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32 	DC	Combiners	Revisited		
Though the dc combiner is a relatively simple device, 
recent innovations allow it to be more versatile and 
to perform more than the basic combining function. 
Changes in the 2011 NEC have implications regard-
ing how combiners are deployed in the field and what 
features these devices include.
By Marvin HaMon, PE

48 	2011	DC	Combiner	
	 	Specifications	

The DC combiner product class is 
expanding rapidly as manufacturers 
new to the space and the OEMs of 
well-known brands release innovative 
new products. These SolarPro tables 
provide product specifications for 
combiners and recombiners available 
in the North American marketplace. 
Data for 148 products from 11 manu-
facturers are included.

62			The	Bakersfield	Fire
Messages from the Bakersfield 
Fire have led the PV industry away 
from the more important actions 
needed to prevent future fires. The 
lessons that should be coming 
out of this fire are that we need 
better wiring methods, more field 
experience and, most importantly, 
different GFP methods.
By Bill Brooks, PE 

72		Solar	Power	International	2010	
Many manufacturers wait to announce their latest 
North American product offerings at SPI. Unlike the 
past two years, SPI 2010 was characterized less by 
wholesale innovation and revolutionary new ideas 
than by incremental progress. Keeping abreast of 
these developments is more than enough reason to 
attend, but advance planning is required to make 
the most of your experience.
By DaviD BrEarlEy
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DANGER

WARNING

CAUTION

NOTICE

Situations where an immediate hazard will cause 
death or serious injury to workers and/or the 
general public if not avoided. This designation is to 
be used only in extreme situations.

Situations where a potentially hazardous condition 
exists that could result in the death or serious 
injury of workers and/or the general public if not 
avoided. 

Situations where a nonimmediate or potential 
hazard presents a lesser threat of injury that could 
result in minor or moderate injuries to workers 
and/or the general public. 

Situations where a nonimmediate or potential 
hazard presents a risk to damage of property and 
equipment. May be used to indicate important 
operational characteristics. There is no “Safety 
Alert” or attention symbol present in this situation.
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f O n  t h e  C O v e r  Pat Cooper of Willpower 

Electric installs a disconnecting combiner manufactured 

by solarBos. The 110 kW Pv system, located at Darex 

Corporation, a manufacturer of commercial-grade drill 

bit sharpening products, was designed and installed 

by True south solar, a commercial systems integrator 

headquartered in ashland, oregon.   
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TOLL FREE 800.582.8423
www.stiebel-eltron-usa.com

Harvest the power ofHarvest the power of
thetheSunSun

Stiebel Eltron is your one stop source for thermal solar products.

SRCC OG300 Certified

http://www.stiebel-eltron-usa.com


Contributors

Gernon Harvey is the owner of Label-Wright, a manufacturer of 

code-compliant labels for the renewable energy industry. After 

spending 24 years with Duke Energy in the commercial nuclear 

utility industry, he earned a BS in Appropriate Technology from 

Appalachian State University. His interest in labeling began 

when he was the technical lead for a project to label all the 

equipment at Duke’s nuclear facilities. Gernon is currently 

helping the Appalachian State University Office of Sustainability 

plan its transition to a more sustainable energy future.

Marvin Hamon is a professional engineer and a principal with 

Hamon Engineering. He started in the electrical engineering 

field in 1994 and began providing engineering services to the 

PV industry in 2004. He has designed PV systems ranging 

in size from 1 kW to multimegawatt systems for commercial, 

institutional and wholesale generation clients. He teaches PV 

classes at Diablo Valley College in Pleasant Hill, California, and 

is a California licensed electrical engineer.

Bill Brooks is a registered professional engineer in both North 

Carolina and California. He has written widely used technical 

manuals for the PV industry and consulted on a variety of 

topics—including performance, troubleshooting and training. 

Since 1992 he has focused on the analysis and testing of PV 

systems for utility-interconnected applications. His experience 

includes work on the technical review committees for the NEC 

and the Institute of Electrical and Electronic Engineers (IEEE) 

for utility interconnection standards.

Experience + Expertise 

Bristol Stickney is chief technology officer for SolarLogic and 

has been designing, manufacturing, engineering, repairing 

and installing solar hydronic heating systems for more than 

30 years. He holds a BS in mechanical engineering and is 

a licensed mechanical contractor in New Mexico. He holds 

a patent on the SETH System, a heating system efficiency 

control. Bristol provides training programs for solar heating 

professionals.

David Brearley is the senior technical editor for PV at 

SolarPro magazine. His solar education began at the San 

Juan College Renewable Energy Program in Farmington, 

New Mexico. David became NABCEP certified in 2004, 

and after working for a national distributor, he transitioned 

to commercial and residential PV system integration in 

Austin, Texas. He serves as co-chair of the Solar Electric 

and Distributed Generation subcommittee for the Texas 

Renewable Energy Industries Association.

Cold.

Hot.

Cloudy.

Clear.

Maximum energy 

harvest from the 

Fronius IG Plus 

PV Inverter in extreme 

weather conditions.

www.fronius-usa.com

http://www.fronius-usa.com


Models from  3 to 12 kW available in a single inverter.

The Fronius IG Plus PV Inverter
Now with a certifi ed operational temperature range of -13° to +131° F

The innovative Fronius IG Plus PV inverter for residential and commercial installations just got cooler 
with an operational temperature range of -13° to +131°F (-25° to +55°C) for functionality even in the
harshest climates. The IG Plus also offers:

 Lightweight – even the commercial size inverters

 Smart, integrated MIX™ technology to maximize 
energy harvest even on cloudy days

 A built-in six circuit string combiner

 Field programmable to 208, 240, and 277 volts with 
no loss in output power

 Removable power stage for fi eld service

 Standard 10-year warranty, upgradable to 15 years
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Heyco® Solar Masthead™ II Cordgrips

• Accommodate USE-2 12 AWG and 10 AWG wire

• Feature skinned-over glands that
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providing a liquid tight seal
around the wire

• Designed for solar 
rooftop installations 

• Provide a watertight seal
for PV module output leads
to inverters

• Secure input PV leads from
solar panel array strings to fuse holder hookup 
within solar combiner boxes     

• No disassembly required for installation

• Available in other sizes and gland configurations–
contact Heyco

• UL recognized

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

• House multiple wires at
one entry point to provide
a liquid tight seal around
each wire and at the panel

• Ideal when individual conductors for power or control 
are used rather than jacketed cable

• Feature a secure “click in place” fit that reduces 
tightening errors by installers

• Easy to install–no tools required

• Have unique fingers that securely lock into a range
of panel sizes without use of a locknut

• Offer limited intrusion into the combiner box enclosure 
where access is tight

• Rated IP 64

Box 517 • Toms River, NJ 08754 • P: 732-286-4336 • F: 732-244-8843

For FREE samples or product literature,
call toll free 1-800-526-4182, or visit our

website at www.heyco.com
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I nstant domestic hot water (DHW) 
recirculation has been popular for 
many decades. In buildings where 

the DHW source is a long way from 
the hot water fixtures, a circulator 
pump is frequently used to force hot 
water from the water heater through 
the hot supply pipes to the base of the 
fixtures and then back to the water 
heater through a recirculation-return 
pipe. A recirculation pump returns the 
cold water stranded in the pipes to the 
bottom of the water heater tank, filling 
the hot supply pipes with fresh hot 
water. Originally this was done mostly 
for convenience, so that the user did 
not have to wait for all the cold water 
stranded in the hot supply pipe to 
empty down the drain before the hot 
water finally arrived. Over the years, 
this became a standard method 
for saving water in arid climates 
and is now required by local codes 
in some locations for that reason.

In the simplest applications, 
it is common practice to install a 
continuous-duty circulator and 
run it 24/7. However, it has recently 
become obvious that by using 
this method, owners save water 
in a very clumsy way by throwing 
energy at it—both heat and elec-
tricity. This typically results in large 
amounts of energy being wasted 
with minimal benefit. 

 
Misconceptions about  
Recirculation
The idea that we can save water by 
using more electricity can be a seri-
ous blunder if the electrical con-
sumption is not carefully controlled. 
The backup heating element or 
burner in any domestic hot water 
tank must work harder to make 
up for the heat lost as hot water 

circulates constantly around a building, 
resulting in higher fuel bills. In a conven-
tional grid-tied house, the circulator and 
other elements require electricity from 
the local power plant—which typically 
generates this energy by burning fuel 
and consuming water. In New Mexico, 
for example, the majority of that fuel 
is coal, and the water consumed at the 
power plant is close to 0.75 gallon for 
every kilowatt hour generated. This 
means that the water is not really saved; 
it is being consumed elsewhere.

New solar water heaters generally 
include highly insulated heat-storage 
tanks. In standby at normal DHW 
temperatures, the tank loses heat very 
slowly. Tanks that we have monitored 
remotely at SolarLogic show typical 
temperature drops of about 0.5–0.7°F 

per hour at the top of the tank when the 
water is around 125°F. When the solar 
storage temperature is near its maxi-
mum of 180°F, the standby heat loss 
is faster, reaching 1.5°F per hour and 
tapering off as the tank cools down. 
When a recirculation pump is running, 
the heat loss can increase dramatically. 
In fact, a poorly controlled recirculation 
system can draw the entire day’s worth 
of solar hot water out of a storage tank 
in a matter of hours. 

Figure 1 shows a solar DHW tank in 
a new house in Santa Fe, New Mexico, 
with a recirculation pump that causes 
more than ten times the heat loss when 
it is running. When solar heat seems 
to disappear from the tank, causing 
the backup heater to run even during 
sunny weather, it is  c o n t i n u e d  o n  pa g e  1 6 

QA Quality assurance

Solar Hot Water Recirculation Considerations: 
Avoidable Energy Waste
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Figure 1  Storage tank temperature data collected at a residential installation in Santa 
Fe, New Mexico, illustrates the impact of poorly controlled domestic hot water recircula-
tion. With the circulator off, standby loss averages 0.69°F per hour but jumps to as high 
as 9°F per hour when the circulator cycles on. 
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always a surprise and a disappointment 
to both the owner and the installer.

Rather than hoping this will not 
happen, it is better to avert this situ-
ation by including an upgrade to the 
DHW recirculation control system 
as part of the solar DHW package. At 
least offering this as an option lets your 
clients know that you are energy aware 
and have their best interests at heart. 
There are several possible upgrades in a 
DHW recirculation system to improve 
energy performance and eliminate this 
unintended waste.

Piping Considerations 
With new construction, the hot water 
supply and recirculation-return plumb-
ing details can be designed to mini-
mize heat loss and maximize pumping 
efficiency. In a retrofit, the improve-
ments may be more difficult to imple-
ment, but you should always carefully 
consider them.

 Pipe insulation.  Both 
the hot water supply and 
the recirculation return 
must be well insulated, 
especially in locations with 
ground contact or cold air 
temperatures. I have seen 
many installations where 
the recirculation-return line  
has no pipe insulation. Many 
experienced plumbers think 
of recirculation returns as 
cold lines, but they are not. When in use, 
the recirculation-return line is definitely 
a hot water pipe.

Pipe size and length. It is common 
practice in residential construction 
to connect all the hot faucet returns 
to a single half-inch recirculation-
return line. Often, this is done without 
regard for the length of the return 
line, the pumping power required or 
the control method intended for the 
pump. When designing a new recircu-
lation system for high-energy perfor-
mance, upsizing the return pipe may 
be required in order to downsize the 
pump wattage.

 Balanced flow. When a single 
recirculator is used on several parallel 
loops to various parts of the building, 
the flows must be balanced just like 
the loops in a hydronic heating system. 
Even a well-controlled recirculation 
pump wastes energy pumping through 
an unbalanced piping system because 
most of the flow goes through the 
shortest—and hottest—loop. A balance 
valve placed on the recirculation-return 
pipe under each fixture can be well 
worth the extra effort.

Multiple circulators. In larger build-
ings, energy savings may be accom-
plished by using several circulators 
instead of a single one feeding parallel 
loops. You can save both heat and elec-
tricity when you control each pump to 
provide hot water recirculation only to 
the occupied parts of the building.

Spring check valve. Every 
recirculation-return pipe must have a 
one-way check valve to prevent cold 

water from flowing backward to the 
hot faucet when the recirculation 
pump is turned off. Some pump manu-
facturers, such as Taco and Grundfos, 
include built-in check valves (known 
as integrated flow check valves) in 
the pump body, making this part of 
the installation completely painless. 
Do not forget to include this detail. 
Double check that it is installed in the 
right direction, pumping into the bot-
tom of the DHW tank.

Control Systems 
The most common upgrades to any 
DHW recirculation system, new or 

existing, are electrical controls. The 
typical controls I have added in recent 
years are listed here in order of most 
common to least common.

Temperature setpoint switch. The 
easiest and cheapest way to limit the 
run time of the recirculation pump is 
to put a sensor on the recirculation-
return pipe that turns the pump off 
when hot water comes back from the 
building. This can be a snap-disc, a 
cap-tube or an electronic setpoint 
controller. When the return pipe cools 
off, the pump runs only until hot water 
arrives back in the mechanical room 
and then pauses until the pipe cools 
again. For proper control, the circula-
tion loops must be balanced.

Timer switch. A timer switch can be 
used to allow the recirculation pump 
to run only during critical occupancy 
hours. A timer switch is often used 
along with a setpoint control. The big-
gest drawback of the common timer 

switch is that the clock 
must be reset after a 
power failure.

Manual demand switch. 
A momentary contact 
switch, which resembles 
a doorbell button, can be 
placed at each hot water 
fixture. Homeowners 
who are energy conscious 
and do not mind asking 
for instant hot water can 

press this button. Both wired and wire-
less switch systems are now available.

Automatic demand switch. An auto-
matic switch such as an infrared (IR) 
motion detector or IR beam switch can 
be installed near each hot water fixture. 
This type of sensor uses a relay to press 
the demand button whenever it senses 
a nearby presence. A timer or setpoint 
switch is used to turn off the circulation 
after a reasonable amount of time. 

The manufacturers of hot water 
recirculation pumps now offer many of 
these controls and features either built 
into their pumps or as add-on control 
packages. Some  c o n t i n u e d  o n  pa g e  1 8 
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SA poorly controlled recirculation system can 
draw the entire day’s worth of solar hot water 
out of a storage tank in a matter of hours.
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are fairly sophisticated, 
with built-in sensors, 
timers and electrical 
connections for demand 
switches. If you have 
not seen this equipment 
at your local supplier, 
ask about it. For peak 
energy performance, good recircula-
tion control is just as important for 
systems without solar heat input as 
those equipped with it.

Circulator Pumps 
When modifying these systems, some-
times the existing recirculation pump 
will not be suitable. This is most often 
the case when a continuously circulat-
ing system is modified to include a 
demand switch. With a demand switch 
system, the circulator runs only for a few 
minutes. In that short amount of time, 
the user expects the hot water to arrive 

without delay. If, as is typical of older  
retrofits, the pipe diameter is very nar-
row, a pipe run is long and/or the heat 
loss is high, a larger circulator pump 
may be needed to provide the flow and 
pressure to deliver the goods on time. 

For a recent retrofit solar heating 
system, I modified a continuously cir-
culating Taco 006 bronze pump with 
demand buttons and a timer switch to 
minimize its run time. The owner then 
reported that it took 7 minutes for the 
hot water to arrive at the far end of the 
house. Since it was a retrofit situation 
with all the piping under a concrete 

slab, the plumbing and balanc-
ing could not be changed easily. 
I substituted a Taco 009 bronze 
pump, and the hot water then 
arrived in less than 1 minute. 
Since the 006 pump originally 
ran for many hours with a 59.8 
watt rating, and the 009 pump 

runs only minutes per day with a 161.0 
watt rating, the electrical savings per 
day is substantial. The heat savings in 
the solar water heater tank is plainly 
evident with consistently higher water 
temperatures.

Remember that DHW piping is 
an open system that requires either 
bronze or stainless steel pump bodies 
to resist the corrosion caused by the 
high oxygen content of potable water. 
Cast-iron pump bodies are not recom-
mended in this application.

—Bristol Stickney / SolarLogic / Santa Fe, 
New Mexico / solarlogicllc.com
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SWhen solar heat seems to disappear from  
the tank, it is always a disappointment to 
both the owner and the installer.

 napNrack PV Mounting systems make solar owners happier   
 and installers more pro� table. Here’s how:

 ■  Owners see a clean � nish – no protruding rails, exposed   
  wires or rough edges.    

 ■  Installers use one wrench, a no-ties wire management system, 
  and no-drilling snap-in channel nuts to save time and money.

 Contact us today to � nd out how we can help you sell more 
 systems with more pro� t.

www.snapnrack.com 
sales@snapnrack.com

SLEEK.  STRONG.  FAST.

S

SnapNrack systems work for both roof and ground mounts and with all leading PV module brands.

 The � exibility the channel and 
channel nuts give you, the ease of 
wire management, the integrated 
� ashed L foot – SnapNrack keeps 
the job simple and straightforward.

      DAVID WALDMAN
      AAE Solar, CO

www.snapnrack.com


Shine baby shine!

“I’m glad I went solar, 
the better alternative. ”
 - Larry Hagman

Give your customers the best possible financial and 
environmental returns with Sunkits® from SolarWorld, 
America’s largest solar panel manufacturer. With 
system design as well as sales and marketing support 
included, Sunkits® can help streamline your business 
too. Call SolarWorld at 1-866-226-5958 or visit our 
website today to learn more.

www.solarworld-usa.com
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Selecting appropriately matched 
components, determining correct 

wire sizes and overcurrent protection, 
and correctly installing all the equip-
ment are critical elements of PV sys-
tem design and installation that must 
pass inspection before the system can 
be turned over to the customer. The 
installer and inspectors are respon-
sible for ensuring that a system meets 
the necessary codes and standards. 
One area that is most often overlooked 
and misunderstood is compliant 
labeling, which is required for any new 
system or any existing system that is 
being upgraded.

Either as a conscious decision 
or through a failure to understand 
current codes and standards, some 
installers omit neces-
sary labeling. Some 
code officials are not 
aware of the labeling 
standards that they 
need to enforce for PV 
systems, so inadequate 
labeling goes unno-
ticed. Many jurisdic-
tions have their own set 
of standards that they 
enforce, but these may 
be contrary to OSHA 
standards. It is no won-
der that the PV industry 
as a whole is confused 
about what needs to be 
labeled and how.

The Origins of PV  
System Labeling 
It is unknown exactly 
when the labeling of 
PV systems started, 
but what is impor-
tant is that someone 
realized the value in 
doing so. There were 
few, if any, labeling 

requirements in the mid-1970s and 
early-1980s, when renewable energy 
systems started making their way 
onto the rooftops of residences across 
America. At that time, there were no 
easy methods to design and manufac-
ture labels other than through a local 
trophy shop. Engraved labels became 
the norm for the industry. 

The 1984 edition of the National 
Electrical Code was the first version 
of the Code to address solar electric 
systems. Labeling became part of 
the Code and, through subsequent 
revisions, grew to become an integral 
part of Article 690. Even though the 
NEC has gone through multiple edi-
tions since 1984, the common use of 
engraved labels has not changed. 

Many installers and code officials 
recognize only engraved plastics, 
which typically employ white char-
acters on a red plastic background, 
as the standard to follow. However, 
the designs and materials needed to 
comply with new regulations have 
changed. “Common Residential PV 
System Code Violations”  (Dec/Jan, 
2010, SolarPro magazine) lists labeling 
as one of the main areas of concern.

Labeling Functions
Labels protect workers and the general 
public by informing them about the 
hazards and characteristics of a PV sys-
tem. Safety is paramount, and it is the 
most important aspect of labeling. A 
worker can become  c o n t i n u e d  o n  pa g e  2 2 
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PV System Labeling: NEC, OSHA and ANSI 
Codes and Standards

DANGER

WARNING

CAUTION

NOTICE

Situations where an immediate hazard will cause 
death or serious injury to workers and/or the 
general public if not avoided. This designation is to 
be used only in extreme situations.

Situations where a potentially hazardous condition 
exists that could result in the death or serious 
injury of workers and/or the general public if not 
avoided. 

Situations where a nonimmediate or potential 
hazard presents a lesser threat of injury that could 
result in minor or moderate injuries to workers 
and/or the general public. 

Situations where a nonimmediate or potential 
hazard presents a risk to damage of property and 
equipment. May be used to indicate important 
operational characteristics. There is no “Safety 
Alert” or attention symbol present in this situation.

Figure 1 Classic-style OSHA signage was made obsolete by the incorporation of ANSI Z535-4 in 
2002. Up-to-date ANSI designs for safety and component labeling and descriptions of the various 
hazard levels are detailed here.
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complacent and make a simple mistake 
that can cause a life-changing event. 
Labels provide the last line of defense 
in protecting a worker by offering a 
reminder at the hazard. PV systems 
have unique characteristics that must 
be accounted for. Labeling is a simple 
but effective tool to identify a hazard at 
the point of origin.

Labels provide 
critical information about 
operational parameters 
or about special operat-
ing characteristics. They 
identify components and 
subcomponents. A label is 
an essential communica-
tion tool that speaks both 
textually and graphically. 
Graphics are an essen-
tial element of effective 
labeling because they 
cross multicultural and 
educational boundaries. Pictograms 
are recognizable where words may not 
be understood. Label formatting—with 
vivid colors, safety alert or attention 
symbols, and bolded signal words—
make safety labels easily recognizable.

Labeling Requirements
Most PV installers are familiar with the 
labeling requirements of NEC Article 
690, but many installers, designers and 
owner/operators are not familiar with 
the requirements of OSHA Standard 
1910.145, “Specifications for Acci-
dent Prevention Signs and Tags,” and 
it is often overlooked. The American 
National Standards Institute (ANSI) 
Z535 Series improved on the OSHA 
standard by changing old designs to 
modern ones that more accurately 
reflect potential hazards, suggest 
actions to avoid these hazards and 
give consequences for ignoring  the 
intended message. 

