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Satcon Solstice 
The New Standard for Large Scale Solar

Power Production 

Call  888-728-2664
or visit

www.satcon.com/solstice
to learn more

©2010 Satcon Technology Corporation.  All rights reserved.  Satcon is 
a registered trademark of Satcon Technology Corporation.

Introducing the industry’s fi rst complete power harvesting and 
management solution for utility class solar power plants

• Boosts total system power production 
by 5-12%

• Lowers overall balance of system costs 
by 4-10%

• Reduces installation time and expense

• String level power optimization and 
centralized total system management

• Advanced grid interconnection and utility 
control capabilities

• Increased system uptime, safety and 
reliability

www.satcon.com/solstice
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48 hour-response time
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$/W is soooo 2008.

Introducing the UJ6 module series
from Mitsubishi Electric 
212 to 235 watts

With the solar industry shifting its focus from $/W to $/kWh, a module’s real-life energy performance is extremely important.  

Mitsubishi Electric PV modules have one of the highest PTC ratings in the industry and are well known for exceeding power 

output expectations in real life conditions.   All of our PV modules have a tight  +/- 3% power tolerance, a 25-year power 

output warranty, and are known for their exceptional quality and reliability.    

In our new UJ6 series, we’ve not only increased the number of cells per module from 50 to 60, we’ve also improved the cell 

e�ciency to bring you more power per square foot.  Mitsubishi Electric PV modules have some of the most innovative safety 

features in the industry including a triple-layer junction box, 100% lead-free solder, and a back protection bar for extra 

support.  The new modules range in size from 212 watts to 235 watts and are designed for roof mount or ground mount 

commercial installations.     

For more information please 

email pv@meus.mea.com

call 714-236-6137 or visit

www.MitsubishiElectricSolar.com 

It’s all about $/kWh now.

www.mitsubishielectricsolar.com
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Savings

Simplicity

Safety
Increased system granularity, 
repeatability, and serviceability.

Reduced labor and overall system 
costs.

HomeRun™ Disconnecting Combiner Boxes

source!Disconnect at the 

Safety, simplicity 
and savings in 

one box.

Combiner boxes 
with integrated 

disconnect.

www.blueoakpvproducts.com


Distinguish Yourself

– PV Workforce Development and the Market for Customer-Sited PV.  
McRae et al. ASES 2008 Proceedings. 

Raising the bar  

      for  SOLAR 
   INSTALLERS 

“Systems installed by NABCEP certified installers  
have fewer problems at the time of inspection  

than those installed by non-certified installers.” 

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

www.nabcep.org


The power behind the panel.

 www.trinasolar.com

Discover the value behind the panel
To us, the true value of a panel lies in the electricity it generates. In independent tests around 
the world, our panels have proven their superior energy performance. Choosing Trina isn’t just 
a quality purchase; it’s a sound investment. With Trina Solar panels, you get the best $/KWh.

www.trinasolar.com
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26  Ground-Mounted PV 
Most industry analysts predict tremendous growth in 
the US for large ground-mounted PV systems. Design-
ers and contractors will have more opportunity, as 
well as more liability. Effective planning and execution 
of large ground-mounted systems requires a detailed 
examination of siting issues, foundation types, racking 
systems and electrical design issues. 
By Charly Bray, PE 

48 Large-Scale PV Operations 
 & Maintenance 

Photovoltaic systems must be diligently observed and 
operated to capture as much of the convertible power 
as possible. Solar operations involve risk management 
over an extended period. Various layers of protection—
including careful evaluation of contracts, warranties 
and insurance options—and rigorous commissioning 
help predict and mitigate O&M costs and obligations.
By DavE Williams 

70  Lag Screws in Residential 
 PV Installations 

While lag screws are a common fastener for secur-
ing PV systems to the structural members of a roof, 
improper use, incorrect placement or omission of lag 
screws can reduce the structural integrity of a building. 
A professional engineer reviews common mistakes and 
best practices concerning the use of lag screws. 
By mark shElly, PE
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Free installer training: Sign up now!

www.aleo-solar.com/freeclasses

http://www.aleo-solar.com
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Cincinnati, Ohio-based ameridian specialty 
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capacity of 1.1 mW.   
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Sunny Days Are Here. 

SCHOTT Solar modules are pro-
duced with pride in Albuquerque, 
NM from foreign and domestic 
components and qualify as a 
do mestic end product under: 
the Buy America Act, the Trade 
Agreement Act, and the Amer ican 
Recovery and Reinvestment Act. 
Tested at twice the international 
standard, SCHOTT Solar modules 
are gua ranteed to perform at or 
better than specification. Because 
the forecast calls for solar, what-
ever the future holds.
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Contributors

Mark Shelly has more than 28 years of design experience 

with wood and extrusions in military transportation 

environments, including the evaluation and testing of a 

portable stand-alone PV system. He is currently researching 

and evaluating snow and wind loading on PV systems, their 

mounting hardware and the resulting structural effects on 

residential and commercial roof systems in the northeast. This 

includes testing lag screws for residential roof installations. 

Mark is a New Jersey–registered professional engineer.

Ryan Pardini recently joined the products division at 

Sustainable Energy Partners to help develop its solar 

racking system. He began his professional career in 2005 

working for an environmental consulting and general 

engineering firm where he gained experience using CAD 

software. Ryan wrote a master’s thesis on computer 

modeling and simulation to obtain his MBA degree from 

San Francisco State University. He also holds a BA in 

environmental studies from UC Santa Cruz.

Matt LeDucq has worked in the solar industry since 2004 and 

in the construction industry since 2002. Currently director of 

construction at Suntech America, he is responsible for all of 

its wholesale generation projects. Matt has deep experience 

in all areas of large-scale solar project development, 

including project costing, risk management, safety program 

management and forecasting. Previously he worked for  

more than 5 years as a project manager for Powerlight and  

EI Solutions. He is OSHA and Cal-OSHA certified.

Experience + Expertise 

David Williams is the CEO of dissigno, an international 

solar asset management services firm. He has managed 

the technical development, installation and operations of 42 

MW of solar at more than 50 plants across the US, working 

with dozens of equipment manufacturers, integrators and 

investors. David has also worked on renewable projects  

in the Czech Republic, Tanzania, Morocco, South Africa  

and Australia. 

Charly Bray is associate director of engineering at Sharp 

Electronic’s Solar Group. He has spent 9 years in the solar 

industry with Sharp and other firms designing PV and solar 

thermal systems, as well as developing solar mounting 

systems and other BOS components. At Sharp, Charly 

is focused on designing and building production models 

for large-scale PV projects. He has a BS in mechanical 

engineering from UC Davis and is a licensed professional 

engineer, as well as a NABCEP Certified Solar PV Installer. 
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Installers asked for a simpli�ed battery back-up system that was easy to order and install.  We answered with the 
FLEXpower ONE, a fully pre-wired and factory tested single inverter solution designed to save both time and money. 
FLEXpower ONE incorporates a 3kW Inverter/Charger, 80 amp Charge Controller, a Battery Monitor and communication 
devices, while still maintaining an extremely compact system footprint. Available in both grid-tie and o�-grid con�gurations, 
FLEXpower ONE is ideal for applications with modest power requirements such as cabins, chalets, homes, remote 
communications sites and back-up power systems. 

www.outbackpower.com

For available models and specs visit www.outbackpower.com/	expower 
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Ordering. Installation. Battery Back-up.
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G oogle SketchUp (SU) is an 
excellent program for system 
designers to keep in their digi-

tal tool bag. Perhaps its greatest attri-
butes are that it is available in a free 
version (sketchup.google.com) and that 
it works in conjunction with Google 
Earth (earth.google.com). This means 
that every roof shown in Google Earth 
can be converted into the plan view 
for a potential solar installation site or 
used to add detail to a 3-D model. SU 
software can also transform 2-D DWG 
and DXF files created in CAD software 
into 3-D virtual rooftops brimming with 
solar equipment. The following steps 
detail one approach to this process.

CAD preparation. Importing CAD files 
is possible with Google SkecthUp Pro, 
which is available for $495, or with the 
8-hour evaluation version. When pre-
paring CAD images to import into SU, 
remove unnecessary plan details and 
text, and ensure the units of measure 
are correct. (See Figure 1.) A simplified 
plan view of the installation site serves 
as a foundation on which to build the 
3-D model. Make sure to retain any 
structural features that limit the array 
size or influence the project scope. 

Import and scale. In SU’s File menu, 
choose Import to open the prepared 
CAD file. After the image loads, verify 
that it is scaled correctly. (See Figure 2.) 
Select the Tape Measure tool, then 
click on the end points of any line in 
the model for which the actual, exist-
ing length is known. Measurements 
are displayed at the bottom-right 
corner in the SU window. If the image 
is not to scale, simply enter the cor-
rect length, including units, and press 
Return. A length of 10 feet 3 inches, 
for example, requires an input of 10´ 
3˝, 10.25´ or 123˝. Use m, cm, and mm 
for metric units.  c o n t i n u e d  o n  pa g e  1 6

Figure 1  This simplified plan view is ready to import into SketchUp.
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Figure 2  After the simplified plan view is imported, verify the image scale.

QA Quality assurance

Create 3-D Models in Google SketchUp  
Using CAD Files 
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Win with Canadian Solar Contest ends September 30, 2010. Deadline for entries is September 30, 2010. One grand prize winner and four Honorable Mentions will be announced 
October 12, 2010. Prizes are non-transferable. Taxes are the sole responsibility of winners. Sponsors reserve the right to terminate or modify contest. Other restrictions may apply. 
Check www.canadian-solar.com/en/WIN for more details.

We have 3,000 reasons for you 
to show how you’ve used solar  

to build a greener planet

Canadian Solar produces some of the 
highest quality solar modules on the 
market today offering:

•  Modules ranked among the Top PTC 
ratings

•  Tightest power tolerances of major 
manufacturers

•  Industry-leading 6 yr product and 25 yr 
performance warranties

•  New ‘Enhanced Selective Emitter’ 
Technology

•  And now the NewEdge Zep Compatible 
rail-less modules

We’d like to hear how you have used our 
PV modules to contribute to a greener 
planet by building solar energy systems  
for businesses and homes across  
the country.

Submit details of your completed solar installation built with Canadian Solar 
modules, along with a high-resolution photo to:

www.canadian-solar.com/en/WIN
Four Honorable Mentions will receive $500 each.

Installations will be evaluated on engineering skill, environmental impact, 
creativity, and aesthetics.

You Could Win $3,000
The Win with Canadian Solar Contest

All entries received 
by May 15, 2010 will 
be eligible to win a 

feature spot in our next 
SolarPro full-page ad.

http://www.canadian-solar.com/en/win


16	 S o l a r pr o 	 	 | 	 	 June/July	2010

Adding surfaces. At this point, the 
2-D roof plan must be prepared for 
3-D display. Since the CAD image is 
imported as one component, it needs 
to be exploded before you can work on 
it. Select the image and pull down the 
Edit menu to reveal the Component 
(1 in model) option; under Component 
(1 in model) select Explode. Right- or 
option-clicking the selected image 
also displays the Explode option in the 
Context menu.

To create surfaces on the roof plan, 
use the Line tool to connect two edges 
for each individual surface planned 
for modeling upward. A shaded area 
appears, indicating the creation of a 
surface that can be extruded upward 
using the Push/Pull tool. To help 
keep track of which structures con-
tain surfaces that can be pushed or 
pulled, begin by creating surfaces on 

the structures located on the inside of 
the roof plan and work outward (See 
Figure 3.). 

After creating surfaces on the 
roof plan, begin extruding the model 
upward. (See Figure 4.) With the Push/
Pull tool selected, click, hold and then 
move the cursor to pull the surface 
in the desired direction. The Push/
Pull tool also allows you to enter data 
manually for specific elevations. The 
3-D model is complete after all of the 
relevant surfaces have been extruded 
upward from the simple plan view.

Import Google Earth snapshot. One 
handy feature in SU is its ability to 
incorporate images from Google Earth 
(GE). Rooftop images taken from GE 
can be applied to virtual surfaces in the 
model. These images can also serve as 
visual benchmarks to align plan views 
created in a CAD program.

Open GE and position the screen 
view directly over the roof or project 
site. Make sure the entire structure is 
contained in the GE screen view, then 
go to the File menu and save the image 
as a JPEG. (See Figure 5, p. 18.) Return 
to SU and select the Tools menu, then 
scroll down to the Google Earth menu 
item; click the Get Current View button 
to import the GE snapshot into SU. 

The center of the GE image imports 
at the axis origin, oriented north to 
south along the green axis shown in 
Figure 6, p. 18. To increase the effi-
ciency of available modeling tools, it 
may be useful to align the image so the 
perimeter of the structure is parallel to 
the x- and y-axes. Select UnIock in the 
Edit menu to unlock the image, then 
use the Axes option in the View menu 
or the Move and Rotate options in the 
Tools menu to position the image. 

Assuming that the building was not 
oriented north-south to begin with, this 
step aligns its GE image with your 3-D 
model, which is aligned with respect to a 
north-south axis in SU. This north-south 
axis in model space is not the true north-
south axis. Note that before any subse-
quent shade studies are performed, both 
the GE image and the 3-D model need to 
be rotated back to true north-south.

At this point, the GE image is black 
and white, as   c o n t i n u e d  o n  pa g e  1 8 

QA

Figure 4  Surfaces in the roof plan are extruded upward.
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Figure 3  When creating surfaces on the roof plan, start on the 
interior of the plan and work out.

Note that if electronic drawings are unavailable for a site, it is  

possible to create an accurate roof plan in SketchUp using the free 

version of the software and a Google Earth snapshot. Once the color 

overlay is in place, simply use the rectangle or line tool and trace over 

structural features on the Google Earth image to create a roof plan.
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Whether you’re powering a single remote cabin or providing electricity for an entire village, the 
SMA Sunny Island solar inverter is the solution to your off-grid and battery back-up needs. The 
Sunny Island series was designed for AC coupled applications and can be used independently 
or together in parallel for easy expansion. Industry-best effi ciency, robust surge capabilities and 
exceptional reliability assure unmatched performance. See why the Sunny Island is the gold 
standard in off-grid and battery management systems.
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shown in Figure 6. To incorporate a 
colored overlay of the GE snapshot, 
import the JPEG image previously 
saved in GE. First ensure the GE 
snapshot is highlighted in blue, then 
double-click its surface. Doing so 
displays perforated lines around the 
snapshot. Open the File menu, select 
Import, then open the saved JPEG 
image. The colored image imports into 
SU. Click the bottom-left corner of the 
black-and-white image and drag the 
colored image toward the top-right 
corner to align the two perimeters. 
Next, right-click the colored image, 
select the Texture drop-down menu, 
and choose Position. Align each pin to 
the axis or desired position.

Note that if electronic drawings are 
unavailable for a site, it is possible to 
create an accurate roof plan in SU using 
the free version of the software and a 
GE snapshot. Once the color overlay is 
in place, simply use the rectangle or line 
tool and trace over structural features 
on the GE image to create a roof plan.

Alignment and roof texture. Align the 
to-scale plan view with the Move tool so 
the drawing is directly over the footprint 
of the plan view imported from GE. 
Assuming the GE snapshot and SU roof 
plan are both oriented in the same direc-
tion and parallel to the x- and y-axes, 
select the entities and move them as 
necessary. If the two entities are slightly 
offset, zoom in and use the Rotate and 
Move tools to fine-tune the alignment. 

Applying existing textures from a 
GE snapshot can enhance the model’s 
aesthetics. To add the colored texture 
contained in the GE snapshot, unlock 
and select all entities in the model  
and position the GE snapshot so the 
bottom-left corner is flush on the  
x- and y-axes. Make sure the footprint 
of the extruded model occupies the 
footprint of the roof in the GE snap-
shot. Next, select the Paint Bucket 
tool, press and hold the Alt key, and 
click the GE snapshot. Continue to 
paint each surface on the roof plan to 
add its corresponding texture.

Adding solar equipment. Google’s 3D 
Warehouse lets you design and build 
to-scale solar arrays by importing 
existing components from the Inter-
net. In the File menu, find and open 
the 3D Warehouse submenu, then 
select Get Models. This opens a Google 

search page that provides access to 
an online database of SU components, 
including solar modules. For example, 
searching for “Sustainable Energy 
Partners” in 3D Warehouse yields 
several virtual PV modules avail-
able to download. (See Figure 7.) If a 

QA

Figure 6  After the Google Earth image is unlocked, it is possible to align the snap-
shot with the model.

Figure 5  A snapshot from Google Earth can be saved as a JPEG and imported into 
SketchUp.
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specific module type is not listed in 3D 
Warehouse, you can import an exist-
ing module and modify its properties, 
such as  tilt angle, length and width. 

Once the virtual equipment is in 
SU, rendered accurately and to scale, 
it is relatively easy to use the Copy and 
Paste commands to build a PV system. 
However, SU provides more-efficient 
processes to speed up the workflow. 
For example, to quickly multiply the 
panels of a small array, select the 
existing panels, open the Edit menu, 
and choose Make Group. Select this 
group of panels and press M to toggle 
the cursor to the Move function. Then 
press the Ctrl key and select the group; 
drag it forward to create a duplicate 
set of panels. Specify a distance in the 
pop-up dialog box and press the Enter 
(or Return) key to place the duplicate 
group at an exact distance away from 
the original group. Finally, type X 

followed by a number to create that 
number of duplicates.

Layers and scenes. To create a layer, 
select a group or group of entities. (If 
the selection is not a group, group it 
first.) Select Layers from the Window 
menu to open the Layers window. Click 
the X icon at the top of the Layers 
window to create a new layer. Name 
the layer. Right-click on the group you 
want to make into a new layer and 
select Entity Info. Find the new layer 
in the pull-down menu located in that 
window and assign the group to the 
new layer. Go back to the Layers win-
dow and uncheck the box in the Visible 
column to toggle the visibility of this 
group on and off. Leave open the Entity 
Info and Layers windows and open 
the Scenes window by selecting Scenes 
from the Window menu.

The Scenes feature incorporates 
layers to communicate specific 

Figure 7  Google’s 3D Warehouse con-
tains PV equipment models that can be 
used as-is or modified as necessary.

SolarEdge offers the �rst end-to-end Distributed Power Harvesting system 
complete with module-embedded DC power optimizers, specialized
DC-AC multi-string inverters, module-level monitoring capabilities for accurate 
troubleshooting, and automatic safety mechanisms. The result: a new de�nition of 
what cost-ef�cient, grid-ready energy is all about.

www.solaredge.com architects of energy™

Years12
Warranty

Inver te r  •  I nv erter • Inverter • In
ve

rt
e r

 •
 

 Module-embedded PowerBox enabling optimized MPPT 
 Module-level monitoring for precise, remote troubleshooting 
 Automatic DC voltage shutdown during installation, maintenance and �re�ghting
 97%+  weighted ef�ciency inverters speci�cally designed for power optimizers
 Signi�cant cost-ef�ciency, including savings on wiring, DC disconnects & fuses, 

and built-in communication HW
 Optimal �xed string voltage, regardless of temperature or

string length, enables constraint-free design
 Simple and easy installation for residential, commercial

and large �eld deployments

HomeProHalfpageHorizontal250310.indd   2 25/3/10   15:32:58
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features of the model. Scenes also 
filters various attributes of entities 
or groups. Suppose a client wants an 

estimate and system 
layout for two dif-
ferent arrays, each 
occupying different 
areas of the project 
site. Each scenario 
can be represented 
with its own scene. 
First, build each array 
in the model, then 
group them sepa-
rately and create a 
layer assignment for 
each system. With the 
Layers window open, 
toggle on the visibility 
of System 1 and toggle 
off the visibility of 
System 2. Open the 

Scenes window and click the X icon 
to create a new scene. Label the  
scene. Now toggle off the visibility of 

System 1 and turn on the visibility 
of System 2. Create a new scene and 
label it. Two scene tabs should appear 
in the Scenes window.

Understanding how to import a 
CAD image file in SU and familiar-
ity with groups, scenes and layers 
is essential for efficiently building 
realistic models. Once the model is 
built, features like square footage 
calculations and shadow projections 
can assist with technical factors of 
a system layout. (See Figure 8.) The 
graphical representations generated 
in SU can also aid in project logistics 
and marketing. In a future SU tutorial, 
I will detail the steps involved in using 
your 3-D model to perform accurate 
shade studies.

—Ryan Pardini / Sustainable Energy 
Partners / San Francisco, CA /  
separtners.com 

QA

Figure 9  View of the finished model with Google Earth textures, PV array and shadows.

Figure 8  The Shadow Settings feature in SketchUp can 
assist with array placement and inter-row spacing.
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[Martinsville, VA]   Fear steep roofs no 
longer. Cougar Paws Roofing Boots 
provide added grip and comfort for 
installers who work on difficult roof 
inclines and surfaces. The Duraflex 
leather roofing boots and high-top 
tennis shoes utilize the company’s 
innovative Traction Grip technol-
ogy, which is designed to securely 
grip any roofing material for added 
safety and speed. The soles are 
made of industrial Velcro and a 
replaceable Traction-Grip pad is 
in turn attached to the sole.

