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What makes our Classic Comp Mount the industry’s most 
trusted protection against roof leaks?

The QBlock Elevated Water Seal
Our patented QBlock technology 
encloses the EPDM rubber seal – the 
ultimate barrier between the rafter and 
the rain –  inside a cast-aluminum block 
and raises it 7/10 of an inch above the 
� ashing where the rainwater � ows. This 
completely protects the rubber seal 
from the elements for the life of the 
solar array. 

925-478-8269        www.quickmountpv.com MADE IN  THE USA

See how our patented QBlock technology prevents future roof leaks at quickmountpv.com/noleaks

Don’t risk disastrous roof leaks with inadequate solar mounting products and methods. 
Insist on Quick Mount PV and install it right – and enjoy peace of mind for the full life 
of every PV system you install.

Rubber seal raised .7”
above the � ashing
and rainwater
above the � ashing
and rainwater

http://www.quickmountpv.com
http://www.quickmountpv.com/noleaks
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14  Designing for Value in  
  Large-Scale PV Systems 

Booming demand for large-scale PV 
power plants in the US has required an 
evolution in solar project developers’ and 
contractors’ approaches to system design 
and engineering. We present important 
strategies and approaches that will help 
EPC contractors and project developers 
maximize the value of their utility-scale 
solar installations.
BY GRAHAM EVARTS AND MATT LEDUCQ 

26  Module Racking and 
  Mounting Systems for  
  Pitched-Roof Applications 

When selecting array racking and attachment 
systems for pitched roofs, the optimal solution relies 
on many factors, including structural requirements, 
aesthetics, ease of installation, wire management and 
module grounding, roof clearances and compatibility 
with the desired module. This article provides 
overviews of pitched-roof mounting and racking 
products and identifies key features to consider.
BY TOMMY JACOBY

44  Quantifying Energy Production  
  in Solar Heating Systems 

A fundamental challenge with implementing 
financing models in the solar water heating market 
segment is quantifying the energy a given system 
produces or offsets. Unfortunately, measuring the 
energy residential and commercial solar heating 
systems produce is not always a straightforward 
exercise. Proper equipment selection and installation 
are essential to obtaining accurate data.
BY VAUGHAN WOODRUFF 

60 PV Generation & Its Effect  
  on Utilities

PV system designers and installers tend to treat the 
impact distributed power generation has on the 
electric power grid as an afterthought. This article 
discusses the basic architecture of the electric power 
system in the continental US and explains why PV 
systems can ultimately lead to a more reliable and 
intelligent grid.
BY DAVE CLICK, PE, AND BOB REEDY, PE

Contents
F e a t u r e s

June/July 2013  Issue 6.4

26

44

14



Rich represents a growing team of solar entrepreneurs who have discovered the AllSun Tracker complete system advantage  

for installations large and small. “We now spend less time on system design and more time on sales and installation,  

which has truly transformed the way we do business.” 

           We are now inviting selected partners to offer our dual-axis tracker systems to their residential  

and commercial customers. Contact us now to learn more about one-day lead time, one-pallet shipment, one-day  

installation, free ground shipping and free on-line monitoring. Track us down at allsuntrackers.com.
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Rich Nicol – owner of Solartech, an AllSun Tracker installation partner  

“   RELIABLE,
 EASY  
 TO INSTALL  
 AND MY  
 CUSTOMERS  
 LOVE THEM”

We’re proud to be a  
2012 Inc. 500 company. 

We are growing.  

We hope you’ll join 

us and grow your  

business too.

For more info CALL 802-872-9600 or visit www.allsuntrackers.com

AllEarth_SolarPro_7_VFIN.indd   1 2/10/13   7:24 PM

http://www.allsuntrackers.com
http://www.allsuntrackers.com


4 S O L ARPRO  |   June/July 2013

D e p a r t m e n t s

FRONT END

6  Contributors  Experience + Expertise  

8 The Wire  Industry Currents

Contents2 June/July 2013  Issue 6.4

f  O n  t h e  C O v e r  
This 3 kW residential installation by True South Solar in Ashland, Oregon, 

uses SnapNrack racking and flashed-roof attachments to mount 12 

SolarWorld Sunmodule SW 250s. The designer selected a Fronius IG Plus 

3.0-1 UNI inverter for power conditioning.
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“Market Survey of Listed 
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Available worldwide. For more information, 

call (800) 423–6569, +1 (562) 236–3000 or visit us at TrojanBatteryRE.com

OFF-GRID ResIDentIal • OFF-GRID InDustRIal • OFF-GRID aC COuplInG • unstable GRID baCkup pOweR

