2015, Magnum launched its PT-100 solar charge  
controller, which is compatible with 12, 24 and 48 Vdc 
nominal battery systems and has a maximum output power 
rating of 6,600 W. Its maximum input voltage is the lower 
value of either 200 Vdc plus battery voltage or 240 Vdc.  
The PT-100 controller also provides GFDI and arc-fault 
circuit interrupter protection. Magnum offers an exten-
sive line of prewired power panels and accessories for  
component integration.

Magnum Energy • Everett, WA • 425.353.8833 • magnum-dimensions.com

Mercedes-Benz Energy

Most people know Mercedes-Benz for its luxury vehicles, 
but its development efforts in the electric vehicle market 

have driven its recent entry into the North American  
market for stationary solar-plus-storage sys-

tems. Mercedes-Benz, a global automo-
bile manufacturer and a division of the 

German company Daimler AG, offers 
a good example of global automo-
tive manufacturers driving the 
advancement of battery technol-
ogy not only for vehicles, but also 
for stationary applications.

Daimler’s wholly owned 
ACCUmotive subsidiary manufac-

tures Mercedes-Benz energy storage 

LG Chem, RESU10H
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Magnum Energy, MS-PAE inverter panel  
and MicroGT 500 microinverter (inset) 
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systems. The 
M e r c e d e s -
Benz Energy 
Storage Home 
product line 
has a modular 
design based 
on 2.5 kWh battery modules, with total product storage 
capacities ranging from 2.5 kWh to 20 kWh. The comp-any 
backs its energy storage product with a 10-year warranty that 
guarantees greater than 80% capacity at year 10. Batteries from 
Mercedes-Benz Energy are currently available in select California 
markets through national  integrator Vivint Solar. Vivint is the 
first solar provider to offer and install Mercedes-Benz energy 
storage products in the US.

Mercedes-Benz Energy • Stuttgart, Germany • mercedes-benz.com

OutBack Power
Founded in 2001, OutBack Power 
is a manufacturer of power elec-
tronics for stand-alone off-grid  
and utility-interactive battery-
based renewable energy systems. 
In 2010, the Alpha Group acquired 
OutBack Power. OutBack’s flag-
ship power conversion equipment 
includes the FX inverter-charger 
line and its MX series charge con-
trollers. The FXR/VXFR series 
hybrid inverter-chargers offer 
stand-alone, backup and utility-
interactive solar export functional-
ity and feature seven operational 
modes, including GridZero, which 
prioritizes the use of battery or 
renewable sources to power loads 

and uses renewable energy sources such as PV only to recharge 
a system’s battery pack. An Advanced Battery Charging pro-
file option supports lithium-ion battery technologies. In 

Mercedes-Benz 
Energy, Energy  
Storage Home
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2011, OutBack released its Radian series of hybrid, 
utility-interactive split-phase 120/240 Vac inverter-
chargers. Available in 4,000 W and 8,000 W power  
classes, the Radian features two ac inputs for grid and 
ac generator connectivity.

Since its launch, OutBack has focused develop-
ment efforts on system integration packages that 
allow prewiring and testing at certified facilities to 
reduce installation time and complexity in the field. 
OutBack’s SystemEdge prebundled equipment pack-
ages build on this early component integration focus. 
With the introduction of four VRLA storage batteries 
optimized for specific applications such as float ser-
vice or regular deep cycling, as well as integration with 
its power conversion equipment, OutBack now offers 
an extensive product family for energy storage appli-
cations listed to the relevant UL standards from end 
to end. Additionally, it has a next-generation energy 
storage system, Skybox, in development. 

OutBack Power • Arlington, WA • 360.435.6030 • outbackpower.com

Pika Energy
Founded in 2010, Pika Energy manufactures home 
energy systems that include bidirectional inverters, 
substring PV array optimizers, and lithium-ion and 
AGM energy storage systems. The company devel-
oped its Pika Energy Island system to provide residences 
and small businesses with an integrated solution for backup 
power, self-supply and demand charge reduction. The 
Energy Island uses three Pika products as building blocks: 
the Islanding Inverter and Pika PV Link dc optimizer, and 
either the recently launched Harbor Smart Battery (lithium 
ion) or the Coral Smart Battery (AGM). Panasonic lithium-
ion cells configured to operate at 360 Vdc–420 Vdc power the 
Harbor Smart battery. Two models are available: 15 kWh/6.7 
kW and 10 kWh/4.5 kW. Pika Energy backs the Harbor Smart 
battery with a 10-year warranty.    

Developed for backup power, self-supply and rate arbi-
trage applications, the Pika Islanding inverter is a bidirec-
tional, storage-ready, transformerless islanding inverter 
that can operate with or without batteries. With a nomi-
nal dc input voltage of 380 volts, Pika Energy’s single- 
phase 7.6 kWac X7600 Series Inverter connects PV, energy 
storage, electrical loads and the grid, and supports 120/240 
Vac backup loads without requiring an autoformer. Pika 
also offers its 11.4 kWac X11400 Islanding Inverter for 
3-phase applications.  

Pika Energy’s PV Link S2501 subarray PV optimizer sup-
ports the creation of 380 Vdc nominal arrays compatible 
with its bidirectional inverters and 380 Vdc system bus. 

The PV Link can interconnect two to nine modules to cre-
ate subarrays of up to 2,500 W. The product is rapid shut-
down compliant and provides MPP tracking (60 Vmp–360 
Vmp range), shade mitigation, ground-fault protection, 
arc-fault protection and substring monitoring via power 
line communication. 

Pika Energy • Westbrook, ME • 207.887.9105 • pika-energy.com  

Schneider Electric 
Schneider Electric is a global manufacturer of power distri-
bution and automation systems. Headquartered in Rueil-
Malmaison, France, Schneider entered the solar industry with 
its 2008 acquisition of Xantrex Technology (Xantrex acquired 
Trace Engineering in 2000). Schneider offers two inverter-
charger lines suitable for residential energy storage appli-
cations. For nonexport systems, its Conext SW-NA hybrid 
inverter-charger offers a nominal dc input voltage of 24 Vdc 
or 48 Vdc and continuous output power classes of 2,400 W 
and 3,400 W at 24 Vdc and 3,800 W at 48 Vdc. The inverter- 
chargers have split-phase 120/240 Vac output and are com-
patible with flooded and valve-regulated lead-acid (VLRA) 
battery types. The Conext SW-NA C O N T I N U E D  O N  PA G E  4 6

Pika Energy, Energy Island with Islanding inverter and Harbor 
Smart battery
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supports ac- and dc-coupled configurations and enables 
grid backup, self-consumption with solar prioritization, peak 
shaving and ac engine generator assist. 