Cougar Paws / 276.632.3932 / 

cougarpaws.com

the Wire Industry Currents

Canadian Solar Introduces  
Zep-Compatible Modules
[Kitchener, Ontario, and San Rafael, CA]   Canadian Solar is the first manufacturer 
to produce modules with frames that are compatible with Zep Solar’s railless 
mounting system. The NewEdge PV line includes the 72-cell monocrystalline CS5A-
MX module available with rated power outputs from 180 W to 200 W in 5 W incre-
ments. The CS5A-MX has a black backsheet and a black anodized aluminum frame. 
The 60-cell polycrystalline CS6P-PX is available with rated power outputs of 220 W 
to 250 W in 5 W increments. Both models feature a plus-only power tolerance of 5 
W (+2.5% or +2%, respectively). The frames of the NewEdge modules incorporate 
the Zep Groove, a channel that accepts the railless mounting system developed by  
Zep Solar that features auto grounding, leveling and alignment, as well as theft-
resistent hardware. The NewEdge modules are also compatible with standard 
pitched-roof and ground-mounted racking systems.

Canadian Solar / 519.954.2057 / www.canadiansolar.com

Zep Solar / 415.479.6900 / zepsolar.com

Advanced Energy 
Acquires PV PoweredCougar Paws Tame  

PiTChed-roof insTallaTions [Fort Collins, CO, and Bend, OR]   US-based 
inverter manufacturer Advanced Energy (AE) 
recently announced its acquisition of PV Pow-
ered. The companies’ combined technologies and 
product platforms span the utility, commercial 
and residential-scale photovoltaic markets. PV 
Powered will operate under the current manage-
ment team as a wholly owned subsidiary of AE. 
It will continue to sell and support its full line of 
products from its Bend, Oregon, facility. PV Pow-
ered’s commercial product portfolio ranges in 

size from 30 kW to 1 MW, including its flagship 
260 kW product with a CEC efficiency of 

97% and the widest dc operating volt-
age range in the industry. Its portfolio 
complements AE’s transformerless 

inverters, which include 250 kW,  
333 kW and 500 kW models.

Advanced Energy / 800.446.9167 / 

aesolaron.com

PV Powered / 541.312.3832 /  

pvpowered.com
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SOLKIT 2 includes:

info@stiebel-eltron-usa.com

Season after season,
the sun gives its light to the earth, 
allowing life to bloom.

Every day a limitless crop of free,
clean energy reaches our planet.

Stiebel Eltron manufactures all the tools you 
need for a successful thermal solar harvest.
And we’ve been doing so since 1976.

From our highly efficient flat plate collectors and 
storage tanks to our complete line of mounting 
hardware,  pump stations,  controllers,  and 
accessories,  we have it all.

SBB 300 Plus Storage Tank

2 x SOL 25 PLUS
Flat Plate Collectors

Pump station with
SOM 6 Controller

Because every installation is 
different, we have a full line of 
SOLKITS and mounting 
hardware kits available.  All 
components and accessories are 
available for individual sale.

Simply the Best

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.

http://www.stiebel-eltron-usa.com
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[Acton, CA]   Designed by a roofing contractor to ensure 
worker safety and ladder security, the Safe T Climb extension 
ladder antifall device prevents ladder slippage. In addition, 
you can use the built-in Angle Rite bubble level to determine 
the OSHA-required ladder angle of 75.5°. These versatile 
devices fit extension ladders of any size and work on any 
roof pitch and surface. Extendable legs accommodate wide 
gutters or uneven roof surfaces. The Safe T Climb Industrial 
model includes a parapet wall extension designed for 6-inch 
to 8.5-inch parapets; additional extensions are available to 
accommodate parapets of up to 16 inches. Safe T Climb is 
made of heavy-duty 16-gauge steel and carries a lifetime 
manufacturer’s warranty.

Safe T Climb / 661.269.8200 / safetclimb.com

[Colorado Springs, CO]   S-5! is introducing an improved 
S-5-PV Kit for penetration-free array mounting on pitched 
standing seam metal roofs. A redesigned mounting disk 
with a module guide simplifies module placement and 
alignment. The disk now features four under-disk hooks 
for integrated wire management. In addition, the PV Grab  
    clamp has broader  
    ears and the  
    increased stud  
    length accommo- 
            dates module frame  
            thickness from 1.25 to  
            2.5 inches.  
                S-5! / 888.825.3432 / s-5.com

safe T Climb Takes 
ladder safeTy To  
The nexT rung 

[Austin, TX]   To keep up with growing industry demand for quick-
connect module output wiring assemblies, USA Wire & Cable has 
partnered with Amphenol to distribute the Helios H4 Solar Connec-
tor, manufactured by Amphenol. The H4 connector meets 2008 
NEC requirements for locking connectors and is both UL and TUV 
approved. Specifications include a low typical-contact resistance  
of 0.25 mΩ, which is approximately half the resistance of other 
available connectors, and high-current ratings of 32 A/14 AWG,  
40 A/12 AWG and 44 A/10 AWG. In addition, the H4 is fully com-
patible with MC4 connectors. Crimp, strip and connector unlocking 
tools are available.

  USA Wire & Cable / 800.880.9473 / usawire-cable.com

USA Wire & Cable Offers  
Amphenol’s Solar Connectors

S-5! Redesigns  
Rail-Free PV Kit
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The industry’s most sought-after 
product information resource 
is now in print! 
More than 200 pages of the latest and best 
renewable energy technologies for homes
and businesses. Thousands of products, 
with photos, specs, retail prices, plus design 
guidance and installation tips.

        AEE Solar dealers can get multiple 
copies with their own branded cover to use 
as their own sales tool. Our dealers also 
get access to the contents of the catalog 
digitally for their own marketing efforts.

Now on the web, too!
http://www.aeesolar.com/catalog/
Our catalog is now on our website, too –  
and not as a PDF but in searchable html. 
While only authorized dealers and installers 
can buy from AEE Solar, everybody is free 
to browse our extensive online renewable 
energy products web catalog.

It’s here!
The 29th Edition of the AEE Solar

Become an authorized 
dealer and get all 
AEE Solar has to offer:
1.  Best Products
2.  Widest Inventory
3.  Unsurpassed Tech 
    Support
4.  Dealer Training
5. Renowned Catalog
6. On-Time Shipping

Whether you are an industry veteran or a solar rookie, put AEE Solar on 
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G
round-mounted PV projects are becoming 
more relevant in the solar industry as proj-
ect sizes get larger and the nature of projects 
changes from an asset held by a building owner 
to a pure investment. Unlike rooftop systems, 
which are limited by the size of roofs, ground-

mounted systems can be constructed on a much larger scale, 
offering investors financially attractive projects. In addition, 
the growing market penetration of low-cost thin-film PV 
technologies, which require a larger area than traditional 
crystalline silicon PV, drives growth in ground-mounted sys-
tems. More mature solar markets like Germany and Spain 
have a good history of large ground-mounted systems. Most 
industry analysts predict tremendous growth in the US for 
large ground-mounted systems over the next several years. 

Chris Edgett, director at StrateGen Consulting, for example, 
believes that growth in ground-mounted systems will be 
significant. “We are expecting to see massive growth in the 
deployment of utility-scale ground-mounted systems, repre-
senting more than 50% growth over 2008 in many regions,” 
he says.   

In this article, I focus on fixed-tilt ground-mounted PV 
systems, but much of the information is relevant to fixed-tilt 
solar thermal and tracking PV systems as well. For my pur-
poses, small systems have less than 2,000 square feet of col-
lector surface area, which equates to about 26 kW of PV at 
14% module efficiency; medium systems have in the range 
of 2,000–20,000 square feet of collector area, or 26–260 kW 
at 14% efficiency; large systems are any that have more than 
20,000 square feet of collector area. 

By Charly Bray

An empty plot of land that a developer might have once considered

for tract housing or a parking lot may these days be a more  

likely candidate for a solar power plant.  

Increasingly, a plant chosen 
for such a location is  
ground mounted

Ground-M ounted PV 
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Courtesy conergy.us (2)

An empty plot of land that a developer might have once considered

for tract housing or a parking lot may these days be a more  

likely candidate for a solar power plant.  

Increasingly, a plant chosen 
for such a location is  
ground mounted

If you design solar system mechanical assemblies, con-
sider transitioning to the use of collector area rather than 
power capacity ratings for design purposes. PV technology 
has a wide range of efficiencies. When people refer to system 
capacity in terms of watts or kilowatts, they are generally 
referring to a product with a module efficiency of 13%–14%. 
In fact, the range of efficiencies is anywhere from 6%–19%. The 

Comparing mechanical assemblies  Because module 
efficiency varies, collector area is the best way to describe 
PV mounting systems. For example, at this tracked, ground-
mounted Conergy installation for the South San Joaquin 
Irrigation District, 1.18 MW of 13.7% efficient c-Si PV modules 
(about 92,250 square feet) are installed next to 418 kW of 
10% efficient thin-film modules (about 44,650 square feet).

Ground-M ounted PV 
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Ground-Mounted PV

collector area for a 100 kW PV array using 6% efficient Signet 
Solar SI-344 modules, for example, is approximately 17,850 
square feet. If 18.7% efficient SunPower SPR-305-WHT mod-
ules are used, the collector area decreases to approximately 
5,830 square feet. While both array capacities are the same, 
these are very different mechanical assemblies.

As with any solar project, if you are considering a 
ground-mounted PV system you should evaluate several fac-
tors. First, carefully describe the goals of the project, as these 
strongly influence the project design. Next, optimize the 
design to meet the goals within the context of broader siting 
concerns, including property boundaries, any restrictions on 
the property size, the location of electrical interconnections 
and potential permitting issues. More detail on the property, 
including geotechnical data on the soil and other relevant 
site classifications—such as wind zone, snow zone, seismic 
zone, weather conditions and soil properties—should be 
the next concern. With geotechnical and civil issues settled, 
you can then begin to select a foundation and racking sys-
tem. The next logical steps involve the electrical aspects of 
the design, including grounding and other Code compliance 
issues. Finally, consider constructability. 

MEETING PROJECT GOALS 
The typical PV system’s purpose is to produce the most 
favorable return on investment, given the constraints of the 
site. The goals for a specific project, however, should be care-
fully defined with the owner. Does the owner want to maxi-
mize ROI according to time-of-delivery factors per the utility 
rate schedule? Is there a maximum capacity that is dictated 
by the utility or other regulatory restrictions that may limit 
the total size of the project? Are there transmission capacity 
issues? Energy production estimates are important for any 
PV system and should be delivered to the owner in the pro-
posal stage of the project to aide in this process. In addition, 
will aesthetic considerations drive the design of the project? 
How will other parts of the property or adjacent properties 
be affected? These considerations are all part of the goal set-
ting process for successful projects.

InItIal SItIng ISSueS and OptImIzatIOn
If you are siting a ground-mounted system, you need to con-
sider several factors, starting with those most important to 
the project’s success.  

Plot. First, identify the property lines. Does the jurisdiction 
require setbacks from the edge of the property? The envelope 
allowed for development must be defined early in the process. 
Ideally, existing drawings done by a surveyor are available 
through the property owner or available at the local build-
ing department. If you must go to the building department, 
it is probably worth stopping by the planning department to 
discuss setback requirements, easements or other issues that 

govern the construction of a ground-mounted solar instal-
lation at the site. The building department may have under-
ground utility maps. In addition, it is wise to utilize local “Call 
Before You Dig” services to have underground utilities identi-
fied and marked.   

Civil engineering. It is important to understand the civil site 
work necessary for a project early in the process. For example, 
ground-mounted systems may be subject to storm water run-
off mitigation and other environmental reviews that are not 
typical for roof-mounted systems. If the site must be graded or 
leveled or if water runoff must be contained in catch-basins, 
it is important to identify these issues and understand local 
ordinances and restrictions. Engaging a civil engineer in this 
effort is advisable on larger systems. Note that permitting and 
civil construction costs are other factors to consider when 
designing a ground-mounted system. Understanding these 
costs upfront may be more difficult with a ground-mounted 
system than a roof-mounted system. The better the civil site 
work is defined, however, the better the permitting and con-
struction budgets can be defined.

Site access. Access around the site is a big consideration 
for construction and maintenance. Usually construction 
machinery needs to move around, and adequate space and 
pathways are needed to allow the work to flow efficiently. 
Planning the system for efficient use of   C o n t i n u e d  o n  pa g e  3 0

Road construction  Road fabric and road base material are 
used to create access corridors for equipment prior to the 
start of major construction at this Sunsense Solar ground-
mounted installation in Carbondale, CO.
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More power. Less Hassle.  Every Inovateus Solar solution 
is designed to get you the most power and our commit-
ment to get the job done right won't leave you stuck in 
the mud.  So go ahead, feed your hunger for power.

Solar components to utility-scale systems no matter 
the conditions.

www.InovateusSolar.com/info   |  877.876.SOLAR
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labor is important on systems of any size 
but absolutely crucial on large systems. 
Mud can be a concern in any construc-
tion site during wet times of the year and 
can also hinder maintenance. A large 
array should have some well-placed major 
corridors that allow large construction 
machinery to enter the site and maneu-
ver as needed. In some cases, it may be 
necessary to provide enough room for 
construction machinery traffic both com-
ing and going. Major corridors should be 
paved with gravel at a minimum.   

Point of common connection. You should 
determine the location of the point of interconnection on the 
property and whether there are capacity constraints on the 
electrical system. If the point of interconnection is on one cor-
ner of the property, does it make sense for the inverter(s) to 
be located near it, or is it more advantageous to run inverter 
output-circuits to this location? The answer depends on factors 
such as the voltage drop difference between the ac and dc parts 
of the system, inverter accessibility, construction costs and 
maintenance considerations. Generally, on very large systems 
more than 100,000 square feet, inverters are located within the 
array field to reduce voltage drop on the dc side. Many larger 
systems with central inverters are configured to go direct to 
medium voltage with a transformer that steps the ac side up to 
12.4 kV or higher. It is good practice to plan ahead and locate  

the electrical system’s major arteries so they are easy to lay out, 
and to provide a simplified route to the point of interconnection.

Transmission study. If the project is a typical net-metered 
system, determining the size of existing switchgear and 
service type is no different from any other PV system. The 

difference comes with systems that are owned by a utility 
or selling energy directly to the utility through a power pur-
chase agreement. The project developer or owner often does 
this due diligence prior to the system designer’s involve-
ment, but sometimes the designer is asked to do this task. A 
transmission study may be necessary for large systems, but 
that is beyond the scope of this article.  

Performance optimization. In addition to broad siting con-
cerns, energy generation optimization should be considered 
early in the project. You need basic optimization studies to 
determine tilt angle and row spacing for the array. Pay close 
attention to the trade-off between higher tilt angles, closer 
to latitude, that might allow for greater yearly energy harvest 
and the additional space required between rows to minimize 

self-shading. 
Analyses done by many in the indus-

try over time have generally indicated that 
latitude minus 10°–15° is a good compro-
mise tilt angle in a multiple-row fixed-tilt 
ground-mounted system. Most systems are 
designed to allow some self-shading loss 
between rows in the heart of the winter—
typically between 1% and 3% of yearly pro-
duction. The additional space required to 
eliminate row shading is not usually prac-
tical. One rule of thumb for row spacing is 
to complete a sun elevation calculation for 
December 22 and allow 1–3 hours around 
solar noon before shade reaches the bot-
tom edge of the active collector surface. 
One option for achieving this is to under-
take a careful study with a shading analysis 
tool, like a Solar Pathfinder or Solmetric 

SunEye, using an object placed to the south of the tool in the 
general location of the array. Software programs, like PVSyst 
or PV*SOL Expert, make in-depth shade studies possible. (See 
also “Calculating Inter-Row Spacing,” December/January 2009, 
SolarPro magazine.)  c o n t i n u e d  o n  pa g e  3 2

Inter-row spacing  Shade studies can be performed on-site using a shade analy-
sis tool, on paper using simple math and geometry, or on the computer using 3-D 
CAD programs. Either way, the goal is the same: to provide a shade-free window 
bracketing solar noon on the shortest day of the year.
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Analyses done by many in the industry over time 

have generally indicated that latitude minus  

10°–15° is a good compromise tilt angle in a  

multiple-row fixed-tilt ground-mounted system. 

Most systems are designed to allow some self-

shading loss between rows in the heart of the  

winter—typically between 1% and 3% of  

yearly production.

Ground-Mounted PV
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System designers who want to get more sophisticated in 
this regard may also consider the bypass diode operation of 
the module under shaded conditions and set up the stringing 
of the circuits to reduce system losses. For example, if possi-
ble, string the source circuits so that the shading of the lower 
30%–50% of the bottom module reduces system voltage in a 
way that still allows the inverter to power point track. This 
may allow the system to harvest a little bit more energy per 
year. It is also worth considering time-of-delivery factors in 
terms of the electric rate schedule that the site is metered 
under to allow the owner optimal return on investment. Cer-
tain rate schedules incentivize energy deliv-
ery at high-demand times of the day or year. 
Designing a system to take advantage of these 
higher rates influences the angle and orienta-
tion of the array. If summer afternoon produc-
tion is highly incentivized, for example, the 

system may deliver a better return on invest-
ment with a lower tilt angle and orientation 
more to the west. Many production modeling 
software programs offer performance analysis 
and optimization tools. (See “Production Mod-
eling for Grid-Tied PV Systems,” April/May 
2010, SolarPro magazine.) 

addItIOnal SItIng ISSueS 
Once initial siting and optimization studies 
are complete, additional siting issues become 
important considerations, including security; 
wind zone, snow zone and seismic zone clas-
sifications; and soil properties.  

Security. A ground-mounted PV system is 
generally quite easy to see and access. Unfor-
tunately, this makes it an appealing target to 
thieves. A system that is less visible presents 
less of a target; every opportunity should be 
taken to obscure the system from the casual 

passer-by. However, only so much can be 
done to hide a solar system in the middle of 
a big field. System owners should be made 
aware of the potential for theft early in the 
development to allow them to be part of the 
solution and prepare for the expense that 
this may entail. A fence is a good place to 
start. Not only is it helpful to prevent theft, 
but also safety concerns and code require-
ments make a fence a veritable must-have 
for  ground-mounted systems.  

Large-scale systems may employ a net-
work of cameras, sensors and lights—and 
sometimes a security patrol. Smaller systems 
often cannot justify this added expense. If you 

think that a system location requires more protection than  
a fence can offer, you can consider using tamper-proof and 
proprietary-driver fastener systems that make disassembling 
the system challenging. For example, mounting-system man-
ufacturer Schletter sells specifically sized steel spheres that 
can be driven into the cavities of socket-head hex bolts used 
for module clamping to make the modules very difficult to 
remove. The flip side of this is the added difficulty involved in 
removing modules for legitimate reasons. Proprietary-driver 
fasteners allow the contractor to service the array without 
allowing wrench-wielding thieves access. 

Special conditions  Snow levels in the Sierra Nevada require that Premier 
Power design this system for the Truckee Sanitary District with 6 feet of 
clearance below the array’s leading edge. For installation efficiency, mod-
ules are panelized and craned into position.
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If you are a contractor submitting a proposal on a 
ground-mounted PV project, it is wise to have a clause 
in the contract that protects you against unforeseen 
subsurface conditions like rocks or subsurface  
water. On larger sites, a geotechnical study is usually 
necessary. When used in conjunction with good  
design engineering, this reduces the overall  
foundation cost by reducing uncertainty and allows 
you to limit the foundation size to what is necessary 
given the soil conditions.

Ground-Mounted PV
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Wind, snow and seismic zones. Factors such as environmen-
tal loads and weather conditions in the project area, includ-
ing wind and snow, determine the system’s structural design. 
Chapter 16 of the International Building Code (IBC) defines 
loads as they pertain to structural designs. Note that some 
areas have special design considerations. In general, wind 
loads tend to govern the structural design of a solar project, 
but wind loads are not the only loads that should be consid-
ered. Check with the local building department to ensure that 
the wind, snow and seismic zones in the area are consistent 
with the engineer’s assumptions.  

Dave Helmich, principal at D/PM Engineering, advises: “In 
the US, the model codes prescribe various load combinations 
that must be considered in every analysis and design. Depend-
ing on which system you use in the IBC, there are seven or 
eight of these combinations. Not all of the combinations are 
relevant to the design of a mounting rack. For example, live 
loads, earth pressure and crane loads are not involved. As a 
practical matter, this normally involves dead load, wind load, 
seismic and snow loads. Ice loads must be considered simi-
larly to dead loads where applicable, and the designer should 
consider both positive and negative pressure loads.”  