All labeling is mandatory and is 
meant to warn of electrical hazards 
associated with PV system installa-
tion and operation. NEC sections that 
mention labeling or marking require 

information that identifies system 
operational characteristics, directs 
personnel to component locations 
essential to worker protection and 
acts as a reminder to the nuances 
associated with photovoltaic systems. 
OSHA Standard 1910.145 applies just 
as other OSHA standards do and is as 

important as standards required for 
electrical work or for using fall protec-
tion when installing a PV system. 

OSHA Standard 1910.145 does 
not specify the exact format for safety 
labels, but it does specify what level 
of hazard the labels should identify. It 
uses DANGER , WARNING and CAU-
TION as the primary signal words and 
NOTICE to provide information. The 
labels must have rounded or blunt 
corners that are free of sharp edges and 
projections to protect workers from 
the labels themselves. The standard 
also defines the required colors for 
each specific signal word. The signal 
word—DANGER, WARNING, CAUTION 
or NOTICE—must be readable from a 
minimum distance of 5 feet or greater, 
depending on the hazard present. Some 
major manufacturers of components 
used in PV installations do not comply 
with this requirement.

The ANSI Z535 Series has four sec-
tions devoted to labels and label design. 
All ANSI standards are voluntary, but 
they reflect the intent of OSHA 1910.145. 
In OSHA 1910.145, you find a referral to 
ANSI Z35, which was the precursor to 

ANSI Z535. Although OSHA 1910.145 
is brief, ANSI Z535 is very detailed and 
addresses the use of graphics that cross 
multicultural boundaries to prevent 
injury regardless of language. ANSI stan-
dards represent the state-of-the-art in 
label design and essentially describe the 
required method of labeling. The ANSI 

headers and formats now replace 
the original OSHA designs. 

One change about to take 
place in ANSI Z535 is the elimi-
nation of the variation of CAU-
TION that does not contain the 
alert symbol. DANGER, WARN-
ING and CAUTION will be associ-
ated with severity of personal 
injury. NOTICE will be related to 
need-to-know information and 
operational characteristics. The 
expectation is that installers will 
use ANSI recommendations to 
avoid liability issues, because 

they are the most up-to-date designs.

Reasons to Label
The most obvious consequence of 
not labeling is failure to pass inspec-
tion. That means having to wait to get 
paid or having to return for another 
inspection with labels in place. Delayed 
inspections add time and some cost to 
project completion, but that is not the 
most significant consequence of failure 
to properly label a system.

What most installers and owner/
operators need to be concerned with 
is the liability that comes with failure 
to adequately complete a system  
with labels that identify and protect 
workers from known hazards. The 
legal system acknowledges the fact 
that label design has advanced and 
that workers and the general public 
more easily recognize hazards from 
newer label designs. Installers are 
obligated to use labels that meet or 
exceed current labeling standards. 
A lawsuit from an injured employee 
or the loved ones of an accidentally 
killed worker costs much more than 
any delayed inspection.

QA

What most installers and owner/operators 
need to be concerned with is the liability 
that comes with failure to adequately  
complete a system with labels that identify 
and protect workers from known hazards.
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Component identification is 
another reason to label appropriately. 
On a residential scale, as PV systems 
become more commonplace, system 
owners want to be able to identify the 
components of their systems. They have 
the right to know which disconnect 
is ac or dc, or that an electrical box is 
a dedicated part of their PV system. 
Being knowledgeable about their 
system can help them to ensure that 
it runs as expected. On a commercial 
scale, as PV systems become larger and 
more complex, it is essential that each 
component be identified for opera-
tions and maintenance personnel. It 
is critical that components be accu-
rately identified to prevent operators 
from working on energized equipment 
that could be mistaken for a different 
component. With large commercial 
and utility-scale systems, misidentifi-
cation can easily occur with so many 

components looking the same to an 
undertrained operator.

One minor consideration related 
to labeling is aesthetics. If component 
identification or operational informa-
tion is perceived as important but 
lacking, then individuals tend to take 
labeling into their own hands. Perma-
nent markers, paper labels stuck on 
with cellophane tape or other inferior 
materials are used to provide informa-
tion for what they see as important. 
A great installation can turn ugly and 
reflect badly on the installers when oth-
ers attempt to correct deficiencies with 
their own brand of labels.

Labeling Design 
Labels are much more than words 
engraved on a piece of plastic or 
marked on laminated paper just to 
meet somebody’s code. Label design 
has evolved over the past century and 

is made up of sections that clearly 
identify hazardous situations.

Labels begin with an appropri-
ate header section that has a certain 
color and signal word (see Figure 1, p. 
20, for severity of hazard and conse-
quences). This is typically the most 
incorrectly applied design element 
in the labeling of PV systems. Each 
signal word can be identified by its 
respective color.

Safety labels should identify the 
hazard and provide instruction as to 
how to avoid injury. Labels should also 
include the consequences of failing to 
heed the warning or avoid the hazard-
ous condition. All this must be accom-
plished with an economy of words and 
an effective manner and style.

Label Materials
Over the years, labels have been made 
from a variety of materials. Now labels 

Tired of fighting 
your distributor?

North America’s Premier Distributor of ET Solar Modules.

(916) 679-4044 • www.ussolardistributing.com
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have moved beyond engraved plastic to 
materials better adapted to all envi-
ronmental conditions. New options 
include permanent-adhesive labels 
made from synthetic materials, metal 
labels that are engraved or etched and 
other materials that tend to be cost-
prohibitive. No one material is perfect 
for all applications, because time and 
environmental conditions eventually 
affect all label materials.

Engraved materials have limita-
tions that some newer materials 
overcome. Most engraved labels have 
squared corners and are raised from 
the surface where they are attached. 
As a result, engraved labels have a 
higher profile that could create a haz-
ard. Engraved labels offer a possibility 
of only two colors, unless multiple 
layering is used. Subsurface engraving 
is easily vandalized and tends to col-
lect debris over time. Engraved labels 
typically work best in clean environ-
ments. They must be attached with 
externally applied adhesives or tapes, 
because screws or rivets that require 
drilling into enclosures may void a 
product’s listing and potentially cause 
entry paths to critical equipment. 
Phenolic resin is often used in making 
labels, but it is typically not rated for 
outdoor use.  

Labels are now made from synthetic 
materials designed to stand up to most 
environmental conditions. These mate-
rials have been used for years with great 
success by the commercial nuclear 
industry in all environmental condi-
tions. Inks and special coatings protect 
label content from UV light, tempera-
ture variations, chemicals, solvents 
and moisture. Permanent adhesives 
provide a death grip on a surface, once 
they have been allowed to cure. Label 
designs are flexible because multiple 
colors can be used as required by OSHA 
and the latest ANSI design standards. 
Graphics can be easily incorporated. 
The flexible nature of these materials 
allows you to adhere labels to irregular 
or round surfaces. 

The Future of Labeling
The 2011 edition of the NEC has sev-
eral new labeling requirements that 
are mainly focused on the identifica-
tion of PV system conductors and 
the identification or presence of PV 
circuits in conduit. There is also a 
reminder to service technicians to 
not open circuits under load when 
servicing fuses. Although some solar 
companies have already voluntarily 
implemented this labeling, all will be 
required to do so when the local AHJ 
adopts the 2011 NEC.  

With the installation of larger com-
mercial and utility-scale photovoltaic 
systems, the industry will see changes 
related to worker safety and arc-flash 
events. NFPA 70E, “Electrical Safety in 
the Workplace,” is the driving force in 
protecting individuals from potentially 
dangerous situations. The requirement 
to label electrical equipment that may 

require visual inspection or mainte-
nance of any kind while energized 
is meant to protect the worker from 
possible arc flashes. This pertains to 
certain types of equipment installed 
or modified after 2002. The important 
point of code-compliant arc-flash 
labeling is that it is required of the 
owner/operator of the equipment, 
not the equipment manufacturer. 
Labels must be field installed with 
consideration given to actual opera-
tional characteristics and adjacent 
protective devices and voltages. The 
design of arc-flash hazard labels is 
not standardized at this time, but 
NFPA recommends using ANSI Z535-4 
designs. NFPA also recommends that 
labels contain information beyond 
what is currently required by OSHA 29 
CFR-1910 Subpart S.

—Gernon Harvey / Label-Wright /  
Boone, NC / label-wright.com 
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Safety alert Most PV installers are familiar with the labeling requirements of NEC 
Article 690, but they may not be familiar with the requirements of OSHA Standard 
1910.145, “Specifications for Accident Prevention Signs and Tags.” Samples of 
compliant labels are shown here. 
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the Wire Industry Currents

An SPI Regional Event

PV America 2011 
[Philadelphia, PA]    The 
Solar Energy Industries 
Association (SEIA) and 
Solar Electric Power 
Association (SEPA) present 
PV America, a Solar Power 
International (SPI) regional 
event, on April 3–5, 2011, 
at the Pennsylvania Convention Center in Philadelphia. The  
two groups leveraged their experience in organizing the highly 
successful national SPI events to create a show focused on  
the rapidly expanding solar market in the northeast and mid- 
Atlantic regions of the US. The event offers three general ses-
sions, 21 topic-specific educational sessions and the opportu-
nity to hear from policy makers at the state and federal levels 
to gain insight into future industry incentives. PV America is 
expected to draw nearly 3,000 attendees from various sectors 
of the solar industry, including integrators, engineers, investors, 
developers and government representatives. 

PV America / 202.595.1141 / pvamericaexpo.com

NFPA Publishes  
NEC 2011 Edition
[Quincy, MA]    The National Fire Protection 
Agency (NFPA) released NFPA 70: National 
Electrical Code, 2011 Edition in September 
2010. The NEC Handbook 
2011 was released 
shortly after. It contains 
the entire text of the 
Code with commen-
tary and more than 500 
photos and illustra-
tions. The NFPA also 
has a web-based version 
called necplus for those 
who prefer an electronic 
source. The subscription-
based service contains 
the entire Code and NEC 
Handbook in a searchable format and allows 
users to view the three previous Code cycles, 
access the UL White Book and reference videos 
and illustrations.

NFPA / 617.770.3000 / nfpa.org

Holt’s Illustrated GuIde 
Now avaIlable 
[Leesburg, FL]    Mike Holt, one of the most knowledgeable educa-
tors, authors and NEC experts in the US, announced his series of 
illustrated guides for the latest Code edition. For the first time, Holt 
offers both a book and a DVD, entitled Understanding NEC Require-
ments for Photovoltaic Systems, based on the 2011 NEC . Both cover 
all Code articles and specific sections that pertain to PV installa-
tions. The illustrations and real-world examples are intended to 
help those working in the electrical field better understand and    
     apply the NEC. Holt used his own in-depth knowledge of the Code 
           and enlisted the help of PV industry experts to review his  
            book and participate in the presentation on DVD. 

                    Mike Holt Enterprises / 888.632.2633 / mikeholt.com
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Fronius Releases  
CL Central Inverter Line 
[Brighton, MI]    Fronius USA recently released two new inverters for the US 
market. The CL line includes a 55.5 kW and a 60 kW option. The invert-
ers use a modular inverter approach with up to 15 identical power modules 
to increase energy yield. The Fronius MIX design allows individual power 
modules to come on as array power increases, thereby keeping all the units 
operating at their peak efficiency potential. Automatic transfer switching 
allows the inverter to select which transformer winding to operate from, to 
maximize efficiency based on dc input voltage. The CL55.5 is designed for 
use on 120/208 or 240 Vac 3-phase service voltages; the CL60.0 is compat-
ible with 277/480 Vac services. The inverters have CEC-weighted efficiency 
values ranging from 94.5% to 95.5%. 

Fronius USA / 810.220.4414 / fronius.com

NabCeP  
INtroduCes Pv  
teCHNICal sales 
CertIfICatIoN 
[Clifton Park, NY]    The North American 
Board of Certified Energy Practitioners 
(NABCEP) announced the criteria for its 
latest certification, PV Technical Sales. The 
new certification responds to stakeholder  
input for a rigorous certification that  

applies to individuals who 
are not installing systems 
but are making important 
decisions in the sales and 
design stages. The job task 
analysis and resource guide 
for the exam are available 
on the NABCEP website. 
This computer-based exam 

is administered at Pearson VUE testing 
centers. NABCEP also released the results 
from its September 2010 installer exams: 
242 individuals passed the PV installer 
certification exam, bringing the total 
number of  Certified Solar PV Installers to 
1,333; and 56 individuals passed the solar 
thermal installer certification exam, bring-
ing the total number of Certified Solar 
Thermal Installers to 187.

NABCEP / 800.654.0021 / nabcep.org

Draker Labs Announces 
New Web Interface
[Burlington, VT]    Draker Labs, a provider of turnkey data monitoring 
products, released an enhanced web interface to complement its Sentalis 
line. Sentalis 4 is a fully hosted, web-based interface that provides additional 
support for managing large portfolios of PV projects. The dashboard allows 
integrators to group key performance characteristics on individual sites or 
compare multiple projects. To aid the plant operator with operations and 
maintenance, the integrated alarm system includes programmable thresh-
olds to reduce nuisance alerts. Historical data is stored within the Sentalis 
4 site, so users can instantly pull up maintenance logs and project data 
when servicing or troubleshooting the installation. Sentalis 4 also includes a 
customizable public interface that enables the host site to promote its instal-
lation with site-specific information and data. 

Draker Labs / 866.486.2717 / drakerlabs.com
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eatoN lauNCHes  
s-Max INverter

[Cleveland, OH]    Eaton, a global manufacturer 
of electrical products such as power quality 
systems and electrical distribution equipment, 
released its 250 kW S-Max commercial PV 
inverter. The inverter’s design is based on the 
active front-end technology used in Eaton’s 
HVAC, telecom, and oil and gas technology 
products to ensure long-term reliability. The 
inverter features a CEC efficiency of 96.5% 
and a third-party–verified 99% efficient MPPT. 
The dc wiring compartment contains oversized 
busbars and allows for multiple fusing options. 
Both ac and dc circuit terminations are acces-
sible from either side or to bottom-fed con-
ductors and include UL 98 listed load-break 
disconnects. The installer can field-select either 
delta or wye transformer output. To support 
long-term O&M, the PVgard health monitor 
captures and stores more than 60 PV perfor-
mance parameters daily.

Eaton Corporation / 877.386.2273 / eaton.com

the Wire

SMA Adds 
iPhone App
[Rocklin, CA]   A free iPhone app enables 
mobile monitoring of critical system 
performance data. The Sunny Portal 
application, available from the Apple App Store, communicates 
with the Sunny WebBox and displays the energy output for the day, 
month, year and life-to-date of the system, in addition to listing 
its CO2 savings in tons per year. The app can also display system 
characteristics such as the module parameters, total system power 
rating, commissioning date and the installer’s contact informa-
tion. The logbook feature lets users quickly reference the event 
history for the system.

SMA America / 888.476.2872 / sma-america.com

Lumos Solar Releases  
LSX Module System 
[Boulder, CO]    The Lumos LSX line consists of frameless modules 
designed to improve system aesthetics and reduce module instal-
lation time and costs. The LSX200 and LSX250 are monocrystalline 
modules with 60 and 72 cells per module, respectively. 
The modules are designed to mount 
with the Lumos PowerMount 
racking system that integrates 
a wireway for PV source- 
circuit conductors. This wire-
way, when used in conjunction 
with the J-box clamshell, helps 
the integrator meet the NEC 
requirements for making source 
circuits inaccessible and assists 
in wire management. The lack 
of a module frame eliminates the 
need for module grounding, saving 
time and money during installation. 
When used with the Lumos  
PowerMount racking, the mod-
ules can be mounted in portrait or 
landscape orientations. The modules 
include options for white, black or 
clear backsheets.  

Lumos / 303.449.2394 / lumossolar.com
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Distinguish Yourself

To find out how you can become a NABCEP Certified installer, go to:  
www.nabcep.org

Peter Parrish, Ph.D., President, California Solar Engineering, Inc.

“Being a Certified Solar PV Installer can add an additional $15,000 a year  
to your earnings with our company. I was impressed with the depth  

and breath of the exam — the hardest I have taken since college. 
NABCEP Certification certainly has differentiated me as an installer.”

AccelerAte 
    Your cAreer

David Ochoa
California Solar Engineering, Inc.

www.nabcep.org


DC Combiners R evisited
By Marvin Hamon, PE

Though the dc combiner  
is a relatively  
simple device,  

recent innovations  
allow it to be  

more versatile  
and to perform  

more than  
the basic  

combining function.
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ince the publication of “Pulling It 
All Together: Strategies for Making 
Common Connections in PV Power 
Circuits” (April/May, 2009, SolarPro 

magazine), many advances have been made on 
dc combining methodologies and devices. In 
addition to product advancements, there are 
changes in the 2011 edition of the National Elec-
trical Code that have implications regarding 
how combiners are deployed in the field and 
what features these devices include. 

Here I consider these recent developments and address 
more basic questions, such as: What is a dc combiner? Where 
is it used? Why is it used? How is it used properly?  I also 
discuss product selection criteria, and the tables on pages 
48–54 include specifications for 148 combiner and recom-
biner boxes from 11 original equipment manufacturers.

Understanding PV Circuits 
Before discussing dc combiners in particular, it is necessary 
to briefly review PV circuits in general. As defined in the NEC, 
the photovoltaic source circuit is located “between modules 
and from modules to the common connection point(s) of the 
dc system.” This means that all conductors from the PV mod-
ule junction box to the point of common connection are PV 
source circuits. This includes the pigtail conductors that come 
attached to the PV module’s junction box. The photovoltaic 
output circuit, however, by definition includes all “conductors 
between the photovoltaic source circuit(s) and the inverter 
or dc utilization equipment.” This circuit typically includes all 
conductors between the common connection point in the PV 
source circuit and the inverter. The NEC defines the inverter 
input circuit as “the conductors between the inverter and the 
photovoltaic output circuits.” 

Larger grid-interactive PV systems with complex dc dis-
tribution networks have inverter input circuits in addition to 
PV output circuits and PV source circuits. It is also possible to 
have a PV system that uses only PV source circuits and does 
not have any PV output circuits. For example, in a PV system 
that uses string inverters with an integrated fused disconnect, 
the first common connection point is typically at the inverter 
input. In this case, the current-carrying conductors terminat-
ing at the inverter are the PV source circuits.

The basic definition of a common connection point is any-
where two or more PV circuits come together in parallel. 
Common connection points can occur at a number of places 
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in a PV system: in source circuits, in PV output circuits or in 
inverter input circuits. Wherever these common connection 
points occur, it is necessary to analyze the circuit to deter-
mine the available fault current.

Fault Analysis for Combined PV Circuits  
Where are all the sources of current in a PV system? It is a rare 
PV system where a fault on a conductor does not draw current 
from sources on both ends of the conductor. Therefore, just 
as your parents taught you to look both ways before crossing 
the road, you must look for possible sources of current from 
both directions on a conductor: the normal current and the 
reverse current. Reverse current, also called backfeed current, is 
the current that can flow through a conductor to a fault in the 
opposite direction of the normal current flow; this is usually 
the current that the conductor needs to be protected against. 

Single source circuit. In a PV system consisting of a single 
source circuit, where the conductor is connected to the PV 
string on one end and to the inverter on the other, a fault on 
the conductor has two possible sources of current, as shown 
in Diagram 1. One source is the maximum PV source-circuit 
current, which NEC Article 690.8(A)(1) defines as the short-
circuit current multiplied by 125%. Therefore the fault current 
(IFAULT) at Point A in Diagram 1 is calculated as follows:

	 IFAULT		=	ISC		x	1.25
														=	8.19	x	1.25
														=	10.2

The conductor at Point A is already sized to carry the 
maximum circuit current. The other potential source is 
the inverter backfeed current, or I BACKFEED  at Point B. Most 
transformer-based inverters have zero backfeed current, 

which is assumed in Diagrams 1–3. 
Note, however, that some 

transformerless inverters may 
have backfeed current. If IBACKFEED 
is greater than the conductor 
rating, then either an overcur-
rent protection device (OCPD) is 
required at the inverter connec-
tion or the conductor has to be 
sized for the backfeed current. If  
IBACKFEED exceeds the module’s 
series fuse rating, then overcur-
rent protection is required regard-
less of how the conductors are 
sized. In this case, the OCPD is 
not required  c o n t i n u e d  o n  pa g e  3 6 

POINT IN 
CIRCUIT

AVAILABLE 
FAULT CURRENT

SOURCE OF 
FAULT CURRENT

A B

Fault

A B

10.2 A

Isc x 1.25

0 A

INVERTER 
BACKFEED

Single-string PV array with Isc of 8.19 A

Grid-tied inverter
with no utility backfeed

Diagram 1 	Analysis	of	fault	currents	in	a	PV	system	consisting	of	a	single	PV	source	
circuit.	As	long	as	the	inverter	is	incapable	of	backfeeding	fault	currents	from	the	utility,	
designers	can	utilize	the	Exception	to	690.9(A)	and	forego	overcurrent	protection.	
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POINT IN 
CIRCUIT

AVAILABLE 
FAULT CURRENT

SOURCE OF 
FAULT CURRENT

A B

Fault

A B

10.2 A

Isc x 1.25

10.2 A

POINTS C & D 

Short-circuit current per string = 8.19 A

Grid-tied inverter
with no utility backfeed

D

C

C D

10.2 A

Isc x 1.25

0 A

INVERTER 
BACKFEED

Diagram 2 	Analysis	of	fault	currents	in	a	PV	
system	consisting	of	two	PV	source	circuits.	As	
long	as	the	inverter	is	incapable	of	backfeeding,	
the	faulted	source-circuit	conductor	does	not	see	
more	current	than	it	is	designed	to	carry.
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in order to meet Article 110.3(B) of the NEC, which requires 
that equipment is “installed and used in accordance with any 
instructions included in the listing or labeling.”