The more feature-rich utility-interactive Schneider Conext 
XW+ NA inverter-charger line was one of the first to support 
integration of lithium-ion battery types. Complete energy 
storage hardware and software solutions from other vendors 
commonly integrate this equipment. Like Schneider’s Conext 
SW-NA inverter-chargers, the Conext XW+ NA supports  
ac- and dc-coupled configurations and enables grid backup, 
self-consumption with solar prioritization, peak shaving and 
ac engine generator assist. It can also export power to the 
utility grid. Schneider offers system integration panels for its 
inverter-chargers, as well as two MPPT solar charge control-
lers, the 150 Vdc MPPT 60 150 and the 600 Vdc MPPT 80 600. 

Schneider Electric • Andover, MA • solar.schneider-electric.com

SimpliPhi Power 

SimpliPhi Power launched in 2009, but its roots date back to 
2002, when it first emerged as a company named LibertyPak, 
which began developing and supplying lithium-ion bat-
teries to the film and television industry. Today, SimpliPhi 
Power offers deep-cycle lithium ferro phosphate (LFP) bat-
tery models as drop-in replacements for lead-acid batteries 
in 24 Vdc and 48 Vdc nominal power systems. Its UL- and 
CE-listed Smart-Tech product line does not require ventila-
tion, cooling or thermal regulation. Each battery includes a 
built-in 80 A dc breaker on-off switch that increases safety 

during system installation, commissioning and O&M. 
SimpliPhi Smart-Tech batteries have no memory effect, offer 
a self-discharge rate of less than 1% per month and an oper-
ating efficiency of 98%, and can discharge to 100%. The bat-
teries have a cycle life of 10,000 cycles and a warranty period 
of 10 years.

The PHI 2.6 model weighs 57.5 pounds and has a rated 
capacity at C/2 of 2.62 kWh. The higher-capacity PHI 3.4 
weighs 75.5 pounds and has a rated capacity at C/2 of 3.44 
kWh. Both models have an operating voltage range of 20 
Vdc–28.8 Vdc at 25.6 Vdc nominal and 40 Vdc–57.6 Vdc at 
51.2 Vdc nominal. SimpliPhi also offers high-output versions 
of its Smart-Tech batteries, as well as its AccESS energy stor-
age system, which integrates its batteries with Schneider 
Electric XW+ 6848 NA inverters.  

SimpliPhi Power • Ojai, CA • 805.640.6700 • simpliphipower.com

SMA America
Founded in 1981, SMA Solar Technology was the first manu-
facturer to offer high-voltage string inverter models in the 
North American market via its US subsidiary, SMA America. 
It pioneered the use of ac-coupling grid-direct string invert-
ers with battery-based inverters. SMA America offers single-
phase Sunny Boy string inverter models, in power classes 
from 3,000 W to 11,000 W, that are suitable for ac-coupled 
residential PV applications. It also offers two models of its 
Sunny Island battery-based inverters—the 4548-US and 
6048-US, with rated power outputs of 4,500 W and 5,750 W,  
respectively. SMA designed both models for operation 
with 48 Vdc nominal battery banks. They are compatible 
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SimpliPhi Power, Smart-Tech battery

Schneider Electric, Conext XW+ inverter panel
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with external battery management systems and lead-acid, 
nickel-cadmium and lithium-ion battery types, and have 
single-phase 120 Vac output. Split-phase 120/240 Vac output 
applications require two Sunny Island inverters or an auto-
former. In ac-coupled systems, the Sunny Island limits the 
string inverter’s output power via frequency shift to regulate 
battery charging.

SMA has significant experience with self-consumption 
and energy storage systems in Europe and plans to offer 
additional equipment, such as its 
Energy Meter, in the US as mar-
kets develop. SMA has also been 
developing a new generation of 
energy storage power electron-
ics for residential-scale applica-
tions in the US. Projected to ship 
in mid-2017, SMA’s Sunny Boy 
Storage inverter works with high-
voltage lithium-ion battery banks, 
such as those from LG Chem  
and Tesla, for energy manage-
ment tasks including peak load 
shaving, self-consumption, and 
zero export.   

SMA America • Rocklin, CA • 

916.625.0870 • sma-america.com

SolarEdge Technologies
SolarEdge Technologies was launched in 2006. In 2015 it partic-
ipated in the public relations wave announcing Tesla’s lithium-
ion Powerwall Home Battery. SolarEdge was the first inverter 
manufacturer to offer fielded Powerwall systems in the US. 
Since then, SolarEdge has expanded the compatibility of its 
StorEdge power electronics system to include LG Chem’s RESU  
lithium-ion battery products.

SolarEdge’s single-inverter StorEdge system has four 
primary components. The system’s single-phase StorEdge 
dual-port inverter and Connection Unit functions as an opti-
mized PV inverter that also provides power conversion and 
management for battery charging. A 120/240 Vac split-phase 
autoformer performs phase load balancing in StorEdge sys-
tems configured for backup power during grid outages. 
The addition of SolarEdge’s Electricity Meter enables smart 
energy management functionality that includes export power 
control, time-of-use shifting, maximized self-consumption, 
demand response and peak shaving capabilities.

The StorEdge inverter for the US market, model 
SE7600A-US, has a rated ac power output of 7,600 W and a 
maximum ac power output of 8,350 W when feeding elec-
trical loads or exporting to the grid. In backup mode, it has 
a rated power output of 5,000 W and a maximum ac surge 
rating of 6,600 W. The inverter’s nominal dc bus voltage is 
400 Vdc. The SolarEdge’s StorEdge inverter and module-level 
dc optimizers provide NEC-compliant rapid shutdown func-
tionality for the PV array and battery. The StorEdge system’s 
Electricity Meter carries a 5-year warranty. Its autoformer 
and inverter carry a 12-year warranty, with an option to 
extend that to 25 years on the StorEdge inverter. 