Consult with the module manufacturer for any special 
requirements for mounting in locations with snow and ice. In 
general, avoid situations where snow is allowed to pile up on 
top of a module. In areas with significant amounts of snow, 
the array height should be high enough that the expected 
highest snow level does not reach the bottom edge of the 
lowest module. If you are designing a system in a high-snow 
area, you may want to specify an array with higher tilt angles 
to facilitate easier snow shedding. Some PV modules have 
higher load ratings and can withstand high snow loads.  Also 
be aware that most module frames have drain holes that are 
intended to allow water to flow freely through the frame and 
out. If the racking design obstructs these drain holes, water 
may collect and freeze, possibly damaging the module.

Soil properties. The greatest variable in a ground-mounted 
system is likely the cost of the foundation. This is greatly 
affected by soil conditions, which must be assessed to deter-
mine foundation design and depth. Subsurface conditions 
are crucial to any foundation that requires driving or exca-
vation of the soil. The bearing pressure characteristics of the 
soil, significant presence of rocks and soil corrosivity are all 
important factors that affect foundation design and cost. It is 
therefore useful to do some preliminary research at the site. If 
you are preparing to work on a ground-mounted system, you 
may also want to review Chapter 18 of the IBC  to brush up on 
some of the design criteria applicable to foundations.

An existing geotechnical report on your site is always pref-
erable, but many times this is not available. The local building 
department may have some prior classifications of soils in the 
area. Consulting with a civil engineer or geotechnical engineer 

A Proven Technology with Over 405 MW 
Installed Throughout Europe
Locally Sourced, All Aluminum, “Green” 
Solution
Pre-Assembled Components Ensuring 
Low Part Count, No On-Site Fabrication, 
and Fast Assembly
Comprehensive Module Compatibility
One-Hand, Snap-Fit Installation

www.haticonsolar.com


34	 S o l a r Pr o 	 	 | 	 	 June/July	2010

familiar with the region may also be helpful in understanding 
local soil conditions. Similarly, a geotechnical engineer may 
be able to provide a preliminary reconnaissance assessment. 
D/PM Engineering’s Helmich explains: “For very preliminary 
assessments, the International Building Code and its predeces-
sor codes contain a helpful table. Table 1806.2 puts soil mate-
rials in one of five classifications, ranging from clay and clayey 
material to crystalline bedrock. Where building officials deem 
there to be special problems, they can require a detailed geo-
technical report based on sampling to more precisely charac-
terize materials.”

If you are a contractor submitting a proposal on a ground-
mounted PV project, it is wise to have a clause in the contract 
that protects you against unforeseen subsurface conditions 
like rocks or subsurface water. On larger sites, a geotechni-
cal study is usually necessary. When used in conjunction 
with good design engineering, this reduces the overall foun-
dation cost by reducing uncertainty and allows you to limit 
the foundation size to what is necessary given the soil con-
ditions. “Where there is great variation or known problem 
soils, it is good practice to secure a full geotechnical report 
on any size project,” says Helmich. “For smaller projects, a bet-
ter approach may be to utilize Code default values. The IBC is 
deemed conservative, and this conservative assessment may 
cost less in construction than the added cost of a geotechnical 
investigation.” Contractors should work with owners in the 
early stages of a project on when and how soil classification is 
accomplished so that uncertainty about soil conditions does 
not become a problem during construction. “Remember,” 
Helmich adds, “that soils have tremendous variation in char-
acteristics spatially, in three dimensions. This is an important 

reason to secure advisory services locally to attempt to elimi-
nate costly surprises during construction.”

FOUNDATION AND RACKING SYSTEMS 
With information on geotechnical and civil issues, you can 
now choose the foundation and racking type. The founda-
tion design, in some cases, may dictate the racking type, 
since some racking designs are limited to a few founda-
tion types or are better suited to one type. Choosing the 
right foundation and racking type for a site is among the 
biggest design decisions to be made.  C o n t i n u e d  o n  pa g e  3 6

Typical small system  As illustrated at this REC Solar installation in California, a power auger is often used to excavate holes 
for cast-in-place concrete footings. These footings are used to support a galvanized steel pole substructure, which typically 
consists of 2- to 3-inch steel pipe. In this case, SnapNrack rail from AEE Solar is installed to receive the modules. 
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Concrete ballast  Among other foundation options, Conergy, 
Hilti and SunLink—whose ground-mount solution is shown 
here—offer mounting systems with ballasted foundations as a 
standard option. 
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FOundatIOn typeS 
Most solar installers have experience with cast-in-place con-
crete footings for ground-mounted systems. (See AEE Solar 
photos on p. 34.) On a small system, this may be the best 
option. As system sizes get larger, there are usually compel-
ling reasons to consider alternate foundation types, including 
ballasted foundations, driven-steel piles and ground screws. 
(See Table 1.) 

Ballasted foundation. This is a good option when the soil is 
difficult to penetrate or has considerable rocks or subsurface 
contaminants. Even the uncertainty of what lies below may 
make a ballasted foundation preferable. Precast concrete is 
probably the most common option. For example, Conergy 
and SunLink both offer ground-mounted systems that use 
precast concrete footings as the primary foundation option. 
Robert Miros, vice president of engineering for SunLink, 
explains the benefits: “Ballasted footings are a very simple 
design element for contractors to work with. SunLink can 
ship all the parts needed for a system on a truck to the site, 
and an entire array can be built with a few wrenches.” Alter-
natively, there are designs that specify filling a container 
with rock or other materials.

Care should be taken with a ballasted foundation to 
allow for some soil settling, erosion or heaving. A large area 
of rigidly linked racking on multiple-ballasted foundations 
could be subject to stresses with soil movement. SunLink 
solves this problem with racks that are attached to only two 
foundations and have adjustability built in. As Miros states, 
“This not only allows contractors to create a level array dur-
ing construction, but adjustments can also be made in the 
future if soil settling is an issue over time.” 

Ballasted foundations do, however, have limitations 
when it comes to sloped or uneven terrain. Work with the 
mounting-system manufacturer and the civil engineer to 
make sure that the mounting system can accommodate the 
slope and relative change in the finished grade.

Driven-steel piles. On many larger projects these days, 
driven-steel piles—generally, steel beam or pipe—are increas-
ingly the foundation of choice. While many designers in the 

US are just discovering these products, German and Span-
ish project developers have had great success with them. The 
advantages include speed of installation, accuracy of place-
ment, lack of cure time and low cost when employed on a 
large scale. For these reasons, many large-scale systems use  
driven-piles when possible.  C o n t i n u e d  o n  pa g e  3 8

Pipe pile  Westwood Renewables chose a driven-steel pile 
foundation for its project in Collegeville, MN, where it  
converted a 2-acre cornfield into a 400 kW solar field. 
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Ground-Mounted PV

Small-scale 
economics

Large-scale 
economics

Installation  
skill level 
required

Terrain tolerance 
(sloping or  
uneven terrain)

Corrosion  
concerns 

Cast-in-place concrete 
piers good poor low high low

Ballasted foundations  
(typically precast concrete) moderate good low low low

Driven piles (typically steel) poor very good high moderate high

Earth screws  
(typically steel) varies good high high high

Foundation Type Selection Criteria
Table 1  This table provides 
a quick comparison of the 
major foundation options  
for ground-mounted PV  
systems. 
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Specialized machinery is 
often needed, so a smaller proj-
ect may not be able to benefit 
from the lower costs that econ-
omies of scale bring. The fixed 
cost for bringing pile-driving 
equipment and personnel with 
the necessary expertise to the 
site generally equates to a high 
cost per unit on small projects. 

Ground screws. Helical 
piers and ground screws are 
another type of pile founda-
tion. A smaller site may be able 
to take advantage of a ground 
screw, which can be driven by 
small construction machinery, 
like a small front-end loader 
fitted with the appropriate 
attachment. StrateGen Con-
sulting’s Edgett notes, “An 
earth screw can allow savings 
over concrete piers, without the need to bring in a pier driver.”

RackIng typeS 
For the lowest risk and, typically, lowest cost approach, 
purchase a racking system from a reputable manufacturer 
with a good track record in supplying commercial product 
to the industry. 

Preengineering is just one of the benefits of working with 
equipment available from reputable manufacturers. Many 
mounting-system manufacturers have done extensive testing 
to validate that their designs hold up to expected loads. Their 
designs may also allow for field adjustments that make up for 
inaccuracies in the locations of foundations. These installa-
tion efficiencies are another benefit of working with quality, 

commercially available racking systems. Schletter, SunLink 
and Unirac, for example, along with other racking manufac-
turers, have taken pains to minimize the number of tools and 
the level of construction expertise needed to assemble their 
systems. The tools typically needed are limited to wrenches or 
impact drivers. 

Some contractors, nevertheless, choose to design and 
implement their own racks on a per project basis, either in an 
effort to reduce cost or to meet certain design constraints of 
the project. This effort certainly can be successful. However, 
if you implement a custom rack, you should be well aware of 
the additional engineering costs and liabilities involved in 
validating its structural integrity. Though a racking system 
may appear simple to design and execute, many elements 

can be overlooked and lead to more expensive 
and lengthy projects. In general, contractors 
are better served by working with commercially 
available products. (See Resources.) 

Sharp Electronics demonstrated a prototype 
ground-mount racking system at Solar Power 
International 2009 intended for use with its new 
thin-film module on utility-scale projects. “Sharp 
realized that to achieve the installed costs nec-
essary to attain grid parity in the coming years, 
work needed to be done to lower the installed 
cost of solar power systems,” says Steve Meredith, 
Sharp’s senior product engineering manager for 
commercial and utility solar. “Sharp’s new thin-
film PV technology is likely to be deployed in 
many large-scale ground-mounted systems, and 

Utility-scale  Unirac complements its pole-based U-LA ground-mount offering with the ISYS 
ground-mount system, which is based on an I-beam architecture. Designed for 500 kW sys-
tems and larger, ISYS minimizes foundation points, accommodates component preassembly 
and eliminates field fabrication processes like welding, drilling and cutting.
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Preengineering is just one of the benefits of 

working with equipment available from  

reputable manufacturers. Many mounting-system 

manufacturers have done extensive testing to 

validate that their designs hold up to expected 

loads. Their designs may also allow for field 

adjustments that make up for inaccuracies in the 

locations of foundations.
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we wanted a way to ensure that this product could be inte-
grated as easily and inexpensively as possible.”

Other racking companies offer specific ground-mount 
options for different market segments. Unirac, for instance, 
segments the solar market into residential or small com-
mercial projects and large-scale or utility-scale projects and 
offers different ground-mount products in each category. 

Unirac’s U-LA ground mount, a famil-
iar option to solar contractors in the 
US, is a pipe-based product intended 
for systems under 500 kW, while its 
new ISYS ground-mount system, 
based on an I-beam design, is aimed 
at systems 500 kW and higher. Uni-
rac believes that a different approach 
for large ground-mounted systems 
allows for parallel workflow or spe-
cialization between different instal-
lation teams and achieves greater 
installation efficiencies. This special-
ization of labor functions is like an 
assembly line where each worker can 
maximize productivity by focusing on 

a discrete task. According to Juan Suarez, director of engi-
neering at Unirac: “Parallel assembly is a key component in 
larger systems. It is going to be the primary differentiator 
among successful large utility projects.”  

Schletter adds foundation design and installation to 
its racking products by owning and operating pile-driving 
equipment and providing soil testing and qualification. The 

Field installation  Despite working 
in cold, muddy conditions, installers 
for Ameridian Specialty Services 
keep this 1.1 MW installation for 
Dayton Power & Light on schedule, 
in part due to the modules and 
racking selected. Minimal equip-
ment is required to mount two rows 
of Sharp a-Si/µc-Si thin-film mod-
ules, provided by Inovateus Solar, 
onto the Schletter racking. 
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latter is part of its service to certify system designs to the 
specific project location. According to Sven Kuenzel, the 
company’s senior sales manager: “Schletter is able to deliver 
a truly fully engineered system to our customers. On every 
single project, we do pullout tests with our post and provide 
a full geotechnical report. We deliver wet-stamped struc-
tural calculations and drawings, reviewed and certified by a 
licensed engineer in the project state.”

addItIOnal cOnSIdeRatIOnS 
Whatever foundation option and racking system is chosen, 
taking the following considerations into account contrib-
utes to a project’s success.

Ease of installation. It is important to consider the work-
ing conditions of the installation crew. The height of the 
rack and how modules are attached to it are crucial factors 
in determining the speed of installation. Needing ladders or 
lifts generally slows a project down, so it is essential to scru-
tinize the racking configuration, including the necessary 
working height for crewmembers to fasten racking pieces 
and modules.

Thermal expansion The racking system should be designed 
to take into account thermal expansion. Expansion joints 
should be built into long sections of racking to prevent 
thermal cycling from stressing the rack or the modules. 
Modules should not be butted tightly together on the rack; 

their frames expand in hot conditions, which could cause 
them to impart stress on one another and possibly dam-
age or destroy the module laminates. Steel and aluminum 
have quite different expansion coefficients. A rack made of 
aluminum needs expansion joints far more frequently than 
does a steel rack. 

Corrosion. Foundation and racking system corrosion is 
another issue to consider for a specific site. In most cases, 
driven-steel piles should be hot-dip galvanized to mitigate 
corrosion. It is important to characterize soil conditions at 
the site to determine if additional means are necessary to 
protect the foundation. In highly corrosive soil, the steel in 
the foundation may require additional protective coatings; a 
steel-driven pier may need epoxy coating in addition to hot-
dip galvanization; rebar within a cast-in-place concrete foot-
ing may need epoxy coating or galvanization. 

Design compatibility. The intended application must be 
consistent with the PV module manufacturer’s approved 
conditions of use as described in the module installation 
manual. Different manufacturers have different mounting 
and clamping requirements, and module load ratings can 
vary depending on the mounting configuration.

ELECTRICAL DESIGN ISSUES 
Next, consider the electrical design issues, including inverter 
and combiner box locations, code compliance issues and 
lightning protection. 

Inverter location. The location of  the inverter or invert-
ers in a system can be an important design consideration. 
On a small system it might make sense to group inverters 
together near the point of interconnection, perhaps mount-
ing small inverters on the north side of the racking within 
the array field. The method just needs to be consistent with 
the NEMA rating of the inverter. Larger systems are more 
likely to have large central inverters located throughout the 
array, centralized to the circuits that are feeding them to 
minimize voltage drop. 

It is also a good design practice to keep inverters out of 
the direct sun and rain, limiting heat from solar gain and pre-
mature corrosion from moisture. Inverter manufacturers offer 
enclosures for this purpose—like the PV Powered Power-
Vault, the Satcon Prism, or the PV Box from Schneider Elec-
tric—generally for megawatt block sizes, that keep inverters 
in a ventilated yet enclosed space out of the elements. An 
enclosed inverter that is kept out of direct sun and rain, away 
from pests and excessive dust, is bound to have fewer prob-
lems and last longer. 

Locating a grounding electrode system near inverters is 
advisable; if the inverter is to be placed on a concrete pad, it is a 
good idea to create a grounding electrode system there by pro-
viding a concrete encased electrode or a ground ring in accor-
dance with NEC Article 250.  C o n t i n u e d  o n  pa g e  4 2

Inverter location  Locating inverters under or to the north of a 
ground-mounted array can offer partial protection from sun or 
rain, as Sunsense Solar achieves here at the Colorado Rocky 
Mountain School Solar Farm. 
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Combiner box location. Combiner 
boxes should be kept in the shade 
to prevent fuses inside the box from 
heating to the point of nuisance trip-
ping. Combiner boxes should carry 
the appropriate NEMA rating for the 
way they are mounted. Their loca-
tion should be easily accessible for 
servicing. Output circuits should 
easily transition into trenches. It is 
a worthwhile investment to ensure 
the disconnect is adjacent to or 
integrated into the combiner boxes; 
this facilitates service and increases 
safety during maintenance. In fact, a 
new Article 690.16 provision in the 2011 NEC will require a 
disconnecting means “on PV output circuits where overcur-
rent devices ( fuses) must be serviced that cannot be isolated 
from energized circuits.”

Wire management. Typically the string or source-circuit 
wiring going into the combiner box is in free air, mechani-
cally attached to the racking system. The PV output circuit, 
or feeder, from the combiner box is then fed into a system of 
trenches that runs either to an external array recombiner box 
or the inverter, which may contain an integrated subcom-
biner. When wire runs are in free air behind the array, it is 
good practice to avoid securing large bundles of wire together 
to avoid co-heating and reducing the rated ampacity of the 
conductor. NEC Table 310.17 assumes that a conductor in free 

air can be cooled by convection; a conductor in the middle of 
a large bundle is, therefore, not technically in free air.

Circuits run in free air should be neatly secured to prevent 
them from swinging in the wind, being caught by snow or ice 
or being damaged by any sharp edges. They should also be 
accessible for commissioning and troubleshooting. Unfortu-
nately, wire management on PV systems is generally an after-
thought, and system designers are challenged to find quality 
products that can make their job easier. Schletter, however, 
offers wire-management clips that fit extrusion channels in its 
racks as an accessory; other companies, such as Hellermann 
Tyton, are beginning to manufacture wire-management 
accessories aimed at the PV market.  

Where the system voltage is greater than 30 V and con-
nectors are readily accessible, NEC Article 690.33(C) requires 
the use of lockable connectors that need a tool to separate 
the connection. Similarly, Article 690.31(A) requires that 
current-carrying conductors in PV source circuits with sys-
tem voltages greater than 30 V in readily accessible locations 
be installed in raceways. The latter is generally not practical. 
Therefore, conductors in free air need to be made inaccessible. 
On ground-mounted arrays, this is generally accomplished 
by enclosing the array within a fence with a locked gate. (See 
“Compliance with Article 690.31(A) of the 2008 NEC” October/
November 2009, SolarPro magazine.) 

Does securing an array behind a locked gate supersede 
the need for a locking connector? The NEC seems to indicate 
so, since the connectors are inaccessible in this condition. 
But some inspectors may insist on a locking connector on 
the module and other free-air connections regardless. Work 
with your local inspector early in the process on this issue to 
remove any uncertainty. It may also be possible to make sys-
tem conductors inaccessible by erecting barriers to enclose 
the back and sides of the rack on smaller arrays where a fence 
is not possible or is unsightly. 

Grounding. Make certain that module frames and rack-
ing are grounded per NEC requirements  C o n t i n u e d  o n  pa g e  4 4

Grounding  Many racking manufacturers—like AEE Solar 
whose SnapNrack is pictured here—have a WEEB ground-
ing hardware option. Unfortunately, not all jurisdictions accept 
this grounding method. Nevertheless, installation efficiencies 
are available even using lay-in ground lugs, as this REC Solar 
grounding detail illustrates.
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sede the need for a locking connector? The NEC 

seems to indicate so, since the connectors are  
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may insist on a locking connector on the module  

and other free-air connections regardless. Work with 

your local inspector early in the process on this  

issue to remove any uncertainty.
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and per the module manufacturer’s installation manual guide-
lines. Check with the mounting system manufacturer for any 
grounding requirements specific to the system. There should 
be a continuous ground path maintained throughout the array. 
Lightning protection is important to consider. Cer-
tain areas of the country have a higher lightning risk, 
and you should be aware of the lightning risk inherent 
in the area where the system is to be located.  

The NEC has two different concerns in the area 
of grounding. On one hand, equipment grounding is 
required to protect against shock or fire hazard. This 
ensures that a PV system is disabled in the event of 
a ground fault, for example. Grounding for lightning 
protection, on the other hand, keeps any metallic part 
in the array referenced to ground so that a charge is 
unlikely to build up on the structure during an electri-
cal storm. Many systems are well grounded by virtue 
of the foundations that the modules are mounted to. 
Proving that to the satisfaction of an owner or inspec-
tor, however, may be less straightforward. 

Certain foundation designs may be better for 
grounding a system than others. For example, it is 
possible that a ballasted foundation be effectively 
isolated from ground, depending on the conditions 
of the site. While the foundation can incorporate 
grounding by design or by coincidence, additional 
grounding means are also worth considering. Con-
crete used as a foundation, for example, may or 
may not be able to adequately serve as a grounding 
electrode. In any case, it is relatively easy to install 
some well-placed ground rods throughout the site. A 
good location for ground rods is right next to com-
biner boxes. A grounding electrode conductor is 
then run between the ground rod and the ground 
lug in the combiner box. Ideally, the designer, with 
the help of an electrical engineer experienced in 
lightning protection, specifies a grid of grounding  

electrodes. Always verify that 
the racking and module frames  
are continuously connected with 
properly rated hardware.  

Surge arrestors. The topic of 
some lively debate in the solar 
industry, a surge arrestor is, in 
theory, supposed to establish a 
high-resistance load path for an 
induced surge—usually a surge 
due to lightning—to prevent it 
from causing widespread dam-
age to the sensitive parts of a 
PV system, like the modules and 
inverters. Surge arrestors’ effec-

tiveness is not universally accepted, however. While surge 
arrestors could reduce the potential for an electrical storm to 
damage a solar array, do not count on them as the sole means 
of lightning protection.   C o n t i n u e d  o n  pa g e  4 6

Planning a simple, logical trench system early in  

development is the best means to achieve minimal  

trench distances. Trenching throughout the array can be 

tricky, since trenches need to stay away from rack  

foundations in order not to disturb the soil right next to  

the foundation. A trench next to a foundation could reduce 

the soil’s bearing pressure at this location and reduce  

the foundation’s load capacity.
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Trenching  Jeff Lauckhardt of SunSense Solar beds in a trench con-
taining a bare copper dc system grounding electrode conductor and 
PVC conduit for PV output circuits.