When you’re worlds away from the grid, or when an unstable 

grid makes you dependent on alternate power sources, you’re 

in Trojan territory. It’s a place where reliable power is absolutely 

essential, and that’s exactly what Trojan’s line of flooded, AGM 

and gel Renewable Energy batteries deliver.

Exceptionally dependable and powerful, Trojan’s proprietary 

deep-cycle technology and more than 85 years of battery 

know-how make it the most reliable battery in the industry. 

Backed by specialized technical support teams and a world–

class warranty, Trojan means reliability.

Regardless of the application, when it comes to renewable 

energy storage and backup power, reliability means everything.

Reliability Means eveRything.

RE_SolarProFP_0213.indd   1 2/1/13   10:15 AM
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Call SPG Solar at (800) 815-5562 or visit spgsolar.com

The ultimate solar upgrade. Utility and commercial solar projects turn to the SunSeeker® 
single axis tracker. It goes into the ground faster and reliably produces more solar energy. 

It’s the smart solar tracking solution.

Brilliant

Smart design with pre-assembled 
components allows for quick 
installation and lower labor costs. 

Efficient

Clear 7-step installation process 
provides fast scalability and quality 
assurance through every step.

Reliable

A new standard for cost-effective, 
high-performing solar tracking 
solutions – all year round.

BRILLIANT

http://www.spgsolar.com
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the Wire Industry Currents

[Grass Valley, CA, & Los Gatos, CA]   KACO new 
energy has announced the availability of its 
blueplanet M series inverters equipped with an 
integrated Tigo Energy Maximizer Management 
Unit (MMU). The product allows integrators to 
install smart modules that are equipped with 
integrated Tigo Maximizers from companies 
such as Hanwha SolarOne, Trina Solar and 
Upsolar, or separate module and Maximizer 
combinations, and wire the output circuits 
directly to the inverter without installing a 
separate MMU. The inverter-integrated MMU 
wirelessly communicates with individual Maxi-
mizers via a Tigo Gateway that sends module-
level operating data to a hosted external server. 
The product integration also incorporates Tigo’s 
PV Safe button directly into the inverter chassis, 
which allows the array to be de-energized and 
disconnected from the inverter’s dc bus with a 
push of a button. The KACO blueplanet 6400M 
and 7600M inverters feature a non-isolated 
(transformerless) topology and are rated at 6.4 
kW and 7.6 kW, respectively.

KACO new energy / 415.931.2046 / kaco-newenergy.com

Tigo Energy / 408.402.0802 / tigoenergy.com

Shoals Technologies 
Introduces New  
PV Combiner Line 
[Portland, TN]  The introduction of  
the Slimline Series source-circuit combin-
ers by Shoals Technologies Group adds 
a low-cost, compact combiner line to the 
company’s existing product family. The 
new combiners are available in 6-, 12- and 
18-circuit configurations with maximum 
input current  
ratings of 30 A  
per source 
circuit. The 
products are 
listed to  
UL 1741 for 
1,000 V applica-
tions and feature 
NEMA 4X 
enclosures. The 
Slimline models 
are available with an optional 
integrated dc disconnect that is UL 
98B listed. Additional combiner options 
include Shoals’ SNAPShot wireless  
monitoring, surge suppression and indi-
cating fuseholders.

Shoals Technologies Group / 615.451.1400 / 

shoals.com

CreoteCC Solar Mounting reCeiveS  
ul 2703 liSting 
[Scotts Valley, CA]    Creotecc USA recently announced that its complete product line 
of clampless PV racking systems for ground, low-slope roof and flush roof mount-
ing has been tested and certified to the UL 2703 standard for electrical bonding 
and grounding. For equipment-grounding conductor bonding and termination, the 
company offers the Ground Shark device, which installers can place anywhere along 
the racking system’s base rail and use to create a bonding grid between independent 
racks. Creotecc is currently in the second phase of testing a module-to-racking bond-
ing solution that is compatible with its clampless module insertion rails.