SolarEdge Technologies • Fremont, CA • 510.498.3200 • solaredge.com

sonnen
Founded in Bavaria, Germany, 
in 2008, energy storage system 
provider sonnen first offered its 
storage solutions for European 
self-consumption applications.  
In 2015, sonnen established 
its US headquarters in Los 
Angeles and announced the 
availability of its products in 
North America. In February 
2017, sonnen announced its 
plans for a new product devel-
opment and manufacturing 
center in Atlanta, Georgia.  
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SolarEdge, StorEdge inverter and Tesla  
Powerwall 1
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The sonnenBatterie 
eco energy storage 
solution, designed 
for residential self-
consumption and 
grid backup appli-
cations, integrates 
OutBack Power’s 
power electronics, 
Sony Fortelion lith-
ium iron phosphate 
(LiFePO4) cells, and proprietary management and monitor-
ing software. The eco comes in seven energy storage capac-
ity options in 2 kWh increments, ranging from 4 kWh (eco 
4 model) to 16 kWh (eco 16 model), with a usable capacity 
based on a 100% cell depth of discharge. The company has 
configured the LiFeYPO4 cells for a low-voltage dc bus with 
an operational range of 48 Vdc–56 Vdc, and offers a warranty 
on the product’s batteries for 10 years or 10,000 cycles. 

The sonnenBatterie eco has a split-phase 120/240 Vac  
output and can be ac-coupled with existing or new PV 
installations. The eco 4 through eco 8 models have a  
100-millisecond maximum power rating of 8,500 W and
a 5-second maximum power rating of 6,000 W. The
higher-capacity models, the eco 10 through eco 16, have a
100-millisecond maximum power rating of 17,000 W and a
5-second maximum power rating of 12,000 W. Non–revenue
grade PV and load metering is standard. The sonnenBatterie 
eco system’s power electronics are certified to UL 1741 and
carry a 10-year warranty.

sonnen • Los Angeles, CA • 310.853.2404 • sonnen-batterie.com

Tesla 
Founded in 2003, Silicon Valley electric vehicle manufacturer 
Tesla formally entered the US solar energy market with the 
announcement of its Powerwall Home Battery in 2015. Since 
then, Tesla has continued to grab media headlines with the 
launch of its Gigafactory for lithium-ion battery manufactur-
ing, the purchase of national solar integrator SolarCity, and, in 
October 2016, the announcement of its second-generation sta-
tionary energy storage system, Powerwall 2. 

With availability announced for 2017, the Powerwall 2  
has a usable capacity of 13.5 kWh per unit, offers 100% 
depth of discharge and can scale up to 10 units for applica-
tions that require additional high-storage capacities. The 
Powerwall 2 integrates an onboard inverter rated for 7 kW 
peak/5 kW continuous. It is 44 by 29 by 5.5 inches, weighs 
264.4 pounds and is approved for floor or wall-mounted 
installations indoors or out. The Powerwall 2 supports solar 
self-consumption, time-of-use load shifting, backup power 
and off-grid applications. Tesla backs the product with a 
10-year warranty.

Tesla • Palo Alto, CA • 888.518.3752 • tesla.com

Joe Schwartz / SolarPro / Ashland, OR /  

joe.schwartz@solarprofessional.com / solarprofessional.com
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In this article, we give you a bird’s-eye view of content mar-
keting, including developing a marketing plan, identifying 
topics that interest your audience, and getting your mes-
sage out to prospects and current customers. We also dis-
cuss creating a business plan and how a content marketing 
strategy can help you attain your company’s goals. Finally, 
we explain how CRM platforms support your content mar-
keting strategy and streamline marketing and sales efforts.

CONTENT MARKETING OVERVIEW 
According to the Content Marketing Institute (CMI), 
“Content marketing is a strategic marketing approach 
focused on creating and distributing valuable, relevant 
and consistent content to attract and retain a clearly 
defined audience—and, ultimately, to drive profitable 
customer action.” (See Resources.) Note that CMI speci-
fies that content needs to be valuable and relevant—and 
the audience needs to be clearly defined. Rather than 
simply push your products or services, as with tradi-
tional marketing copy, with content marketing you seek 
to educate current and potential customers, as well as 
meet their needs for information. (See “Solar Marketing 
in the Digital Age,” SolarPro, March/April 2016.)

Market research. Before you get started, though, you 
need to know your audience. Any content marketing 
plan must take into account current customers and 
the target market. That starts with market research. 
The goal is to develop at least a few customer personas 
that identify key demographics such as gender, marital 
status, income level and homeownership. How many 
of your current customers are looking to upgrade their 
PV systems? How many homeowners in your area are 
interested in solar but think it is too expensive? There 
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A well-designed content mar-

keting strategy—supported by 

a robust customer relationship 

management (CRM) system—

builds connections with pros-

pects, engages visitors to your 

website, educates customers 

about products and services, 

establishes your brand as the 

industry expert and develops 

qualified leads. 
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are several ways to get this information, such as emailing 
surveys to purchased lead lists, adding a survey to your web-
site’s home page or even calling current customers and ask-
ing them directly.

Unless you have a marketing department, you may want 
to consider hiring a content management firm. Look for one 
in your local region to get the best value for your money; if 
possible, find a firm that specializes in solar. According to 
content marketing firm Captains of Industry, which focuses 
on the solar market in Massachusetts, “Understanding 
your  customers’ beliefs and desires, locally, is an essential 
first step that will lead toward creating your key message.” 
(See Resources for “5 Ways Solar Energy Companies Can 
Crush It with Their Marketing.”) The key message that drives 
your content marketing efforts should focus on the expertise 
and value your company offers. You want to set yourself up 
as the solar expert in your market.

What is good content? The principals at ThinkShift, a 
content marketing firm that specializes in sustainable 
businesses, have identified five essential elements to good 
content: insight (it offers lessons from experience, case 
studies, research and so on), consumability (it is well writ-
ten and designed), credibility (it is accurate and well sup-
ported), generosity (it can help readers achieve their goals) 
and, finally, freshness and creativity. (See Resources.) If you 
do not have access to skilled writers, you may want to work 
with a content marketing or editorial services firm that does.