Ground-Mounted PV
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Trenching. Try to minimize trench distances, when pos-
sible. Planning a simple, logical trench system early in devel-
opment is the best means to achieve this. One good method 
is locating an inverter central to the array block that feeds 
into it and running the trenching from the system coin-
cident to the roadway leading to the inverter. Trenching 
throughout the array can be tricky, since trenches need to 
stay away from rack foundations in order not to disturb the 
soil right next to the foundation. A trench next to a founda-
tion could reduce the soil’s bearing pressure at this location 
and reduce the foundation’s load capacity. Helmich of D/PM 
advises: “For an embedded-pier type of system, I believe the 
near edge of a trench should be kept a horizontal distance 
away from the near edge of a pier equal to the depth of the 
trench. Piers are designed to resist horizontal forces based 
on the lateral bearing resistance of the soil. If the soil cannot 
be relied upon, it throws the design into question. Trench 
backfill quality is sufficiently uncertain that this standard 
should be heeded on most projects.”

Using direct-burial cable in trenching for a large array 
is certainly worth considering since the cost savings can be 
attractive, but it is not without complication. The contrac-
tor must have sufficient expertise to work with direct-burial 
cable, and the cables must be properly protected and installed 
per NEC requirements. The cables are more susceptible to 
damage from rocks or other debris in the soil, especially in 
areas where heavy equipment may drive above it. Also, if there 
is a problem, the cables have to be dug out rather than pulled.

SUCCESS IN THE LARGE-SCALE MARKET 
As system sizes increase, designers and contractors have 
more opportunity as well as more liability. Effectively plan-
ning and executing large ground-mounted systems present 
different challenges. StrateGen Consulting’s Edgett explains: 
“Material savings is less important on small systems. If a 
part can adapt to multiple modules, loads or situations, it is 
often worth the small cost increase on that part to allow the 
flexibility. Large systems, however, should take advantage of 
their size in order to decrease cost. Cost is king on large sys-
tems. Every part should be analyzed for wasted material or 
labor, because the cost of the analysis is so much less than 
the cost of the hardware and installation.” The focus on cost 
savings, however, should be tempered with attention to care-
ful engineering to ensure that a design decision intended to 
save a few pennies per unit does not lead to a future redesign 
costing thousands of dollars. 

Dr. Neway Argaw, vice president of engineering for the 
renewable energy division at Quanta Services, points out 
the need for integrating the supply chain into the process: 
“In order to execute a successful project, it is critical to 
bring everyone along the supply chain to the table in order 
to optimize the staging and delivery of the project. Industry 

professionals are used to thinking as craftsmen. To bring the 
costs of projects down to achieve higher market penetration, 
however, we need to think more like manufacturers. We need 
to be creating assembly plants in the field.” Argaw sees more 
subassemblies coming to the site prefabricated, allowing for 
an efficient process flow and a reduction in waste that needs 
to be dealt with at the site.  

Juan Suarez of Unirac also believes that preassembly will 
be crucial to gain efficiencies in large-scale systems. “Pushing 
labor from the field to a controlled environment is going to be 
one of the most significant contributors to lowering the level-
ized cost of energy,” he says.

Robert Miros of SunLink believes that racking system man-
ufacturers need to work more closely with PV module manu-
facturers to offer a variety of integrated solutions that achieve 
the cost savings in materials and labor needed to allow the 
industry to grow more rapidly. Citing the computer industry 
as an example, Miros states: “PV module manufacturers today 
are guarded about releasing specifics on the mechanical load 
limits of their products. Hard disk drive manufacturers had 
to provide a lot of information to computer manufacturers in 
order to allow that industry to achieve the efficiencies neces-
sary to experience rapid growth.” 

Considering the projected growth for the solar industry, 
we are likely to see considerable improvements in the tech-
nology and processes used to construct ground-mounted PV 
systems, especially as designers and contractors learn lessons 
from executing these projects.  

charly Bray / Sharp electronics / Huntington Beach, ca /  

charly.bray@sharpusa.com / sharpusa.com

Resources
d/pm engineering / 510.482.9649 / d-pminc.com

Quanta Services / 713.629.7600 / quantaservices.com

Strategen consulting / 510.665.7811 / strategenconsulting.com

Manufacturers
applied energy technologies (aet) / 810.300.3871 / aetenergy.com 

conergy (Solar giant) / 888.396.6611 / conergy.us

dpW Solar / 800.260.3792 / power-fab.com

Haticon Solar / 866.489.4472 / haticonsolar.com

Hilti / 866.445.8827 / us.hilti.com

professional Solar products (pro Solar) / 805.486.4700 / prosolar.com

Schletter / 520.289.8700 / schletter-inc.us 

Sharp / 800.765.2706 / sharpusa.com

Snapnrack / 800.777.6609 / aeesolar.com/snapnrack

Sunlink / 415.925.9650 / sunlink.com

unirac / 505.242.6411 / unirac.com
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 Models for composition, 
 wood shake, and tile roofs
 No roof cutting required
 Works with all standard racking
 All aluminum flashing; 50-year life
 Stainless steel hardware included
 Live tech support
 Year round product trainings
Safeguard your customer’s home and your 
good reputation with Quick Mount PV, 
the industry standard for high-quality, 
watertight solar installations.

T ONLY TAKES A SMALL LEAK to cause 
major damage to a customer’s roof and 
home. In fact, most construction- 
related lawsuits involve water intrusion.

No matter how well a system 
is installed, inadequate 
flashing can fail and 
place a solar installation 
business at serious 
risk. But you don’t 
need to take that risk, thanks to 
Quick Mount PV’s industry-leading 
flashing and mounts that ensure 100% 
code-compliant, waterproof roof 
penetrations. 

Designed by installers for installers, 
Quick Mount PV installs faster than 
any other flashed solar mounting, 
saving you time and money on the job.

Protect your installations and your reputation:

AVA I L A B L E   T H ROUGH   A L L   M A JOR   S O L A R   D I S T R I B U TOR S

Made in USA                 Patents Pending  

See us at ASES in Phoenix, Booth #607

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 Intersolar North America Booth # 7846 to find
out how we can optimize your design and create a durable
structure that reduces material and labor costs.

16100 S. Lathrop Ave  | Harvey, IL 60426  | 877-336-4332  | info@unistrutenergy.com  | www.unistrutenergy.com

Visit us at Intersolar North America Booth #7846

A N  E S S E N T I A L  P A R T N E R

 

www.quickmountpv.com
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Well-planned   O&M helps  

    mitigate 30 years of risk.

Large-Scale 
PV Operations &  

Maintenance
By Dave Williams
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Using solar power is essentially prepaying for 
energy—or prepaying for fuel, in the parlance of utilities—30 years in 
advance. PV requires harnessing the sun’s power today and every day 
for the next 30 years. On a missed operational day, solar radiation is dis-
sipated as heat. This is a lost opportunity, like pouring gasoline onto the 
ground. Even one day of lost energy is wasted potential. This is why the 
operations and maintenance (O&M) aspect of a PV system is so impor-
tant. Nevertheless, it is often overlooked. 

Despite the fact that PV systems are low maintenance, they are 
not completely maintenance free. Solar is an excellent, reliable source 
of power, but PV systems must be diligently observed and operated 
to capture as much of the convertible power as possible. In this way, 
owner/operators can achieve the benefit necessary to pay off their 
investment. Many developers try to convince investors that panels 
can be forgotten once they are turned on. This oversimplification 
underestimates O&M and allows developers to reduce cost assump-
tions to boost profitability. 

These assumptions are hard to challenge since independent engi-
neers typically do not have 30 years of failure history to refer to. Accord-
ing to Sarah Disch, director of operations for Fotowatio Renewable 
Ventures, “The cost of corrective maintenance is largely unknown, and 
it is not clear that the relatively small operating budgets established 
during project financing for 20-plus years will be sufficient.” Because 
the future costs for unscheduled maintenance due to failures are an 
unknown, all parties are reluctant to predict on the low end of prob-
ability. Sometimes the resulting high-end prediction creates an O&M 
budget that stops a potential system from being built. 

SOLAR OPERATIONS
O&M for PV systems is managed differently from plant construc-
tion. Optimal operations must strike a balance between the most 
productive system and the one with the lowest costs. Operational 
decisions are challenged by the financial structure, the maturity of 

“I expect to see a wholesale change in attitudes 
from early claims of PV systems being ‘virtually 
maintenance free’ to a more realistic appropriation 
of funds for ongoing asset management and O&M 
service to optimize energy production.”

 —Benjamin Compton,  
vice president of PV systems and services,  
United Solar Ovonic

S
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the industry and economic returns. Many maintenance pro-
viders offer O&M as a guaranteed service to encourage the 
sales process. Operations are also about the organization 
and management of contract obligations. The engineering, 
procurement and construction (EPC) contractors are not 
necessarily equipped to manage multiple long-term con-
tracts with layers of guarantees. 

Operations are often like death by a thousand (paper) 
cuts. Maintaining a plant has less to do with the actual work 
in the field and more to do with data analysis, potential 
issues and contract management. Large systems are subject 
to layers of obligations by the project sponsor, EPC contrac-
tor, subcontracted parties, insurance provider, utility, site 
host and so on. These systems can have thousands of pages 
of project documents. Understanding each of these docu-
ments is essential to ensure the owner is not overpaying and 
is getting the services promised. While O&M contracts are 
individually negotiated, providers may not recall the spe-
cific nuances of a deal, tending instead to treat all opera-
tions similarly. It is just as important for the service provider 
to be well versed in these contracts. The owner may ask for 
what seems like prudent service, but it may not be covered 
in the service contract. These service contracts are subject to 
myriads of lawyers and red pens. They may not be nearly as 
boilerplate as they appear. 

O&M is a mindset that requires the strategic evaluation 
of a system to know how to predict the economic and con-
tractual impact against less-than-optimal performance. 

Understanding the expected costs means budgeting accord-
ingly. Once the system is in operation, understanding the 
financing structure is crucial. The most technically prudent 
solution may not be the best for the project. Finally, O&M is a 
daily exercise. It cannot necessarily be scheduled quarter-by-
quarter into the future. An operations team must understand 
the overall system performance, observe trends and help pre-
vent problems or solve them immediately after they occur.

The solar O&M market is mostly made up of integrators 
who were forced to provide operational guarantees to sell 
products over the past approximately 5 years. This creates 
some inherent challenges. For example, EPC contractors are 
still being obliged to provide commitments to system per-
formance that are not part of their focus. These large organi-
zations have small groups focused on operations attempting 
to fulfill commitments made by a sales team years earlier. It 
can be difficult for PV system owners to get the service they 
paid for from the large construction company. 

As the scale and diversity of solar plants continues to 
grow, large contractors may not be able to effectively staff 
every site. This growing need for O&M services may repre-
sent an opportunity for regional integrators. A local pro-
vider, for example, could provide operations services, either 
to the EPC contractor or system owner. 

ECONOMICS OF MAINTENANCE 
Maintenance is divided into two parts: scheduled and unsched-
uled. Scheduled maintenance typically  c o n t i n u e d  o n  pa g e  5 2

O&M

Help wanted  Because the pool of experienced PV service providers in 
North America is limited, providing O&M services to EPC contractors or PV 
system fleet owners is a business opportunity for solar integrators who can 
prove their business viability.

sh
a

w
n

sc
h

re
in

e
r.

c
o

m
 (

2
)

Unscheduled maintenance  Problems that 
remove all or significant parts of an investor’s 
PV asset from service need to be solved as 
quickly as possible—like this blown fuse in a PV 
system’s ac switchgear.



www.twnesolar.com
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comprises a list of required services by equipment manu-
facturers outlined in the owner’s manual. This information 
can be vague, depending on the manufacturer. It can be 
very helpful to discuss the intention of the scheduled main-
tenance directly with the manufacturer. Unscheduled main-
tenance involves fixing problems once they occur. These are 
not two distinct categories, but rather they comprise a bal-
ance of needs. For instance, a lack of scheduled maintenance 
increases the amount and typically the cost of the unsched-
uled maintenance. As President Adam Burstein of Next Phase 
Solar says: “The single biggest contributor to poor system per-
formance is poor preventive maintenance. Many times, costly 
system outages could be avoided with periodic inspection of 
inverters, combiner boxes, array wiring and so on.”

Operational performance is complicated by the fact that 
many large-scale systems use a tax equity flip structure. This 
financial structure gives most of the benefit to the equity 
investor during the investment tax credit recapture period—
about 6 years—and then flips the equity to the developer 
for the remaining life of the system, giving the upside to the 
developer. Therefore, running a cost-benefit analysis is not 
as simple as comparing the expected production benefit and 
the cost of the work. An increase in the production during 
the first 6 years simply shortens the time period until the flip. 
This increase in production and revenue mostly belongs to the 
tax equity investor. Operational expenses give the developer 
access to the upside earlier and are more about the time value 
of money than a direct increase in revenue. 

Whatever the project’s financial structure, system pro-
duction and availability are crucial to the economics of 
maintenance.

Production. Economic returns are based on 
percentage points of production, the energy 
harvested by the system. This may sound 
counter to the flip tax structure. However, 
developers face two challenges. First, the 
project revenue projections need to be high 
enough to ensure that everyone has satisfac-
tory returns for the life of the asset. Second, 
these production numbers must be conser-
vative enough to be attainable. Developers 
need to hit this sweet spot to attract capital 
for the next deal or add value for selling the 
company or project pipeline. 

Solar projects are obviously extremely 
sensitive to performance. Usually total opera-
tional expense is about 10% of revenue. If it 
goes up by 5%, production also needs to go 
up a few percentage points to get the project 
back on track. When determining the viabil-
ity of a project, production is one of the top 
three drivers, along with power purchase 

agreement pricing and installation costs. A higher-revenue 
contract makes production even more sensitive. Despite the 
fact that production should be the number-one driver for PV 
site locations, projects are being driven instead by the highest- 
revenue contracts. 

Availability. In the context of O&M, the percentage of time 
that a system is operating properly is referred to as its availabil-
ity. System availability is critical to the overall physical and eco-
nomic performance of the plant. After all, a photon makes just 
one trip from the sun. The most efficient system is not useful if 
it is not converting that photon to power. In fact, most opera-
tional challenges are about on-line availability, not percentage 
point discrepancies attributed to the system design. 

Availability in the solar service industry has suffered 
from absurdly low projections. An availability of 98% for a 
10 MW facility means that every inverter is off line for more 
than 7 days every year. This is not acceptable. Scheduled and 
unscheduled maintenance for monitored power electronics 
should be able to achieve 99.9% availability. Constant moni-
toring is essential to ensure that the system is operational. 
When the system has a failure, there must be a clear recovery 
mechanism to get it back on line. However, as solar projects 
have a widening geographic footprint, the ability to access the 
system becomes more challenging. 

RISK MANAGEMENT
A comprehensive risk management program involves iden-
tifying what can go wrong, its probability and its conse-
quences. Operations require the owner to  c o n t i n u e d  o n  pa g e  5 4

O&M

PV laminates  Some common products for utility-scale applications experi-
ence a predictable early mortality rate that is covered by the manufacturer’s 
warranty. Because a broken laminate typically continues to operate normally, 
warranty replacement can occur during scheduled maintenance.
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With Trojan Battery, you just may forget 
you’re off-the-grid.
With over 85 years of experience, Trojan Battery offers a complete line of flooded, GEL and AGM 
deep cycle batteries for reliable power and long life in the toughest off-grid locations. 

Trojan Battery is the most trusted name in deep cycle technology: 
• Even longer life
• Superior charge performance
• 5 year limited warranty: Best-in-class for Renewable Energy applications

Visit www.trojanbattery.com to see our selection of Renewable Energy batteries or call  
800-423-6569 for the nearest Trojan Battery partners near you.

Trojan batteries are available through Trojan’s Worldwide Master Distributor Network and 
Renewable Energy Wholesalers. For the nearest partners, call 800-423-6569 or visit us at  
www.trojanbattery.com/RE

  
Receive your FREE Technical Brief on Deep Cycle Technology:  
visit our website at www.trojanbattery.com/RE008

www.trojanbattery.com/re008
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understand the performance 
of the system and identify risks 
to quickly prioritize, mitigate 
or assume them. Maintaining 
optimal performance involves 
clearly and quickly translat-
ing the status of a system to its 
impact on project contracts and, 
ultimately, the investment. The 
principal modes of failure and 
exposure can generally be iden-
tified. However, the probability 
of failure is either unknown or 
guarded in an emerging market. 

Even more challenging, plan-
ning for unscheduled main-
tenance requires making an 
assumption about the probability 
of failure. Good equipment man-
ufacturers have data on direct 
failure modes and some idea of 
expected frequency. This infor-
mation is generally protected, 
because some manufacturers do 
not want to show weakness in 
their product, especially as they 
compete as commodities. How-
ever, it is the indirect failure mode 
that is important. For example, an 
inverter manufacturer knows that 
heat can affect switches, resistors, 
breakers and so on—but it is not known how quickly an inverter 
placed in the high desert will fail, or what the impact of that  
failure will be. It is just accepted that it is higher. There is not a 
lot of failure data available for developers, because there is not 
a lot of project history. In addition, OEMs are reluctant to share 
site-specific incidents. 

Modules and inverters are the biggest sources of risk and the 
resulting consequences. Initially, the trouble often manifests as 
a poor installation technique or incomplete commissioning, 
but long-term system degradation also plays a large role.

FAIlUrE MOdES 
System failures can come in many different forms with a 
variety of consequences—some not always readily appar-
ent. Failure can be somewhat counterintuitive. Integrators 
on large utility-scale projects often offer strong performance 
guarantees that cover all expected revenue. These guaran-
tees may protect the system in the event of a failure. However, 
some of these guarantees require reliable data. Therefore, it 
may be more important to keep the communications system 
operational than the actual PV system. Counterintuitively, 

failure of an inexpensive 
data-monitoring compo-
nent can be more important 
than an expensive piece of 
power electronics.

Inverters. Inverter failures 
are the most common causes 
of system downtime. Inverters 
are sophisticated power elec-
tronics that will fail; it is only 
a matter of when. These inci-
dents can be as catastrophic 
as a failure of insulated-gate 
bipolar transistors or capaci-
tors. However, inverters can 
trip from hundreds of inter-
nal conditions—and these 
trips can have consequences 
similar to a failure. It can take 
days for a technician to get to 
the site and reset the inverter.  
In the end, either a cata-
strophic failure or an easy-
to-fix trip can have the same 
downtime effect. 

Modules. Module failures 
also occur but are challeng-
ing to identify. Typically, 
modules fail either physi-
cally or through incremental 
reductions in performance. 

Physical failures usually appear soon after installation. A few 
modules, depending on the manufacturer, may break within 
the first months of installation. David Vincent, project develop-
ment manager for Conergy’s Projects Group elaborates: “First 
Solar accounts for 2% breakage, though we are seeing far less 
than 1% on most of our projects over the first year. Its formal 
time period for replacing broken modules under warranty is  
5 years. Since a broken module produces about the same 
energy as intact ones, performance is not sacrificed.”

In large fields, there can also be some failure due to delam-
ination. However, it is difficult to determine if a single module 
has a modest reduction in production or is a complete failure. 
Even the  complete loss of a single module can be difficult to 
identify. It is always a good idea to wear polarized sunglasses 
to see any discolorations that may indicate the beginning of 
delamination. Module failures are rare but must be treated 
carefully within the guidelines of the warranty.

Trackers. Trackers have two main modes of failure: align-
ment and the system’s programmable logic controller (PLC). 
Tracker alignment is essential to avoid stress on the system 
that can increase the amount of current  c o n t i n u e d  o n  pa g e  5 6

O&M

Trackers  Proper tracker alignment, as seen at this 
Conergy installation for the South San Joaquin Irriga-
tion District, increases system reliability by reducing both 
the mechanical stress on the structure and the current 
required by the electric motor. 
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PV Powered, the innovation leader of grid-tied solar inverters, introduces 
the PowerVault, a utility-scale 1MW turn-key power conversion solution 
with DC inputs on one side and medium voltage outputs on the other. 

The integrated design is fully engineered and factory assembled, significantly reducing the need for field 
labor, saving money and accelerating the construction schedule. Inverters are the intelligent interface between 
distributed photovoltaic systems and the smartgrid. PV Powered is leading the industry in dynamic two-way 
communication providing utilities with awareness and control, and is setting the bar for inverter reliability 
and performance, while dramatically lowering the lifetime cost of ownership. And with the industry’s first  
standard 10-year warranty and optional 20-year warranty, choosing PV Powered is … simple.