 Two source circuits. If two PV source circuits are com-
bined at a common point and a fault occurs in a current-
carrying conductor, as shown in Diagram 2 (p. 34), then the 
fault current carried by the conductor to the fault from the 
PV string is once again the maximum circuit current (IMAX)
at Point A. At Point B, the available fault current through the 
common connection point is the sum of the current from 
points C and D:

	 IFAULT	=	IMAX	+	IBACKFEED

where IMAX  is equal to 1.25 x ISC. Assuming that IBACKFEED is 
zero, as it most often is, the conductor at Point B has to 
carry only IMAX for which it is already rated, and no OCPD 
is required.

Three source circuits. If three PV source circuits are com-
bined at a common point and a fault occurs in any of the 
strings, as shown in Diagram 3, then the fault current from 
the PV modules on the faulted string at Point A is the maxi-
mum circuit current (IMAX) as before. In this case, however, 
the fault current traveling in reverse from the common con-
nection point is two times the maximum circuit current plus 
the inverter backfeed current—up to 15 A, at which point the 
fuse would open. 

If there were no fuses, the fault current could be larger still:

	 IFAULT	=	(2	x	IMAX)	+	IBACKFEED	
	 	 =	(2	x	10.2	A)	+	0	A
	 	 =	20.4	A

As more strings are added, the difference between the 
fused and unfused currents increases. If the fault current 
is greater than the rated current of the conductor, then the 
designer has two choices: increase the size of the conductor 
so that it is rated to carry the fault current, or place an OCPD 
in each of the PV input circuits at the common connection 
point to limit the fault current that can travel back over the 
faulted conductor. Because the first option quickly becomes 
cost prohibitive, and PV modules require  c o n t i n u e d  o n  pa g e  3 8
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POINT IN 
CIRCUIT

FAULT CURRENT
WITH FUSE

SOURCE OF 
FAULT CURRENT

A B

Fault

A B

10.2 A

Isc x 1.25

UP TO 15 A

2 x POINT C,
& POINT D

Short-circuit current per string = 8.19 A Grid-tied inverter
with no utility backfeed

D

C D

10.2 A

Isc x 1.25

0 A

INVERTER 
BACKFEED

15 A

15 A

15 A
C

FAULT CURRENT
WITHOUT FUSE

10.2 A 20.4 A 10.2 A 0 A

Diagram 3 	Analysis	of	fault	currents	in	a	PV	sys-
tem	consisting	of	three	PV	source	circuits.	Once	
the	available	fault	current	exceeds	the	series	fuse	
rating	specified	by	the	manufacturer—15	amps,	in	
this	case—overcurrent	protection	is	required.

Designer’s choice 	To	reduce	conduit	fill,	three	MidNite	Solar	
MNPV6	combiners	are	used	at	this	Meridian	Solar	installation	to	
parallel	PV	source	circuits	on	the	roof.	This	is	an	alternative	to	
running	18	current-carrying	conductors	to	the	input	combiners	
located	at	the	three	downstream	SMA	SB	6000-US	inverters.
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series fuse protection, system designers 
commonly rely on dc combiners to pro-
vide a convenient place to locate OCPDs 
in ungrounded current-carrying conduc-
tors in PV circuits. This allows for the use 
of smaller conductors while protecting PV 
modules from fault current in excess of the 
module’s fault-current rating. 

With PV source circuits, it is always 
necessary to protect strings of modules 
according to the products’ series fuse rating. This ensures the 
integrity of the product in the event of a fault and mitigates 
fire hazard. In the absence of inverter backfeed, as shown in 
the previous examples, fault current in series strings is equal 
to the number of parallel-connected source circuits minus 1 
multiplied by 125% of the short-circuit current:

	 IFAULT	=	(n	–	1)	x	1.25	x	ISC

For more information on this topic, refer 
to the latest version of John Wiles’ Sandia 
Report, “Photovoltaic Power Systems and the 
National Electrical Code: Suggested Practices” 
(see Resources).

Types of DC Combiners  
In its most basic form, a dc combiner is a 
box in which several input conductors come 
together on a common bus; that common bus, 
meanwhile, has one output conductor. Many 
conductors go in, but only one larger conductor comes out. 
Normally dc combiners have provisions for an OCPD on 
each of the input conductors. They may also have an internal 
dc disconnect switch on the output conductor, surge protec-
tion devices, or contain monitoring equipment. 

DC combiner terminology. Depending on where a dc com-
biner is located in the PV power circuit, it can have many 
different names. If the dc combiner is located in a PV source 
circuit, it can be referred to as a combiner or combiner box, 
a  string combiner or a source-circuit combiner. If the dc com-
biner is located in the PV output circuit, it can be referred to 
as a recombiner, an array combiner or a subcombiner. When 
the dc combiner is part of an inverter, it may also be referred 
to as an input combiner. Because there is no industry stan-
dard for these terms, usage varies greatly. 

A dc combiner can be a stand-alone device or one that 
is integrated into another device, such as an inverter. In 
residential PV systems, dc combiners are most often found 
as part of the inverter and are used there to combine PV 
source circuits. In commercial systems, dc combiners are 
often used on the roof to combine PV source circuits as well 

as in inverters to recombine PV output circuits. In larger  
commercial and utility-scale systems, multiple levels of 
circuit combining often take place: PV source circuits are 
combined in the PV array; PV output circuits are combined 
between the PV array and the central inverter(s); and inverter 

Standard combiner  This	
Prominence	series	6-string	com-
biner	box	from	AMtec	Solar	has		
all	the	features	common	to	
standard	dc	combiners.	While	
the	labeling	assumes	a	negatively	
grounded	array,	the	installation	
manual	allows	for	positive	ground-
ing	with	the	same	product:	“To	
positively	ground	arrays,	route	the	
negative	conductors	to	the	fuse	
blocks	and	the	positive	conduc-
tors	to	the	busbar	without	fuses.”

With PV source circuits, it is always necessary to protect 

strings of modules according to the products’ series 

fuse rating. This ensures the integrity of the product in 

the event of a fault and mitigates fire hazard.

Combiner for ungrounded arrays 	Transformerless	invert-
ers,	such	as	the	new	TL	series	from	SMA,	operate	with	an	
ungrounded	array.	Because	both	current-carrying	conductors	
are	ungrounded,	both	require	overcurrent	protection	per	Article	
690.35.	This	6-circuit	Sunny	Boy	Combiner	Box	ships	standard	
with	SMA	TL	inverters	and	includes	12	touch-safe	fuse	holders:	
six	for	the	PV	positive	input	and	six	for	the	PV	negative.
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input circuits are combined at the dc input busses 
to the inverter. 

DC combiner functions. No matter where they are 
located or what they are called, all dc combiners 
perform a similar function. The general purpose is 
to provide a location for overcurrent protection. 
Wherever multiple PV circuit conductors need to 
be connected to a common point, dc combiners 
can provide a convenient location for required 
OCPDs, such as fuses. 

String combiners also provide a transition 
point for the more expensive PV source-circuit 
conductor, typically PV Wire or USE-2, to be 
changed to the less expensive conductor that is 
used in conduit in the PV output circuit, typically 
THWN-2. However, it is worth noting that where 
string combiners are inverter integrated or located 
at a distance from the PV array, a transition box can also be 
used for the simple purpose of transitioning between con-
ductor types and environments. A transition box, or junction 
box, is distinct from a combiner in that it does not combine 
inputs on a common bus and it has the same number of con-
ductors entering the box as leaving the box.

STandard dC CoMBinErS
A standard dc combiner on a negative-ground PV system 
has the following attributes:

= Positive bus
= Negative bus
= Ground bus

Manual discon-
nect combiner 	
This	16-circuit	
SunLink	HomeRun	
Solar	Combiner	
Box,	formerly	of	
Blue	Oak	PV	Prod-
ucts,	includes	a	
manually	operable	
load-break–rated	
rotary	disconnect.
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= Multiple input terminals that accept a range of 
 conductor sizes 

= One set of output terminals that accepts a range 
 of conductor sizes and may allow parallel conductors

= OCPDs on each input to the positive bus
= NEMA-rated enclosure
= Provisions for mounting combiner to a support 

 structure
= Design and construction for at least a 25-year life 

On a positive-ground PV system, the OCPDs are located 
on the negative inputs. On an ungrounded PV system, the 
OCPDs are located on both the positive and negative inputs.

CoMBinErS WiTH inTEgraTEd diSConnECTS 
The integrated dc disconnect switch is a recent addition to 
dc combiners. The dc disconnect, typically a 600 Vdc-rated 
rotary switch, is installed in the output conductor of the dc 
combiner, allowing it to be de-energized. This means that 
even with the disconnect open, the components inside the 
dc combiner are energized any time the PV modules are pro-
ducing voltage. The dc disconnect only isolates the device 
from the output conductor.

Putting a disconnect in a source-circuit combiner allows 
the dc side of the PV system to be isolated closer to the mod-
ules than would otherwise be possible with a dc disconnect 
at the inverter. If there is a fault in the PV output circuit, the 
first people to notice it are probably not going to be electri-
cians or persons trained in PV system operation. The initial 
responders will likely be homeowners, business manag-
ers, firefighters or others who will not be qualified to open 
a combiner box and start pulling fuses to isolate the fault. 
However, they will be looking for and willing to operate a 
disconnect switch. This safety feature is especially impor-
tant for roof-mounted PV arrays where the fault may pose a 
threat to the building and its occupants.

There are two types of integrated disconnects commonly 
found on dc combiners: manual disconnects and contactor 
disconnects. The former are generally manually operated at 
the device; the latter are specifically designed to allow for 
remote actuation. 

Combiners with manual disconnects. The dc disconnect is 
operated by a handle on the exterior of the dc combiner. It 
is interlocked with the dc combiner door so that to open the 
door the disconnect must be open. This action can usually be 
bypassed with a tool that allows the door to be opened when 
the dc disconnect is closed. This is useful during maintenance 
and testing to access the input conductors to measure the cur-
rent on each one.

Combiners with contactor disconnects. The newest addi-
tion to dc combiners is the addition of an electrically actu-
ated contactor dc disconnect to the dc combiner. Using this  
provides several new options, including remote manual con-
trol, remote control by another control system and actua-
tion on ac power loss. The two most likely uses for these 
devices are remote shutdown by first responders in the 
case of an emergency and automatic shutdown on loss of ac 
power to the inverter. These devices are usually located on 
roof-mounted PV arrays. The ease of isolating the PV output 
circuits in the case of fire or other emergency and the auto-
matic isolation in the case of ac power loss are attractive to 
building owners and fire departments.  c o n t i n u e d  o n  pa g e  4 2

Contactor 
combiner 	
Products	with	
electrically	actu-
ated	contactors,	
like	this	8-circuit		
SolarBOS		
combiner,	can	
be	remotely	
disconnected	
under	load,	
either	manually	
or	automatically.
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Recombiner 	
Downstream	of	
source-circuit	
combiners,	PV	
circuits	can	be	
combined	again		
using	prod-
ucts	like	this	
Equinox	2000	
recombiner	from	
AMtec	Solar.	
This	particular	
configuration	
includes	zone-
level	monitor-
ing	for	the	PV	
output	circuits.	
This	type	of	dc	
combiner	may	
also	be	referred	
to	as	an	array	
or	subarray	
combiner.
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rECoMBinErS 
Combiners in the PV output circuits are called recombiners, 
subcombiners, or array combiners. Recombiners are specified 
using the same design calculations as all other dc combin-
ers. However, the fault analysis is done for the array con-
ductors—those making up the PV output or inverter input 
circuits. Recombiners can be located anywhere in the PV 
output circuit after the initial com-
bining of the PV strings; they can be 
stand-alone devices or integrated 
into the inverter as part of the dc 
input stage. 

Recombiners differ from source-
circuit combiners only in that they 
are designed to handle larger cur-
rents. While dc combiners in the PV 
source circuits are designed for up 
to about 20 A per input, recombin-
ers can have inputs of up to 250 A 
or more. Since recombiners are 
designed for higher currents, they 
usually do not have touch-safe fuse 
holders. Instead, they generally 
include exposed sockets that fuses 
are fit into, and both sockets can be 
energized by the PV array. Conse-
quently, it is necessary to provide a 

way to isolate the inputs from the PV array so that 
the fuses can be serviced safely.

Servicing. When nontouch-safe fuses are being 
changed, the worker is exposed to potentially 
energized components. It is therefore important 
to isolate both sides of the fuse before servicing it. 
This can be accomplished by providing dc discon-
nects on all the input conductors into the recom-
biner and making provisions for disconnecting any 
sources that may be able to backfeed power into 
the output conductor. Article 690.16(B) of NEC 
2011 requires dc disconnects within line of sight of 
these fuses. In the future, dc combiner manufac-

turers may include some type of dc disconnect in the input 
of the combiner—or they may switch from fuses to circuit 
breakers—to satisfy this requirement. Until then, a set of dc 
disconnects next to the recombiner can be used for isola-
tion. A dc disconnect solely on the output of a recombiner, 
which is available now, does not satisfy the requirement to 
isolate the fuses for service.

Application. To reduce the number 
of conductors in the run, recombin-
ers are typically used between the PV 
array and the input circuit to a cen-
tral inverter. For example, a PV array 
with 1,000 source circuits can be con-
nected to a single central inverter by 
combining in stages. Six-input string 
combiners can be used to reduce 
1,000 source circuits to 167 PV output 
circuits. If a 12-input recombiner is 
used, then 167 PV output circuits can 
be reduced to 14 inverter input cir-
cuits, which can be combined at the 
inverter input combiner. 

If you do the analysis in reverse, 
you will find that there are 168 
inputs available on the 14 recombin-
ers (14 x 12 = 168), but only 167 string 
combiners. Therefore, one of the 
recombiners uses 11 of the 12 inputs. 
Looking at the string combiners, you 
have 1,002 inputs to the string com-
biners (167 x 6 = 1,002), meaning that 
only four of the six inputs are used in 
one of the string combiners. 

Since dc combiners are custom 
made, for this example you might be 
tempted to order one of the string 
combiners as a four-input combiner 
and one of the recombiners as an 
11-input recombiner. In practice, 

recombiners differ from source-circuit combin-

ers only in that they are designed to handle larger 

currents. While dc combiners in the PV source 

circuits are designed for up to about 20 a per 

input, recombiners can have inputs of up to  

250 a or more. 

Inverter input combiner 	This	dc	
combiner	is	on	the	input	of	a	larger	
Solectria	Renewables	SmartGrid.	
Solectria	SGI	225,	266,	300	and	500	
inverters	provide	designers	with	a	
multitude	of	input	configurations:	6–24	
fuses	rated	between	70	and	350	A	
each.	In	this	case,	twelve	175	A	fused	
inputs	are	provided,	three	of	which	are	
marked	as	holding	spare	fuses.	 c
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however, it can be difficult to track the odd combiners  
in the field and make sure they are installed where needed. 
The small price differential rarely makes up for the  
added complexity.

inVErTEr inTEgraTEd CoMBinErS 
DC combiners are also found as part of the dc input stage of 
an inverter. For string inverters, these are the equivalent of 
source-circuit combiners. For larger central inverters, these 
are the equivalent of recombiners.

Servicing. While most inverters now come with a dc 
disconnect built in, this disconnect is located after the dc 
input combiner. Opening the dc disconnect isolates the 
inverter for servicing, but the input combiner fuses are 
still energized. Unfortunately, few designers have provided 
dc disconnects to address this problem on larger projects. 
Since it is necessary to disconnect the conductor feeding 
the fuse to be serviced, as well as all of the inputs feeding 
the common bus that the fuse is connected to, this leaves 
it up to the person servicing the inverter to open dozens 
or possibly hundreds of dc combiner box fuses in order to 
isolate the inverter input fuses in the inverter. If just one of 
the inputs is overlooked, all of the fuses will be energized at 
the PV array voltage. 

Having disconnecting combiners can help in this situa-
tion, but only if these are grouped reasonably close together. 
If the dc combiners are spread throughout a large array, then 
missing even one disconnect leaves all the com-
monly connected equipment energized at the 
array voltage. This is another instance where 
Article 690.16(B) of NEC 2011 requires that dc 
disconnecting means be located within line of 
sight of the fuses on the PV output circuit. DC 
disconnects that are provided within the array 
field specifically for the purpose of making O&M 
procedures safer and less disruptive, by splitting 
the array into smaller segments, are sometimes 
referred to as segmenting disconnects. Because 
segmenting disconnects improve safety for 
service personnel, designers may want to start 
implementing this design standard before the 
new Code cycle takes effect.

Configuring. Inverter manufacturers provide 
a variety of configuration options for their dc 
input combiners. At one end of the range are 
combinations with a set number of inputs at a 
single fuse rating—such as six inputs, each with 
200 A fuses. Configuration options at the other 
end of the range might allow for any number 
of inputs, up to a published maximum, with 
any fuse values, up to a maximum sum for the 
fuses—such as a maximum of 12 inputs with a 

fuse total of 1,500 A or less, perhaps consisting of six 100 A 
fuses and six 150 A fuses. 

Because system design is restricted by the available input 
combiner configurations, it is important to verify the configu-
ration options for a particular inverter before specifying it as 
part of a design. This ensures that all of your design criteria 
can be met.

General Application Considerations 
The specification tables for combiners and recombin-
ers included with this article are useful starting points for 
designers looking to identify products that meet specific 
needs. These tables are also available online in an Excel file 
format (see Web Exclusive). In addition to the basic dc com-
biner configurations detailed in the tables, most manufac-
turers offer other features, such as integrated disconnects or 
monitoring options. For this reason, it is advisable to visit 
the manufacturers’ websites for a more complete overview 
of their product offerings. 

Product datasheets and manuals. Designing with dc 
combiners requires knowing all the parameters that are 
needed to integrate the product into a design. This includes 
the following:

= Number of inputs
= Maximum OCPD size

Specification and ordering 	The	configurator	tool	embedded	in	the	
product	pages	of	the	SolarBOS	website	not	only	expedites	dc	combiner	
specification,	but	it	also	links	automatically	to	an	online	quote	builder.
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= Temperature rating of both the input and output 
 terminals

= Conductor size range on the input terminals
= Conductor size range on the output terminals
= Provisions for parallel conductors
= Total ampere rating
= Voltage rating
= Enclosure NEMA rating (3R, 4, 4X and so on)
= Enclosure material (steel, stainless steel, fiberglass 

 and so on)
= Product listing and listing agency
= Mounting requirements

Some of this information is included in the product data-
sheet, but some is found only in the installation manual. 
Datasheets are usually available from a manufacturer’s web-
site, but the manual often has to be requested. 

Product specification and ordering. Many dc combiners 
are being custom-built. Unless a distributer stocks some 
common sizes, the turnaround time can be several weeks 
or more. Ordering usually requires specifying the following 
characteristics:

= The number of inputs
= Total ampere rating
= Fuse rating 
= Enclosure material and NEMA rating

The electrical design and fault analysis determine the first 
three characteristics. Specifics regarding location of 
the physical installation and the desired mounting 
method determine the proper enclosure material and 
NEMA rating. 

In addition to product cutsheets, some manufac-
turers offer configurator tools that assist designers 
and integrators with the process of specifying and 
ordering their dc combiners. For example, Bentek 
Solar has a configurator tool, an interactive PDF, 
that can be requested on its website and used to get 
quotes. SolarBOS, meanwhile, has integrated config-
urator and quote-builder tools on its website.

When sending in a request for quotation (RFQ) for 
dc combiners, integrators are often better off ordering 
standard product offerings rather than custom con-
figurations. Tom Willis, sales manager at AMtec Solar, 
explains: “The solar industry needs to standardize 
string counts. Too many times we receive RFQs for 9-, 
11-, 17-, or even 23-string combiner boxes. Standard-
ization would reduce cost and lead times.”

DC combiner listing requirements. Starting with 
the 2008 NEC, Article 690.4(D) specifically requires 
“source-circuit combiners” to be listed and identified 

for the application. While this Article calls out source-circuit 
combiners, AHJs often interpret it as meaning that all dc 
combiners have to be listed, even if they are not in the source 
circuit. Fortunately, there are far more listed dc combiners 
available today than there were just a couple of years ago, as 
illustrated in the accompanying tables.

To be identified according to NEC Article 100, a device has to 
be “recognizable as suitable for the specific purpose, function, 
use, environment, application, and so forth, where described 
in a particular Code requirement.” This recognition is usually 
accomplished by having the appropriate product listing, in 
this case UL 1741. (In the past, some dc combiners were incor-
rectly listed under UL 508, the standard for industrial controls, 
but they should now all be listed under UL 1741.) To be listed,  
a dc combiner must have been tested by a nationally recog-
nized testing laboratory (NRTL) that has been recognized by 
OSHA to certify to the UL 1741 test—such as UL, ETL, CSA or 
TUV—and have received its mark.  c o n t i n u e d  o n  pa g e  4 6

NEMA categories 	According	to	the	UL	White Book,	products	carry-
ing	a	NEMA	4	marking,	like	this	Solectria	combiner,	provide	a	degree	
of	protection	against	“outdoor	use,	splashing	water,	windblown	dust,	
hose-directed	water”	and	will	be	“undamaged	by	the	formation	of	ice	
on	the	enclosure.”
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Because segmenting disconnects 

improve safety for service personnel, 

designers may want to start imple-

menting this design standard before 

the new Code cycle takes effect. 
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Be aware, however, that devices can 
have a listing mark from an interna-
tional NRTL such as CSA or TUV and 
still not be listed to the UL 1741 stan-
dard. For instance, a 1,000 Vdc com-
biner with a CSA mark that is listed to 
a Canadian standard is not the same as 
a device with a CSA mark listed to UL 
1741 for the US market, though both 
have the CSA mark applied. 

The local AHJ has final say on what 
products are ultimately acceptable. 
However, as described in a clarifying 
comment in the NEC Handbook, “list-
ing and labeling by a qualified test-
ing laboratory provides a basis for 
approval.” A complete listing of NRTLs 
and the standards they are recognized 
to test and list to can be found on the 
OSHA website (see Resources). 