The content we refer to can include email newsletters, 
blogs, research reports, tweets and Facebook posts, video 
product overviews, case studies, interviews with satisfied 
customers—practically anything that your target customers 
could find useful. Blogging is an important element of con-
tent marketing. The key to blogging is providing content that 
your prospects want to know about, or, even better, writing 
content that engages your prospects on topics they did not 
know were important.

With your customer personas and selling proposition 
in mind, you can focus on picking topics for your content 
marketing program that help prospects move through your 
marketing and sales funnel. We recommend focusing on  
educational topics, industry trends and consumer interest 
topics. Educational topics and industry trends show that 
you are knowledgeable about the most current technologies, 
while consumer interest topics help build your credibility. A 
comparison of thin-film versus crystalline silicon modules 
could serve as a good educational topic, for example, while 
a consumer interest topic might focus on how to improve a 
home’s energy efficiency.

Getting the word out. How do you get your high-quality, rel-
evant content to potential customers? In addition to ensur-
ing that your content is highly engaging—and hence likely to 
be shared with others on social media, or even picked up by 

other websites—you can take a proactive approach. Email 
marketing to lists of targeted leads can be an effective strat-
egy. For example, when you publish a blog post on a topic 
that’s of particular interest to your target customers, you 
could send an excerpt to an email list, with a “read more” 
link to your website. Social media can also be an effective 
tool: Use your company’s Twitter account and Facebook 
page to send out teasers. Taking advantage of multiple com-
munication points increases your credibility and positions 
you as a resourceful expert.

BUSINESS PLAN
You need to design your content marketing campaign to 
meet the goals of your solar business. Make these goals well 
defined and descriptive, with the support of a plan that is 
achievable, time focused, equipped with milestones, track-
able and easily analyzed.

Solar Customer Engagement 
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Marketing and Sales Funnel

A quality CRM has two main phases. The first is the 
marketing part of the funnel, which tracks a prospect 

through the stages of lead nurturing. The milestone stages 
of lead nurturing are awareness, interest and desire. Once 
a lead reaches the desire stage, it is passed on to the 
second phase, sales. The sales part of the funnel has 
four milestone stages: prospect, appointment, proposal, 
closed sale won or lost. ●
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Sales funnel The decision-making and buying process 
that companies lead prospective customers through is 
a sales funnel. Effective lead-nurturing programs track 
prospects through the various steps of the marketing and 
sales process, from awareness to a sale won or lost. 
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For example, we can imagine a 
solar company with a goal of grow-
ing new business sales 25% over 
the next year. The first step would 
be to look at the numbers and 
quantify the goal. If our company’s 
new business sales were $2 million 
last year, we would like to see that 
grow to $2.5 million this year, for 
an increase of $500,000. 

Key performance indicators. To 
achieve your business goals, you 
need to define key performance 
indicators (KPIs), which you will 
use to measure and track the suc-
cess of your content marketing 
efforts. Asking the right questions 
about your solar business uncov-
ers the KPIs you should track to 
develop a realistic plan for achiev-
ing your business goals.

For example, what is your average sale? How many more 
sales must you make to accomplish your business goal? 
How many appointments does it take to make a sale? How 
many prospects do you need to get an appointment? For our 
imaginary company, the KPIs would be average sale price, 
appointment-to-close ratio, prospect-to-appointment ratio 
and quarterly milestone numbers.

Once you have developed your KPIs, you can define an 
approach to achieving your goals. For instance, if your solar 
company’s average sale is $25,000, you would need an addi-
tional 20 new sales next year to reach your goal. You can cre-
ate quarterly milestones based on achieving five additional 
sales per quarter. Assuming it takes four appointments to 
make a sale and eight prospects to make an appointment, you 
need 80 appointments and 640 prospects to reach the goal. 
In this case, the target is to increase your weekly leads by 12.5 
prospects. Knowing this, you can begin developing a plan to 
reach out to potential customers, lure them to your website, 
and engage them in your marketing and sales funnel.

WEBSITE ENGAGEMENT STRATEGIES
Once you have your content marketing program up and run-
ning, you can turn your attention to website engagement 
strategies. These vary based on where your traffic is coming 
from. The main traffic sources are search engine optimiza-
tion (SEO), pay-per-click (PPC) advertising, direct response, 
social media and referral websites. Your strategies will also 
vary based on the business goals you have identified. For 
our imaginary company, we are targeting the goal of grow-
ing new business by 25% next year, which works out to an 
additional 20 sales. This means we are looking to attract new 

prospects and engage them in our marketing and sales fun-
nel fairly aggressively.

Where is your traffic coming from? Visitors to your web-
site might have begun their journey by entering a search 
term into a web browser—for example, “solar installers in 
Phoenix, Arizona.” If you are a solar installer in Phoenix, how 
do you increase the chances that your business will show 
up on the first page of web search results? One answer is by 
optimizing the content on your website to attract the atten-
tion of major search engines such as Google. The art and sci-
ence of SEO is too vast to go into here; for an overview of the 
topic, read Christopher Ratcliff ’s Search Engine Watch article 
(see Resources). You might also want to visit Lynda.com for 
a tutorial on SEO (also in Resources). Another way to drive 
traffic to your website is to purchase search keywords—
which in this case means that you are paying Google to put 
your company’s website at the top of its search results for 
those keywords.

You can also lure prospects to your website with good 
old-fashioned advertising. On the internet, PPC advertising 
is the standard model. Put simply, with PPC you pay a fixed 
cost each time someone clicks on one of your advertise-
ments, which redirects the visitor to your website. Direct-
response marketing efforts such as mass emails sent to 
purchased lists of leads can also entice prospects to your 
site. And do not dismiss the power of traditional print adver-
tising, such as a postcard with a compelling online offer.