541-312-3832   |   info@pvpowered.com   |   www.pvpowered.com

MEDIUM VOLTAGE PLATFORM FOR

MW-SCALE PROJECTS

1040kW PowerVault

75kW 100kW 260kW

PV Powered
is a US company
and manufacturer, 
fully compliant
with the Buy
American Act. 

www.pvpowered.com
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draw on the tracker motor and shorten its life. This can also 
cause a reduction in production, depending on the tracker’s 
position when it fails. A tracker PLC could fail due to the algo-
rithm or system component used to accurately track the sun. 
Both of these failures reduce production. The benefit of a simple 
design is that most problems can be easily fixed. However, per-
formance guarantees or warranty obligations may be voided if 
the appropriate personnel do not fix that simple piece.

Communications. Communication failures probably make 
up the highest number of incidents. Since most financing 
requires payment for energy, a disruption of communications 
that results in the loss of production data may have the same 
impact as a disruption of service. The largest challenge is to 
maintain a reliable service that provides continuous access to 
the data. In addition, contracts may require that the owner 
make access to the data available as part of keeping the war-
ranty fulfillment and performance obligations. Overall, these 
often-overlooked system components can have considerable 
impact on the revenue and the risks.

LAYERS OF PROTECTION
Somewhere, fire ants are eating wire insulations. Weeds are 
growing on a rooftop system. Panels are being stolen. And a 
delivery truck is about to back into a solar carport. Predicting 
what could happen is very difficult. The goal is to have suf-
ficient expertise and funds available to cover the small things 
that are not predictable. All of the following layers of protec-
tion may not be necessary, and being overprotected may cre-
ate very limited value. The fundamental component is having 
a strong team that understands the challenge and can find 
solutions, quickly. 

PArTNErS 
The first step is selecting the right partners. This process 
involves asking the right questions and having a dialogue 
with potential installers, EPC contractors, equipment manu-
facturers and O&M providers. For example, knowing how 

many years vendors have 
been in business provides 
a level of comfort for devel-
opers. Developers can eval- 
uate a company’s solvency 
by asking to see 3 years of 
financials. Red flags include 
a significant amount of  
debt and an imbalance in 
cash flow. 

Another important fac-
tor is the EPC contractor’s 
strategic partnerships. These 
partnerships are a reflection 

of the company. They provide a sense of how the company is 
viewed and where it sees its weaknesses. Important questions 
to ask include whether the company is ISO 9001 or ISO 14001 
certified. Ask to see copies of safety plans—and read them. The 
safety plans can give you an indication of how diligent an EPC 
contractor’s partner is when it comes to risk.

It is important to not be overwhelmed by the sheer num-
ber of vendors and product offerings. Healthy competition is 
necessary to get the best price. However, the benefit in review-
ing multiple players must be balanced with the serviceability 
of fewer relationships. Operations with multiple contractors 
across multiple inverter and module manufacturers can create 
hundreds of permutations of problems. It is important to care-
fully select solid providers that will be able to deliver quality 
products safely, on budget and on time. 

It is also crucial that these vendors and service providers 
continue to exist to maintain a long-term relationship. For 

O&M

“The performance data are only as good as the equipment used 
to measure them.  The class of pyranometers used at many sites 
is insufficient for the quality of data needed. Performance ratios 
are increasingly important to shareholders, and we have found 
that the irradiance data may not be as reliable as they should be.”

—Sarah disch, director of operations, Fotowatio renewable Ventures

Performance ratio  System owners may require the EPC 
contractor to provide a performance ratio guarantee that 
ensures a minimum amount of energy is delivered versus the 
amount of irradiation available. In this case, Namaste Solar 
uses Fat Spaniel Technologies to monitor the performance 
ratio at the Denver Museum of Nature and Science.
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example, when failures occur during construction or after 
commissioning, the EPC contractors may be the original 
source of these failures. EPC contractors, especially in this 
economic climate, can become overextended and potentially 
go bankrupt.

CONTrACTS
The most important level of protection for the owner/operator 
is the EPC provider’s contract. The EPC contractor holds, or 
wraps, the project risk through construction and potentially 
through initial operations. In general, an EPC contract should 
guarantee three things. First, EPC contractors should be able 
to understand the site, interconnection and equipment con-
ditions to ensure that the system can be interconnected suc-
cessfully. This means the EPC contractor should take on all 
the permitting risk and technical obligations to ensure that 
the design and installation work. Second, the EPC contractor 
should take on workmanship risk. Third, the contract should 
contain availability or performance guarantees that provide 
at least 1–3 years of support. 

A performance ratio guarantee ensures a minimum 
amount of energy delivered versus the amount of irradiation 
available. These guarantees take into account force majeure 
events and warranty defects, and they cover much more 
than workmanship: They are truly an assumption of the risk 
of the system to perform. Performance ratio guarantees are 
becoming more prevalent and can last from 1–5 years. Large 
EPC contractors, however, are not accustomed to guaran-
tees that last for more than 1–2 years. It can be challenging 
to negotiate these guarantees to assure all parties that their 
risks are being managed. 

Performance ratio guarantees also constitute operations 
and maintenance agreements. Obviously, maintenance is 
essential for the system to be fully operational. An implied 
O&M agreement through a performance ratio guarantee, 
however, may not be explicit on the level of service or the con-
sequences for a lack of that service.

Procurement agreements are important to reduce risk for 
the EPC contractor or owner who is wrapping the panel risk. 
The first step is to insist on flash-test data for every module 
delivered. The market generally charges in terms of dollars 
per nameplate watt. Many module manufacturers still offer a 
+X%/-X% power tolerance. This can mean that a buyer may get 
less than the nameplate capacity for a large order. Guarantee-
ing a sum of flash-test data to be equal to or higher than the 
sum of the nameplate capacity can mitigate this issue. This, 
however, does not address the challenge of having too much 
deviation in the module power characteristics. A +/- 5% mod-
ule tolerance can translate into a deviation up to 10% from 
the high end to the bottom. The gap is modeled as module- 
mismatch loss, and it reduces the overall performance. Looking 
for tight tolerances, hopefully without a negative percentage, 
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can alleviate this. In addition, it is important to review the dis-
tribution of production to estimate the amount of mismatch. 

WArrANTIES 
Major equipment warranties offer differ-
ing degrees of protection against inherent 
O&M risks. 

Modules. The primary potential for pro-
duction loss is the failure of modules to 
perform to their specifications. Owners 
and performance guarantors are not com-
fortable with the common stair-step power 
warranties—such as 90% in 10 years, 80% 
in 20 years—that expose projects to a 10% 
risk from commissioning through Year 10. 
Warranties should more closely follow the 
expected degradation of modules. Solar-
World, for example, offers a 25-year linear 
performance guarantee on all current mod-
ules. This guarantees 97% of nominal rated 
power in Year 1 and a decline of no more 
than 0.7% per year, guaranteeing 80.2% of 
nominal rated output in Year 25. This linear 
performance guarantee increases the risk to 
the module manufacturer. 

In addition, warranties should be pro-
tected with a significant warranty reserve or 
bonding program to ensure that the prod-
uct will be around when you need to make 
a claim. According to Benjamin Compton, 
vice president of PV systems and services at 
United Solar Ovonic, “With the rapid pace of 
change in the industry, the biggest obstacle to 
long-term PV system operations is obsoles-
cence of parts, such as the inability to find PV 
modules or inverter components after even a 
few years.” 

The form factor, voltage and current char-
acteristics for modules are continually chang-
ing. A module purchased today may not be 
available in 5 years. Therefore, remember that 
warranty fulfillment may be a check for several 
hundred dollars rather than replacement prod-
uct, which will not help your orphaned string. 
Ordering one to two strings per MW worth of 
spares modules with the initial large purchase 
can allay these concerns. Also, a small order 
later may not have the same terms as the origi-
nal multi-MW order. The orphaned string prob-
lem can also be solved with new products, like 
dc-to-dc converters that optimize performance 
at the module or string level. These products 

add cost but can provide some mitigation in the future. 
Inverters. Despite manufacturer’s best efforts and inten-

tions, inverters remain the Achilles’ heel for a solar array. Even 
if a system has an excellent 
performance ratio, the invert-
ers need to be on to harvest 
electricity. While a perfect 
product is not required, per-
fect service is. 

Inverter manufacturers 
provide a wide variety of ser-
vices. In general, inverter pro- 
curement agreements have 
been  c o n t i n u e d  o n  pa g e  6 0
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Power warranty  Module manufacturers often guarantee 90% of rated 
power at 10 years and 80% at 25 years. This type of step warranty exposes 
investors and EPC providers to far more risk than a linear power-output 
warranty, such as the warrantees that SolarWorld provides on all its prod-
ucts and Suntech Power provides on its utility-scale Reliathon modules. 
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Service contracts  Increas-
ingly, manufacturers of cen-
tral inverters—such as this 
Advanced Energy Solaron 
333 kW at a SolarCraft 
Services installation—are 
offering customizable service 
contracts that may include 
preventative maintenance, 
O&M and uptime guarantees. sh
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shifting from simply providing expensive 
power electronics to offering equipment 
plus service contracts. Inverter manu-
facturers understand that developers, 
investors or utilities do not necessarily 
want to learn to maintain a new piece of 
equipment. They just want the service of 
dc-to-ac conversion to work perfectly. In 
this case, the service of transforming dc 
electricity to ac electricity can take the 
form of 5-, 10-, or even 30-year service  
and availability contracts. In practice, 
these long-term performance guarantees 
and availability contracts are effectively 
O&M contracts, as the performance targets guaranteed can-
not be met without ongoing O&M. These contracts must still 
be managed carefully, however.

The US market has dozens of inverter manufacturers. It is 
crucial to work with an organization that is capable of provid-
ing repairs and getting the system operational quickly. Even 
for experienced service personnel, it is challenging to learn to 
troubleshoot two to three manufacturers’ products, let alone 
12. New product lines can be substantially different, and a 
strong technical expertise on one inverter may not translate 

to another product from the same manufacturer or from dif-
ferent manufacturers. Therefore, the best mitigation is to have 
a clear availability guarantee that draws a distinction as to 
what constitutes availability. 

COMMISSIONINg 
Operations start with comprehensive commissioning, which 
is not just for installers. Owners, investors, developers and 
O&M providers need to be proactively involved. The first step 
to a successful start-up is to have all stakeholders prepared 

and available. The best place to start 
is to “yellow-off ” the design drawings 
with the engineer, constructor and 
operator—physically walking through 
the end product with the design draw-
ings and using a highlighter on every 
line to ensure that what is in the field 
exactly matches the drawings. This can 
be time-consuming, but it may be the 
last time the intentional and the actual 
are compared. 

Commissioning should be a for-
mal process that is explicitly detailed 
in the EPC contract. The independent 
engineer should be present as boxes 
or ditches are closed up to verify that 
the appropriate wires are in place, as 
they are likely to remain in place for 30 
years. The major components—com-
munications, meteorological station, 
modules, wiring, inverters and intercon-
nection—should be visually checked for 
quality and completeness. A variety of 
proof-of-life tests, including resistance 
to ground, appropriate fuses and conti-
nuity, should be conducted. The tracker 
components should be checked for 
accuracy. It is also a   c o n t i n u e d  o n  pa g e  6 2 

O&M

“There is a lot of confusion in the market today about  
the meaning of warranties. The financial community  
needs to create a common language to evaluate the  
benefit of warranties and translate that evaluation  
into the language of financial risk management.”

—guido Tonin, executive vice president, Santerno 

Commissioning  Though time-consuming, an important step in a comprehensive 
commissioning is to “yellow-off” the design drawings. This entails walking through 
an installation and examining everything from the modules to the point of inter-
connection, highlighting the drawings as you go, to verify the system is built per 
design documents. 
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good idea to cycle the tracker 
mechanism dozens of times with 
a high-speed motor to ensure that 
all components work together 
and thus avoid infancy problems. 
Tracker mechanisms usually have 
issues due to stress in the mechani-
cal assembly. Therefore, it is essen-
tial to see that the structure is 
aligned within the specifications. 

System performance should 
be checked thoroughly after the 
installation is mechanically assem-
bled. The EPC contract should 
make clear that payment for work 
is conditional upon commis-
sioning tests. These tests should 
include but not be limited to the 
following: open circuit voltage, I-V 
curves for every string in several 
combiner boxes, operating volt-
age, operating current and 30-day 
operating performance tests. 
These commissioning checks are 
benchmarks against the next 30 years. It is common to rush 
through the commissioning stage, to reach financial closure, 
but it is a bad idea: This is the last point of leverage with the 
EPC contractor. Commissioning without adequate descrip-
tions, time and available resources leads to immediate and 
long-term risks to the investment. (For more information, see 
“PV System Commissioning,” October/November 2009, Solar-
Pro magazine.)

INSUrANCE
Insurance—the final layer of protection for site opera-
tions—involves paying someone else to take risk away from 
the project. For better or worse, that someone is actually a 
group of people, typically a combination of underwriters 
who may not understand the risk and individuals close to 
the deal. Therefore, it is important to buy insurance where 
it is needed without overinsuring or paying too much. Do 
not pay someone else to take on a risk that you can afford to 
assume. Everyone on an operational team should read the 
property and general liability insurance policies. They can be 
dull reading, but they help the team understand the day-to-
day risks they are taking.

The first step is to find a good broker. Many brokers have a 
variety of skills and expertise in all kinds of insurance. There 
are brokers skilled in property coverage and those good at 
renewable energy. However, there are very few that offer both. 
Brokers are important because of their relations to the insur-
ance underwriting community. The better the underwriters 

understand the business, the better they will be able to assess 
the deal. Most brokers approach the same group of underwrit-
ers, typically in London or Bermuda. It is critical to explain 
any project’s specific needs to the broker. A good insurance 
program is only worth as much as can be claimed. The pro-
cess of filing and walking through a claim takes practice. It is 
essential to have a good broker and trusted advisor when you 
have the unpleasant task of making a claim. 

A good insurance program covers catastrophic losses 
and meets investor requirements. However, investors may 
require coverage that does not appear to make sense. Invest-
ments can have a pool of investors and thresholds set for 
reasons that are not explicit to solar. For example, European 
investors typically have set very low deductible thresholds to 
insure essentially every claim. American investors, however, 
tend to have a higher threshold for deductibles. The deduct-
ible amount should be available in reserve at the project to 
insure the asset. Generally, on projects greater than 1 MW, a 
$50,000 deductible seems like a good compromise, balanc-
ing claim size with a lower premium. This is a negotiation 
and should be evaluated on a project basis. These policies 
should cover all perils, with explicit named exceptions. 

Overinsuring is a waste of assets: Replacement value 
is just that, not a check sent in the total insured amount. 
The cost of replacing a system might be significantly lower 
several years from now than it is today. Therefore, it makes 
sense to insure only to slightly more than estimated costs to 
replace.  c o n t i n u e d  o n  pa g e  6 4

O&M

Insurance  Strategies for keeping insurance rates down include setting a higher deduct-
ible and insuring only to slightly more than the estimated replacement costs. 
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Unfortunately, many large projects are proposed in areas 
with earthquake, flood or wind activity. It is crucial to evaluate 
such risks early in the development cycle. Underwriters man-
age these perils differently, except for one thing: Their policies 
are expensive. Earthquake coverage is a good example. It is 
unlikely that an entire portfolio of projects will be affected by 
a single seismic event. Insuring the total value of every deal is 
probably not wise. A good broker uses sophisticated modeling 
techniques to get a good estimation of the probable maximum 
loss. A company’s risk management program should then eval-
uate the risk to see if the consequence is tolerable. 

O&M COSTS
A PV system is a financial investment that pays over a very 
long period of time. The tendency to model a low O&M fee 
increases profitability. However, this fee needs to have more 
scrutiny as more long-term information becomes available. 
These O&M contracts may become net losers for the pro-
vider. As this market continues to stabilize, net losers are 
bad for both providers and for those getting the service. Ven-
dor solvency is essential. 

O&M can be a lucrative opportunity for companies with 
PV experience. Due to warranty and guarantee expectations, 

I n october 2006, powerlight and (then) MMa Renewable 
Ventures installed a 900 kW dc roof-mounted pV plant 
at Fetzer Winery in Hopland, california, under a power 

purchase agreement. MuniMae owns the project and dissigno 
operates it. the plant is spread out on three building roofs with 
a total of 4,992 Sharp modules covering a surface area  
of 69,912 square feet. Since the commercial operation date, 
the system has produced approximately 3.4 gWh of 
pV energy. 

the o&M for the Fetzer plant is fairly standard, 
except for one unique situation. the array located 
on top of the building known as the Red Barrel 
Room (RBR) demonstrates lower-than-expected 
performance every year. performance does not 
drop at one particular time, but slowly decreases. 
close inspection of the modules over time reveals 
very noticeable soiling. under the air vent, where air 
blows across the modules rather than up to the sky, 
a substantial amount of mold grows on both the roof 
and modules. the glass becomes dull, dark in color 
and opaque. 

the RBR is where the red wine is poured into 
aging barrels and stored. during the filling process, 
a winery employee fills the barrels to remove all air. 
excess wine spills to the floor, and the barrels are 
sealed. Because this is a wine storage and aging 
warehouse, the ambient temperature is kept at 
69°–70°F, with high humidity. these two factors 
create an ideal environment for mildew growth. the 
ventilation in the RBR draws air in at the base of the 
building and expels it through a vent on the roof. 
Mold is transported through the building ventilation 
system and deposited on the roof and pV modules. 

Because the Fetzer plant is covered by an annual perfor-
mance guarantee, it is up to the o&M provider to determine if it 
is better to wash the system or pay damages for underperfor-
mance. performance measurements over time indicate when 
the mold buildup begins affecting production. this drop in 
performance can be as much as 30%. once the mold was dis-
covered, annual module cleaning at the RBR was incorporated 

Case Study: Fetzer Winery, Hopland, CA
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Cleaning impact  A dramatic jump in the system’s performance 
ratio is evident after the modules that make up the Red Barrel Room 
array are cleaned in early March 2010.
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it will become increasingly difficult for small-to-medium 
size companies to act as EPC contractors. At the same 
time, potentially higher-margin, long-term O&M contracts 
need to be provided locally. The renewable O&M market is 
fragmented across the US. There are good-quality compa-
nies providing good service, but there is no simple way to  
tap that experience and get a consistent level of service 
across a portfolio of assets.

One of the challenges is knowing what O&M costs are 
in specific markets. The markets in Texas versus California 
versus North Carolina are dramatically different depending 

into the regular maintenance schedule. to determine the best time 
to clean, dissigno models the losses due to mold. table 1 shows 
the difference in production before and after cleaning in March 
2010. Washing the modules ensures that the system performs 
above the required levels.

a simple, noninvasive cleaning process has proven success-
ful. the cleaning crews use soft brushes and pressurized water 
to wet and wash the modules, and then use squeegees to clear 
excess water to avoid mineral deposits. the crews do not use 
chemicals or solvents, only water that comes from the local tap 
and passes through a filter to remove large dirt particles. the 
crews, who rely on their prior window-washing experience, also 
received training from the o&M company. they were taught to 
avoid damage to the modules by walking on the frames as they 
clean, to wear soft-soled shoes and to use fall restraints. { 

Real world performance  It may be possible to address 
unexpected causes of performance degradation, such as 
excessive soiling, by adapting the site’s O&M protocol.
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on labor rates, expertise and project volume. Operations 
are local to the site and need to be priced as such. As opera-
tors better understand the requirements, they will be able 
to increase their margins. However, owners who have a 
portfolio of projects need a consistent approach to all of 
their assets. Modelling a good estimation of O&M costs  
is crucial.

Due to the Federal Investment Tax Credit, it is advanta-
geous to incorporate the O&M costs into the price of the 
system. These costs are generally limited to 5–10 years. How-
ever, prepaying for O&M can make it difficult—if not impos-
sible—to get the services promised. Several large companies 
offer long-term service contracts but have limited opera-
tional resources to monitor, evaluate, prioritize and solve 
issues. The benefit of prepayment needs to be weighed 
against the consequence of reduced leverage with the O&M 
provider. This can be slightly mitigated by defining the 
expectations and consequences for a lack in performance 
in the EPC contract.

In 5 to 10 years, many integrators will not exist in the 
form they do today, potentially creating orphaned asset 
management responsibility. The market is changing dra-
matically, and fewer companies will be capable of managing 

existing contracts and obligations. Being confident that 
the required work will be done and knowing who will do 
it is crucial. The assignability of the contract needs to be 
reviewed to ensure that the qualifications from one vendor 
are not lost if that vendor assigns the project to another. In 
reverse, the owner may want to transfer the contract for a 
better performer. Every contract should include a termina-
tion for convenience clause. 

Predicting the actual O&M cost dramatically affects 
profitability if it is incorrect. A set level of scheduled main-
tenance should meet the stakeholders’ risk tolerance. The 
level of insurance and projected costs for unscheduled 
maintenance needs to be considered as part of a compre-
hensive operations expense. Defining the level of certainty 
is essential for developing the pro forma project analysis 
necessary to evaluate potential profitability. 