W hen choosing the exact location and mounting 
method for a combiner box, you should care-
fully consider the conduit entry into the combiner 

enclosure. often there are multiple small conduits carrying 
pV source-circuit conductors into the combiner and at least 
one large conduit for pV output-circuit conductors leaving the 
combiner. depending on the mounting location and orienta-
tion of the enclosure, it can be challenging to install all of 
these conduits while maintaining a weather-resistant enclo-
sure and ensuring the required working clearance in front of 
the enclosure. planning ahead before settling on a final loca-
tion makes all the difference.  

grid-tied pV source and output circuits usually fall under 
NEC article 250.97, which requires that metallic raceways 
containing circuits over 250 V to ground be bonded. Since 
outdoor, uV-exposed pVc conduit is not recommended 
for long-lasting pV installations, the raceways (conduits) 
terminating at the combiner box are generally metallic and 
therefore need to be bonded. in metallic combiner box 
enclosures, bonding may be as simple as correctly sizing the 
knockout and terminating the conduit with a listed eMt con-
nector, as allowed per article 250.97, exception 4. However, 
in fiberglass combiner enclosures, an extra step is required 

to ensure that the conduit is properly bonded. the cleanest 
way to accomplish this is typically with an appropriately sized 
equipment-grounding conductor attached to the lug on a 
grounding bushing installed on the termination of the raceway 
inside the enclosure. the grounding bushing is also required 
in metallic combiner boxes if knockouts are oversized, eccen-
tric or otherwise do not meet the criteria of exception 4. 

especially when neMa 4X combiner enclosures are 
mounted flat on a roof with the door opening upward, it can 
be challenging to terminate conduits into the enclosure below 
the level of the terminals inside the combiner. Most often, 
the combiner box has a backplate on which the combining 
components are mounted. this backplate effectively prevents 
conduit entry into the back of the enclosure, leaving only the 
sides of the enclosure for conduit entry. these conduit entry 
points need to be made with appropriate, listed hubs—such 
as Myers hubs—to maintain the neMa rating and to keep 
water from entering the box at the conduit entry point and 
travelling along the conductors into the terminals. Further, the 
hubs used must have provision for bonding, usually a ground-
ing screw on the sealing locknut. this feature is not available 
on standard sealing conduit hubs, so the grounding version 
of the product must be specified and ordered.

Combiner Mounting and Conduit Entry
By Blake Gleason, PE

Ideal mounting location 	It	is	ideal	to	mount	combiners	on	the	north	side	of	a	
mechanical	penthouse,	elevator	shaft	or	stairwell,	as	shown	here.	Both	the	thermally	
activated	OCPDs	and	the	service	technician—Blake	Gleason,	director	of	engineering	
at	Sun	Light	&	Power	(see	“Combiner	Mounting	and	Conduit	Entry”)—are	located	in	
the	shade,	even	though	the	array	is	in	full	sun.
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Besides planning for conduit entry, 
there are several other considerations for 
mounting locations for combiner boxes. 
enclosures that contain overcurrent 
protection devices should be kept away 
from direct sunlight and hot locations. 
on rooftop systems, acceptable shaded 
outdoor mounting locations include the 
north-facing side of a penthouse struc-
ture, a tall north-facing parapet and the 
north-facing backside of a tall pV array 
rack. However, if parapets or arrays are 
only a few feet tall, the combiner box 
ends up too close to the roof, which 
invites both conduit entry and heat problems. 

Required working clearances from article 110.26 must be 
available in front of the proposed combiner box location. the 
box may be up to 12 inches deep, and the required working 
clearance will usually be 42 or 48 inches, so it is good to have 
at least 5 feet of clear space in front of the wall or other pro-
posed mounting location. a common mistake is to locate large 
conduit stubs through the roof directly in front of the combiner 
box location, right in the middle of the required working clear-
ance for the equipment.  

Finally, choose the location of the combiner box or boxes, if 
possible, to minimize both the cost of and the wiring losses in 
the pV source and output circuits, and their respective conduit 

systems. as a 
rule, this criteria 
points to keep-
ing the combiner 
boxes as close as 
is practical to the 
arrays feeding the 
boxes, thus minimizing the length of the pV source circuits and 
allowing any long distances to be covered by the pV output 
circuit conductors and conduit. on rooftop systems, this rule of 
thumb becomes especially true if the pV output circuit can be 
located inside the building, away from the high temperatures of 
the roof. this location allows the pV output circuit conductors 
to be smaller, because the temperature derating is reduced. {

NEMA ratings. Ratings from the National Electrical Equip-
ment Manufacturers Association (NEMA) are described in the 
UL White Book under “Electrical Equipment for Use in Ordinary 
Locations (AALZ)” (see Resources). In general, dc combiners 
come in NEMA 3, 3R, 4 and 4X enclosures. NEMA ratings can 
require that the dc combiner be mounted in a particular orien-
tation. Not having the properly rated enclosure can cause prob-
lems when a design calls for a dc combiner to be mounted at 
an odd angle off of vertical or flat on a roof with the door facing 
up. In these cases, NEMA 4 and 4X enclosures may need to be 
specified to increase the available mounting options.

Mounting location. When determining the mounting loca-
tion for dc combiners, consider Code requirements, acces-
sibility and the thermal environment. As with any electrical 
device, dc combiners need to be mounted in compliance 
with NEC Article 110.26 if they are used in systems operating 
at 600 V or less. If the system operates at potentially greater 
than 600 V, as is increasingly the case on larger PV systems, 
refer to Article 110.32 and other requirements found in  
Section III of Article 110.  c o n t i n u e d  o n  pa g e  5 6 
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Spare fuses 	It	is	always	worth	providing	several	spare	fuses	
for	future	use,	especially	on	larger	projects.	Some	dc	combin-
ers,	like	this	one	from	AMtec	Solar,	include	dedicated	storage	
space	for	spare	fuses	(see	bottom	right	corner	of	door)	as	an	
option.	Just	remember	to	replace	the	fuses	as	they	are	used.
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Plan ahead 	When	weighing	pos-
sible	combiner	mounting	locations,	
consider	how	conduit	enters	the	
enclosure	while	maintaining	the	en-
closure’s	NEMA	rating	and	the	NEC	
required	working	clearance.	Notice	
how	the	PV	output	conductors	at	this	
Sun	Light	&	Power	installation	(and	
the	one	on	p.	46)	are	quickly	routed	
off	the	roof	to	reduce	the	impact	of	
temperature	correction	factors.
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2011 PV Source-Circuit Combiner Specifications

DC Combiners

PV Source Circuits PV Output Circuit(s)

Manufacturer Model Max Vdc
# of input 
circuits

Max OCPD 
rating (A)1

Wire range 
(AWG  

or kcmil)

Cont. 
current 

rating (A)

Wire range 
(AWG or 
kcmil)

# of output 
conductors

Integrated 
disconnect, 
ampacity (A) Monitoring

Enclosure options
(NEMA rating / material)

Listing 
agency

AMtec Solar PR-6R 600 6 30 14–8 90 14–4 1 no no 4, 4X / steel, FG ETL

AMtec Solar PR-6 1,000 6 30 14–8 120 6–3/0 1 no no 4, 4X / steel, SS, FG ETL

AMtec Solar PR-12 1,000 12 30 14–8 180 6–350 1 no no 4, 4X / steel, SS, FG ETL

AMtec Solar PR-24 1,000 24 30 14–8 360 6–350 2 no no 4, 4X / steel, SS, FG ETL

AMtec Solar PR-36 1,000 36 30 14–8 540 6–350 2 no no 4, 4X / steel, SS, FG ETL

AMtec Solar PR-52 1,000 52 30 14–8 780 2–600 2 no no 4, 4X / steel, SS, FG ETL

AMtec Solar PR-8-100 600 8 30 14–8 100 6–350 1 yes, 100 no 3R, 4, 4X / steel, SS, FG ETL

AMtec Solar PR-12-200 600 12 30 14–8 200 6–350 1 yes, 200 no 3R, 4, 4X / steel, SS, FG ETL

AMtec Solar PR-16-200 600 16 30 14–8 200 6–350 1 yes, 200 no 3R, 4, 4X / steel, SS, FG ETL

AMtec Solar PR-24-200 600 24 30 14–8 200 6–350 1 yes, 200 no 4, 4X / steel, SS, FG ETL

AMtec Solar PR-8M-100 600 8 30 14–8 100 6–350 1 yes, 100 yes 3R, 4, 4X / steel, SS, FG ETL

AMtec Solar PR-8M 600 8 30 14–8 160 6–350 1 no yes 4, 4X / steel, SS, FG ETL

AMtec Solar PR-16M-200 600 16 30 14–8 200 6–350 1 yes, 200 yes 4, 4X / steel, SS, FG ETL

AMtec Solar PR-16M 600 16 30 14–8 320 6–350 2 no yes 4, 4X / steel, SS, FG ETL

AMtec Solar PR-24M 600 24 30 14–8 360 6–350 2 no yes 4, 4X / steel, SS, FG ETL

AMtec Solar PR-32M 600 32 30 14–8 640 6–350 2 no yes 4, 4X / steel, SS, FG ETL

Bentek Solar BTK610-06yy 600 / 1,000 6 30 14–8 75 10–1/0 1 or 2 no no 3R, 4, 4X / steel, SS, FG ETL

Bentek Solar BTK610-12yy 600 / 1,000 12 30 14–8 175 6–350 1 or 2 no no 3R, 4, 4X / steel, SS, FG ETL

Bentek Solar BTK610-16yy 600 / 1,000 16 30 14–8 200 6–350 1 or 2 no no 3R, 4, 4X / steel, SS, FG ETL

Bentek Solar BTK610-24yy 600 / 1,000 24 30 14–8 400 6–350 1 or 2 no no 3R, 4, 4X / steel, SS, FG ETL

Bentek Solar BTK610-42yy 600 / 1,000 42 30 14–8 400 6–350 1 or 2 no no 3R, 4, 4X / steel, SS, FG ETL

Bentek Solar BTK6-06yy-D55 600 / 1,000 6 30 14–8 55 10–1/0 1 or 2 yes, 55 no 3R, 4, 4X / steel, SS, FG ETL

Bentek Solar BTK6-16yy-D100 600 / 1,000 16 30 14–8 100 6–350 1 or 2 yes, 100 no 3R, 4, 4X / steel, SS, FG ETL

Bentek Solar BTK6-24yy-D200 600 / 1,000 24 30 14–8 200 6–350 1 or 2 yes, 200 no 3R, 4, 4X / steel, SS, FG ETL

Bentek Solar BTK6-36yy-D400 600 / 1,000 36 30 14–8 400 6–350 1 or 2 yes, 400 no 3R, 4, 4X / steel, SS, FG ETL

Bentek Solar BTK610-11yy-S 600 / 1,000 11 30 14–8 150 6–350 1 or 2 no yes 3R, 4, 4X / steel, SS, FG ETL

Bentek Solar BTK610-15yy-S 600 / 1,000 15 30 14–8 150 6–350 1 or 2 no yes 3R, 4, 4X / steel, SS, FG ETL

Bentek Solar BTK610-24yy-S 600 / 1,000 24 30 14–8 400 6–350 1 or 2 no yes 3R, 4, 4X / steel, SS, FG ETL

Bentek Solar BTK610-30yy-S 600 / 1,000 30 30 14–8 400 6–350 1 or 2 no yes 3R, 4, 4X / steel, SS, FG ETL

Fronius USA SC 250/252 600 25 20 12–8 250 350 (lug) 2 no yes 3R / aluminum CSA

MidNite Solar MNPV3 (LV) 150 3 634 14–6 60 14–1/0 1 no no 3R / aluminum ETL

MidNite Solar MNPV3 (HV) 600 2 30 14–6 60 14–1/0 1 no no 3R / aluminum ETL

MidNite Solar MNPV6 (LV)3 150 6 634 14–6 120 14–1/0 2 no no 3R / aluminum ETL

MidNite Solar MNPV6 (HV)3 600 4 30 14–6 80 14–1/0 2 no no 3R / aluminum ETL

MidNite Solar MNPV6-250 300 3 635 14–6 120 14–1/0 1 no no 3R / aluminum ETL

MidNite Solar MNPV12 (LV)3 150 12 634 14–6 200 14–2/0 2 no no 3R / aluminum ETL

MidNite Solar MNPV12 (HV)3 600 10 30 14–6 200 14–2/0 2 no no 3R / aluminum ETL

MidNite Solar MNPV12-250 3 300 6 635 14–6 168 14–2/0 2 no no 3R / aluminum ETL

MidNite Solar MNPV16 (HV) 600 16 30 14–6 240 14–250 1 no no 3R / aluminum ETL

MidNite Solar MNPV16-250 300 12 635 14–6 240 14–2/0 1 no no 3R / aluminum ETL

MidNite Solar MNPV16-24 150 24 634 14–6 240 14–250 1 no no 3R / aluminum ETL

MidNite Solar MNPV2-HVPR6 600 2 30 14–6 60 14–1/0 1 no no 3R / aluminum ETL

Footnote Key
1 Designer to confirm # of input circuits vs. specified OCPD
  rating vs. combiner continuous current rating
2 For use with Fronius CL inverter only
3 Can be configured for two independent input/output circuits
4 150 Vdc circuit breaker

5 300 Vdc circuit breaker 
6 Prewired
7 8 when used with 150 Vdc breakers 
8 12 when used with 150 Vdc breakers
9 For use with SMA Sunny Central inverter only

10 Integrated contactor
11 1/0–250 for dual output conductor option
Enclosure material: SS=stainless steel, FG=fiberglass
DNR–did not report



What makes a 
PV module exceptional?

It has to outperform its competition. It has to generate high yields, 
generate them reliably and continue to generate them for years. 
Conergy’s PowerPlus does just that. The Conergy PowerPlus series 
of PV modules ensures you get maximum return on your investment. 

Across the globe, one in every ten modules is manufactured, sold or 
installed by Conergy. We hold ourselves and our products to the highest 
standards. That is why Conergy is the global leader in PV systems.

Watch a video of Conergy PowerPlus 
state-of-the-art manufacturing: 

www.conergy.us/powerplus-production.aspx
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Now available
    in theU.S.

www.conergy.us
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2011 PV Source-Circuit Combiner Specifications
PV Source Circuits PV Output Circuit(s)

Manufacturer Model Max Vdc
# of input 
circuits

Max OCPD 
rating (A)1

Wire range 
(AWG  

or kcmil)

Cont. 
current 

rating (A)

Wire range 
(AWG or 
kcmil)

# of output 
conductors

Integrated 
disconnect, 
ampacity (A) Monitoring

Enclosure options
(NEMA rating / material)

Listing 
agency

MidNite Solar MNPV4-HVPR6 600 4 30 14–6 80 14–1/0 2 no no 3R / aluminum ETL

MidNite Solar MNPV6-HVPR6 600 6 30 14–6 200 14–2/0 2 no no 3R / aluminum ETL

OutBack Power FWPV-8 600 67 30 14–10 120 14–2/0 1 no no 3R /  aluminum ETL

OutBack Power FWPV-123 600 88 30 14–10 180 14–2/0 2 no no 3R /  aluminum ETL

Shoals STG.CBR.3 600 3 30 14–6 29 14–2 1 no no 4X / polycarbonate UL

Shoals STG.CBRH.3 600 3 30 14–6 58 6–250 1 no no 4X / polycarbonate UL

Shoals STG.CBR.6 600 6 30 14–6 47 14–2 1 no no 4X / polycarbonate UL

Shoals STG.CBRH.6 600 6 30 14–6 116 6–250 1 no no 4X / polycarbonate UL

Shoals STG.CBR.12 600 12 30 14–6 47 6–250 1 no no 4X / polycarbonate UL

Shoals STG.CBRH.12 600 12 30 14–6 154 6–250 1 no no 4X / polycarbonate UL

Shoals STG.CBC.16 600 / 1,000 16 30 14–6 205 6–350 2 option, 250 option 4X / polycarbonate UL

Shoals STG.CBC.24 600 / 1,000 24 30 14–6 231 6–350 2 option, 250 option 4X / polycarbonate UL

Shoals STG.CBC.32 600 32 30 14–6 370 6–500 1 option, 400 option 4X / polycarbonate UL

SMA America SBCB-6 600 6 15 10–6 72 6–350 1 no no 3R/4 / steel ETL

SMA America SCCB-12 600 12 20 10–6 192 6–350 2 no no 3R/4 / steel ETL

SMA America SCCB-28 600 28 15 10–6 336 6–350 2 no no 3R/4 / steel ETL

SMA America SCCB-52 600 52 8 10–6 333 6–350 2 no no 3R/4 / steel ETL

SMA America SCSM-US 249 600 24 20 10–8 308 6–350 2 no yes 3R / steel, SS UL

SMA America SCSM-US 329 600 32 15 10–8 308 6–350 2 no yes 3R / steel, SS UL

SMA America SCSM-US 649 600 64 8 10–8 328 6–350 2 no yes 3R / steel, SS UL

SolarBOS CS-4 thru CS-12 600 4–12 30 16–4 310 6–350 1 no no 3, 3R, 4, 4X / steel, FG ETL

SolarBOS CS-14 thru CS-18 600 14–18 30 16–4 400 6–350 1 or 2 no no 3, 3R, 4, 4X / steel, FG ETL

SolarBOS CS-20 thru CS-36 600 20–36 30 16–4 400 6–350 1 or 2 no no 3, 3R, 4, 4X / steel, FG ETL

SolarBOS CS-55 600 3–6 30 14–4 55 14–2/0 1 yes, 55 option 3, 3R, 4, 4X / steel, FG ETL

SolarBOS CS-100 600 4–24 30 14–4 100 6–350 1 yes, 100 option 3, 3R, 4, 4X / steel, FG ETL

SolarBOS CSK-100 1,000 4–24 30 14–4 100 6–350 1 yes, 100 option 3, 3R, 4, 4X / steel, FG N/A

SolarBOS CS-150 600 6–24 30 14–4 150 6–350 1 yes, 150 option 3, 3R, 4, 4X / steel, FG ETL

SolarBOS CS-200 600 6–36 30 14–4 200 6–350 1 yes, 200 option 3, 3R, 4, 4X / steel, FG ETL

SolarBOS CSK-200 1,000 8–36 30 14-4 200 6-350 1 yes, 200 option 3, 3R, 4, 4X / steel, FG N/A

SolarBOS CS-245 600 8–36 30 14–4 245 6–350 1 yes, 245 option 3, 3R, 4, 4X / steel, FG ETL

SolarBOS CS200C10 600 4–24 30 16–4 200 6–350 1 yes, 20010 option 3, 3R, 4, 4X / steel, FG ETL

SolarBOS CSM1 600 / 1,000 8, 12, 16 30 16–4 310 6–350 1 or 2 no yes 3, 3R, 4, 4X / steel, FG ETL

SolarBOS CSM2 600 / 1,000 16, 32 30 16–4 400 6–350 1 or 2 no yes 3, 3R, 4, 4X / steel, FG ETL

SolarBOS CSM3 600 / 1,000 24 30 16–4 400 6–350 1 or 2 no yes 3, 3R, 4, 4X / steel, FG ETL

SolarBOS CSK-4 thru CSK-12 1,000 4–12 30 16–4 310 6–350 1 or 2 no no 3, 3R, 4, 4X / steel, FG ETL

SolarBOS CSK-14 thru CSK-36 1,000 14–36 30 16–4 400 6–350 1 or 2 no no 3, 3R, 4, 4X / steel, FG ETL

SolarBOS CS-4/4 thru CS-12/12 600 4–12 (x2) 30 16–4 310 6–350 1 or 2 no no 3, 3R, 4, 4X / steel, FG ETL

Solectria STRCOM 4X 600 4 20 12–8 48 4–250 1 no no 4, 4X / steel, SS ETL

Solectria STRCOM 6X 600 6 20 12–8 72 4–250 1 no no 4, 4X / steel, SS ETL

Footnote Key
1 Designer to confirm # of input circuits vs. specified OCPD
  rating vs. combiner continuous current rating
2 For use with Fronius CL inverter only
3 Can be configured for two independent input/output circuits
4 150 Vdc circuit breaker

5 300 Vdc circuit breaker 
6 Prewired
7 8 when used with 150 Vdc breakers 
8 12 when used with 150 Vdc breakers
9 For use with SMA Sunny Central inverter only

10 Integrated contactor
11 1/0–250 for dual output conductor option
Enclosure material: SS=stainless steel, FG=fiberglass
DNR–did not report

DC Combiners
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SolarMount Rail  106"     $65

SolarMount Rail PRO-PAK   x 8, 106"   $481

L-feet  Clear, x20   $85

Tilt Leg  30" Low Profile    $45

Top Mount End, Mid Clamps    x20   $44

SMA
Inverters

SB 8000US
8000 Watt Inverter
$4,085  $0.53/Watt

SB 5000US
5000 Watt Inverter
$3,230    $0.65/Watt

SB 3000US
3000 Watt Inverter
$1,995    $0.67/Watt

FRONIUS
Inverters

7.5 IG Plus
7500 Watt Inverter
$4,903  $0.66/Watt

IG Plus 6.0
6000 Watt Inverter
$4,239   $0.71/Watt

IG Plus 3.8
3800 Watt Inverter
$2,935   $0.78/Watt

ENPHASE
Micro-Inverters

M210-84-240-S12
for MC4 connection 
$200   $.95/Watt

M190-72-240-S12
for MC4 connection 
$183    $.96/Watt

M190-72-240-S13
for Schott Panels
$183  $..96/Watt

DESIGN

•  
of Knowledge

• 1,800+ products online
• Line Drawing Services
• Engineering Services
• Installation Support
• 

• Installation Experience  
from 1kW to 1MW 

• EE-98 & GB-98 Licenses
• Authors of Complete Idiots 

Guide to Solar Power for 
your Home

• 96% of calls answered 
within 3 rings

• 95% of orders ship  
within 48 hours

Pre-Engineered Kits
1 to 100kW

EXPERIENCE

SERVICE

KITS

Learn and buy online at  
, or call:

1.866.365.5115
7am – 6pm MST
4840 Pan American Frontage Rd N  |  Albuquerque, NM 87109  |  USA

SCHOTT
5.4kW  
Kit
ARRA 
APPROVED

$17,417
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CONERGY
235 Watt Panel

$2.60/Watt
$611.00 ea
(pallet pricing)

SANYO SOLAR
210 Watt Panel

Call for special pricing

SCHOTT SOLAR
230 Watt Panel

$2.47/Watt
$568.10 ea
(pallet pricing)

Meet Chris. 
NABCEP Certified Stud.