You can also use social media such as Twitter and 
Facebook to promote content on your website. If your con-
tent is compelling enough—for instance, a blog entry on 
a hot topic or an interesting case study—another blogger 
might link to it, generating referrals (meaning that the blog’s 

Solar Customer Engagement 

Customer personas  Defining your target audience is a crucial component of effective 
marketing plans. One element of this process is developing customer personas,  
which identify key demographics that may include gender, marital status, income level 
and homeownership.
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readers click on the link to your website). The linking website 
is a referral site. 

How should you engage these prospects? When considering 
how you want to engage visitors to your website, you should 
answer this simple question: Were the prospects looking 
for you or were you looking for them? In other words, are 
they actively shopping for solar panels or did you pique their 
interest? You also want to keep your business goals in mind. 
For example, our imaginary solar company needs to make 
20 new sales to meet our goal of 25% growth. We want to 
choose customer engagement strategies that educate pros-
pects who may be new to solar, as well as offer incentives 
to schedule sales appointments; we also want to focus on 
incentivizing our current customers to upgrade.

SEO and keyword advertising both target phrases that 
prospects are interested in. If you are purchasing keywords 
related to specific search terms such as “buying solar panels 
for my home” (which would be a good search term for our 
imaginary solar company to buy), you know these prospects 
are highly interested in your service. They may even be ready 
to schedule an appointment. However, if you focus your 
sales efforts only on these potential customers, you will be 
missing out on the lion’s share of solar prospects. Winning 
the business of these customers is also highly competitive, as 
they are probably calling other solar contractors and getting 
quotes. When you are competing against other companies, 
even if you win a third of the deals, you are still expending 
a lot of effort to win over clients who are price shopping. 
Nonetheless, for our imaginary company, we would want 
to target these prospects with our content marketing—we 
would just not make them the primary focus of our efforts.

When traffic is coming from social media and referral sites, 
these prospects are usually just learning about your business—
they are in the “awareness” or “interest” stages of the marketing 
and sales funnel. They are intrigued by solar energy, but there 
is a good chance they do not know very much about it. These 
prospects are right at the beginning of the funnel, and it will 
take them some time to move through the process; however, 
you will reap a few benefits by focusing on this group. 

First, if you have established yourself as the local indus-
try expert by offering valuable and relevant content, pros-
pects who are new to solar will trust your expertise. Second, 
when they are ready to buy, you will be able to position your 
company as an industry expert, and most likely they will not 
bring in a second contractor to price the job. Finally, if they 
do have additional contractors price the job, you may still be 
able to win a lot of these deals even with higher prices than 
your competitors’. This is due to the perceived value you 
have established with them by becoming a trusted advisor. 
For our imaginary company, we definitely want to reach out 
to these potential customers. They will take longer to move 
through the marketing and sales funnel, but since we are 

looking for 20 new sales in the coming year, we have some 
time to make those conversions.

Here’s where lead magnets come in. Lead magnets are 
incentives you offer prospects in exchange for contact infor-
mation. Many people will trade their email address for an 
incentive, a special offer or valuable decision-making infor-
mation. Offering an incentive targets prospects who are 
in the “desire” and “prospect” stages of the marketing and 
sales funnel and incentivizes them to take the next step. For 
instance, your site could offer the option to “schedule your 
in-home, free, no-obligation appointment today and receive 
five free LED bulbs.” To reach prospects who are in the 
“awareness” or “interest” stages, you will want a lead mag-
net tailored to their more general need for information. For 
instance, offering a report such as “Seven Important Steps to 
Buying Solar” capitalizes on these prospects’ need for edu-
cational material. 

To offer a customized experience to site visitors, you 
could use technology from a company such as AddThis, 

Building confidence Good content to share with potential 
customers includes material that helps build confidence in 
solar technology and the market, such as this infographic 
developed by SEIA and GTM Research.
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HubSpot or Marketo to deliver customized web pages to tar-
geted customers. Entrepreneur magazine makes a compel-
ling case for this option (see Resources). Another option is to 
design your website’s home page so that visitors can choose 
a pathway through your site. For example, you could add 
buttons such as “New to Solar” or “Looking to Upgrade” that 
would lead visitors to web pages with information tailored 
to them. These pages could include lead magnets targeting 
specific customer personas. (See HubSpot’s article on this 
practice in Resources.)

Of course, you could simply place your lead magnets 
prominently on your home page—as a banner ad, in an 
advertising box, or even in a pop-up box that displays when a 
visitor has remained on your site for 5–8 seconds. You would 
switch out your lead magnets periodically to reach different 
segments of your audience. In our imaginary company, since 
we are focusing our efforts on prospects at the very begin-
ning of the marketing funnel, yet also giving attention to site 
visitors who are lower down, in the prospect stage, we would 
probably create three banner ads with lead magnets and 
place them in rotation, with one of those ads targeting our 
prospect stage visitors and the other two focused on those 
new to solar.

The lead magnet’s design should include an image, describe 
the benefits of the offer and have a prominent space for visi-
tors to enter their email addresses. For example, the headline 
could be “Buying solar panels is an important decision. Get 
all of the information you need first.” Next, you would have 
the lead magnet “Download our FREE buyer’s guide to solar,” 
accompanied by an image of the e-book. Under that would be 
a response form titled, “Yes, I want the ‘Seven Important Steps 
to Buying Solar’ e-book!” You should always include a state-
ment such as “We care about your personal information and 

will not share it under any circumstances.” When prospects 
decide they want your lead magnet and sign up with their 
email address, they are opting in. 

CRM PLATFORMS 
Once you have attracted potential customers to your site, 
engaged them with content designed to meet their needs, 
and convinced them to interact with you in some way, you 
need a way to collect information and begin converting pros-
pects into customers. A CRM system is the key: This software 
platform collects your prospects’ information, including all 
communications and their progress through your marketing 
and sales funnels. 

A CRM platform to manage leads and sales is a great tool 
to have in your solar business, but selecting the right one 
makes all the difference. Agile CRM (agilecrm.com) is a good 
choice, offering several marketing automation and track-
ing features, with competitive pricing. Other options include 
HubSpot (hubspot.com), Infusionsoft (infusionsoft.com), 
Marketo (marketo.com) and Salesforce (salesforce.com).