Project owners may be overpaying for O&M support 
by including too much preventative maintenance. A good 
evaluation is to weigh the expense of preventative versus 
reactive project work. Washing the modules is a good exam-
ple. This tends to be included in most scheduled mainte-
nance, but the timing and frequency of washing is highly 
dependent on actual weather conditions.  c o n t i n u e d  o n  pa g e  6 8
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Monitoring  Reliable and accurate monitoring systems, especially ones that include weather stations, are invaluable for manag-
ing large PV assets. When properly deployed, they can tell an operator if the system is working, if it has failed, where the failure 
is and even when to wash the modules.
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The challenge is that long-term investors need confidence 
in the project manager or project sponsor’s ability to see 
that this work is accomplished.

Because operations teams benefit from scale and lessons 
learned from other projects, every developer or integrator 
does not need to create an operations team. There is very 
limited upside to this and mostly downside. Operations 
teams need experience to understand the technical compo-
nents, contracts and financing to protect everyone’s invest-
ment. Also, most of the value of a project is long gone by the 
time of O&M. The EPC contractor, equipment suppliers, tax 
equity, traditional equity, landowners, developers, brokers, 
insurance underwriters and taxes have all taken their piece. 

MANAgINg ThE UNkNOWN
Independent engineers determine a 30-year estimate for opera-
tions. This is the number used by financing partners to look at 
the long-term debt and equity returns. This number is based 
on a lot of uncertainty, including equipment failure, weather 
related fatigue and inad-
equate maintenance, all 
of which are hard to pre-
dict. However, a competent 
independent engineer and 
an experienced operations 
team should provide the 
expertise needed to identify 
the risks, probabilities, con-
sequences and solutions. 

O&M creates an obliga-
tion that exists for decades. 
Understanding the param-
eters and contracts for each 
deal is crucial, because each 
one has a different level of 
exposure and costs. The 
project sponsor needs to 
seek good advisors to determine the projected costs of sched-
uled and unscheduled maintenance. Addressing risks begins 
with selecting the vendors, negotiating contracts, understand-
ing what breaks and how to resolve challenges. 

O&M AS A MARKET OPPORTUNITY
The operations and maintenance of large systems is not a 
mature service industry. Many of the local providers and 
national equipment manufacturers count service techni-
cians by the tens, not thousands. Guido Tonin, executive 
vice president of Santerno, explains: “Solar fields, regardless 
of size, are a specialty niche application today within the 
larger energy production market. Dedicated expertise mat-
ters, so long as O&M providers meet the necessary business 
viability prerequisites.” 

The expanding space and size of the solar industry 
requires significant development in the O&M area. As solar 
is growing into new regions and larger system sizes, the infra-
structure is lagging behind. For example, it is difficult to find 
solar panel cleaning companies and O&M providers with 
adequate insurance and experience. Large EPC providers 
who are forced to take on a large balance sheet risk are look-
ing locally for a regional presence to solve O&M challenges 
because they will quickly move onto the next project. This 
market maturation creates an opportunity for companies 
with solar installation experience. 

This growing market is potentially good for integrators, 
even those losing work to large construction deals. Accord-
ing to United Solar Ovonic’s Compton: “The larger integrators 
are having difficulties staffing appropriately and training ade-
quately to keep up with the growing rate of their installations. 
They will rely more and more heavily on externally subcon-
tracted resources in the near future. Additionally, PV system 
fleet owners will look to consolidate their O&M services with 

a single provider.” 
A local company can pro-

vide operations services to a 
site near its business. Large 
constructors, however, can-
not effectively staff every site 
as the scale and diversity of 
solar plants continues to grow. 
Fotowatio Renewable Ven-
tures’ Disch thinks there is a 
market for small-to-medium 
size O&M providers. “There are 
benefits to having a local O&M 
provider, such as lower travel 
costs and reduced downtime 
with more rapid response,” 
she states. “In addition, site 
security may be nominally 

improved with a local presence.” 
Ultimately, the men and women who actually turn the 

wrenches are the people who make these PV systems work. 
These individuals have to navigate contracts, investors and 
multiple stakeholders with conflicting perspectives, as well as 
fire ants, hail, rattlesnakes and the occasional ornery security 
guard. It is important that they understand the risks inher-
ent in O&M, as well as the opportunities for business develop-
ment and diversification. 

O&M

dave Williams / dissigno / San Francisco, CA / dave@dissigno.com /  

dissigno.com

g C O N T A C T

“Of course O&M providers should be 
licensed contractors and should follow 
the standards set forth by OSHA. In  
addition, I would like to see NABCEP 
focus more on operations.”

—Adam Burstein, president, Next Phase Solar 

S



Productive | Reliable | Smart | Safe

ENPHASE MICROINVERTER SYSTEM

I use Enphase. 
Designing and 
installing solar 
has never been 
this easy.
Tyson Grul
Director, Commercial Business
Real Goods Solar

enphaseenergy.com

microinverter       envoy          enlighten

b
le

ed
tr

im

bleed
trim

www.enphaseenergy.com


70	 S o l a r Pr o 	 	 | 	 	 June/July	2010

L
ag screws are commonly used to secure rack-
ing and mounting-system components directly 
to roofing structural members. However, the 
improper use, incorrect placement or omis-
sion of lag screws can reduce the structural 
integrity of a building. While your mounting 
system may be preengineered, your responsi-

bilities as the system installer are significant. For example, 
Unirac’s SolarMount installation manual states that, among 
other things, you are “solely responsible for…ensuring that 
lag screws have adequate pullout strength and shear capaci-
ties as installed.” In general, technical sources for detailed 
pullout and shear strength guidance are limited. This arti-
cle details some general guidelines for the proper use of lag 
screws in residential PV installations, based upon my exten-
sive testing, observation and consideration in my capacity as 
a professional engineer.

LAG SCREW PROPERTIES 
Carbon steel lag screws are either zinc plated or zinc galva-
nized steel; stainless steel lag screws sell as either grade 18-8 
or 316. Surprisingly, there are no current standards defin-
ing the mechanical properties of lag screws—although the 
American Wood Council’s ANSI/AF&PA NDS-2005 National 
Design Specification (NDS) for Wood Construction does give 
some common dimensions and provides design guidance 
based on historical properties (see Publications).

Modern lag screws have rolled threads. Rolling hardens 
the outer surface of the screws, giving them more bending 

Lag 
Screws 
In Residential  
PV Installations

By Mark Shelly

Example 1  Rolled screws are slightly necked down in 
diameter just before the threads, as seen on the two 
bolts on the left. To the right is a pair of World War II–era 
machined lag bolts.
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strength than the base metal alone. The process also makes 
stainless steel lag screws slightly magnetic. The differ-
ence between a rolled and machined lag screw is shown in  
Example 1.

The quality of lag screws varies considerably, as shown in 
Example 2. Flakes of metal are sometimes still attached to the 
finished screw. Threads may not be formed along the whole 
length of the screw or may be missing almost entirely. Galva-
nized zinc can fill threads or make hard projections that can 
damage the threads that are cut into the wood. Sometimes 
screws are even stuck together.  

The most noticeable difference among lag screws is the 
variation in the length of the shank, as Example 3 illustrates. 
Each lag screw consists of a threaded shaft and a hexago-
nal bolt head; the unthreaded length separating these two 
is the shank. While longer shanks make lag screws stronger 

Lag 
Screws 
In Residential  
PV Installations Example 2  The author has catalogued a variety of manufac-

turing defects in steel lag screws.
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Example 3  The length of the shank—the unthreaded part of 
the lag screw—is highly variable. For PV applications, a longer 
shank is generally better. 
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in shear, it is important to keep in mind that the unthreaded 
shank does not provide withdrawal resistance.

Limitations of use. The performance of lag screws var-
ies, according to my testing, presumably due to the lack of 
material performance requirements in the manufactur-
ing process. Most installation instructions give lag screw 
withdrawal values per inch of thread engagement based on 
the specific gravity of the wood. Although the withdrawal 
strength per inch of thread 
engagement—measured 
by the depth of thread 
engagement in the truss 
or rafter only—is the same 
regardless of the base 
metal, the tensile strength 
of the screw material at 
the thread root area limits 
the ultimate withdrawal 
strength and hence the maximum possible withdrawal load, 
regardless of wood specific gravity. Using 55,000 and 70,000 
pounds per square inch as the ultimate strength (based on 
the recently cancelled American National Standards Insti-
tute [ANSI] specification FF-B-561), I would limit 1/4-inch 
steel and stainless steel lag screws respectively at 431 and 
548 pounds for withdrawal and 5/16-inch lag screws at 742 
and 944 pounds, regardless of thread length, unless the spec-
ified screw has tested otherwise.

As a rule, stainless steel lags performed much better than 
carbon steel lags in my testing, as illustrated in Example 4. 

Considering the shingles and the space between the plywood 
sheathing as gaps, I recommend limiting shear reference 
loads for 1/4-inch and 5/16-inch diameter lag screws respec-
tively to a maximum of 34 and 58 pounds for short-shank 
carbon steel and 86 and 130 pounds for long-shank stain-
less steel. Calculate loads using Technical Report 12 (TR 12), 
“General Dowel Equations for Calculating Lateral Connection  
Values,” and Design Aid 1 (DA 1), “Application of TR 12 for Lag 

Screw Connections,” both of 
which are available from the 
American Wood Council  (see 
Resources). Adjust for bend-
ing due to mounting or test-
ing as warranted. 

A NOTE ABOUT WOOD 
Wood is highly variable due 
to knots, small cracks, pitch 

pockets, density, grain spacing and orientation, moisture 
content and growth-ring spacing. This variability leads to 
large deviations in test results. Properties such as bearing 
strength are affected by the diameter of the fastener. Larger 
fasteners, as an example, tend to split wood. 

In addition, wood is damaged by moisture. A primary 
concern on any solar installation should be ensuring that 
moisture does not get past the lag screw penetration for 
the life of the system. (See “Pitched-Roof Racking,” October/
November 2008, SolarPro magazine, for more information 
on waterproofing.)

Wood rafters or trusses typically support residential roofs. 
A rafter is a large piece of lumber that runs at an angle from 
the top plate to a ridge board. A truss is usually made from 
smaller dimensional lumber that is arranged in triangular 
patterns and is secured together with toothed metal plate 
connectors. The top cord of a truss supports the roof sheath-
ing. Trusses use webs between the top and bottom cords to 
distribute loads and prevent excessive deflection.

Rafters and the top cords of trusses are always under a 
compression load from the weight of the roof materials. In 
addition, the spans between webs or bearing points are sub-
ject to bending loads, especially with people or snow on the 
roof. This adds to the compression stresses at the top surface 
of trusses and rafters. Compression forces can travel along 
a truss through lag screws with a small area of increased 
stress. Roof loads are often limited by allowable deflection, 
not just stress. Stress calculations alone will not indicate 
that a roof-mounting system is acceptable. 

Plywood sheathings and their attaching fasteners have 
to both provide shear-load resistance for the building during 
high winds and help keep the PV array attached. Longitu-
dinal gaps between sheathing panels are required by code 
to prevent the plywood from buckling  C o n t i n u e d  o n  pa g e  7 4 

Lag Screws 

Example 4  Stainless steel lag screws, shown on the outside 
of this picture, resist bending and breaking in the author’s 
tests better than zinc-plated carbon steel lag screws.
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Roof loads are often limited by 

allowable deflection, not just stress. Stress 

calculations alone will not indicate that a 

roof-mounting system is acceptable.
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at high temperatures. Additionally, lateral gaps occur every  
8 feet in residential applications, typically on every fourth 
truss or rafter. Therefore, up to half of all lag screws on a typical 
PV installation could be located at or near the gaps between 
plywood sheets. For this reason, you should not include the 
length of threads embedded in plywood for withdrawal or 
shear calculations; rather, use the thread embedment length 
in the rafter or truss. For shear-bearing resistance values, 
however, it is appropriate to consider the plywood.

BEST PRACTICES
Having extensively studied the performance of lag screws 
when tested in situations typical of residential construction, 
I offer the following general recommendations for their use 
in PV systems.

Screw material. Use stainless steel lag screws. Most of the 
carbon steel lag screws that I tested broke at the shank when 
I kept turning them past snug, though some with 2 inches 
or less of thread did not break (see Example 5). None of the 
stainless screws broke. Stainless steel is stronger, tougher 
and can deflect more under the same stress when compared 
to mild carbon steel in lag screws. 

Use 18-8 stainless screws in humid or industrial areas for 
corrosion protection. Use 316 stainless in saline or chlorine 
environments. Both are compatible with aluminum, in spite 
of the initial galvanic voltage potential. Stainless steel should 
also be used where additional shear strength or deflection 
is needed. Use galvanized or zinc-plated steel screws only 

where conditions warrant them, such as under flashings or 
in rural or arid locations. 

Shank length. Choose lag screws with long shank lengths. 
To obtain maximum shear strength, the shank should 
embed into the plywood and truss 0.75 inch for 1/4-inch 
diameter lag screws, 1.1 inches for 5/16-inch diameter lag 
screws and 1.12 inches for 3/8-inch diameter lags screws. 
This means that the ideal shank is 1.25-inches long or lon-
ger for composition shingle roofs, depending on mounting 
foot and shingle thickness. This length is needed to reduce 
the stress in the first screw thread to a value less than the 
stress in the shank. Otherwise, you run the risk of getting 
a sharp bend at the first thread under lower loading, as 
shown in Example 6. A long shank also reduces the poten-
tial for damage to the wood truss or rafter, which is always 
under compression loads. 

Overall length. Limit screw-thread length so that the lag 
screw does not break during installation, yet still meets 
withdrawal-load requirements. (For more information on 
calculating withdrawal loads, see “Pitched-Roof PV Mount-
ing,” February/March 2010, SolarPro magazine.)

Pilot holes. Lag screws need pilot holes. For composition 
shingle roofs, use a 5/32-inch diameter pilot hole for 1/4-inch lag 
screws, a 3/16-inch diameter pilot hole for 5/16-inch lag screws 
and a 1/4-inch diameter pilot hole for 3/8-inch diameter lag 
screws. To minimize wood splitting, drilling to a depth that 
is 0.50-inch shorter than the lag is ideal. In addition, the lag 
screw should be at least 0.50-inch shorter than the combined 
thickness of the mount, shingle, plywood and truss to help 
prevent the wood at the bottom of the rafter or truss from 
splitting, as shown in Example 7. 

Screw shank clearance holes. Although lag screw shank 
clearance holes are normally required by the NDS, I rec-
ommend omitting them in roof installations for several 
reasons. Although clearance holes reduce splitting in lum-
ber under shear loads, the plywood sheathing takes the 
bulk of the shear load and deformation without splitting. 
Because trusses are always under compressive structural 
loads, removal of the least amount of stressed truss material 

Example 5  In the author’s tests, carbon steel lag screws 
tended to break when intentionally over-tightened. While 
stainless steel screws stripped the wood under the same 
circumstances, stripping the wood is preferable to breaking 
the screw.
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Example 6  A longer shank length reduces the stress in the first 
screw thread and the risk of the lag screw bending as a result.
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should always take precedence over optimizing short-term 
ultimate loads. Furthermore, testing has shown that clear-
ance holes are less important for small-diameter fasteners 
than they are for large-diameter fasteners. Since I would not 
recommend that 3/8-inch diameter lag screws be used with-
out a shank clearance hole, I would only recommend that  
3/8-inch lag screws be used to replace stripped screws in 
2-inch dimensional lumber.

Edge distance. The NDS requires a minimum edge distance 
of 1.5 times the diameter of the lag screw for withdrawal loads 
and shear loads parallel to the grain of the wood. This equates 
to 3/8 inch for 1/4-inch lag screws and 15/32 inch for a 5/16-inch 
lag screw. This means that if you center a 1/4-inch lag screw 
within a ¾-inch wide band, centered on the 2-inch dimen-
sional lumber rafter or truss, you will meet the withdrawal 
and longitudinal requirements. This reduces to a 9/16-inch 
band for a 5/16-inch lag screw. We all know that in practice it is 
not easy to maintain these clearances on sloped roofs.

SPECIAL CONDITIONS 
Areas with significant snow loads or design wind speeds 
greater than 90 miles per hour require special consideration, 
in part due to the additional side loads. Thermal expansion 
also needs to be accounted for.

Snow loads. Consider taking steps to spread loads out in 
areas with significant snow loading. For example, transfer as 
much of the snow load to as many trusses as possible. While 
PV rail systems stiffen the roof by spreading live loads over 
many rafters, they also concentrate snow loads at the lag 
screw mounting locations. This can overload the affected 
rafters or trusses. Failure to spread snow loads may lead a 

Example 7  Lag screws that are too long can split and com-
promise structural members. 
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structural engineer to require that trusses be built up with 
additional lumber.

Note that if you do not load three consecutive rafters, 
you lose what is known as the repetitive member adjustment 
factor, reducing total load-carrying capacity. Snow load can 
also be distributed to two rafters or trusses simultaneously 
by installing internal blocking boards spanning between the 
structural members, all without doubling roof penetrations. 

Wind withdrawal loads. Transferring the load to many 
rafters or trusses may also be needed for wind withdrawal 
loading. For example, if the wind withdrawal load minus the 
roof dead load on a truss is more than 150 pounds, it may 
be possible for a PV system to cause a roof failure in high 
winds, depending on how the truss is secured or the age of 
the building. Get engineering help in this case to determine 
the best way to spread the load. 

Side loads. For side loads, lag screws normally need to 
be a distance of four times the screw diameter away from 
the loaded edge when they are loaded perpendicular to the 
grain. With 2-inch dimensional lumber and the lag diam-
eters typically used in PV systems, this is not attainable. 
In fact, if not for plywood sheathing and the lateral load it 
takes, you would not even be able to use lag screws on 2-inch 
dimensional lumber and trusses for shear loads. The poten-
tial for side loading to damage rafters or trusses is illustrated 
in Example 8. It is worth noting that installers on the roof 
often have little way of knowing whether their lag screws 
enter the middle of a rafter or truss.

To demonstrate this potential for damage, I prepared a 
few mock roofs and used a vise to compress mounting feet 
closer to each other by 1 inch, loading them perpendicular 
to the truss grain. Located 1 diameter away from the loaded 
edge, as shown in Example 8, the lag screws deformed as 

expected. They also caused visible damage to the truss 
under this load, as shown in Example 9. Those lag screws 
located a distance of 1.5 diameters away from the edge did 
not cause damage. These tests show that the plywood and 
rafter or truss combination can take a lateral load, but too 
much yielding too close to the edge can damage the struc-
tural member. 

All shear testing I conducted contained elements of rota-
tion. Namely, the mounting foot presses into the shingles 

and rotates relative to the truss. It is my 
opinion that installers and equipment 
manufacturers should test mounting 
equipment with lag screws 1.5 diameters 
away from the loaded edge, including at 
plywood gaps, on a simulated roof struc-
ture with the load or thermal deflection 
applied at the rail mount location. “Accep-
tance Criteria for Roof Flashing for Pipe 
Penetrations (AC286)” and “Acceptance 
Criteria for Joist Hangers and Similar 
Devices (AC13)” can be used to define test-
ing. These acceptance criteria are avail-
able for free from ICC Evaluation Service 
(ICC-ES). (See Resources.) 

For design purposes, wind shear load 
should be equal to at least 10 pounds per 
square foot on any surface area perpen-
dicular to the roof. C o n t i n u e d  o n  pa g e  7 8

Lag Screws 

Example 8  When exposed to side loads, lag screws installed too close to the 
side of a structural member may damage the wood before bending, as seen in 
the upper block. 
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Example 9  The author’s tests indicate that as long as lag 
screws are located a distance of 1.5 times the screw diameter 
away from the edge of a rafter or truss, the installation can 
take a moderate lateral load without resulting in the damage 
seen here.
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You can calculate this load using paragraph 6.5.15.1 of ASCE 
7-05, Minimum Design Loads for Buildings and Other Struc-
tures (see Publications). Lag screws need to take shear in any 
direction. Overlooking this loading has lead to some ques-
tionable mounting decisions, such as tilting arrays off the 
plane of the roof.

Thermal expansion. Normally, metal and wood structural 
materials are not attached to each other, due to differing 
rates of thermal expansion. It is important to realize that 
the thermal expansion of aluminum cannot be stopped by 
lag screws. In fact, lag screws start yielding at deflections of 
about 1/8 inch, at a fraction of the force required to control 
expansion or contraction. This means that mounting sys-
tems need to allow this expansion without transferring large 
shear loads to the lag screws.

Most systems use expansion joints on rails to limit ther-
mal expansion. Always check to see if expansion joints are 
installed properly. Some double as connectors, and instruc-
tions may show them in that configuration only. Make sure 
you know the difference.