Ask about our 
volume pricing. 

As a NABCEP certified installer working in renewable
 energy for over 20 years, Chris has done it all. From owning

his own solar business to the aviation industry to Malcom Wells
underground house designs, he has the experience and knowledge

 to tackle just about any renewable energy question you might have.

He’s a jack of all trades, and a master of all of them.

http://www.affordable-solar.com
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2011 PV Source-Circuit Combiner Specifications
PV Source Circuits PV Output Circuit(s)

Manufacturer Model Max Vdc
# of input 
circuits

Max OCPD 
rating (A)1

Wire range 
(AWG  

or kcmil)

Cont. 
current 

rating (A)

Wire range 
(AWG or 
kcmil)

# of output 
conductors

Integrated 
disconnect, 
ampacity (A) Monitoring

Enclosure options
(NEMA rating / material)

Listing 
agency

Solectria STRCOM 8X 600 8 20 12–8 96 4–250 1 option, 100 no 4, 4X / steel, SS ETL

Solectria STRCOM 10X 600 10 20 12–8 120 4–250 1 no no 4, 4X / steel, SS ETL

Solectria STRCOM 12X 600 12 20 12–8 144 4–250 1 no no 4, 4X / steel, SS ETL

Solectria STRCOM 13X 600 13 20 12–8 156 4–40011 1 or 2 no no 4, 4X / steel, SS ETL

Solectria STRCOM 14X 600 14 20 12–8 168 4–40011 1 or 2 no no 4, 4X / steel, SS ETL

Solectria STRCOM 15X 600 15 20 12–8 180 4–40011 1 or 2 no no 4, 4X / steel, SS ETL

Solectria STRCOM 16X 600 16 20 12–8 192 4–40011 1 or 2 option, 200 no 4, 4X / steel, SS ETL

Solectria STRCOM 17X 600 17 20 12–8 204 4–40011 1 or 2 no no 4, 4X / steel, SS ETL

Solectria STRCOM 18X 600 18 20 12–8 216 4–40011 1 or 2 no no 4, 4X / steel, SS ETL

Solectria STRCOM 19X 600 19 20 12–8 228 4–40011 1 or 2 no no 4, 4X / steel, SS ETL

Solectria STRCOM 20X 600 20 20 12–8 240 4–40011 1 or 2 no no 4, 4X / steel, SS ETL

Solectria STRCOM 21X 600 21 20 12–8 252 4–40011 1 or 2 no no 4, 4X / steel, SS ETL

Solectria STRCOM 22X 600 22 20 12–8 264 4–40011 1 or 2 no no 4, 4X / steel, SS ETL

Solectria STRCOM 23X 600 23 20 12–8 276 4–40011 1 or 2 no no 4, 4X / steel, SS ETL

Solectria STRCOM 24X 600 24 20 12–8 288 4–40011 1 or 2 option, 400 no 4, 4X / steel, SS ETL

Solectria STRCOM 25X 600 25 15 12–8 300 4–40011 1 or 2 no no 4, 4X / steel, SS ETL

Solectria STRCOM 26X 600 26 15 12–8 312 4–40011 1 or 2 no no 4, 4X / steel, SS ETL

Solectria STRCOM 27X 600 27 15 12–8 324 4–40011 1 or 2 no no 4, 4X / steel, SS ETL

Solectria STRCOM 28X 600 28 15 12–8 336 4–40011 1 or 2 no no 4, 4X / steel, SS ETL

Solectria STRCOM 29X 600 29 15 12–8 340 4–40011 1 or 2 no no 4, 4X / steel, SS ETL

Solectria STRCOM 30X 600 30 15 12–8 340 4–40011 1 or 2 no no 4, 4X / steel, SS ETL

SunLink HCB4 600 4 20 14–6 50 14–1/0 1 no no 3R / aluminum UL

SunLink HCB8F 600 8 30 14–6 150 6–3/0 1 no no 4X / fiberglass UL

SunLink HCB8S 600 8 30 14–6 150 6–3/0 1 no no 4 / steel UL

SunLink HCB12F 600 12 30 14–6 200 6–350 1 no no 4X / fiberglass UL

SunLink HCB12S 600 12 30 14–6 200 6–350 1 no no 4 / steel UL

SunLink HCB8DS 600 8 30 14–6 100 6–300 1 yes, 100 no 4 / steel UL

SunLink HCB8DF 600 8 30 14–6 100 6–300 1 yes, 100 no 4X / fiberglass UL

SunLink HCB16DS 600 16 30 14–6 150 6–350 1 yes, 150 no 4 / steel UL

SunLink HCB16DF 600 16 30 14–6 150 6–350 1 yes, 150 no 4X / fiberglass UL

SunLink HCB24DS 600 24 30 14–6 150 6–350 1 yes, 150 no 4 / steel UL

Wieland 34.136.0002.0 600 8 15 10–8 175 14–2/0 1 no no 3R / steel ETL

Wieland 34.136.0002.1 600 8 15 10–8 150 14–2/0 1 yes, 150 no 3R / steel ETL

Wieland 34.136.0004.0 600 12 15 10–8 175 14–2/0 1 no no 3R / steel ETL

Wieland 34.136.0004.1 600 12 15 10–8 175 14–2/0 1 yes, 225 no 3R / steel ETL

Wieland 34.136.0005.0 600 24 15 10–8 310 6–350 1 no no 3R / steel ETL

Wieland 34.136.0005.1 600 24 15 10–8 310 6–350 1 yes, 400 no 3R / steel ETL

Wieland 34.136.0006.0 600 30 15 10–8 420 6–350 1 no no 3R / steel ETL

Wieland 34.136.0006.1 600 30 15 10–8 400 6–350 1 yes, 400 no 3R / steel ETL

Footnote Key
1 Designer to confirm # of input circuits vs. specified OCPD
  rating vs. combiner continuous current rating
2 For use with Fronius CL inverter only
3 Can be configured for two independent input/output circuits
4 150 Vdc circuit breaker

5 300 Vdc circuit breaker 
6 Prewired
7 8 when used with 150 Vdc breakers 
8 12 when used with 150 Vdc breakers
9 For use with SMA Sunny Central inverter only

10 Integrated contactor
11 1/0–250 for dual output conductor option
Enclosure material: SS=stainless steel, FG=fiberglass
DNR–did not report

DC Combiners



How will you remember when 
to check on your PV Powered inverter?

PVP260kW Commercial Inverter

 97% CEC Efficiency

 20-year Warranty

 Maximum Uptime

 Customizable

 Shortest lead time

 Made in 
  America

✓  

✓ 

✓

✓  

✓ 

✓

PV Powered inverters are so reliable they’re covered by the industry’s first standard 10-year nationwide warranty and our unrivaled optional 20-year 

extended commercial warranty.  The simplicity of our patented design, using fewer components, gives PV Powered’s inverters the reliability to 

deliver maximum uptime, even in North America’s extreme climates. Best in class CEC efficiency, front access and features for faster, easier 

installation and maintenance keep energy production up and cost of ownership down. It all adds up to a significantly higher return on your 

investment and reduced levelized cost of energy (LCOE) by cutting ¢/kWh today, tomorrow, and well into the future. For more information on PV 

Powered reliability, email info@pvpowered.com, visit pvpowered.com, or call 1-541-312-3832 Bend, 

Oregon.

                PVP 1MW PowerVault                         PVP260kW               PVP100kW              PVP75kW             PVP50kW              PVP35kW           PVP30kW 
     

COMMERCIAL 
INVERTERS 

AN COMPANY

www.pvpowered.com
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2011 PV Recombiner Specifications
PV Source Circuits PV Output Circuit(s)

Manufacturer Model
Max 
Vdc

# of 
input 

circuits

Max 
OCPD 
rating 
(A)1

Wire range 
(AWG  

or kcmil)
Cont. current 

rating (A)

Wire range 
(AWG or 
kcmil)

# of output 
conductors

Integrated 
disconnect, 
ampacity 

(A) Monitoring
Enclosure options

(NEMA rating / material)
Listing 
agency

AMtec Solar Equinox 375 600 4 200 6–3502 375 2–500 1 no option 4, 4X / steel, SS, FG ETL

AMtec Solar Equinox 750 600 8 200 6–3502 750 2–500 2 no option 4, 4X / steel, SS, FG ETL

AMtec Solar Equinox 1200 600 12 200 6–3502 1,200 2–600 4 no option 4, 4X / steel, SS, FG ETL

AMtec Solar Equinox 2000 600 20 200 6–3502 2,000 2–600 4 no option 4, 4X / steel, SS, FG ETL

Bentek Solar BTK600-4X400 600 4 400 4–250 DNR DNR 1–4 no option 3R/4, steel ETL

Bentek Solar BTK600-8X400 600 8 400 4–250 DNR DNR 1–4 no option 3R/4, steel ETL

Bentek Solar BTK600-16X200 600 16 200 4–250 DNR DNR 1–4 no option 3R/4, steel ETL

Bentek Solar BTK600-30X100 600 30 100 4–250 DNR DNR 1–4 no option 3R/4, steel ETL

Bentek Solar BTK1000-4X400 1,000 4 400 4–250 DNR DNR 1–4 no option 3R/4, steel N/A

Bentek Solar BTK1000-8X400 1,000 8 400 4–250 DNR DNR 1–4 no option 3R/4, steel N/A

Bentek Solar BTK1000-16X200 1,000 16 200 4–250 DNR DNR 1–4 no option 3R/4, steel N/A

Bentek Solar BTK1000-30X100 1,000 30 100 4–250 DNR DNR 1–4 no option 3R/4, steel N/A

Bentek Solar BTK600-CB8X4003 600 8 400 4–250 DNR DNR 1–4 no option 3R/4, steel ETL4

Bentek Solar BTK600-CB16X2003 600 16 200 4–250 DNR DNR 1–4 no option 3R/4, steel ETL4

Bentek Solar BTK600-CB30X1003 600 30 100 4–250 DNR DNR 1–4 no option 3R/4, steel ETL4

Bentek Solar BTK1000-CB8X4003 1,000 8 400 4–250 DNR DNR 1–4 no option 3R/4, steel N/A

Bentek Solar BTK1000-CB16X2003 1,000 16 200 4–250 DNR DNR 1–4 no option 3R/4, steel N/A

Bentek Solar BTK1000-CB30X1003 1,000 30 100 4–250 DNR DNR 1–4 no option 3R/4, steel N/A

Shoals STG.RCB.2 600 2 200 6–350 161 2–750 2 no no 4 / steel UL 4

Shoals STG.MFB.6 600 6 200 6–750 770 6–2,000 2 yes, 1,600 no 4 / steel UL4

Shoals STG.MFB.7 600 7 200 6–750 898 6–2,000 2 yes, 1,600 no 4 / steel UL4

Shoals STG.MFB.8 1,000 8 200 6–750 1,026 6–2,000 2 yes, 1,600 no 4 / steel N/A

Shoals STG.RCB.20 1,000 20 200 6–350 1,283 6–350 8 no no 4 / steel N/A

SolarBOS AC-02-100 thru AC-06-100 600 2–6 100 6–2/0 760 4–500 2 option5 option 3, 3R, 4, 4X / steel, SS ETL

SolarBOS AC-07-100 thru AC-12-100 600 7–12 100 6–2/0 1,520 4–500 4 option5 option 3, 3R, 4, 4X / steel, SS ETL

SolarBOS AC-02-200 thru AC-04-200 600 2–4 200 6–4/0 760 4–500 4 option5 option 3, 3R, 4, 4X / steel, SS ETL

SolarBOS AC-05-200 thru AC-12-200 600 5–12 200 6–4/0 1,520 4–500 4 option5 option 3, 3R, 4, 4X / steel, SS ETL

SolarBOS AC-02-400 thru AC-06-400 600 2–6 400 6–350 1,520 4–500 4 option5 option 3, 3R, 4, 4X / steel, SS ETL

Footnote Key
1 Designer to confirm # of input circuits vs. specified OCPD rating
 vs. combiner continuous current rating
2 For 110–200 A fuse holder
3 UL 489 listed breakers serve as OCPDs on CB models 

4 Listing pending
5 ETL listing of recombiner disconnect pending   
Enclosure material: SS=stainless steel, FG=fiberglass
DNR–did not report

DC Combiners



USA: 16100 S. Lathrop Ave.  | Harvey, IL 60426  | 877-336-4332
Canada: 585 Finley Ave.  | Ajax, ON L1S 2E4   | 905-683-8131

info@unistrutenergy.com  | www.unistrutenergy.com
®

GALVANIZED TUBE METAL FRAMING CHANNEL FABRICATION INSTALLATION

A N  E S S E N T I A L  P A R T N E R
Unistrut® Energy Solutions, focuses on the balance of the system; we treat the

mounting structure as one of the key components of a solar installation.

Our full-range of capabilities includes: 

• Strong product portfolio

• Experienced engineering resource

• Proven project management and installation

• In-house parts fabrication

Visit us at www.unistrutenergy.com to find out how we can optimize your design

and create a durable structure that reduces material and labor costs.

Program
Requirements

UES Meets
OPA F.I.T.
Program

Requirements

www.unistrutenergy.com
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Another mounting consideration is accessibility. Com-
biners are important access points to the conductors in 
the PV system. Taking current and voltage readings for the 
conductors coming into dc combiners are standard trouble-
shooting steps to isolate problems in the PV source and out-
put circuits. OCPDs are also located in combiners and may 
need to be replaced or reset. For these reasons, dc combiners 
should be mounted in an accessible location.

It is also desirable to mount dc combiners out of direct 
sunlight and away from the back 
plane of hot PV modules. Mount-
ing dc combiners in this manner 
mitigates high internal tempera-
tures. While the dc combiner 
overall may be rated for high tem-
peratures, the internal OCPDs 
are commonly rated at 30°C 
or 40°C before they have to be 
derated. This means that a 15 A 
fuse in a dc combiner mounted in 
the direct sun may open at 12 A  
or less, which may result in nui-
sance tripping. 

Nuisance tripping can result 
in needless service calls and 
excess troubleshooting. It also introduces the possibility of 
someone substituting higher rated fuses and compromis-
ing the safety of the system. While it is possible to derate 
the OCPDs using the manufacturers’ graphs for a higher 

temperature, specifying replacement fuses is difficult and can 
result in the incorrect fuse being used in the future. This again 
could result in nuisance tripping or underprotected conduc-
tors. If the dc combiner has to be mounted in a location where 
it will be exposed to direct sunlight, then shade should be 
provided to protect it, especially in locations that experience 
extreme summertime temperatures. 

Terminal temperatures. While terminal temperature ratings 
are important in the conductor sizing process, as described in 

Article 110.14(C), they often 
are not listed clearly in dc 
combiner documentation. Fre-
quently the 90°C rating of the 
output terminal is listed in the 
documentation, for example, 
but the temperature rating 
of the OCPD terminal on the 
input circuits is not. For the 
most part, the OCPD terminals 
in dc combiners are listed for 
75°C and rarely more. Unless 
they are specifically marked 
otherwise, terminals for cir-
cuits rated for 100 A or less, 
or marked for #14 through #1 

conductor sizes, are rated for 60°C. The terminal temperature 
rating should be verified if it is not listed on the datasheet.

Grounding. As with any other electrical equipment, dc 
combiners have to be grounded with an  c o n t i n u e d  o n  pa g e  5 8 

Proprietary smart combiners 	In	addition	to	monitoring	combiners	available	from	third-party	providers,	inverter	manufactur-
ers	are	increasingly	offering	proprietary	solutions,	like	the	Fronius	String	Control	250/25	(left)	and	the	SMA	Sunny	Central	String	
Monitor	(right),	designed	to	integrate	with	the	inverter’s	data	acquisition	system.	

To use a dc combiner with monitor-

ing, you must supply power and  

data connections. Typically this 

means running a data cable and a 

120 Vac circuit to each dc combiner. 

DC Combiners
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MARCH 7 & 8 2011
SAN FRANCISCO, CA

1177 AIRPORT BLVD | SAN FRANCISCO, CA 94010

MARCH 7 
SEAN WHITE & MARVIN HAMON 

intermediate / advanced photovoltaic systems

MARCH 8  
JOHN WILES (NMSU)

pv systems and the national electric code

215.305.8000
CO-PROMOTED BY

JOHN WILES
SOLAR PV SEMINAR

MARCH 8 & 9 2011
LOS ANGELES, CA

9750 AIRPORT BLVD | LOS ANGELES, CA 90045
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equipment-grounding conductor (EGC) that is landed on the 
product’s ground bus. The dc combiner is often a transition 
point from one or more EGCs on the input to a single EGC 
on the output. In large ground-mount arrays, there is often 
a grounding electrode installed at and connected to each dc 
combiner to aid in grounding the PV array. The dc combiner 
is also a common point to install lightning or voltage surge 
protection devices.

Monitoring. Most manufacturers provide an option for 
installing dc current monitoring in their string combiners. This 
allows monitoring at the string level in source-circuit combin-
ers or at the subarray level if recombiners are used. Many man-
ufacturers of larger PV inverters also have a monitoring option 
for their dc input combiners that allows for monitoring the cur-
rent on the individual array inputs, in addition to the monitor-
ing provided at the inverter. 

To use a dc combiner with monitoring, you must supply 
power and data connections. Typically this means running a 
data cable and a 120 Vac circuit to each dc combiner to power 
a 24 Vdc power supply. The standard data transmission uses an 
RS-485 cable and the Modbus protocol. The RS-485 data cable 
is fairly simple and robust. With only two wires to connect, data 
monitoring is easy to accomplish at dc combiners, provided 
that accommodations are made during the design process. 

According to Willis at AMtec Solar: “One of the most 
costly mistakes I see is with string-level monitoring com-
biner boxes. Installers don’t understand that 24 Vdc is 
required to power up these devices. We offer solutions that 
can help with this, but it needs to be addressed when the 
system is being quoted, not after it is installed.”

Systems over 600 V. Several manufacturers have 1,000 
Vdc-rated dc combiners listed to UL 1741. Also, some manu-
facturers offer 1,000 Vdc-rated disconnecting combiners. At 
press time, however, none of these disconnecting combiners 
for systems over 600 V is listed to UL 1741. As demand for 
listed 1,000 Vdc products grows, manufacturers will likely 
obtain UL 1741 listing for a wider variety of product options. 

NEXT-GENERATION DC COMBINERS
When specifying dc combiners, designers have many more 
product features to choose from compared to the options avail-
able just a couple of years ago. This relatively rapid product evo-
lution is expected to continue, at least into the near future. The 
features offered in dc combiners will undoubtedly reflect other 
trends in the industry, such as the emergence of distributed 
power electronics. In addition to changes driven by consumer 
demand, new NEC requirements, such as arc-fault detection 

and control, are expected to impact dc 
combiner offerings. Similarly, discon-
necting combiners will become more 
common. As the number of manufactur-
ers with products in this class increases, 
so will the features and options offered.

MPPT.  At least one PV inverter manu-
facturer offers a power conversion sys-
tem in which the MPPT is moved out of 
the inverter and into the dc combiner. 
This is the Satcon Solstice, which allows 
each individual PV string to have its own 
MPPT controller. The voltage level from 
the dc combiner to the inverter can also 
be maintained at a constant high volt-
age level, reducing the need to oversize 
conductors in order to mitigate voltage 
drop. Another benefit of this platform is 
that it includes string-level monitoring 
and control. Just as the industry at large 
is motivated to drive down system costs 
while improving performance, so are the 
manufacturers of dc combiners.

Arc-fault protection. While some dc 
combiner product innovations will be 
driven by the desire to speed system 
installation or to c o n t i n u e d  o n  pa g e  6 0

Segmenting disconnect 	While	many	integrators	are	already	co-locating	segment-
ing	disconnects	and	dc	combiners,	as	Alteris	Renewables	has	done	here,	this	will	
soon	be	required	by	Code.	Combiner	manufacturers	are	developing	products	to	
meet	this	future	demand.
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reduce installation costs, others will be driven by the desires 
to improve system safety and to leverage the business devel-
opment opportunity presented by new Code requirements. 
For example, in the 2011 
edition of the NEC, Article 
690.11 appears for the 
first time. According to 
supplemental text in the 
2011 Handbook, arc-fault 
protection is intended to 
“mitigate fire initiation 
hazards associated with 
arcing type faults.” This 
new Article introduces 
a requirement for series 
arc-fault detection in PV 
circuits operating over 80 
Vdc that are on top of or 
penetrate a building. 

While there are many places that dc arc-fault detection 
can occur—at the PV module, inverter or charge controller, 
for example—it is likely that this option will also be offered 
in dc combiners. According to Jason Schripsema, CEO and 
founder of SolarBOS: “The arc-fault requirements in the 2011 
Code will make things interesting as local jurisdictions start 
to adopt the new Code. I think the combiner box is a logi-
cal place to detect and interrupt series arcs, and we have 
a solution in testing right now, as do a few other compa-
nies. Everyone is still waiting on UL to publish the final test 
requirements, but I am pretty confident they will get this 
done early in 2011, and we will have a listed product soon 
after. I don’t think the entire industry will have to switch to 
microinverters in order to meet this new Code requirement.”