A CRM system can also be the hub of your content mar-
keting strategy. It helps you move your prospects forward, 
from the first time they enter the system until the moment 
you convert them into customers. Along the way, the sys-
tem collects data that allows it to forecast future sales. With 
a CRM system, you can track metrics such as scheduled 
appointments, actual appointments, proposals and sales.

In our imaginary company, we know that one out of 
four appointments leads to a new customer. So if we have 
20 appointments scheduled, we can forecast five new sales. 
We also know that our average sale is $25,000, which yields 
a sales projection of $125,000. Essentially, the more data you 
have, the more accurate your projections will be. 

Solar Customer Engagement 

I use Agile CRM. One of the main reasons that I prefer 
this platform over others is that it includes the ability 

to create automated communication sequences with mul-
tiple contact media. Setting up an automated marketing 
sequence is as easy as pointing and clicking. 

To start, select a trigger to initiate the sequence. For 
example, when prospects fill out a contact form requesting  
a buyer’s guide and submit an email address, they enter 
Agile CRM’s automated sequence. The first action that the  
system would take could be to email a buyer’s guide.  
The system could then wait 48 hours and then send an 
email asking the prospect to take a survey on your website 
(you can use a service such as SurveyMonkey to create 
surveys for free). At this stage, you may ask for additional 
information, such as a Twitter handle or a mobile number. 

Direct the system to wait 48 more hours and then send a 
text message that says “Lower your power bill by 20% by 
following these five energy conservation tips,” linked to an 
article on your website. After waiting another 48 hours, you 
can send an email asking the prospect to take a quiz to 
test solar knowledge, linked to a quiz you installed on your 
site using Qzrr (qzrr.com). In 48 more hours, the system 
could send the prospect an email offering to schedule an 
in-home presentation, accompanied by another incentive.

If the prospect does not respond to a predeter-
mined number of communications during this part of the 
sequence, you can put that prospect into a new automated 
sequence. Instead of sending a contact every two days, the 
system would send a contact every month.

—Anthony Fiorino, Solar Selling Solutions

Automated Communication: Case Study

{

http://www.agilecrm.com
http://www.hubspot.com
http://www.infusionsoft.com
http://www.marketo.com
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http://www.qzrr.com
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It is important to identify prospects who made it through 
the sales funnel but did not buy. Knowing why they did not 
ultimately make a purchase allows you to identify trends 
and develop strategies that will open the door to new sales 
opportunities. Perhaps you identify a common reason such 
as “I want to lower my power bill, but solar is too expensive.” 
This may lead to a new sales opportunity: for example, your 
company could offer a range of modules at different price 
points or services scaled to a range of budgets. This valuable 
information can help you uncover areas of your business you 
were not even thinking about.

Streamline the sales process with automated marketing. Lead 
nurturing is the process of providing information to and 
engagement with prospective buyers who are not yet ready 
to buy. Many CRM systems have an automated lead nurtur-
ing system that allows you to strategically plan a prospect’s 
engagement in advance and execute it automatically, which 
can improve your salesforce’s productivity. For instance, 
when a prospect responds to an opt-in offer by providing an 
email address, the system, in addition to routing this infor-
mation to a salesperson, can trigger an automated market-
ing sequence associated with the offer. (See “Automated 
Communication: Case Study” for an example.) 

You can use automated communication features to fine-
tune your marketing efforts, since you determine the actions 
that go into the sequence. For our imaginary solar business, we 
would want to focus our efforts on the top-of-funnel prospects 
who come to our website via social media and referral sites, 
perhaps contacting them more frequently with offers than we 
do our prospects who appear to be ready to buy. Regardless of 
what an automated marketing sequence includes, your lead 
begins the journey through the marketing and sales funnel, 
guided by strategic communications. A full-featured CRM sys-
tem can generate an automated sequence that includes many 
channels of outreach—emails, text messages, voicemails and 
tweets. The goal of this process is to initiate customer engage-
ment and provide valuable information to leads who have an 
interest in solar energy.

Most CRM systems provide email templates to give your 
communications a professional look. The messages you send 
should be informational and educational. If you have videos 
that describe your process, define the competitive advan-
tage of your company’s offerings, or provide product infor-
mation, it is a good idea to include links to them.

Once a prospect has shown a desire to learn more about 
your products or services, and thus is further along the 
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marketing funnel, sending 
text messages with special 
offers can be a good way to 
establish rapport. In addi-
tion, if you are having a 
webinar or if company rep-
resentatives will be at a local 
event, using an automated 
telephone message is a great 
way to broadcast this. 

You can embed additional 
triggers, known as if-then 
responses, in your automatic 
marketing sequence based 
on your leads’ behaviors. 
If your lead takes a survey 
announced in an email mes-
sage and gives you a mobile 
phone number, then that 
would trigger the next step 
in the sequence, a text mes-
sage. However, if the lead 
does not engage in the survey 
(and hence you do not have a phone number), then the next 
response in the automated sequence would be another email.

You may also develop automated marketing sequences 
for current customers and prospects who received a pro-
posal but did not buy. Each segment might have a different 
strategy, which is why you need to create them separately. 
For example, by staying in touch with a customer who has 
purchased solar services from you already, you can convert 
that customer to an advocate who will refer business to you 
on a regular basis.

Tracking lead engagement. The right CRM software can track 
your leads’ engagement in multiple ways. First, it records and 
alerts you when a lead opens an email. It also records any 
engagement with the email, such as clicking on a link. For each 
action that your lead takes, the system records a score. You 
should base these scores on the value of the lead’s action as it 
relates to the probability that it will buy your product. The more 
a lead engages, the higher the score that lead accumulates, and 
when the score breaks your set threshold, that means it is time 
for sales to get involved to schedule a live appointment. 

For example, if your lead opens an email, your CRM soft-
ware can give that lead a score of 10. If the lead actually clicks 
on a link in the email, the software can give it an additional 
score of 20 for a total lead score of 30. Once the lead reaches 
a total score of, say, 80, the system can alert you to move that 
lead into the sales phase of the funnel. You can define the 
scores for engagement and the total lead score threshold. 
As you continue to use lead scoring, you can adjust score 
assignments that will help you optimize this process.