Some thermal expansion is mitigated by slippage at the 
mounting feet, which have oversized slots that allow screws 
to slip. To optimize this slippage, place lag screws against the 
inner edges of mounting holes during extremely hot instal-
lations and in the center at more comfortable temperatures. 
Oversized clearance holes reduce the maximum lag screw 
shear strength but allow thermal expansion. Lag screws 
yielding in loose holes in 1/4-inch thick aluminum experience 
a single bend, which is known as a Mode III failure in calcula-
tions. Failures in thicker mounting feet with tight clearance 
are identified by a characteristic double-bend deformation, 
which is shown in Example 10. This is known as a Mode IV 
failure and is more likely to occur on 1/4-inch lag screws. 

Keep in mind that if you replace a manufacturer’s mount-
ing foot with one that does not slip—such as some flashed 
attachments—you may nullify the system warranty and 

might damage the lag screws or rafters or trusses. You may 
be able to introduce other slip areas to adjust these tighter 
tolerances, however; at a minimum, decrease the distance 
between thermal expansion joints.

AVOIDING COMMON PROBLEMS  
The following installation and training practices can help 
installers avoid common mistakes.

Seal all penetrations. Always seal lag screw penetrations—
even when using flashing. Water damage is one of the biggest 
long-term liability issues with PV installations. Installing 
flashing between shingles on retrofit applications is never 
as effective as flashing under shingles on new construction, 
especially in snow locations.

Fill all holes. Never leave empty lag screw holes in trusses 
or rafters. This leaves the rafter or the top cord of a truss with 
a 17% to 25% reduction in strength under compression. This 
applies especially to the removal of old systems but also to 
new installations. Remember, trusses and rafters are always 
under compression. It is your responsibility not to damage 
these structural members when you attach your PV system. 
Develop a repair procedure to reinforce the truss or rafter if 
you have to leave a hole or if you see evidence that the screw 
is too close to the truss edge. Push for industry-wide com-
mon repair practices.

Train new installers. As a training exercise, have new install-
ers tighten lag screws through mounting hardware, shingles 
and plywood and into various woods on small roof mock-ups. 
Tighten lag screws using your current methods. Continue to 
tighten until the screw fails or the wood threads strip. This 
gives a sense of the torque required to install a lag screw and 
what a failure feels like, without damaging a client’s roof. The 
mock-ups can also be used to develop a feel for finding studs. 
Learning any skill requires making and identifying mistakes, 
such as the missed rafter in Example 11 (p. 80). It is better not 
to make those mistakes on the roof.

Dealing with broken lags or stripped wood. While neither 
breaking a lag screw nor stripping the wood is acceptable, 
stripping is better. You cannot remove a broken lag screw—
and if the broken screw is in the location needed for the 
mounting foot, it creates a real problem. Lags that strip 
the wood, however, can be unscrewed and removed. This 
is important to recognize: Just because you can unscrew 
a lag, this does not necessarily mean that the wood is not 
stripped. If a hole is stripped, you can often install a larger 
diameter screw in the stripped hole. Another reason that 
stripping wood is preferable to breaking a lag is that even if 
a stripped screw escapes your detection, the screw can still 
take shear loads. Since stripping holes presses wood fibers 
out, they tend to compress the screw and give it some with-
drawal strength. A broken steel screw can take neither shear 
nor withdrawal loads.  C o n t i n u e d  o n  pa g e  8 0

Lag Screws 

Example 10  Lag screws that have failed in thicker mounting 
feet with tight clearance have a characteristic double bend 
indicative of a Mode IV failure. 
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Optimize lag placement. Avoid placing lag screws in trusses 
near metal plate connectors. However, mount PV systems 
near web supports when possible. Example 12 shows how 
these criteria can both be met. These practices greatly reduce 
bending loads in trusses, which may save adding additional 
truss reinforcement in areas with snow loading. 

Test systems and components. If in doubt about a lag 
screw or mounting equipment, test it. Screw manufactur-
ers or their representatives may be able to perform on-site 
tests; alternately, work with an independent engineer. You 
can also test an alternate fastener, such as a hanger, using 
ICC-ES “Acceptance Criteria for Alternate Dowel-Type Fas-
teners (AC233).”

Inspect new installations. Evaluating lag screw connections 
should include a visual inspection inside the attic. Look for 
cracking or bulging, which suggests a lag screw installed too 
close to the edge of the rafter or truss. Reinforce any dam-
aged areas with a standard repair procedure. If you do not 
have a repair procedure, have your structural engineer iden-
tify one that you can use until an industry standard practice 
is developed.

Inspect existing installations. On systems that are more 
than 1-year old, mark the bottom of the outermost  lag screws 
and back them out a few turns to see if they rotate around 
the centerline. This inspection can also be performed after 
heavy snowstorms. If lag screws are bent laterally, consider 
repositioning the foot relative to the rail. Check for the proper 

installation of expansion joints and consider if the length 
of rails between expansion joints needs to be shortened on 
future jobs. You may also want to consider a different mount-
ing system or long-shank stainless steel lag screws. If you find 
lag screws that are bent down slope, your design may not be 
adequate for snow loads. Consider adding more mounting 
feet, especially at skipped rafters. Check for sealant condition 
and reseal. Again, look for cracks in trusses and rafters that 
may be caused by lag screws and repair as necessary.

Lag Screws 

Example 11  Using roof mock-ups is a good way to train 
new installers to correctly install lag screws, as well as to 
avoid, identify and learn to repair common mistakes. 

Example 12  In trusses, the ideal location for a lag screw is near the 
vertical web supports, but away from the metal plate connectors. In 
the field, all penetrations should be flashed.
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Mark Shelly / Shelly Engineering / Jackson, NJ / markshelly@optonline.net / 

shellyengineering.com

Resources:
American Society of Civil Engineers / 800.548.2723 / asce.org

American Wood Council / 202.463.2766 / awc.org

ICC Evaluation Service / 562.699.0543 / icc-es.org

Unirac / 505.242.6411 / unirac.com

Publications:
ANSI/AF&PA NDS-2005 National Design Specification (NDS) for Wood 
Construction, 2005, American Wood Council

SCE/SEI 07-5: Minimum Design Loads for Buildings and Other Structures, 
2005, ASCE Publications
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Whatever. Wherever. 
You’re Covered. 

Indoor or outdoors. Rain or shine. Hot 
or cold. Whatever, wherever, Allied 
Moulded NEMA Type 4X enclosures are 
tough enough to withstand the most 
challenging environments, with a non-
conductive, corrosion- and chemical-
resistant design that’s lightweight 
and easily modified. From alternative 
energy applications in solar and wind, 
to car washes to water treatment to 
automotive, whatever you’re looking for, 
you owe it to yourself to take a closer 
look at Allied Moulded enclosures.

Made with Ultraguard® – a new fi berglass 
formulation for superior outdoor protection.

think
inside 

the box.

© 2009 Allied Moulded Products, Inc. 

RoHS
COMPLIANT

For a dramatic range of industry applications,

222 North Union Street • Bryan, Ohio 43506 • (419) 636-4217 • Fax (419) 636-2450 • http://www.alliedmoulded.com

ALLM053 Industries_Dec.09_7.125x4.625.indd   1 12/4/09   5:30 PM

www.alliedmoulded.com
www.solarelectricdistributor.com
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Interview An Experienced Perspective

Matthew LeDucq, Suntech America
PV Plant Construction Insights from Veteran Project Manager

Matthew LeDucq is the director of 
construction at Suntech Amer-

ica. He is responsible for the oversight 
of project and construction manage-
ment for commercial, industrial and 
utility-scale PV systems. This is a unique 
role that requires coordinating multiple 
subcontractors and managing internal 
resources on large-scale projects. Previ-
ously he worked for more than 5 years as 
project manager for Powerlight and El 
Solutions. His specialties include project 
costing and estimating, RFQ/RFP devel-
opment and management, scheduling, 
risk management, contract manage-
ment and negotiation, safety program 
management, forecasting, bid manage-
ment and personnel development. 
—SolarPro Technical Editor Ryan 
Mayfield spoke with Matthew in January.

RM: What are some of the notable proj-
ects you’ve been involved with?  
ML: I was a field superintendent and 
project manager at Powerlight and then 
went on to El Solutions, which was pur-
chased by Suntech Power. I was involved 
with the 1.6 MW ac project for Google 
and worked on projects for Puget Sound 
Energy, Disney and Sony Picture Studios. 
I have also been involved with projects 
for municipalities, the US Navy, Honey- 
well, Wal-Mart, Chevron, Lowe’s and 
the US Postal Service. I’ve been a part of 
more than 30 projects on the EPC [engi-
neering, procurement and construction] 
side. I think that everybody’s noticed in 
the past year or two that projects have 
become exponentially larger. It’s a differ-
ent scale of projects that I think nobody 
who’s been in the PV industry ever imag-
ined was possible.

RM: How would you describe the roles and 
responsibilities of PV project managers?  

ML: PV project managers have a 
couple roles. They need to manage 
the contract and the client effec-
tively. Contract management is a very 
important aspect. For instance, we 
base our delivery schedule on our 
partners’ schedules. If that delivery 
schedule is expedited, it is the project 
manager’s responsibility to build a 
mechanism into that contract to be 
able to recoup that kind of increased 
delivery time.

We’ve seen logistical issues on 
projects, especially when products come 
through a port, and there’s a customs 
clearance. The project managers have 
to build in the necessary internal float.  

Managers also have to go 
very deep with our logistics 
partners to ensure that we 
don’t run into problems on 
their deliveries.

At Suntech we also take a 
hard stance on making sure 
that our project management 
team educates our develop-
ers and our EPC partners to 
understand the nuances of 
PV. Large-scale PV systems 
are not typical construction 
or power plant projects. All 
the components need to be 
optimized for performance. 
This requires our project 
management team to take an 
educational position with all 
of our partners. We provide 
the education to these rock-
solid construction firms that 
they need to be successful.

RM: When you talk about EPC 
contractors, are you referring 
to large firms that traditionally 
work in the power industry as 
opposed to large PV integra-

tors and developers?
ML: Correct. That’s a condition of the way 
projects are financed now. The banks are 
really looking for those EPCs with very 
strong balance sheets to bring the tech-
nology under their financial umbrella. 
These companies tend to have a large 
amount of cash and a large amount of 
US assets, buildings and equipment. Very 
typically, they build power generation 
facilities. They have a quality and track 
record that is a financeable product for 
the developer to take to the banks.  

Once you get into a multimegawatt 
project, it takes a certain kind of com-
pany to be able  C o n t i n u E d  o n  PA g E  8 4 

Matthew LeDucq, director of construction, Sun-
tech America  With nearly a decade of distributed 
and utility-scale PV project management experi-
ence to his credit, Matt has worked on the engi-
neering, procurement and construction (EPC) side 
of more than 30 large-scale projects and currently 
manages EPC relations for Suntech America.
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Steel and Aluminum

Utility-Scale Volume Capacities

Photovoltaic (PV) Mounting and Framing

Commercial and Residential Solar

Concentrated Solar Power (CSP) Structures

Parabolic Mounting Structures

Linear Fresnel StructuresLinear Fresnel Structures

r e g i s t e r  o n l i n e  a t  s o l a r e n e r g y. o r g

PV WORKSHOPS & ONLINE COURSES

PO Box 715  /  76 S. 2nd St. 
Carbondale, CO  81623 

970.963.8855

For more than 20 years, Solar Energy International 
has been teaching hands-on workshops and online courses 
in renewable energy and sustainable building technologies 
worldwide. Learn about solar electricity and solar thermal 
technologies with SEI’s online and hands-on workshops  
by enrolling today.

Visit us at Booth #209 at ASES!

www.omcosolar.com
www.solarenergy.org
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to perform. It takes a certain 
kind of balance sheet to be 
able to deliver on that project, 
to provide the necessary bond 
to build that job. A company 
may be a strong financial 
entity, but not necessarily up 
to speed on the complexities 
of PV.

Oftentimes we’ll start with 
a developer, and the devel-
oper will pair us up with an 
EPC contractor. Our ultimate 
delivery is the support of that 
EPC contractor who has the 
contract with the developer or 
utility. Our engineering group 
is engaged from the get-go to 
optimize system layouts. We 
work on the specifications for  
procurement. Our group likes 
to be right there with the contractor dur-
ing the building of the project, providing 
quality control and being active in the 
commissioning process.

RM: What skills and experience do you 
look for in a good project manager?
ML: We look for a firm foundation in 
project management and typically in the 
power generation market. We also want 
to see a real passion for PV. While it’s not 
a prerequisite to have PV experience, 
knowing how the risk element is different 
around PV is useful.  It’s a completely dif-
ferent product from say a gas turbine or 
a coal plant. How we guarantee and war-
ranty that product takes a skill set that a 
project manager needs to learn. Having 
that PV background is valuable.

RM: How does project scale affect proj-
ect manager responsibilities?  
ML: Risk was a word we tossed around a 
lot a few years ago with the bigger proj-
ects. Now as the projects get bigger and 
the financing becomes so paramount, a 
project manager’s role within that risk 
world is critical. The project manager 
needs to fully understand the warranties, 
guarantees and liabilities that are taken 

on. That’s a bit different from the project 
management role of even 2 or 3 years ago. 
Now there’s a lot of money involved and a 
lot of financial institutions in the mix. 

RM: do you typically assign project man-
agers to one project at a time or do they 
work multiple jobs simultaneously?  
ML: It’s really on a project-by-project 
basis. We look at how to assign project 
management time based on the com-
plexity of a job. There’s no reason why a 
project manager should be forced to take 
a certain number of projects. 

RM: How much time does the project 
manager need to be on-site?  
ML: For us, project management is 
a largely office-based administrative 
function. At the same time, for Suntech, 
and I think for a lot of folks, the project 
manager is the face of the project. The 
field, construction management and 
quality control staff spend 100% of 
their time on the job. Project managers 
maybe spend 20% to 40% of their time 
at the job site. We like that time to be 
spent interfacing with the clients and 
understanding their needs. We like the 
project managers to focus on listening 

to the feedback the indus-
try has for us. What’s going 
right? What’s going wrong?  

RM: What’s the ideal time to 
engage a project manager? 
ML: The earlier a project 
manager is engaged in a 
project, the better that project 
goes. The more involvement 
the project’s technical team 
has on the front end, the 
smoother that project is going 
to go and the happier that cli-
ent is going to be. I see project 
managers getting involved 
from the very get-go. They 
should be taking the technical 
lead on that proposal. They’re 
with the customer; they’re 
meeting internally; and 

they’re meeting externally with any engi-
neers or consultants we may have. They 
are engaged fully and have a full technical 
grasp of the project from the beginning. 

RM: Who on the clients’ staff is the proj-
ect manager’s day-to-day contact?  
ML: There are two models. There’s 
either a developer purchase of our 
modules, or there’s an EPC purchase 
of our modules. Most of the time, our 
contact has been with the EPC. In 
that case, we communicate regularly 
with either its project executive or its 
project manager. On the client side, we 
interface with either the third-party 
construction manager or the in-house 
technical team project manager. 

RM: What is the general timeline for com-
pleting a megawatt-scale project?
ML: EPC contractors see these solar proj-
ects as unique in that they’re not vertical, 
they’re horizontal. You can therefore have 
an almost infinite amount of work fronts. 
When you’re looking at a 50, 100 or 150 
MW project, you can see panel instal-
lation timelines at the rate of 20 MW a 
month, because you can have 40 or 50 
work fronts. It  C o n t i n u E d  o n  PA g E  8 6 

Google campus solar project  While at El Solutions, Matt 
served as lead construction manager for the sprawling 1.6 MW  
PV installation at Google’s Mt. View, CA, headquarters.
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To learn how Draker can help you get the most out of your solar PV system, 
call us at 1.866.486.2717 or visit www.drakerlabs.com/solarpro 

Draker Laboratories, Inc. | 22 North St | Burlington, VT USA 05401

Are you getting the most
out of your solar investment?

PORTFOLIO
VIEW

PROJECT VIEW

PERFORMANCE ANALYSIS
& ALARMS

RAW DATA VIEW

For over a decade, Draker has been providing owners and 
operators of commercial-scale PV systems with highly accurate 
and reliable monitoring solutions.
Draker's Sentalis™ monitoring systems feature an intuitive web-based data management 
system that lets you easily view and analyze system performance with as much or little detail 
as you need. And because every Sentalis system relies on proven instrumentation from Draker 
and partners like Campbell Scientific®, you can feel confident that the integrity of your data will 
not be in question. 

www.drakerlabs.com/solarpro
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becomes a coordination game at that 
point. It’s pretty incredible how fast these 
things can start going together, once  
you have a group and a contractor who 
are fully prepared to support that level  
of manpower. 

RM: How can you effectively build leeway 
into a project and yet keep it moving as 
quickly as possible?  
ML: Project scheduling is an art form. It’s 
something we have a lot of experience 
with at Suntech. However, the owner of 
these project schedules on the large util-
ity jobs that we’re talking about is the tra-
ditional EPC contractor. There are some 
parameters set out in the RFP that specify 
when the project needs to be on line. We 
show the EPC contractors some of our 
time studies, and our direct construc-
tion knowledge helps us teach them how 
they can effectively build float into their 
schedule. A few rainy days aren’t going to 
put us behind. 

RM: is there an effective way to minimize 
delays due to construction issues?  
ML:  I think the amount of due diligence 
and engineering time that we spend on 
the front end of these projects dramati-
cally mitigates construction delays. We 
always work with the EPC contractor and 
our internal team to build in sufficient 
time to make sure systems are engineered 
right. It’s a bit cliché, but if you work hard 
on the front end, things go easy on the 
back end of these projects. We’ve worked 
very hard to make sure that there’s an 
adequate amount of engineering and 
time studies that go along with that engi-
neering. When we get out there to break 
ground, there’s nothing we don’t know 
about the site. There’s nothing that hasn’t 
been engineered. 

RM: Have you typically used proprietary 
in-house tools for costing projects, or are 
there any existing software solutions that 
are applicable for PV projects?  
ML: We’ve always tended to use in-house 
tools and in-house processes that we’ve 

developed over our years of EPC experi-
ence on the Suntech team. We’ve taken 
a hard look internally at estimating so it 
can be a part of our educational outreach 
to the EPC contractors. We try to build a 
true bottoms-up estimate. Oftentimes in 
PV, there’s this notion of a price per watt 
and top-down estimates. We have a team 
of folks who have extensive experience 
estimating from the bottom up, and 
we impart that knowledge to our EPC 
partners so they can come up with real 
costs. On one hand, a lot of people look at 
a foundation cost and think, “It has to be 
X cost per watt to get the job.” They’ll plug 
in that number to get to their foundation 
costs for the job. On the other hand, we 
take a look at the geotechnical report, 
the topographical report and the loading 
information. We expend the necessary 
time and energy to design that founda-
tion as it will be the day that system goes 
into the ground. We’ve actually seen a lot 
of success with that approach in driving 
down our ultimate cost per watt. 

RM: When you’re working on such 
long-term projects, how do you motivate 
installation crews to maintain the highest 
standards of workmanship?
ML: I think it’s important to remind the 
installation crew on a weekly basis that 
they’re part of something truly special. 
This isn’t your typical project. You’re not 
replacing switchgear anymore. You’re 
doing something to benefit the planet 
and to push a new industry, to push 
renewable energy. Craftsmen tend to take 
a tremendous amount of pride in their 
work. When we remind them that they’re 
part of something extremely special, 
we’ve seen great results in the final prod-
uct and the quality of their work. 

RM: Since integrators and contractors 
rely on manufacturers for large deliveries, 
how can they manage product procure-
ment efficiently?  
ML: That’s one of the risk themes that has 
been coming to the forefront in the past 
year. When contractors have a liquidated 

damage that’s directly related to the deliv-
ery of our project or our product, they 
pass that along to us. That puts us with 
some skin in the game. That’s why we 
have such an in-depth technical team—
we have a large stake in these projects. 
Not only do we have an interest as a good 
company to deliver these projects prop-
erly, but we also have a financial interest 
to not delay them. Good project manag-
ers and good contractors always ensure 
that they have a mechanism to motivate 
us contractually. 

RM: Liquidated damages?  
ML: Liquidated damages are a penalty 
for delay. There is a fine for every day that 
we have delayed and left their staff idle. 

RM: is Suntech going into contracts 
with larger integrators working on large 
commercial-scale projects?  
ML: We see that as a reality of our 
market, and it’s something that we have 
to deal with. There’s a cost involved, 
though. That’s where we think about 
risk and the proper allocation of risk. 
When do you need to impose liquidated 
damages? We like to have frank conver-
sations with our partners about that. At 
times people can over allocate risk in the 
wrong budgets, creating additional cost. 
Our goal is to bring the levelized cost of 
solar down and to push that price per 
watt number as low as possible. We like 
to educate people on the costs associ-
ated with imposing liabilities that may 
or may not be necessary. 

When parties take risks that they are 
intimate with, such as Suntech taking 
risk on panels, the real costs for these 
jobs come down. Right now the industry 
is feeling its way on who’s taking what 
risk. What we have to collectively do as 
an industry is allocate risk in the right 
buckets. We have to make sure the devel-
opers take the necessary risk and do the 
necessary due diligence, and that the EPC 
contractors take the risk around build-
ing—then manufacturers like Suntech 
can take the risk around performance.