Segmenting disconnects. New language that concerns fuse 
servicing in Article 690.16 will clearly influence additional 
product development. Says AMtec’s Willis: “There will be a 
lot more disconnect switches in the solar field, and isolating 
strings will be easier and safer. In 2011, we plan to introduce 
combiner boxes with disconnecting contactors and control 
panels for firemen, recombiner boxes with incoming discon-
nect switches and recombiner boxes with main disconnect 
switches rated for 400 amps or more.” 

The requirement for input dc disconnects may also make 
the use of dc circuit breakers economical. If the dc circuit 
breaker can serve as both an OCPD and a dc disconnect, then 
one dc circuit breaker replaces a fuse, fuse holder, input dc 
disconnect and output dc disconnect. Several companies are 
working on solutions along these lines. Bentek Solar, for exam-
ple, has released a line of recombiners that use 600 Vdc-rated 
circuit breakers in place of fuses for overcurrent protection. 

Diverse suppliers. One of the major changes since the 
last SolarPro article on dc combiners was published in 

April/May, 2009, is that the number of manufacturers with 
products in this class has increased from seven to 11 or 
more, and additional products are expected from manufac-

turers with a great deal of expe-
rience with power engineering, 
such as Eaton or Schneider Elec-
tric. These are companies that can 
leverage internal expertise, not to 
mention existing product lines, to 
offer an unprecedented variety of 
dc combiner features. Eaton, for 
example, is developing combin-
ers with integrated visible blade  
disconnects that could include 
optional features like remote 
operation using a push/pull cable 
and a manual actuator. They also 
have large dc combiner products 
in development that are designed 

around the use of 600 Vdc-rated circuit breakers.
As demand for PV systems increases in general, look for 

product innovation in dc combiners to keep pace.
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While there are many places that 

dc arc-fault detection can occur— 

at the PV module, inverter or 

charge controller, for example— 

it is likely that this option will also  

be offered in dc combiners. 
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On Sunday afternoon, April 5, 
2009, smoke was seen rising from the roof of a big box store, 
home to a 383 kW PV array, in Bakersfield, California. The store 
manager quickly investigated, finding one row of eight modules 
on fire and a smaller fire some 200 feet away. Fire extinguisher 
in hand, the manager soon realized this was a job for the fire 
department. A 911 call was placed at 4:15 pm and first respond-
ers were on-site 5 minutes later. 

The subsequent investigator’s report, which is named 
after the retail store, is the most widely read incident report 
related to PV systems. The fact that this retail establishment, 
which has been very supportive of the PV industry, inadver-
tently lent its name to a two-alarm fire is both unfortunate 
and unwarranted. For this reason, I refer to this incident as 
the Bakersfield Fire. Similarly, the product manufacturer and 
installer, while not without fault, are also not ultimately to 
blame for this fire. Therefore, in the analysis that follows cer-
tain manufacturer and installer-specific details particular to 
the PV system in Bakersfield have intentionally been changed. 
The generic circuit diagrams used here represent the majority 
of PV systems deployed in North America. 

It is important not to get lost in the details of this specific 
installation. Instead, I want to emphasize an underlying prob-
lem, one that is endemic to all grid-connected PV systems 
larger than 30 kW that have been built in the past 5 years. The 
“thermal event” that occurred on April 5, 2009, is clearly cause 
for alarm. More alarming, however, is the fact that it could 
happen again.

The InvesTIgaTor’s reporT 
The investigator’s report on the Bakersfield Fire is quite 
good, even if it does not tell the whole story. It is available 
on numerous websites, most notably the National Fire 
Protection Agency website (see Resources). The author of 
the report is Pete Jackson, an electrical specialist for Kern 
County, California, and the chief electrical inspector for the 
City of Bakersfield. Both the Kern County and the Bakers-
field Fire Departments responded to the fire.

I had the pleasure of meeting Mr. Jackson. He was par-
ticularly familiar with this installation, since he was the 
person who performed the project plan review. His report 
on the roof fire provides a reasonable outline of the events 
that transpired and the fire department’s response to those 
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Bakersfield events. It includes two requirements and three recommen-
dations intended to improve the safety of the Bakersfield PV 
installation and other similar installations. 

In summary, the following corrective items were required:

1. Perform high-voltage insulation testing on all PV array 
conductors.
2. Use expansion joints in long conduit runs while ensur-
ing that these are properly installed.

The actions recommended in the report include:

1. Check the ampacity of all conductors to see that they 
comply with the temperature requirements of Table 
310.15(B)(2)(c) found in the 2008 National Electrical Code. 
2. Install disconnect switches at or near the combiner 
boxes so that it is possible to deenergize power in  
the large feeders that run from combiner boxes to  
the inverter.
3. Reconfigure the combiner boxes and feeder conductors 
for a maximum of 100 amps per PV output circuit, so that 
the feeder fuses will be more likely to open under fault 
conditions.

While I wholeheartedly support the two corrective actions 
and the first two recommendations, they do not convey the 
whole story, nor will these measures prevent a repeat of the 
Bakersfield Fire. While the third recommended action would 
help reduce the fire hazard associated with a similar event, 
this would likely not have prevented the Bakersfield Fire 
because it does not address the fundamental problem. 

ground-FaulT proTecTIon BlInd spoT  
The problem exposed by the Bakersfield Fire is that large 
inverters manufactured since 2005 employ ground-fault 
equipment that lifts the grounded conductor in the event of 
a ground fault. In practice, this is fine as long as it eliminates 
the only return path for the ground-fault currents. However, if 
a return path exists in the source-circuit conductors, a 30 kW 
array is capable of delivering approximately 100 amps of fault 
current, which is enough to burn a 12 AWG conductor. 

Prior to 2005, Trace Technology 3-phase inverters sensed 
the grounded conductor-to-ground connection, shutting the 
inverter down if the current got above 10 amps. These older 
inverters did not interrupt the fault path; the ground fault 
would remain after the inverter shut down. Subsequently, 
however, Article 690.5 in the 2008 NEC required that most 
PV systems include a ground-fault protection (GFP) scheme 

that both detects and interrupts the fault. As a 
result, 3-phase inverter designs started employing 
a ground-fault fuse, similar to the 1 amp GFP fuse 
used in residential string inverters. A large inverter, 
however, might use a 4 amp GFP fuse, since large 
arrays can have over 1 amp of current flowing in the 

equipment ground at full irra-
diance under normal operating 
conditions. Using a fuse with a 
lower trip setting could cause 
many larger arrays to nuisance 
trip the GFP circuit, shut-
ting down the whole PV sys-
tem when no problem exists. 
Unfortunately, it is precisely 
this larger GFP fuse rating that 
created the opportunity for the 
Bakersfield Fire.

GFP blind spot The lead-
ing theory regarding the root 
cause of the Bakersfield Fire 
is that a fault-to-ground in a 
grounded current-carrying 
source-circuit conductor went 
undetected by the inverter’s 
ground-fault protection device.S
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The Bakersf ield Fire

Ground-fault detection and interruption. This GFP method 
presupposes that it will detect the first fault in the system. 
If any fault exists prior to opening the ground-fault fuse, the 
GFP system is ineffective. Not only that, but it can actually 
make the situation worse than taking no action at all. 

If a fault occurs on a string-level grounded current- 
carrying conductor on a larger system, the ground-fault cur-
rent generated cannot exceed a few amps. This is due to the 
fact that there is very little voltage pushing the current. In the 
event of a fully bolted ground fault, for example, there is very 
little resistance between the grounded conductor and the 
equipment-grounding conductor (EGC). It is unlikely in this 
scenario to get more than half the source-circuit current, or 
3 to 4 amps, through the fault, as illustrated in Figure 1. The 
reason that a maximum of 3 to 4 amps flows through the fault 
is that the operating current of 6 to 8 amps can, at best, split 
evenly between the grounded conductor and the EGC. This is 
because both the grounded conductor and the EGC have sim-
ilar resistance back to the common connection point, which 
is at the GFP fuse. 

Another way to look at this is that if the conductors are 
sized properly, Ohm’s Law dictates the current flow in the EGC. 
If the circuit to the inverter has a 2% voltage drop and half the 
drop is on the grounded conductor side of the circuit, then 
there is a 1% voltage drop in this side of the system, or a drop of 
3 volts on a 300 Vdc system. According to one of the expressions 

of Ohm’s Law, resistance in a circuit is equal to the voltage drop 
divided by the current (R = V ÷ I). Therefore, a 6-amp circuit will 
have a resistance of 0.5 ohms (R = 3 V ÷ 6 A = 0.5 Ω). Since the 
source-circuit EGC is sized no larger than the current-carrying 
conductors, and the feeder conductor EGC—sized according to  
NEC Table 250.122—is much smaller than the feeder conduc-
tors, the resistance of the EGC will always be higher than that of 
the current-carrying conductors. 

If the faulted source-circuit current is, at best, split evenly 
between the current-carrying conductor and the EGC, then we 
have a problem. The ground-fault fuse on many large inverters is 
rated at 4 amps; meanwhile, most of the large format 6-inch cell 
modules have operating currents below 8 amps. If the source-
circuit current is split between the current-carrying conductor 
and the EGC, the fault current on the EGC is less than the GFP 
trip point. As a result, this type of fault lives on forever, until the 
fateful day when the ungrounded conductor faults. 

The perfect storm. Grounded source-circuit conductors make 
up one quarter to one half of all current-carrying conductors in 
a PV system, and existing GFP detectors are blind to them if 
they are set higher than about 3 amps. Since the GFP device 
cannot see a fault in the grounded conductor for larger systems, 
operation continues even though the status of the system has 
gone from “safe” to “fire hazard.” Invariably, one fault eventu-
ally results in a second fault. If the next fault occurs in a large 
feeder circuit carrying 100 amps or more,  C o N t i N u e d  o N  PA g e  6 6 
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Figure 1  An undetected fault between a grounded current-carrying conductor and the equipment-grounding conductor will 
persist indefinitely without tripping the GFP. Absent proper commissioning procedures, this first fault can exist from the time of 
installation forward.
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as shown in Figure 2, then the GFP fuse instantly opens, 
removing  the main ground connection on the array. 

However, this is exactly what should not happen if there 
is already a fault in the array. Now, instead of having a large 
equipment-grounding conductor to carry the fault current, a 
10 or 12 AWG source-circuit conductor has to carry the entire 
return current. This means that the short-circuit current now 
has to return through the point where the first undetected fault 
occurred, as shown in Figure 2. Within several seconds that 
conductor can get so hot that the insulation on the conductor 
melts or catches fire. The fire is then driven into whatever flam-
mable material is in proximity to the wire, such as the flam-
mable PV module backsheet or any flammable roof materials. 

As the Bakersfield Fire persisted, it appears that multiple 
faults occurred in the source-circuit wiring, which caused sev-
eral string fuses to see excessive reverse currents. These fuses 
would have been clearing as the sun was beginning to go down, 
which could have reduced the fault-current flow below the 
threshold at which it was capable of sustaining a fire. However, 
without corrective action, new fires could have started the 

following day as sunlight levels exceeded the condition when 
the initial fire occurred.

MIsleadIng Messages FroM The BakersFIeld FIre 
One might ask, how did such a dangerous situation go unno-
ticed? Until the Bakersfield Fire, very few people believed that 
this set of events could happen. In fact, many still believe that 
this is a “two-fault” event that engineers generally are not 
required to design for. I disagree. 

The idea that this scenario could repeat itself many times 
is not only plausible, but it is very likely. A dangerous blind 
spot exists—making up one quarter to one half of all large 
system wiring—insofar as it is possible for a first fault to be 
present in a grounded source-circuit conductor yet invisible 
to the GFP device. The first fault could exist at installation if 
proper commissioning tests are not done. Since ground faults 
are the most common faults in an array—and 50% of these 
faults may go undetected in the source-circuit conductors on 
larger PV systems—we have a real problem. The Bakersfield 
Fire is very easy to repeat experimentally. Unfortunately, the 
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Figure 2  Thermal expansion in a long conduit run housing PV output-circuit conductors causes an expansion joint to fail and 
damage a large (500 MCM) ungrounded output cable. The resulting high-magnitude ground-fault currents quickly clear the 
ground-fault fuse in the inverter. After the ground connection is lifted at the inverter, the available ground currents return through 
the fault in the grounded source-circuit conductor (through the array-bonding hardware and the metal conduit parts) to the fault 
in the ungrounded output conductor. Because the grounded conductor is unfused, these high-magnitude fault currents con-
tinue without interruption.
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recommendations from industry experts 
in the wake of the Bakerfield Fire  miss the 
point. The most often expressed concerns 
are the proper use of expansion joints, the 
importance of array segmenting discon-
nects and the need for arc-fault protection 
in rooftop PV systems.

Expansion joints. The first commonly 
accepted lesson from the Bakersfield Fire is 
that we need to focus on providing expan-
sion joints for raceways. This is a good rec-
ommendation, since improper techniques 
by both installer and inspector probably 
resulted in the feeder fault that drove the 
fire. Nevertheless, all the best expansion 
joints in the world will not eliminate the 
risk of future fires.

Segmenting disconnects. Another com-
monly accepted message is that discon-
nects would have solved the problem. I 
helped to develop the new language in Article 690.16(B) of 
the 2011 NEC, which is now in print, requiring disconnects 
within sight of combiner boxes. However, these segmenting 
disconnects could not have stopped the Bakersfield Fire. Dis-
connects on the PV output circuits would have helped with 
cleanup and overhaul operations only.

Arc-fault circuit protection. The Bakersfield Fire is also often 
used as the poster child for why we need arc-fault detectors. 
Unfortunately, arc-fault detectors would have done nothing to 
prevent this fire. The Bakersfield Fire was caused by a ground 
fault that turned into a massive ground fault, which only later 
turned into a fire with arcing. By the time the arcing started, 
the fire was in full swing. Arc-fault detectors are not the whole 
answer, since most arc faults start as ground faults—just as 
occurred in Bakersfield. 

seTTIng The record sTraIghT
The lessons that should be coming out of 
the Bakersfield Fire are that we need better 
wiring methods, more field experience and, 
most importantly, different GFP methods.

Wire management. Some industry stake-
holders have suggested that the wire man-
agement methods used on the Bakersfield PV 
system increased the likelihood of damage to 
the source-circuit conductors. The management of conductors 
in PV arrays is in serious need of an upgrade. Many large roof-
top installations have bundles of wire lying on the roof surface. 
Not only can the roof be abrasive, but also the cables often dam 
dirt and debris that can damage the roof. Many of these wiring 
systems also have sharp metal edges—in some cases, as parts 
of devices intended to serve a protective function—or paver 

bricks that dig into the cable insu-
lation. These low-cost, substandard 
wiring methods have to stop if we 
truly expect PV systems to last 25 
years. As it is now, while the mod-
ules may last that long, many array 
wiring systems have no chance of 
standing that test of time. 

Lack of field experience. Another 
problem brought to light by the 
Bakersfield Fire is a general lack of 
industry field experience. Most of 
the grid-connected PV systems in 
the US were built within the past 
5 years. As a result, most designers 
and contractors have extremely 
limited field experience. Installed 
capacity, in this case, is no sub-
stitute for time in the field. Expe-
rience needs to be measured in 

years rather than in megawatts. If a firm has spent little time 
designing or installing PV systems, all megawatts suggest is 
that they have potentially made lots of mistakes. 

Since PV is still very much an emerging technology, this 
is an important distinction to make. For example, say a rep-
resentative from a Spanish company tells me it has a 50 MW 
portfolio of PV projects. This may mean only that the company 
participated for 1 year in the Spanish PV market explosion, 
which was a better example of what not to do than a shining 
moment in the history of PV. My intent here is not to pick on the 
Europeans, but rather to stress that experience is relative and 
contextual. Experience in Germany, therefore, does not neces-
sarily correlate directly with experience in US markets. Given 
that irradiance and temperature is so much lower in Germany 

than in California, for example, a problem may take twice as 
long to surface in Germany. A German company with hundreds 
of megawatts installed and 10 years of experience might have 
the equivalent of only 5 years of experience in California. 

Nevertheless, the sheer magnitude of installed PV capac-
ity in Germany represents a significant body of learning. Why 
is it that PV fires are not a problem in Germany, the world’s 

Uninterrupted fault  The failure of an 
improperly specified and installed expan-
sion joint likely triggered the Bakersfield 
Fire. However, if this had been the first fault 
in the system, the GFP device would have 
been able to detect and interrupt the fault 
before any damage was done.
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largest PV market? One reason is 
that the Germans generally have 
better wire management practices. 
More importantly, however, they 
do ground-fault detection very dif-
ferently—and better.

GFP methods. The proper usages 
of expansion joints and segment-
ing disconnects are important 
lessons learned from the Bakers-
field Fire, as are the importance of  
conductor-temperature calcula-
tions and improved wire man-
agement methods. However, the 
primary message to the codes 
and standards community is that 
we need to change the way we 
design and test our GFP circuits. 
Good array design and instal-
lation practices can certainly 
reduce the possibility of faults—
but it is impossible to totally elim-
inate faults in systems that are 
intended to operate for 25 years, 
regardless of how much O&M is 
performed. The way to eliminate 
the fire hazard associated with ground faults is with GFP 
devices that can detect faults in the source-circuit grounded 
conductor. Better yet, build PV arrays that do not have a 
grounded conductor at all. 

In fact, the only way to get ground-fault detection below 
1 amp as part of the GFP scheme for large PV systems is to 
unground or resistively ground the array cir-
cuit, just as they do in Europe and Japan. 
Contemporary European inverters, for 
example, can detect changes in ground 
current as low as 300 mA, which is an order 
of magnitude more sensitive than our sol-
idly grounded systems. It is also sensitive 
enough to effectively detect faults in just 
about all array types, including many low- 
current thin-film systems, which are inher-
ently more challenging applications.

how To FIx The proBleM 
The NEC does not dictate how to do ground-fault protection. 
It simply states that GFP shall be provided, unless the system 
meets the exceptions found in Article 690.5. It is clear, however, 
that the existing GFP systems on large PV inverters are out of 
compliance with the 2008 NEC and later editions. Article 690.5 
requires that the GFP “device or system shall be capable of 
detecting a ground-fault current, interrupting the flow of the 

fault current, and providing an indica-
tion of the fault.” The Bakersfield Fire is 
evidence that there is a blind spot when 
it comes to the detection of ground faults 
in grounded source-circuit conductors 
on larger PV systems. 

At present, the NEC does not neces-
sarily need to be changed. There is an 
option available for PV systems installed 
on “other than dwelling units” that 
designers can use on larger commercial 
systems. Exception No. 2 to Article 690.5 
states: “PV arrays installed at other than 
dwelling units shall be permitted with-
out ground-fault protection where the  
equipment-grounding conductors are 
sized in accordance with 690.45.” Mean-
while, 690.45(B) states that without 
GFP, the EGC must be sized at twice the 
ampacity of the current-carrying con-
ductor ampacity. While this is poten-
tially a big conductor, it is also a safe 
way to operate the system. However, 
utilizing this exception requires bypass-
ing the GFP fuse on large inverters, and 
most manufacturers would have to cer-

tify a workaround for their existing inverters.  
This also does not help existing installations where the 

EGC is sized according to NEC Table 250.122 as allowed in 
690.45(A). So how do we fix the hundreds of existing installa-
tions that fit this description? One solution that would make 
existing arrays much safer is if they were retrofitted with a 

circuit at the inverter that would lift the grounded conduc-
tor each morning and test for ground faults on the grounded 
conductor prior to starting the inverter. This is exactly what 
inverters in Europe are required to do. While this retrofit 
would not make arrays quite as safe as European-style sys-
tems, which can also detect small ground-current changes 
when the inverter is operating, it would be a large improve-
ment over what we have today.  C o N t i N u e d  o N  PA g e  7 0
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Undetected fault  The possibility of an 
undetected first fault in PV source-circuit 
conductors underscores the importance of 
proper commissioning procedures and  
improved wire management practices 
throughout the industry.
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It would not be surprising if the codes and 
standards regarding GFP were soon changed 
as a result of the hazard exposed by the Bakers-
field Fire. One change that clearly must take 
place is in UL 1741, the “Standard for Inverters, 
Converters, Controllers and Interconnection 
System Equipment for Use With Distributed 
Energy Resources.” This is the UL standard 
that inverters are listed to. The current stan-
dard does not require the morning ground 
resistance test, but the language of the stan-
dard could be changed to include this or other 
improved ground-fault detection strategies. I 
am pushing for a change to the UL 1741 stan-
dard as soon as possible, and I urge inverter 
manufacturers to join me. In the meantime, 
there is nothing to stop inverter manufacturers 
from adding the morning ground resistance 
test, as an additional capability, to prod-
ucts listed to the current UL 1741 standard.  
 

MovIng InTo a saFer FuTure 
The current hazardous situation—and the incomplete informa-
tion and analysis in the wake of the Bakersfield Fire—cannot con-
tinue. It is unacceptable for the poor level of ground-fault safety 
in our large PV systems to persist. Improving ground-fault safety 
is the highest priority for safer systems. Ultimately, however, we 
need to move toward safer PV systems on a variety of levels.

Moving to ungrounded or resistively grounded systems is 
an important first step in better fault detection. Inverters that 
meet the requirements of NEC Article 690.35, which pertains 
to “Ungrounded Photovoltaic Power Sources,” are identified 
by listing agencies as ungrounded inverters and have GFP cir-
cuits that are tested to the same requirements as the safer 
European inverters. Unfortunately, only a few smaller invert-
ers are currently listed this way, including inverters from 
Exeltech, Power-One, SolarEdge and the new TL (transfor-
merless) product line from SMA. While this is not much help 
on large PV systems, there is nothing preventing the manu-
facturers of larger inverters from using transformers with 
ungrounded arrays, just as they do in Europe. In fact, since 
most of the inverter manufacturers selling products in the US 
are also serving the European market, they already have the 
inverters we need—they are just selling them overseas.