Creotecc USA / 831.438.9000 / creotecc.us

KACO Shipping Inverters  
with Tigo Energy  
Management Unit

http://www.kaco-newenergy.com
http://www.tigoenergy.com
http://www.shoals.com
http://www.creotecc.us


Krannick ?  Krannitch ?- It doesn’t matter how 
you say it, our goal remains the same ....
. . .  to give installers and contractors honest advice and quality PV products at a fair price - simple !

No matter how big or small, how experienced or new to the field you are, Krannich Solar USA will be there 
for you every step of the way, with friendly help and PV solutions for your business.
 
So call us today and find out for yourself !   East Coast : 856-802-0991   West Coast : 760-301-5053     
Email : info@usa.krannich-solar.com     Web: www.usa.krannich-solar.com
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the Wire

eJot announCeS FlaShed  
Pv Mount 
[Lincolnwood, IL]   EJOT USA recently released a flashed PV 
mounting system for three-tab composition asphalt roofs. The 
two-piece flashing system utilizes three separate sealing areas 
integrated into the product’s stainless steel fastener and anod-
ized aluminum flashing. EJOT designed the flashing with an 
elevated area where the fastener passes through the flashing 
to make the structural connection. The sealing washer at this 
interface creates the first seal. Two additional seal points occur 
on the bottom of the flashing at the point of roof penetration. 
The installation does not require additional roof sealants at the 
penetration point, and installers can locate the fastener near 
or even directly between roofing tabs without shimming. To aid 
the installation process, EJOT offers a click-and-drill hole saw 
that simultaneously provides a pilot hole in the roof framing and 
prepares the asphalt shingle to accept the flashing.

EJOT USA / 847.933.8588 / ejot-usa.com

Amphenol Offers Module-
Grounding Solutions
[Sidney, NY]    Amphenol Industrial Global Operations, a 
manufacturer of module junction boxes, connectors and 
cable assemblies, has added module and racking ground-
ing devices to its product offerings. The new HelioBolt 
accepts 10–4 AWG copper equipment grounding conduc-
tors (EGCs) and utilizes a bolt-on assembly for attachment 
to the module frame or racking member. The stainless steel 
bolt allows the compression nut to remain in place while 
exposing the wire insert slot in the side of the bolt.  

Amphenol’s HelioClip accepts  
10 AWG and 12 AWG 

conductors and fastens 
to the module frame 
with a single captive 
screw. The EGC is 

positioned in the clip, 
creating an electrical 

bond when the clip is 
snapped closed. A third 

product, the HelioLug, is a 
lay-in lug that accepts  

12 AWG–4 AWG EGCs.  
The new devices meet NEC 

2008 and 2011 grounding 
requirements and are designed  

to the UL 2703 standard, making  
them suitable for use with any  

framed module.
 Amphenol Industrial Global Operations /   

 888.364.9011 / amphenol-industrial.com

[Tucson, AZ]   The Fix Series of racking systems from Schlet-
ter now includes the ballasted Fix-EZ product for low-slope 
roof applications. The racking system is designed for single-
row configurations with modules mounted in portrait orien-
tation at a 7° or 15° tilt angle. The Fix-EZ system’s ballast  

blocks are manufactured with threaded steel inserts that 
accept an L-foot preassembled with Schletter’s KlickTop rail 
connector. Optional roof penetration kits, ballast block pads, 
and cable clips and trays are available.

Schletter / 520.289.8700 / schletter.us

Schletter Launches  
New Ballasted  
Racking System

http://www.schletter.us
http://www.amphenol-industrial.com
http://www.ejot-usa.com


Mouser is your Authorized Source
for Amphenol Industrial Products.

Call or visit mouser.com to order 
your Amphenol Industrial Helios 
solar products and more. Discover 
something new under the sun!

(800) 346-6873
mouser.com/Amphenolindustrial

Mouser and Mouser Electronics are registered trademarks of Mouser Electronics, Inc.  Other products, logos, and company names mentioned herein, may be trademarks of their respective owners.