Interview
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Site evaluation just got easier. 
The new SunEye 210.
One-handed operation makes your 
shade measurements a snap. Preview 
mode shows the sun path overlay 
adjusted to the device’s orientation. Pitch 
and azimuth measurements are built-in.

Expert Tools. 
Better Solar.
Watch an introductory video 
at www.solmetric.com

■  Universal string sizing: All popular 
    modules and inverters
■ Can include multiple roof faces
■ Design multiple-inverter systems
■ Creates dimensioned array layouts
■  Robust, flexible, easy to use

For more information, contact us at: hello@solardesigntool.com

   “ We save money and win more jobs because we
       produce PV designs faster with Solar Design Tool.”
                            — Scott Williams, Solar Electric Supply, Inc.

Type in your requirements and our online form 
generates all possible system configurations 
for side-by-side review.

Design PV Systems Online
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Creates dimensioned array layouts
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     Try it FREE! 
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Simplify, speed-up and improve your design process

PV & Thermal Design Software
Powerful, accurate and easy-to-use. Software programs to 
design, perform financial analysis and help sell residential, 
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Valentin Software, providing solar professionals with industry 
leading design, simulation and sales tools for over 20 years. 

Valentin Software, Inc.
701 Palomar Airport Road · Suite 300 · Carlsbad, CA 92011-1028 
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ArkAnsAs

PV Fundamentals &  
Grid-Direct Design
Solar Energy International

Sept 27 – Oct 1
Fayetteville
solarenergy.org

ArizonA

PV Fundamentals &  
Grid-Direct Design
Solar Energy International

July 12 – July 16
Flagstaff 
solarenergy.org

CAliforniA

Technical Solar Installer 
Training
Solar University

June 7 – June 11
July 12 – July 16
Aug 16 – Aug 20
Sept 13 – Sept 17
Livermore 
sunprotraining.com 

NABCEP/ETA Entry Level 
Training 
MiraCosta College

June 14 – June 18
July 12 – July 16 
Aug 16 – Aug 20
Sept 13 – Sept 17 
Oceanside
mccae.org

Sunny Boy 1
SMA Solar Academy

June 15
San Diego
sma-america.com

Sunny Boy 2 
SMA Solar Academy

June 16
San Diego
sma-america.com

Sunny Central 1
SMA Solar Academy

June 17
San Diego 
sma-america.com

 

Sunny Boy 1
SMA Solar Academy

Sept 14 
Rocklin 
sma-america.com

Sunny Boy 2 
SMA Solar Academy 

Sept 15  
Rocklin 
sma-america.com

Sunny Central 1
SMA Solar Academy

Sept 16
Rocklin 
sma-america.com

ColorAdo

Solar Thermal for Installers
Colorado Mountain College

June 18 – June 25 
Rifle
coloradomtn.edu

Grid-Direct PV Lab Week
Solar Energy International

June 21 – June 25
June 28 – July 2
Aug 16 – Aug 20
Paonia 
solarenergy.org

Grid-Direct PV & Code 
Criteria
Solar Energy International

July 19 – July 23
Carbondale
solarenergy.org

PV Fundamentals and  
Grid-Direct Design
Solar Energy International

Aug 2 – Aug 6
Boulder 
solarenergy.org

Sunny Boy 1
SMA Solar Academy

Aug 10 
Denver 
sma-america.com

Sunny Boy 2 
SMA Solar Academy

Aug 11
Denver
sma-america.com

Sunny Central 1
SMA Solar Academy

Aug 12
Denver
sma-america.com

floridA

NABCEP Certificate of 
Knowledge Prep
Solar Source Institute

July 12 – July 15 
Lake Worth
solarsource.net

MAssAChusetts	

Basic PV & Site Assessment 
for Installers
AltE University

July 12 – July 13
Aug 16 – Aug 17
Sept 13 – Sept 14
Hudson
altestore.com

Intermediate PV Design & 
Installation 
AltE University 

July 14 – July 16 
Aug 18 – Aug 20
Sept 15 – Sept 17
Hudson 
altestore.com

Advanced PV Design & 
Installation 
AltE University

Aug 23 – Aug 27
Hudson
altestore.com

MArylAnd

Fundamentals of Solar Hot 
Water Design
IEC Chesapeake

June 10
Odenton
iec-chesapeake.com

PV Design & Installation, 
Part 1
IEC Chesapeake

Aug 3
Odenton
iec-chesapeake.com

PV Design & Installation, 
Part 2
IEC Chesapeake

Aug 10
Odenton
iec-chesapeake.com

Troubleshooting PV Systems
IEC Chesapeake

Aug 31
Odenton
iec-chesapeake.com

PV Array Racking & Mounting
IEC Chesapeake

Sept 1
Odenton
iec-chesapeake.com

MinnesotA

PV Site Assessor Training
Midwest Renewable Energy 
Center

Aug 14
Monticello
the-mrea.org

north	CArolinA

Sunny Boy 1
SMA Solar Academy

Aug 24
Raleigh/Durham
sma-america.com

Sunny Boy 2 
SMA Solar Academy

Aug 25
Raleigh/Durham
sma-america.com

Sunny Central 1
SMA Solar Academy

Aug 26
Raleigh/Durham
sma-america.com

new	york

PV Design and Installation
SUNY Delhi

June 14 – June 18
July 5 – July 9
Aug 2 – Aug 6
Delhi
delhi.edu

ohio

Basic PV & Site Assessment 
for Installers
AltE University

June 7 – June 8
Columbus 
altestore.com

Intermediate PV Design & 
Installation
AltE University

June 9 – June 11
Columbus
altestore.com

Advanced PV Design & 
Installation 
AltE University

July 19 – July 23
Hudson
altestore.com

PennsylvAniA

PV Calculations 
Electric Education Center

June 1
Philadelphia
electriceducationcenter.com

NABCEP Entry Level Training
IEC Chesapeake

June 3 – June 5
East Norriton 
iec-chesapeake.com

5-Day Entry Level PV Design 
& Installation
Electric Education Center

June 7 – June 11
Sept 20 – Sept 24
Philadelphia
electriceducationcenter.com

Training Continuing Education for the Pro

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

C o n t i n u E d  o n  Pa g E  9 0
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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

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

solarhub.com

Solar powerful!
fast, easy PV mounting that lasts 

Combining photovoltaic arrays 
with standing seam metal 
roofi ng is made fast and easy 
with the S-5-PV Kit. Crystalline 
PV modules mounted with the 
S-5-PV Kit produce a reliable 
30-year alternative power 
source. The patented design 

of the attachment clamp and attendant round-point 
setscrew enables an entire installation without a single 
penetration of the roof’s surface! If you want it strong 
without sacrifi cing your roof, this is the right way!

A revolutionary new solution 
to attach solar PV panels to 
standing seam metal roofs!

To learn more about the entire S-5! line of 
attachment solutions and the S-5-PV Kit visit us at 
www.S-5-solar.com/sp or call us at 888-825-3432 

See us at ASES Solar 2010 Booth #225 

www.solarpathfinder.com
www.solarhub.com
www.apricus.com
http://www.s-5.com
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Training

PennsylvAniA		

PV Sales  
Electric Education Center

June 30 – July 1
July 28 – July 29
Sept 29 – Sept 30 
Philadelphia
electriceducationcenter.com

PV Calculations
Electric Education Center

July 6
Sept 7 
Philadelphia
electriceducationcenter.com

texAs

PV Technician
ONtility

June 2 – June 4
Houston
ontility.com

Advanced PV Training 
ONtility

June 7 – June 11
Houston
ontility.com

PV Installer Training 
ONtility & Collin College

July 12 – July 16
Plano
ontility.com

Entry Level PV Training
ONtility & Collin College

July 12 – July 16
Plano 
ontility.com

wisConson

Intermediate PV
Midwest Renewable Energy 
Center

June 1 – June 2
July 10 – July 11
Sept 4 – Sept 5
Sept 18 – Sept 19
Custer 
the-mrea.org

PV Design & Installation Lab
Midwest Renewable Energy 
Center

June 3 – June 6
Sept 6 – Sept 9
Sept 20 – Sept 23
Custer 
the-mrea.org

PV Design & Installation Lab 
for Electricians
Midwest Renewable Energy 
Center

July 6 – July 9
Aug 23 – Aug 26 
Custer 
the-mrea.org

Battery-Based PV Systems
Midwest Renewable Energy 
Center

Sept 21 
Custer
the-mrea.org

PV and the NEC 
Midwest Renewable Energy 
Center

Sept 23 
Custer 
the-mrea.org

Advancements in PV
Midwest Renewable Energy 
Center

Sept 24 
Custer 
the-mrea.org

online

Allied American University
allied.edu

Allied Schools
training4green.com

Solar Energy International
solarenergy.org

Solar Living Institute
solarliving.org

Step Up Education
solarclassesonline.com

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

P H O N E :  +1.215.321.4457  www.morningstarcorp.com

world’s leading solar controllers & inverters

TrakStarTM Technology
The Most Advanced MPPT Solar Controllers

M A X I M I Z E S  E N E R G Y  H A R V E S T :

Better peak power point tracking than other MPPT controllers
Fastest sweeping of the entire I-V curve
Recognition of multiple power points during shading or mixed PV arrays
Superior performance at sunrise and low solar insolation levels

TriStar MPPT

45 or 60 amps
150 volts open circuit

SunSaver MPPT

15 amps
75 volts open circuit

rters
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www.morningstarcorp.com
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PO Box 1322 | Boone, NC 28607
(866) 356-8911

www.Label-Wright.com

•ANSI Z535.4 & ISO 3864-2 Safety Labels
•NEC Article 690 Code Compliant Labels

•Experience in Utility System & Component Labeling
•Facilities Signage

Safety & Identification Labeling
for Mechanical & Electrical Systems,

Components & Renewable Energy Systems

!
LABEL-WRIGHT
SAFETY & IDENTIFICATION LABELING

Wiley provides Balance of System
Solutions for PV applications.
Please visit our website for:

solar site evauluation tool

Cable Clips
Grounding Lugs
WEEB Products
Conduit Entry Box
ASSET

www.we-llc.com
845.247.4708

Introducing...Introducing...

PVSelect.com

Your One-Stop Design Tool for 
Pairing and Comparing Modules and 

Inverters... Fast, Simple & FREE!

j Streamlined module and inverter selection on one Web site

j Over sixty inverters from nine manufacturers

j Over two hundred PV modules from twenty manufacturers

Visit pvselect.com today, a free solar design resource provided bypvselect.com today, a free solar design resource provided by

www.t igoenergy.com

Start Maximizing your solar energy output 
today with Tigo Energy  

Available now from:

More Energy
Active Management

Enhanced Safety

http://www.label-wright.com
www.pvselect.com
http://www.we-llc.com
www.tigoenergy.com
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Projects System Profiles 

In 2008, Westwood Renewables was 
awarded a contract to design and 

build a large-scale tracking solar power 
plant in Minnesota, the first of its kind. 
The project site is located at Saint John’s 
Abbey and University near St. Cloud. As 
an educational institution committed to 
incorporating renewables into its energy 
mix, Saint John’s is a natural project part-
ner. The administration is willing to be an 
early adopter in large-scale Midwestern 
solar. In addition, Saint John’s has the 
infrastructure to turn this project into an 
educational opportunity.

The original system design for the 
4-acre farm incorporated dual-axis track-
ers. However, the design and construction 
teams soon realized the extra costs and 
installation time required would not be 
balanced with increased energy produc-
tion. The design was modified to utilize 
the DuraTrackHZ linear tracker manufac-
tured by Array Technologies. This system 
is less expensive per watt and still allows 

the project to reach its energy production 
goals. Additionally, the array’s footprint 
was cut nearly in half.

To further save on installation costs 
and time, the construction team decided 
to use a driven-pole solution rather than 
concrete piers. Soil reports favored this 
foundation method. However, the pile 
drivers soon ran into large boulders 5–10 
feet below the surface, slowing progress 
in some parts of the array field. Even with 
these delays, the project was completed 
on schedule.

At the time that the solar farm was 
being designed, there was no integrated 
grounding method available for the Dura-
TrackHZ tracker. Instead of using lugs and 
grounding wire, Westwood Renewables 
worked with Wiley Electronics and Array 
Technologies to develop two new ground-
ing clips for this array.

Because the solar farm is highly 
visible and being used as an educational 
resource, Westwood Renewables sought 

Overview
DESIGNER AND LEAD INSTALLER: 

Mario Monesterio, Westwood Renew-

ables, westwoodrenewables.com

DATE COMMISSIONED: 

December 2009

INSTALLATION TIME FRAME: 

100 days

LOCATION: Collegeville, MN, 45°N

SOLAR RESOURCE: 4.6 kWh/m2/day

RECORD LOW/AVERAGE HIGH  

TEMPERATURE: -40°F/95°F

ARRAY CAPACITY: 400.4 kW STC

ANNUAL AC PRODUCTION: 575 MWh

COMMERCIAL GRID-DIRECT PHOTOVOLTAIC SYSTEM:
Saint John’s Solar Farm
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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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out equipment that would reliably 
perform up to expectations. The system 
designers chose Siliken Renewable 
Energy’s polycrystalline modules for 
their high quality and their power 
tolerance of +3%/-0%, which is among 
the best in the industry. Similarly, they 
selected the Advanced Energy Solaron 
inverter, which has the highest weighted 
efficiency of any CEC-listed inverter at 
97.5%. The inverter also includes a cold 
weather package that expands the unit’s 
ambient operating temperature range 
to 50°C to -35°C, ensuring it withstands 

Minnesota’s harsh winters. Specifying 
this equipment gives Westwood Renew-
ables a high level of confidence in the 
array’s reliability through its lifetime. 

“One of Westwood Renewables’ goals 

for the project was to dispel negative 

notions of solar technology’s viabil-

ity, capacity and true potential in the 

Midwest. Through diligent design and 

component specification, this goal has 

been successfully achieved.”

—Mario Monesterio, Westwood 
Renewables 

Equipment Specifications
MODULES: 1,820 Siliken SLK60P6L, 

220 W STC, +3%/-0%, 7.54 Imp,  

29.2 Vmp, 8.10 Isc, 36.7 Voc

INVERTER: 3-phase, 480 Vac service, 

Advanced Energy Solaron 500 kW, 

cold-weather option to -35°C, 600 

Vdc maximum input, bipolar ±330 to 

±600 Vdc MPPT range, 97.5% CEC 

weighted efficiency

TRACKER: Array Technologies Dura-

TrackHZ, single axis, gear drive, 1.5 

HP 240 Vac 3-phase motors, algorithm 

with GPS input tracking method

ARRAY: 13 modules per source circuit 

(2,860 W, 7.54 Imp, 379.6 Vmp, 8.10 Isc, 

477.1 Voc) with 14 circuits per subarray 

(40.04 kW, 105.56 Imp, 379.6 Vmp, 

113.40 Isc, 477.1 Voc), 140 strings total: 

70 positive and 70 negative-to-ground 

(400.4 kW, 527.80 Imp, ±379.6 Vmp, 

567.00 Isc, ±477.1 Voc)

ARRAY INSTALLATION: Horizontal 

single-axis tracker, 180° azimuth, 

driven-pole tracker support columns, 

WMR module equipment grounding 

clips by Wiley Electronics

ARRAY COMBINERS: 14 MidNite 

Solar MNPV16, 15 A fuses

SYSTEM MONITORING: DECK Moni-

toring platform including dc produc-

tion, revenue-grade ac production, 

combiner-level monitoring and weather 

station (ambient temperature, solar 

irradiance, cell temperature, and wind 

speed and direction)
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Small Wind
Conference 2010

www.smallwindconference.com

Stevens Point, WI
June 15-16, 2010

The Small Wind Conference is the premier event for small wind-electric system designers 
and installers, and those involved in sales, specification, management, funding, and permitting 

at the Ramada Conference Center

  
Fundamentals of Wind Energy for Small Wind Systems 
Zoning Summit 2010

For sponsorship, exhibitor and other information, contact:
Samantha Smart Merritt at Windustry (612-870-3473 or Samantha@windustry.org) or info@smallwindconference.com

Register now at...

www.smallw
indconferen

ce.com

our partner...

June 15 - 16: Small Wind Conference

June 14: Pre-conference events:
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Projects

The solar thermal system integrates 
seamlessly with the 2,500-square-

foot home’s radiant heating system. Uti-
lizing the STSS proprietary submerged 
coil design, the 415-gallon tank serves 
as the main heat source for space heat-
ing and as a preheat source for domes-
tic hot water. A high-efficiency boiler 
serves as backup for the solar water 
heating system. In any space heating 
installation, introducing new controls 
is one of the biggest design challenges. 
Therefore, Alternative Power Solutions 
(APS) selected the STSS Energy Man-
agement Control (EMC) as the multisys-
tem interface. The EMC wires directly to 
the boiler system controls and measures 
solar storage-tank temperature com-
pared to thermostat set point, automat-
ically switching to the boiler when the 
tank is unable to maintain the desired 
room temperature.

APS worked closely with the home-
owners to orient the garage to true south 
and allocate the necessary rooftop col-
lector area. SunMaxx racking eliminated 
the need for a custom-mount system, 
reducing material costs and installa-
tion time. The six SunMaxx collectors 
are mounted at a 65° tilt to optimize 
energy production in the winter heat-
ing months. If surplus heat is gained, a 
diverting valve directs fluid through a 
150 K/Btu heat dump before returning it 

to the tank. An inline 500-gallon hot tub 
absorbs any additional heat produced 
in the summer, nearly eliminating the 
need for the heat dump. To maximize the 
R-value and avoid groundwater damage 
along the 70-foot underground pipe run 
from the array to the storage tank, the 
1-inch Type K copper pipe was insulated 
with HT/Armaflex and sleeved in cor-
rugated plastic tubing.

“The challenge of solar thermal is one of the 
main reasons we do it. The overall outcome 
here was fantastic. There is nothing more 
rewarding than helping someone reduce 
heating bills with the sun. With the new 
technology, solar thermal has caught right 
up to PV panels in life expectancy and 
system longevity.”
— Owen Pugh, Alternative Power 
Solutions 

RESIDENTIAL SOLAR WATER HEATING SYSTEM:
Davis Residence
Overview
DESIGNER: Timothy Pugh, senior 

design engineer, Alternative Power 

Solutions, apsofny.com

LEAD INSTALLER: Owen Pugh, presi-

dent, Alternative Power Solutions

DATE COMMISSIONED: August 2009

INSTALLATION TIME FRAME: 10 Days

LOCATION: Clayton, NY, 44°N

SOLAR RESOURCE: 4.2 kWh/m2/day

ANNUAL HEATING DEGREE DAYS: 

7,744, base 65°F

RECORD LOW TEMPERATURE: -43°F

COLLECTOR ARRAY AREA: 

332 square feet

AVERAGE ANNUAL PRODUCTION: 

10.3 MWh

Equipment Specifications 
COLLECTORS: Six Silicon Solar Sun-

Maxx SM-30 evacuated tube

HEAT EXCHANGERS: One 0.75-in.-

by-120-ft. copper coil for solar input, 

one 0.75-in.-by-120-ft. copper coil for 

domestic hot water, two 0.75-in.-by-

120-ft. copper coils for space heating; 

all exchangers manufactured by STSS

PUMP: Grundfos UP26-99BF

STORAGE: STSS 415-gallon tank with 

multiple submerged coils

CONTROLS: Caleffi iSolar-3 differential 

controller, STSS Energy Management 

Control

FREEZE CONTROL: Closed loop, 

propylene glycol

COLLECTOR INSTALLATION: Pitched 

roof, composition roofing material, 

SunMaxx racking system, 196° azi-

muth, 65° tilt

C
o

u
rt

e
sy

 a
p

so
fn

y.
c

o
m

 (
2

)



THE SOLAR DEPOT 
ADVANTAGE. 

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

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 an Solar Depot dealer. 

 

SERVING NATIONWIDE:

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

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

SOLAR DEPOT

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

www.solardepot.com


www.solarworld-usa.com

       One hot rod solar panel
Rated #1 in independent performance testing

SolarWorld Sunmodules are souped up to crank out the kilowatt- 
hours and our custom-engineered Sunkits® systems cut electric 
bills right off the starting line. 

We’ve been America’s largest solar PV manufacturer since 1977 and 
our SolarWorld Sunmodules® have long been known to generate 
more energy per nameplate rating than other solar panels. 

US-made Sunmodules are plus-sorted in 5 Watt increments to 
eliminate mismatch and nameplate tolerance losses, which gives 
you maximum performance.  

Call 1-866-226-5958 for a distributor near you.

made in usa

NEW!  LINEAR 
PERFORMANCE GUARANTEE

FOR THE HIGHEST 
INVESTMENT SECURITY!

Note: painting flames on your module may effect performance
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