Once we have better GFP systems, the newly required arc-
fault detectors will effectively cover the majority of remain-
ing operating fire hazards. There has been much talk about 
arc-fault detection in recent years, often in the context of the 
Bakersfield Fire, where it probably could not have prevented 
the fire. However, preventing arc faults is a legitimate con-
cern, and arc-fault detectors would eliminate hazards asso-
ciated with module junction box failures that have occurred 

over the past few years, which no GFP can solve. The 2011 NEC 
requires series arc-fault detectors in all systems with a maxi-
mum system voltage above 80 volts. No certified products 
have this capability for the simple reason that the certifica-
tion tests have not yet been finalized. Arc-fault detectors will 
probably be on the market by mid-2011.

Moving beyond these two key steps requires a fundamen-
tal change in how we install PV arrays. There is much buzz 
about module-level power electronics, for example, which 
are expected to accomplish numerous power conditioning 
and safety tasks. Although I believe moving to module-level 
power electronics is a logical progression in the way we build 
PV arrays, especially on buildings, there are many technical 
and cost issues to overcome. Several companies are already 
marketing products that they claim are “firefighter and fire 
safe.” But the industry has yet to define what the word safe 
really means.

There is no question that future PV systems will be more effi-
cient, less expensive, more reliable and, best of all, safer. How we 
get there will be an exciting journey, requiring the best minds in 
the PV industry from all around the globe. I do not expect to suf-
fer from boredom any time soon, and neither should you.

Next steps  While arc-fault detection will undoubtedly lead to safer PV instal-
lations, it could not have prevented the Bakersfield Fire. The first priority, 
therefore, is to improve the sensitivity of our ground-fault protection circuits.

Bill Brooks / Brooks engineering / vacaville, ca / bill@brooksolar.com / 

brooksolar.com

Resources
national Fire protection agency / nfpa.org 

Bakersfield Fire Investigator’s report /  

    nfpa.typepad.com/files/target-fire-report-09apr29.pdf
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I
n his opening remarks at Solar Power 
International 2010, Solar Energy Indus-
tries Association (SEIA) President and 
CEO Rhone Resch was upbeat. “It’s going 
to be a great week,” he predicted, “build-

ing on one of the best weeks solar has ever had.” 
Over the previous week, the Bureau of Land Man-
agement reported that permitting was finalized 
on 1,200 MW of utility-scale solar projects, which 
would be the first solar power plants ever built 
on public lands; Suntech Power, a prominent 
Chinese module company, celebrated the open-
ing of its first US manufacturing facility, located 
in Goodyear, Arizona; and a high-profile neigh-
bor in Washington, DC—none other than Presi-
dent Barack Obama—announced that PV and 
solar thermal would be installed on the People’s 
House, the White House. 

That these milestones were announced in the week lead-
ing up to the largest business-to-business solar energy confer-
ence in the US is no accident. In the 6 years since the Solar 
Electric Power Association (SEPA) first partnered with SEIA 
to put on an annual conference, the Solar Power International 
Conference and Expo (SPI) has become the preeminent solar 

Solar Power 
International 2010
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industry event 

of the year 
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industry event in North America. SPI 2010, which was held 
at the Los Angeles Convention Center October 12–14, drew 
23,300 industry attendees from 111 countries and required 
more than 1 million square feet to accommodate 1,122 exhibi-
tors from across the solar value chain. 

By comparison, Solar Power 2004, which was held at the 
Hyatt Regency Embarcadero in San Francisco, exceeded 
expectations when it drew 1,150 registered attendees and 
filled 80 8-by-10–foot booths with 60 exhibitors. This is fan-
tastic growth over just a few years, as seen in Table 1. Never- 
theless, event organizers, who had hoped to draw between 
27,000 and 30,000 people to SPI 2010, were undoubtedly 
disappointed that conference attendance fell for the first 
time ever, in spite of—or perhaps because of—the generally 
robust market conditions.

With this drop in attendance in mind, I hope to do more 
in this article than just recap conference highlights, notable 
product releases and technology trends from SPI 2010. I also 

want to encourage you to plan ahead for next year’s confer-
ence. SPI 2011, which will be held outside of California for 
the first time in 6 years, is scheduled for October 18–20 at 
the Dallas Convention Center. If Rhone Resch’s Team Solar is 
going to give Big Texas Oil a run for its money, we will need 
all hands on deck in Dallas.

Because the scope of SPI is so large, SolarPro magazine had 
a full team of technical editors on hand in Los Angeles. As in 
years past, we strategically divided our time to see and experi-
ence as much as possible, regrouping afterwards to compare 
notes. This year we went one step further, polling conference 
attendees from around the country, especially staff at integra-
tion, installation and engineering firms. We reached out after 
the dust had settled to see what people took away from SPI 
2010. This effort proved extremely useful in identifying unify-
ing themes from the conference experience, as well as high-
lights from the expo floor. These conversations also revealed 
strategies that companies and attendees use successfully to 
make the event as productive as possible.

2010 ConferenCe HigHligHts 
The SPI 2010 expo floor alone was more ground than any one 
person could effectively cover in 3 days. Counting the 2.5 
hours that the exhibit halls were open on Public Night, the 
South, West and Kentia Halls of the Los Angeles Convention 
Center were open for a total of 26.5 hours over 3 days. This 
means that attendees had, at most, 1,590 minutes in which 

Registered  
attendees

Exhibitors Location

Solar Power 2004 1,150 60
San Francisco  
Hyatt Regency

Solar Power 2005 1,250 66
Washington DC  
Hyatt Regency

Solar Power 2006 6,500 160
San Jose  

Convention Center

Solar Power 2007 9,500 210
Long Beach  

Convention Center

Solar Power  
International 2008

17,500 425
San Diego  

Convention Center

Solar Power  
International 2009

24,000 929
Anaheim  

Convention Center

Solar Power  
International 2010

23,300 1,122
Los Angeles  

Convention Center

Conference Attendees and Exhibitors  
2004–2010

Table 1  While SPI 2010 broke exhibitor records, attendance 
dropped for the first time ever, despite the fact that this year’s 
domestic installed solar capacity is expected to exceed 1 GW, 
double that of 2009.
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Solar Power International  2010

to visit 1,122 exhibitors—an 
average of 1 minute and 25 sec-
onds per exhibitor. Having the 
exhibits spread across three 
sprawling halls presented an 
additional challenge. Never-
theless, the headiness of previ-
ous years remained. As Randy  
Sadewic, general manager at 
Positive Energy, an installation 
firm headquartered in Santa 
Fe, New Mexico, notes, “The intensity of this show was very 
high—lots of activity, excitement and buzz.”

The conference schedule included three general sessions; 
four unique tracks of educational sessions covering policy, 
markets, finance and technology; six interactive “solar idea 
swaps,” including sessions on fire safety and changes in the 
2011 NEC; an opening reception and a solar power block party. 
Keynote speakers at the general sessions that opened each 
day’s activities featured SEIA’s Rhone Resch, Julia Hamm of 
SEPA, Secretary of the Interior Ken Salazar, and political com-
mentators Mary Matalin and James Carville. There were more 
conference sessions than hours in the day, making for difficult 
choices. Unlike the events taking place on the expo floor, how-
ever, every conference session is audiotaped by event organiz-
ers. These recordings, along with the presenter’s slides, are 
made available to Full Conference registrants online after the 
event, which is a valuable resource for attendees. 

With this critical mass, it should come as no surprise 
that SPI is the center of its own universe, if only for a week. 

Some of the ancillary events 
in its orbit are organized 
directly through SPI, such as 
the trainings offered before 
and after the conference  
proceedings. Independently, 
many nonprofit organiza-
tions and industry stake-
holder groups—the Solar 
America Board for Codes 
and Standards (Solar ABCs), 

for example—also schedule meetings and events around the 
conference. These are generally organized so they do not 
compete directly with the main events. 

notable trends from sPi 2010 
Because it is the region’s premier solar industry event, many 
manufacturers wait to announce their latest North Ameri-
can product offerings at SPI. New entrants to the solar mar-
ket in general or to the US market in particular use the event 
as an opportunity to introduce their goods and services. 
Keeping abreast of these developments is more than enough 
reason to attend SPI any given year. 

Unlike the past 2 years, SPI 2010 seemed to be char-
acterized less by wholesale innovation and revolution-
ary new ideas than by incremental progress. While there 
were clearly more companies with solar ambitions in gen-
eral, as evidenced by the nearly 20% increase in exhibitors, 
the most remarkable trend in this regard seemed to be the 
increased presence of big names from the  C o n t I n u e d  o n  Pa g e  7 6 
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Plan ahead  Because the trek from West Hall to South Hall 
and Kentia Hall was the better part of a city block, it was more 
important than ever to have a personal floor plan mapped out 
in advance. This will be equally true in Dallas, as SPI 2011 is 
expected to expand to 1.2 million gross square feet.

Conference sessions  While a Full Conference pass gets you 
in the door for breakout sessions, it does not guarantee you 
a seat or help you be in two places at the same time. Fortu-
nately, event organizers record these sessions and make the 
audio recordings and slides available online to anyone with 
Full Conference registration.

“I          left the conference most intrigued 

by array-performance testing 

equipment. In particular, Solmetric’s PV 

Analyzer tool seems like a great product 

for analyzing system performance  

relative to real-time weather conditions.” 
	 	—Tommy	Jacoby,	principal,	Jacoby	Solar	Consulting



	 solarprofessional.com		|		S o l a r Pr o 																75

3953 Marsh Creek Road, Linden, TN  37096 • 317-501-2529  • Fax 931-589-5400 
info@solarpathfinder.com • www.solarpathfinder.com

The original Solar Pathfinder  
with its reflective properties 

gives an excellent “instant solar 
blueprint” of the prospective site. 

Now, the NEW Solar Pathfinder 
Assistant software, and 
your digital camera, carry 
that shading information 
into a concise, thorough, 

professional-looking solar site 
analysis report in just seconds.

Solar Pathfinder Assistant: 
automatically adjusts for magnetic 

declination, latitude, azimuth, tilt angle, & 
tracking mode (fixed, 1-axis, 2 axis); 

automatically does yearly energy computations using included NREL data 
(no internet connection necessary); displays “before/after” results of 
removing obstructions; and creates professional-looking reports!

The BEST Tool for Solar Site Analysis

JUST GOT BETTER!
USER FRIENDLY, 
FAST & ACCURATE!

SolarPath 125 working.indd   1 04/10/2008   10:07:36 AM

Ez Roof Mount
Solar Mounting Solutions www.sunmodo.com

Holiday
  Sale!

$9.80
until Jan. 2011

360-844-0048
www.sunmodo.com

Patent Pending

Buried in datasheets?

solarhub.com

www.solarprofessional.com

Now there’s an effi  cient way to quickly and easily 
make criti cal component selecti on decisions...
and it’s FREE.   Introducing solarhub.com, an 
online database of module and inverter 
specifi cati ons.    

www.solarnexus.com

A free, online resource provided by...

n Manufacturer-verifi ed

n Advanced fi ltering

www.solarnexus.com

A free, online resource provided by...

Now there’s an effi  cient way to quickly and easily 
make criti cal component selecti on decisions...
and it’s 
online database of module and inverter 
specifi cati ons.    

nn Manufacturer-verifi edManufacturer-verifi ed

n Advanced fi ltering

www.solartech.org

n Over 125 popular brands

n Conti nually updated

www.zomeworks.com
www.solarpathfinder.com
www.solarhub.com
www.sunmodo.com


76	 S o l a r Pr o 	 	 | 	 	February/March	2011

conventional electrical industry. In this same vein, there was 
a notable increase in the number of utility-scale inverter solu-
tions and manufacturers. Last but not least, while most install-
ers could not point to any one product that bowled them over, 
they were all clearly excited to see an increasing trend toward 
integrated product solutions that promise reductions in BOS 
costs through a combination of material and labor savings.

Incremental progress. Slow and steady product improve-
ment may not make for exciting news, but it is still moving 
us in the direction of grid parity. For example, SCHOTT Solar 
announced that it has achieved a high-performance bench-
mark in the laboratory for its multicrystalline modules, and 
Solyndra announced the release of its second-generation 
cylindrical CIGS panels, the 200 Series. If you study the press 
releases that came out of SPI 2010, you will find many more 
similar examples of incremental progress.

Other steps forward were more substantial. SMA, for 
example, officially introduced its new Sunny Boy TL-US  

transformerless inverters. This would be bigger news if it had 
not been such a long time coming. The NEC has had allow-
ances for transformerless inverters since 2005, and SMA has 
had transformerless inverter offerings in Europe for a decade. 
Nevertheless, it took Underwriters Laboratories 5 years to 
expand the UL 1741 standard to include requirements from 
IEC 62109, which finally allowed it to test and list transformer-
less inverters in the US. Marvin Hamon, principal at Hamon 
Engineering in Alameda, California, laments that too often 
necessary and beneficial changes in the PV industry are 
delayed by UL’s inability to keep pace. “UL needs to get with 
the times, move faster and generally keep up with what the 
market needs to safely install these systems,” Hamon says.

Mainstreaming solar. One of the undeniable signs that 
solar is moving into the mainstream was the increased pres-
ence and visibility at SPI of big-name companies from the 
electrical industry. This is not a new development, but it is 
one that is clearly gaining momentum. Schneider Electric, 
which owns the Square D brand, has completed its acquisi-
tion of Xantrex. Similarly, companies like Siemens and Eaton 
are developing everything from BOS components for solar 

applications, like disconnects and combiner boxes, to utility- 
scale central inverters. 

This is welcome affirmation for the solar industry. It not 
only legitimizes solar as a power-generation source, but it 
also offers technology and power engineering capabilities that 
will help the solar industry succeed. Bill Brooks, principal at 
Brooks Engineering, says, “It is always good to see more of the 
mainstream electrical distributors getting involved in the solar 
industry. We need more of their cooperation to make products 
specifically for the PV industry.” Eaton, for example, has dc arc-
fault protection products available now for automotive and 
aerospace applications. All it needs to make dc arc-fault prod-
ucts available for PV applications that meet the new require-
ment in the 2011 Code is for UL to define a test standard. 

What is unclear to some observers is at what price this 
collaboration will come. Hamon wonders, “Now that the big 
names are waking up to the solar market, will the boutique 
solar equipment manufacturers be able to compete?”

Utility-scale demand. At Intersolar North America, Satcon 
CEO Steve Rhoades famously told Eric Wesoff of  Green-
tech Media, “It is a good time to be an inverter company.” 
Especially at the utility scale, global demand for inverters is 
strong. For example, in his opening remarks at SPI, Resch 
noted, “Back in June, utility-scale installations already sur-
passed 2009 totals.” For Satcon this translated to 1,100% 
growth in year-to-date bookings. To help meet this grow-
ing demand, Satcon announced the launch of its next- 
generation power conversion solution: the Satcon Equinox, 
a high-efficiency 500 kW utility-scale inverter, available in 
three climate packages. 

Not surprisingly, many other inverter manufacturers also 
announced new products for PV power plant applications. 
Advanced Energy, for example, announced the release of AE 
Solaron PowerStations, which are available in the 1–2 MW 
range. SMA formally introduced its award-winning Sunny- 
Central 800CP in North America, which has a peak continu-
ous output of 880 kVA, 10% higher than its nominal rating. 
Solectria Renewables, meanwhile, announced the release 
of 1–2 MW power stations using the company’s Smart- 
Grid Inverters. 

In addition to established suppliers, there were many new 
companies, both European and domestic, introducing utility-
scale inverter solutions at SPI. Some of these inverters will 
undoubtedly be destined for 1,000 Vdc applications, where 
UL-listed equipment may not be required. Presumably, how-
ever, some of these companies will decide to offer UL-listed 
central inverters for small to mid-sized commercial projects, 
as Ingeteam is doing, for example. 

For Rick Holz, SunEdison’s director of design and engi-
neering in North America, this embarrassment of riches in 
the utility-scale inverter supply chain was the main focus of 
SPI. “The biggest impression that I came away with was that 

“Eaton has a long history of delivering 

innovative solutions for electricity 

transmission and distribution. We feel that 

leveraging our expertise will be a critical 

part in enabling high penetration of renew-

able generation.”
	 —Christopher	Thompson,	solar	business	unit	manager,		

	 Eaton	Corporation
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the fast-growing utility space has opened the floodgates in 
the central inverter market in the US,” he says. “Whereas only 
a few years ago there were three or four choices for central 
inverters, now there are 10 to 20. It’s hard to say which made 
the biggest impression on me, since the devil is in the details. 
SunEdison is currently reviewing most of these new entries, as 
well as the existing ones, in a very detailed manner. It will take 
a month or so to boil all of these details down to the three or 
four inverters that make the most sense for us.”

Integrated solutions. As module prices have dropped 
steadily in recent years and inverters have become increas-
ingly integrated with components like dc disconnects and 
fused combiners, there has been some concern that instal-
lation and other BOS costs were not keeping pace—that 

these were stubbornly resistant to reduction, representing an 
increasing percentage of total project cost. However true this 
may be, the installation community is just as eager for this 
to change as other industry stakeholders. At SPI there were 
two general product classes that seemed to best represent the 
promise of time and material savings to installers: modules 
with integrated racking, wire management or grounding fea-
tures; and modules with integrated power electronics.

The manufacturer most often mentioned in this context 
was Zep Solar. The company has developed a patented grooved-
frame profile that eliminates the need for mounting rails. The 
interlocking hardware used with the Zep groove auto-grounds 
the modules during installation, allowing for single-point array 
grounding. The potential material and labor savings are signifi-
cant. The groove also accepts a wide variety of wire manage-
ment and BOS components. The system installs with a single 
tool and includes flashed attachments. In addition to the ZS II 
system for flush mounting, Zep had on display a demo of the 
ZS III system, which is designed for low-slope roof applications. 

At present, Canadian Solar is the only module company 
offering products featuring the Zep groove, but this could 
change as interest and demand increases. Blake Jones, co-
founder and co-owner of Boulder, Colorado–based installer 
Namasté Solar, is won over by the company’s presentation at 
SPI. “We were very impressed with Zep Solar’s mounting sys-
tem,” says Jones. “It has very few parts, which can easily be 
carried in a tool belt, and is quick and easy to install. We are 
specifically requesting that our module vendors contact Zep 
and consider working with them.”

Another notable product along these lines is the LSX sys-
tem available from Lumos. The system features a frameless 
module that reduces time-consuming equipment grounding 
activities. One of the mounting rails doubles as a wireway, 
thereby protecting source-circuit conductors from rodents, 
abrasive roof surfaces, snow, ice and so forth. There is no 
doubt that integrators and installers would like to have more 
products with integrated wire management. Blake Gleason, 
director of engineering at Sun Light & Power, was impressed 
with Legrand’s display of a commercial mounting concept 
that adapts the company’s Cablofil brand of cable trays for 
use as a structural mounting system. 

“Where adversarial relationships 

used to abound, collaboration  

 between utilities and solar companies now  

 flourishes, making both stronger.” 
	 —Julia	Hamm,	president	and	CEO,	SEPA	

Zep System II  While it was not its first time exhibiting at SPI, Zep Solar seemed to find its groove in 2010. The company’s 
installation demos on the expo floor consistently drew some of the largest crowds.
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Given all the buzz at the last two SPI conferences sur-
rounding module-level power electronics, at SPI 2010 there 
was some frustration that progress in bringing integrated ac 
modules or smart panels to market has been slow. Neverthe-
less, there were encouraging signs of progress. SolarBridge 
Technologies, for example, formally released its Pantheon 
microinverter, which features a 25-year warranty, simultane-
ously announcing partnerships with Kyocera and SunPower. 

In a concerted effort to drive standards for distributed power 
control systems, SunPower, SolarBridge and Tigo announced 
the formation of the PVDock, a new special-interest group. 

Suntech Power, meanwhile, announced initial smart-
module partnerships with Azuray, Enphase, National Semi-
conductor and Tigo. At an off-site location, it also displayed 
a smart-module prototype with a generic base plate in place 
of a potted junction box. Suntech’s smart-module base plate 
is designed to serve both as a mechanical interface for attach-
ing a microinverter or dc optimizer without hardware and as 
a heat shield to protect the module from any heat generated 
by the power conversion device. This dual-purpose design 
allows for the power electronics package to be field swap-
pable in the event of a failure. 

As an alternative to distributed power electronics, Sun-
tech displayed plain dc wire whip assemblies with embedded 
bypass diodes that could be mounted on the same base plate. 
Ryan Mayfield, principal at Renewable Energy Associates in 
Corvallis, Oregon, feels that this option alone would be a hit 
with installers. “The dc cable option could allow an integra-
tor to order shorter or longer wire whips, depending upon 
the desired mounting orientation of the modules,” he says. “It 
would also have the benefit of making bypass diode failures, 
however rare, field serviceable.”

sPi 2011 
Anyone who thinks that 10 months in advance is too early to 
start planning for SPI 2011 in Dallas, Texas, has clearly not 
been to the event in a while. Now is precisely the time to start 
planning and begin making the business case for attending 

the conference. While it is still early in the fiscal year, you 
should determine your budget for registration, travel, lodg-
ing, per diem and other expenses. Planning ahead will allow 
you to get the maximum value out of your fixed budget. You 
will need to decide who to send, how long they need to be 
there and what registration type they need.  

Some of you may recall that the exhibit halls at Solar 
Power 2004 and 2005 were open to the general public. While 
entrance to the expo is no longer free, except on Public Night, 
the emphasis on making it affordable is still very much in 
place. At SPI 2010, for example, the Full Conference early-bird 
registration rate for an employee of a SEIA or SEPA member 
company was $695; the equivalent Expo Only rate, mean-
while, was a mere $200. An option for those unable to plan far 
ahead was the on-site Expo Only rate: just $250 for members 
and $305 for nonmembers. Selecting the appropriate registra-
tion type for your employees and registering them early goes a 
long way toward controlling your costs at SPI. Similarly, book 
travel and lodging as early as possible.