CONTENT MARKETING:  
WHO IS IT FOR?
The short answer is that it is for 
any business that wants to be 
successful. Content marketing, 
after all, at its heart is simply 
about giving your customers 
what they want—in this case, 
information. This is especially 
important in the solar market as 
we negotiate constant changes 
in legislation, tax incentives and 
technologies. We often need to 
educate our customers and pros-
pects on the benefits of solar and 
how moving to solar can benefit 
them or their businesses.

Keep in mind that good con-
tent marketing does not neces-
sarily require an investment in 
expensive software or consul-
tants. If you have a website up 
and running, an email system, 

and perhaps a social media account or two, you can make this 
work. You just need to be aware that whatever information or 
offers you present to your target audience must be valuable to 
them and relevant to their needs.

Anthony Fiorino / Solar Selling Solutions  / Orlando, FL /   

 anthony@solarsellingsolutions.com / solarsellingsolutions.com

Kim Saccio-Kent / SolarPro / Ashland, OR /  

 kim.sacciokent@solarprofessional.com / solarprofessional.com
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Solar Customer Engagement 

Catching consumer interest Content that educates 
customers on solar industry trends such as energy stor-
age—especially trends that have caught the attention 
of mainstream media channels—offer an opportunity to 
establish your position as an industry expert.
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Located in the Central Valley, the 
2.2 MW Cottonwood Creek Ranch 

portfolio in Madera, California, adds 
two more successful projects to the 
long-standing CalCom Solar–SunLink 
partnership to bring solar to agricultural 
sites in the state. Cottonwood Creek 
Ranch West and East are subsidiaries of 
a California-based construction com-
pany that decided to deploy phases 2 
and 3 after a successful first project with 
CalCom Solar. To offset more than 60% 
of its total electricity usage, Cottonwood 
Ranch chose to transform a total of 8 
acres of its property into two solar farms. 

The projects began in 2016 when 
CalCom’s director of field operations 
and chief operating officer met with 

SunLink’s engineers and project manag-
ers to evaluate configuration options 
available with SunLink’s GeoPro system. 
In an effort to determine the optimal 
product design to maximize installation 
and cost efficiencies specific for agricul-
tural sites, the team took a deep dive into 
CalCom’s unique installation approach: 
an aesthetically pleasing level array uti-
lizing slightly increased pile lengths. The 
result was two versions of the GeoPro 
product able to accommodate site chal-
lenges common to farms in the Central 
Valley while also catering to CalCom’s 
specific installation methodologies. 

With a site-optimized racking system 
design ready to go, work began to pre-
pare the Cottonwood sites. The CalCom 

Projects System Profiles 

CalCom Solar and SunLink 
Cottonwood Creek Ranch
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Overview
DESIGNER: Tim McDuffie, chief engi-

neer, CalCom Solar, calcomsolar.com

GEOTECHNICAL SURVEYOR: Keith 

Beisner, field services senior manager, 

SunLink, sunlink.com

LEAD INSTALLER: Matthew Downey, 

site superintendent, CalCom Solar

DATE COMMISSIONED: April 2017

INSTALLATION TIME FRAME: 42 

days (both sites)

LOCATION: Two sites in Madera, CA, 

36.96°N

SOLAR RESOURCE: 5.7 kWh/m2/day

ASHRAE DESIGN TEMPS: 102°F 

2% average high, 28°F extreme 

minimum

ARRAY CAPACITY: 1.1 MWdc per 

site, 2.2 MWdc total

ANNUAL AC PRODUCTION: 
1,804.153 MWh per site, 3,608.306 

MWh total

http://www.calcomsolar.com
http://www.sunlink.com
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installation crew opted to 
build up the array pad to 
minimize shading from 
the surrounding almond 
trees. SunLink’s PowerCare 
geotechnical team assessed 
the installation site’s soils 
to inform foundation design and further 
streamline installation processes.

A common site challenge in the 
Central Valley involves hardpan soil con-
ditions, where builders encounter very 
dense soil at variable depths throughout 
a site. To mitigate this risk, SunLink con-
ducted pile testing in multiple locations 
around the project sites so that there 
would be no surprises during foundation 
installation. On the off chance of find-
ing something unexpected, the GeoPro 
design allowed for the ability to swap 
in ballasted foundations in individual 
locations if needed, without changing 
the product or project design. Mother 
Nature did her best to slow things down 
by swamping construction crews with 
California’s wettest winter in decades. 
Despite the heavy rain, the team fully 
installed both sites in only 42 days.

“SunLink was the ideal partner for us to 

meet our specific installation requirements. 

The GeoPro system we developed with the 

SunLink team ensured quick installation 

and maximized cost efficiencies. Its expert 

pull testing was also critical to ensure 

that the foundation design was solid and 

suitable for agricultural soils, and that we 

weren’t derailed by surprises.”
—Jason Smith, president and COO, 
CalCom Solar
“Our partnership with CalCom represents 

our ideal collaborative engagement.  

When you think long term and work 

together to develop product solutions that 

best meet the needs of the end custom-

ers you’re serving, it translates into more 

successful projects, more satisfied end 

customers and more opportunities to  

grow our respective businesses.” 
—Jon Blachly, account executive,  
SunLink

Equipment Specifications 
Per Site
MODULES: 3,240 Canadian Solar 

CS6U-340M, 340 W STC, +5/-0 W, 

8.97 Imp, 37.9 Vmp, 9.48 Isc, 46.2 Voc

INVERTERS: 480 Vac service, 30 

Huawei SUN2000-30KTL-US, 30 kWac 

rated output, 1,000 Vdc maximum 

input, 560 Vdc–850 Vdc MPPT range, 

200 Vdc–950 Vdc operating range

ARRAY: 18-module source circuits 

(6,120 W, 8.97 Imp, 682.2 Vmp, 9.48  

Isc, 831.6 Voc), six source circuits  

per inverter typical (36.72 kW, 53.82 

Imp, 682.2 Vmp, 56.88 Isc, 831.6 Voc), 

1.101 MWdc total per site

ARRAY INSTALLATION: SunLink 

GeoPro racking system, 180° azimuth, 

20° tilt

SYSTEM MONITORING: Also Energy 

performance and portfolio monitoring
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WATTNODE®
 REVENUE-GRADE 

for PV Production

WATTNODE® MODBUS 

for Utility Consumption
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C lark University’s Alumni and Student 
Engagement Center is the newest 

building on the growing Massachusetts 
campus. With the completion of a PV 
array floating above it, it is also the first 
building on the campus to feature solar. 
In line with emphasizing Clark’s commit-
ment to sustainability, the center retained 
Architerra, a Boston-based architectural 
firm well known for sustainable design, 
and Solar Design Associates (SDA), an 
EPC firm with a long history of developing 
innovative PV solutions. KW Management 
of Nashua, New Hampshire, assisted with 
the project’s installation. 