In terms of blocking out time for the conference, I would 
just say that there is no risk of running out of things to do or 
see at SPI 2011. On the contrary, the challenge is finding time 
to do everything you will have planned. Before making any 
travel or lodging plans, consider whether anyone on your 
staff needs to arrive early or stay late. No matter how long 
you go for, there will be certain fixed costs involved. A longer 
stay may actually result in lower average cost per day. 

Having attended the conference every year since it was 
held in Washington, DC, in 2005, my ideal SPI agenda is to 
travel Sunday, attend trainings all day on Monday, have full 
conference access Tuesday through Thursday, attend the 
annual Solar ABCs stakeholders meeting on Friday morning, 
and then travel home Friday afternoon or on Saturday. This 
does not mean that this is what I get to do every year. But absent 
any other constraints, this is the agenda that allows me to 
have the most productive SPI experience.   C o n t I n u e d  o n  Pa g e  8 0 

“As an industry, we need to understand 

federal, state and local incentives 

and explain them properly to our customers. 

We must deliver systems that meet all local 

and state codes. We must abide by high envi-

ronmental, health and safety standards in the 

workplace and in our product lifecycle.”

		 —Rhone	Resch,	president	and	CEO,	SEIA	

“One thing we were least impressed 

with at SPI was the lack of products, 

services or manufacturers addressing safety. 

We believe that safe installation practices will 

be one of the most important issues facing 

our industry in the coming years.”

	 —Blake	Jones,	president	and	CEO,	Namasté	Solar	

Solar Power International  2010
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Your ideal agenda may look different. An interesting exercise 
might be to consider how it would differ and why. 

SPI in 24 hours. The reality is that not everyone can dedicate 
a week in October to the full-immersion SPI experience. But 
can you really afford to miss out on the biggest solar industry 
event of the year? Clients and potential clients will be there. 
Vendors and strategic partners will undoubtedly be there. In 
fact, this may be the only time all year when everyone you 
need to talk turkey with is at the same place at the same time. 

If you have time constraints, consider whether everything 
you need to do at SPI can be done in a day. If so, what Marvin 
Hamon refers to as the flash version of SPI may be just the thing 
for you. You can be enormously productive in one day, provided 
you have your agenda planned out in advance.

Here are the basic ground rules for the flash version of 
SPI 2010:

P  Register for Expo Only; skip the conference sessions.
P  Schedule all of your meetings in advance, making sure 

to leave extra time for important ones.
P  Prioritize the things that you would like to see on 

the expo floor in advance; plan a route that minimizes 
backtracking.

P  Take advantage of any free time by walking the exhib-
its. Keep moving and do not get stuck at interesting displays. 
Remember there is no time to see everything in depth. 

Divide and conquer. If you have been to SPI and have come 
away with your head spinning, you are not alone. It is an 
overwhelming experience, if for no other reason than the 

sheer volume of exhibits. There are 
many different things you could be 
doing at any one time, all of them com-
pelling and interesting. You are con-
flicted, wishing you could be in more 
than one place at once. If this describes 
your situation, consider bringing more 
of your colleagues to SPI, then divide 
and conquer. Many hands make light 
work, after all. 

This is the survival strategy—I mean 
success strategy—that we employ at 
SolarPro magazine. It is also a favorite 
with installers and integrators. You can 
enroll a new journeyman electrician in 
technical trainings; send a sales man-
ager to financing workshops; have a 
construction manager attend sessions 
on long-term PV system reliability; 

dedicate a system designer to scouting 
new products; and then join your CFO for 
closed-door meetings with corporate exec-

utives to evaluate volume pricing as part of a long-term supply 
agreement. As time permits, you can each walk the expo floor. 
When you compare notes later, chances are you will have all 
found interesting new products and opportunities. 

Jones of Namasté Solar reports that this strategy has 
worked well for his company. “We sent four people to SPI  
2010, more than in any previous year,” he says. “We are glad 
that we did. We needed to split up in order to see everything  
on the floor and to meet with everyone we wanted to meet 
with. The value of the meetings, networking and relationship 
building was more apparent than ever this year. We probably 
spent 75% of our time at the conference engaged in these 
activities. As a result, we will be sending the same number of 
staff, if not more, to SPI next year.”

Rhone Resch’s father used to tell him, “the world is run by 
those who show up.” When Solar Power International 2011 
rolls into Dallas, Texas, next October 18–20, the solar industry 
needs to show up in a big way. If you start planning now, you  
just might be able to make the most of the single biggest 
domestic solar industry event of the year. Now, please go 
mark your calendars.

david brearley / SolarPro magazine / ashland, or / 

david.brearley@solarprofessional.com / solarprofessional.com

Resources:
solar energy industries association / seia.org

solar electric Power association / solarelectricpower.org
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A good start, but…  Enphase Energy released a next-generation micro-inverter 
that is 96% efficient and will allow for module integration. Nevertheless, the  
promise of ac modules remains largely unfulfilled.

Solar Power International  2010
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California

PV System Design, Sales & 
Marketing Certification
American Institute of  
Renewable Energy

Jan 3 – Jan 7
Feb 7 – Feb 11 
San Bernardino
aire-online.com

Introduction to PV Design  
& Installation
American Institute of  
Renewable Energy

Jan 3
Jan 17 
San Bernardino
aire-online.com

Introduction to PV Design & 
Installation Certification
American Institute of  
Renewable Energy

Feb 21 – Feb 25
Mar 21 – Mar 25
San Bernardino
aire-online.com

Colorado

NABCEP PV Installer  
Seminar 
Thames Solar Electric

Jan 24 – Jan 28
Denver 
thamessolar.com

Florida

PV Design & Proper  
Installation
Code Electrical Classes

Jan 14 – Jan 16
Winter Park
code-electrical.com

Maryland

Troubleshooting PV Systems
IEC Chesapeake

Feb 2
Odenton
iec-chesapeake.com

NABCEP PV Installer  
Certification Prep
IEC Chesapeake

Feb 25 – Feb 26
Odenton
iec-chesapeake.com

PV Systems & the NEC
IEC Chesapeake

Mar 22
Elkridge
iec-chesapeake.com

PV Systems & the NEC
IEC Chesapeake

Mar 23
Hagerstown
iec-chesapeake.com

New York

PV Design & Installation
SUNY Delhi

Jan 10 – Jan 14
Delhi
delhi.edu

Electrical Theory for  
Renewable Energy  
Practitioners
Ulster BOCES

Jan 26 – Feb 23
Port Ewen
ulsterboces.org

Introduction to Off-Grid  
PV System Design
Ulster BOCES

Feb 12
Port Ewen
ulsterboces.org

Introduction to PV  
Technology
Ulster BOCES

Feb 28 – Mar 28
Mar 14 – Mar 18
Port Ewen
ulsterboces.org

Solar Hot Water Systems
Ulster BOCES

Mar 16 – Mar 31 
Port Ewen
ulsterboces.org

PV Technical Sales & 
Marketing 
Ulster BOCES

Mar 21 – Mar 25
Port Ewen
ulsterboces.org

Pennsylvania

PV Design & Installation 
Infinite Solar

Jan 17 – Jan 21 
Feb 14 – Feb 18
Mar 14 – Mar 18
Philadelphia 
solarschoolpa.com

Solar Thermal Design & 
Installation 
Infinite Solar

Jan 31 – Feb 4
Philadelphia
solarschoolpa.com

NABCEP PV Installer  
Certification Prep
IEC Chesapeake

Feb 22 – Feb 23
Bristol
bucks.edu

Texas 

PV System Sales &  
Marketing
ImagineSolar

Jan 3 – Jan 5
Austin
imaginesolar.com

Utility & Commercial PV  
System Design & Installation
ImagineSolar

Jan 10 – Jan 19
Feb 21 – Feb 26 
Austin
imaginesolar.com

PV Technical Sales First 
Steps
ImagineSolar

Jan 10 – Jan 19
Austin
imaginesolar.com

PV System Design &  
Installation
ImagineSolar

Jan 24 – Jan 28
Austin
imaginesolar.com

PV Technical Sales Design  
& Performance Analysis
ImagineSolar

Jan 24 – Feb 2
Austin
imaginesolar.com

PV Installer Training
Ontility & Cedar Valley 
College
Feb 7 – Feb 11
Cedar Hill
ontility.com

PV Technical Sales  
Economics 
ImagineSolar

Feb 7 – Feb 16
Austin
imaginesolar.com

PV Technical Sales  
Proposals 
ImagineSolar

Feb 21 – Mar 2
Austin
imaginesolar.com

Advanced PV System Design
ImagineSolar

Feb 28 – Mar 14
Austin
imaginesolar.com

Advanced PV System  
Installation
ImagineSolar

Mar 16 – Mar 18
Austin
imaginesolar.com

System Design & Installation
ImagineSolar

Mar 21 – Mar 25
Austin
imaginesolar.com

Canada 

Canadian Solar Solutions 
Dealer Training
Green Edge Products

Jan 20 – Jan 21
Woodbridge, Ontario
greenedgeproducts.ca

Online

Allied American University
allied.edu

Allied Schools
training4green.com

ONtility
ontility.com

Solar Energy International
solarenergy.org

Solar Living Institute
solarliving.org

Step Up Education
solarclassesonline.com

Sun Pirate 
sunpirate.com

Training Continuing Education for the Pro

Post or view professional  
trainings online at:
solarprofessional.com/training

For additional training opportunities and course details, visit solarprofessional.com/training.
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Projects System Profiles 

The PV system installed at the Mineta 
San Jose International Airport Rental 

Car Center is the largest municipal PV 
project in San Jose, California, to date and 
is one of the largest solar arrays located at 
an airport in the US. The array covers 3.4 
acres and is larger than two football fields. 
The system was part of a $1.3 billion ini-
tiative by the City of San Jose to modern-
ize the airport. It was chosen as the grand 
prize winner of the “Win with Canadian 
Solar” contest based on engineering skill, 
environmental impact, creativity and aes-
thetics. The system will meet at least 20% 
of the facility’s electrical power needs, 

reduce operational costs and generate a 
net-positive return on investment.

This project involved significant 
design, installation and scheduling 
challenges. The Rental Car Center is a 
seven-level building that operates 24 
hours a day, and the installation needed 
to be completed in 2 months. Because the 
project was located adjacent to an airport, 
the crews had to account for high winds, 
heavy traffic and other significant, ongo-
ing airport improvement projects. 

The Mineta San Jose International 
Airport is located in Seismic Zone 4, 
meaning that it sits on a location that 

Overview
DESIGNER: Jason Zvanut, chief 

operating officer, iPower,  

ipowercorp.com

LEAD INSTALLER: Don Dixon, senior 

project manager, Rosendin Electric, 

rosendin.com

RoSendin electRic
Mineta San Jose International Airport

Do you have a recent PV  
or thermal project we should 
consider for publication in 
SolarPro?

Email details and photos to: 

projects@solarprofessional.com
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is at the greatest risk in the nation of 
being hit by an earthquake. The design-
ers had to be very cognizant of the 
amount of weight placed on the roof 
structure. Therefore, a ballasted racking 
approach was eliminated in favor of 
Unirac’s ISYS Roof Mount. The nonbal-
lasted solution, which had never been 
deployed on such a large scale, requires 
fewer roof penetrations than other 
racking systems that were considered.

The Rental Car Center has an 
elastomeric roof covering a structural 
concrete deck. Each array standoff is 
secured with four expansion bolts. A 
combination of sealant and individual 
curbs for each standoff provides supe-
rior weatherproofing. The ISYS Roof 

Mount installation instructions detail 
laying out a series of modules on the 
roof deck, fastening the rails and then 
flipping the array assembly into place 
atop the racking substructure. During 
this particular installation, after many 
attempts, it was determined that it was 
simpler to install the rails first and then 
slide the individual modules into place 
for fastening.

“numerous obstacles challenged the 
construction team to come up with 
unique solutions for problems such as 
material hoisting, material and debris 
handling, and scheduling activities 
with the airport officials. despite these 
challenges, the installation was finished 
safely and in record time.” 
—Don Dixon, Rosendin Electric 

DATE COMMISSIONED: May 2010

INSTALLATION TIME FRAME: 60 days

LOCATION: San Jose, CA, 37.4°N

SOLAR RESOURCE: 5.3 kWh/m2/day

HIGH/LOW DESIGN TEMPERATURES: 

per solarabcs.org/permitting/map: 

89.6°F/32°F

ARRAY CAPACITY: 1.12 MW

ANNUAL AC PRODUCTION:  

1,700 MWh

Equipment Specifications
MODULES: 4,680 Canadian Solar 

CS5P-240M, 240 W STC, +/-2.1%, 

4.99 Imp, 48.1 Vmp, 5.34 Isc, 59.4 Voc

INVERTERS: 3-phase, 480 Vac service, 

two Advanced Energy Solaron 500E, 

500 kW, 600 Vdc maximum input, 

bipolar ±330 to ±600 Vdc MPPT range

ARRAY: Nine modules per source cir-

cuit (2,160 W, 4.99 Imp, ±432.9 Vmp, 

5.34 Isc, ±534.6 Voc), 32 circuits per 

combiner typical (69.1 kW, 159.7 Imp, 

±432.9 Vmp, 170.9 Isc, ±534.6 Voc), 

260 source circuits per inverter, 130 

positive and 130 negative-to-ground 

(561.6 kW, 648.7 Imp, ±432.9 Vmp, 

694.2 Isc, ±534.6 Voc)

ARRAY INSTALLATION: Unirac ISYS 

Roof Mount system installed on  

concrete slab roof structure weather- 

proofed with elastomeric roofing  

material, 280° azimuth, 10° tilt

ARRAY COMBINERS: Sixteen 

Cooper Crouse-Hinds CCBS34  

(eight per inverter), 10 A fuses

SYSTEM MONITORING: SolarMagic 

MYPVDATA



The Northeast/Mid-Atlantic region represents one of the 
strongest U.S. markets for current PV installations and one 
of the most promising for projected growth. PV America 
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www.pvamericaexpo.comAn SPI Regional Event
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www.pvamericaexpo.com
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www.midnitesolar.com

MidNite Solar’s

PV COMBINER

Perfectly suited for small 
Off-Grid applications
Aluminum Type 3R 
rainproof enclosure, with 
insulating deadfront cover 
for safety
Knockouts that accept 
waterproof strain reliefs, 
panel mount MC type 
connectors, or conduit. 
Additional knockouts for 
lightning arrestors
Accepts 2/0 – 14AWG, with 
a max rating of 168A 
Accepts up to 3 300VDC 
breakers (7-50A, available 
exclusively from MidNite)
ETL listed to UL1741 for 
use in the US and Canada

MidNite Solar is now offering a 
3 string version of our popular high 
voltage PV combiners. These are the only 
combiners available anywhere for installations 
utilizing 300VDC breakers, which are required 
for 200 and 250VDC charge controllers. 

PV COMBINER
MNPV6-250

Manufacturing quality solar energy products since 1978

THINK THERMAL-
THINK SUNEARTH

America’s Solar Thermal Leader Introduces

THE SOLARSTATION

SOLARSTATION AND CONTROL FOR CLOSED LOOP GLYCOL SYSTEMS

Complete Package 
Includes Pump Station, 
Differential Controller 
and Two Probe Sensors

Distributor Inquires Welcome

www.sunearthinc.com
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Projects

The PV installation at Otto Peterson 
Elementary School in Scappoose, 

Oregon—a new construction project—
required close collaboration with the 
general contractor, P&C Construction, 
and the architect, DLR Group. Product 
delivery and installation timing were 
critical, while in-field design changes and 
construction flexibility were important 
for the installation team.

To minimize the amount of racking 
materials used and maximize energy pro-
duction, a low-profile tilt racking system 
was specified for the standing-seam metal 
roof. A proprietary seam clamp system 
was used to eliminate roof penetrations 
while allowing a tilt angle for the mod-
ules. This approach limits wind loading 
and allows for a more 
power-dense rooftop 
installation. The tilted 
rows also allow for better 
access to the modules for 
array maintenance.

Maximizing the pro-
duction of the awning 
arrays posed some 
architectural challenges. 
For example, REC Solar’s 
performance standards  

required a lower row of proposed 
awnings to be eliminated due to exces-
sive shading from the building. In addi-
tion, the awning arrays needed several 
adjustments to ensure that they were 
appropriate for the string and inverter 
sizing and that they fit the window open-
ings, both aesthetically and structurally. 
Due to the long distances between each 
of the three awning sections, splitting 
strings was not a viable option.

“Solar systems on schools are always 
dual-value projects: they provide a 
tangible example of solar with on-site 
educational opportunities for students, 
while helping the schools reduce their 
overall operating expenses.” 
— Andy Noel, regional manager,  
REC Solar 

REC SolaR
Otto Peterson Elementary School
Overview
DESIGNER: Adam Ward, design 

engineer, REC Solar, recsolar.com

PROJECT MANAGER: Bryan Shull, 

operations manager, REC Solar

DATE COMMISSIONED: Sept. 2010

INSTALLATION TIME FRAME: 20 days

LOCATION: Scappoose, OR, 45.8°N 

SOLAR RESOURCE: 4 kWh/m2/day

HIGH/LOW DESIGN TEMPERATURES:

per solarabcs.org/permitting/map: 

89.6°F/19.4°F

ARRAY CAPACITY: 33 kW

ANNUAL AC PRODUCTION: 33 MWh

Equipment Specifications
MODULES, ROOF: 134 REC220AE-

US, 220 W STC, +/-3%, 7.8 Imp, 28.4 

Vmp, 8.4 Isc, 36.4 Voc

MODULES, AWNINGS: 18 Sanyo HIP-

195DA3, 195 W STC, +10%/-0%, 3.5 

Imp, 55.8 Vmp, 3.73 Isc, 68.7 Voc 

INVERTERS: 3-phase, 277/480 Vac 

service, three SB 7000-US, 7kW, 600 

Vdc max. input, 250–480 Vdc MPPT 

range; two SMA SB 5000-US, 5 kW 

ARRAY, ROOF: Twelve REC 220 W 

modules per source circuit on three SB 

7000-US inverters (2,640 W, 7.8 Imp, 

340.8 Vmp, 8.4 Isc, 436.8 Voc), three 

circuits per inverter (7,920 W, 23.4 Imp, 

340.8 Vmp, 25.2 Isc, 436.8 Voc); 13 

modules per source circuit on one SB 

5000-US inverter, two circuits total

ARRAY, AWNINGS: Six Sanyo 195 W 

modules per source circuit (1,170 W,  

3.5 Imp, 334.8 Vmp, 3.73 Isc, 412.2 

Voc, three circuits on SB 5000-US 

inverter (3,510 W, 10.5 Imp, 334.8 

Vmp, 11.2 Isc, 412.2 Voc)

ARRAY INSTALLATION, ROOF: 

Proprietary seam clamp and SnapNrack 

tilt mount kit, 156° azimuth, 16° tilt

ARRAY INSTALLATION, AWNINGS: 

Custom fabricated curtain wall brack-

ets and racking, 180° azimuth, 15° tilt

SYSTEM MONITORING: SMA Webbox
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THE SOLAR DEPOT 
ADVANTAGE. 

SOLAR DEPOT

WHAT IS THE 
SOLAR DEPOT 
ADVANTAGE?
Pre-Engineered Packaged Systems
Superior Technical Support   
Rebate Filing Assistance
Jobsite Delivery 
Lead Referral Program
Product Shipment Nationwide 




Marketing & Advertising Support
Financing Options

VISIT WWW.SOLARDEPOT.COM
Explore Solar Depot online!  Access our full product 
catalog and over 100 packaged system designs from 
our website.  Register for a Solar Depot workshop in 
your area today by clicking on “Workshops.”  View 
the Contractor section to learn about our full range 
of services and how to become a Solar Depot dealer. 

 

SERVING NATIONWIDE:

ONLY SOLAR DEPOT INSTALLERS DELIVER THE COMPLETE, 
QUALITY, SOLAR SYSTEM ON TIME. EVERY TIME.

Join the Solar Depot team, and gain an advantage 
over your competition!

SOLAR PV / SOLAR WATER HEATING  / SOLAR POOL / RADIANT FLOOR HEATING

Petaluma, CA                           Sacramento, CA                  Corona, CA     
1-800-822-4041              1-800-321-0101                 1-800-680-7922     

St. Augustine, FL                    Washington, D.C.                  Denver, CO   
1-904-827-9733              1-202-872-5221                 1-303-321-4186

Your One-Stop Shop for All Your Solar Needs
Wholesale Distributor / System Integrator Since 1979

www.solardepot.com


��������������

��������������
�����������������������������
��	�����������������������������
� ���������������������������������������������������������������

���������������
��������������������������������������������������������������

�� �� � � ��� ��� � ���� � � ��

�������
���������


��������������������������	�������������������

������������
������
��������������������
�������������� ������

����������������

���� ������
�������������

���� ������
����������

���� ������
��������

������������� ��������������������������

��

�����������
��������������������

���������

����
�


����
����

�����
����

�

����������������������������������

������
�������������

������
�������������

�����
����������

������������������

������
�����������

��������������������������������
�������������������������	 ����

�� ���
�����������

��� �������������
�� ������� �����

���� ����

�����������

www.proinso.net

	Cover
	Table of Contents (1)
	Table of Contents (2)

	Contributors
	Contact Us
	QA (1) - Solar Hot Water Recirculation
	QA (1) - (con't)
	QA(1) - (con't)

	QA (2) - PV System Labeling
	QA (2) - (con't)
	QA (2) - (con't)
	QA (2) - (con't)

	The Wire
	The Wire (con't)
	The Wire (con't)

	DC Combiners Revisited
	2011 DC Combiner Specificiations
	2011 DC Combiner Specificiations (con't)
	2011 DC Combiner Specificiations (con't)
	2011 DC Combiner Specificiations (con't)

	The Bakersfield Fire
	Solar Power International 2010
	Training
	Projects (1)
	Projects (1) (con't)

	Projects (2)
	Advertiser Index