The building’s orientation allowed 
SDA to utilize an east-west–facing array. 
To allow maximum PV capacity, the 
array is elevated above the building roof, 
an arrangement that permits access to 
and air circulation around the rooftop 
equipment beneath it. This floating array, 
mounted to a latticed steel canopy trel-
lis elevated 15 feet above the building’s 
roof, cantilevers out beyond the building 
footprint. A frosted glass outline along 
the perimeter accents the design. 

The impressive array consists of 438 
SunPower E20 Series 327 W PV modules. 
Mounting them to the elevated steel 

Overview
DESIGN FIRM: Solar Design Associates, 

solardesign.com

LEAD INSTALLER: Robert Erb, project 

manager, Solar Design Associates

DATE COMMISSIONED: June 2016

INSTALLATION TIME FRAME: 60 days

LOCATION: Worcester, MA, 42.25°N

SOLAR RESOURCE: 4.25 kWh/m2/day

ASHRAE DESIGN TEMPS:  84°F 2% 

average high, -4°F extreme minimum

ARRAY CAPACITY: 143.226 kWdc

ANNUAL AC PRODUCTION:  

166,526 kWh

Solar Design Associates
Clark University

Projects
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Equipment Specifications
MODULES: 438 SunPower  

SPR-E20-327, 327 W STC, +5/-0%, 

5.98 Imp, 54.7 Vmp, 6.46 Isc, 64.9 Voc

INVERTERS: 3-phase 120/208 Vac 

service, 10 Yaskawa–Solectria Solar 

PVI 14TL, 14 kW rated output, 600 

Vdc maximum input, 300 Vdc–540 

Vdc MPPT range, 180 Vdc–580 Vdc 

operating range

ARRAY: Seven-module source circuits 

(2.289 kW, 5.98 Imp, 382.9 Vmp, 

6.46 Isc, 454.3 Voc) or eight-module 

source circuits (2.616 kW, 5.98 Imp, 

437.6 Vmp, 6.46 Isc, 519.2 Voc); five 

or six source circuits per inverter, two 

inverters with five source circuits of 

seven modules (11.445 kW, 29.9 Imp, 

382.9 Vmp, 32.3 Isc, 454.3 Voc), six 

inverters with six source circuits of 

eight modules (15.696 kW, 35.88 Imp, 

437.6 Vmp, 38.76 Isc, 519.2 Voc), two 

inverters with five source circuits of 

eight modules (13.08 kW, 29.9 Imp, 

437.6 Vmp, 32.3 Isc, 519.2 Voc), array 

total 143.226 kWdc

ARRAY INSTALLATION: East-west 

array, raised steel framing, Unirac 

2-piece 7-inch standoffs with custom 

attachments, east at 120° azimuth, 

west at 300° azimuth, 5° tilt

INVERTER COMBINERS: 500 A 

120/208 Vac Siemens panelboard,  

50 A breakers

SYSTEM MONITORING: Custom  

Solar Design Associates data acquisi-

tion system

Projects
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lattice, the installa-
tion team used Unirac 
2-piece 7-inch standoffs 
on the high side of the 
dual-tilted modules. 
A custom-developed 
mounting plate fas-
tened to the Unirac 
standoffs secures four 
modules at their meet-
ing corner, effectively 
anchoring a high cor-
ner of two adjacent 
west-facing modules along with two adja-
cent east-facing modules on the opposite 
side of the plate. Simpler custom footings 
on the low end of the tilted modules 
secure the module’s bottom edge to the 
lattice framework. 

The design uses two groups of 
five Solectria 14.4 kW string inverters 
mounted beneath the array and acces-
sible on the roof surface. It further calls 
for segmented module stringing into 
east-facing and west-facing strings, with 
both string types on inverters supplying 
power, separated by the MPPT they land 
on. All inverters feed into a 500 A, 208 
Vac Siemens panelboard tied in by 50 
A breakers. Inverter power output then 
feeds to a street-level 600 A disconnect 

on the building 
exterior before 
landing the com-
bined inverter out-
put circuits on a  
500 A breaker 
in the building’s 
main metal-
enclosed switch 
and breaker com-
bination switch-
gear. The data 
acquisition system 

in use is a custom system from SDA.
Earlier this year, the national 

SunPower “Intelligent Award for 
Excellence” went to Solar Design 
Associates for its design of the Clark 
University Alumni and Student 
Engagement Center array. 

“It was a pleasure working with Architerra 

and KW Management on such an innova-

tive project that will help ensure that Clark 

University’s solar energy system delivers 

economical and environmental benefits for 

the next three decades or more. With the 

completion of this array, Clark University 

has emphasized its commitment to sus-

tainability and the environment.”

—Steven Strong, president, Solar 
Design Associates 
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Flexible Solutions

Yaskawa - Solectria Solar provides flexible solutions to meet NEC 
2014 & 2017 690.12 Rapid Shutdown requirements
  
   Array Level Rapid Shutdown
      • 14-60kW PV Inverters
      • Commercial Rapid Shutdown Combiner (RSDCOM) for segmented arrays
   Module Level Shutdown
      • 23/28/36kW PV Inverters paired with Tigo’s Flex MLPE (TS4-B)
      • Certified to UL1741 as a PV Rapid Shutdown System, for compliance with 

2017 NEC 690.12(D) requirements

Yaskawa - Solectria Solar’s Sales & Operations Team is ready to find the right 
solution for your PV system design

Yaskawa - Solectria Solar    inverters@solectria.com     978-683-9700      www.solectria.com
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