The Newest Products for Your Newest Designs®

mouser.com

Primary Logo Secondary Stacked Logo

Authorized distributor of semiconductors and
electronic components for design engineers.
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Trina Solar Announces 
Frameless Module 
[San Jose, CA]   Designed for use in commercial rooftop 
and utility-scale installations, the 60-cell TSM-PDG5,  
a new frameless glass-on-glass module from Trina Solar, 
is scheduled for production release in the second half  

of 2013. The module 
construction utilizes  
front and back layers  
of 2.5 mm heat- 
strengthened glass. 
Trina Solar reports that 
the product provides 
increased durability for 
sites with high tem-
peratures or humidity and 
increased resistance to 
degradation caused by 
sand, alkali, acids and 
salt mist. The absence 
of the aluminum frame 
eliminates the requirement 
for module equipment 
grounding, which reduces 

installation time and BOS materials cost. The TSM-PDG5 
is certified for IEC and UL 1,000 V applications, has a 
Class A fire rating and is backed by Trina’s 25-year linear 
performance warranty.

Trina Solar / 800.696.7114 / trinasolar.com

the Wire

[North Andover, MA]   PanelClaw has released the Sun Bear 
racking system, a penetrating ground-mount product that 
accommodates multiple foundation types, including piles and 

 
 

 

earth screws. The tripod array support structure reduces the 
total number of penetrations required by allowing tables of 
modules to utilize adjacent ground penetrations installed 
in the same row. The racking system is composed of four 
major components, including galvanized steel struts with 
integrated turnbuckles and a presquared steel frame. Sun 
Bear frame-to-module fastening devices secure modules to 
the racking system without the use of any loose fasteners. 

The system supports twelve 72-cell modules or sixteen 
60-cell modules in landscape orientation with 20°, 25° 

and 30° tilt options. The Sun Bear allows for varying 
site grades of +/-9% and is designed for 130 mph wind 
speeds in exposure categories B, C and D. Stainless 
steel hooks are available in multiple sizes for east-
west array wire management.
 PanelClaw / 978.688.4900 / panelclaw.com

aMteC Solar introduCeS  
BiPolar array reCoMBiner 
[Pleasanton, CA]   AMtec Solar has expanded its EQUINOX 
array recombiner product line. Developed specifically for 
bipolar PV arrays, the new 
EQUINOX Bipolar Circuit 
Breaker Solar Recombiner Box 
features circuit breakers to 
provide individual disconnect-
ing means to meet 2011 NEC 
installation requirements.  
The recombiner supports up  
to seven positive and seven 
negative circuits and offers 
breaker ratings of up to  
400 A. The assembly is listed  
to UL 1741 for 600 Vdc or  
1,000 Vdc applications. AMtec 
designed the NEMA 3R enclo-
sure to provide adequate space 
to maintain a code-compliant 
wire-bending radius when 
working with large conductors, 
and allows for the removal of 
the side and rear wall panels 
if necessary. Options include 
Modbus RS485 current moni-
toring, ground-fault detection and surge protection.

AMtec Solar / 510.887.2289 / amtecsolar.com

PanelClaw Launches Penetrating Ground-Mount System

http://www.panelclaw.com
http://www.trinasolar.com
http://www.amtecsolar.com


Number one in everything we do. 
With more than 25 gigawatts installed 
and 30+ years of industry-leading 
experience to back it up. 

Choose the best. Choose SMA.

www.SMA-America.com

http://www.sma-america.com


14 S o l a r Pr o   |   June/July 2013

Booming demand for large-scale PV power plants in the US 
has required an evolution in solar project developers’ and con-
tractors’ approaches to system design and engineering. Today, 
not just pure-play solar enterprises but, in growing numbers, 
power plant construction companies are building the world’s 
largest power plants in the southwestern US. These companies 
are outfits with massive balance sheets that have built thou-
sands of megawatts of traditional and thermal power plants 
but are somewhat new to solar. Designing a PV power plant 
presents unique opportunities, challenges and risks compared 
to traditional power generation. 

In this article, we discuss some of the strategies and 
approaches we have found useful in helping EPC contractors 
and project developers maximize the value of their utility-
scale solar projects. Ultimately, our goal is to ensure that they 
view solar power as a mainstream solution for meeting future 
energy demand. 

Evolution of valuE-BasEd dEsign 
Not even a decade ago, we would crack open a bottle of cham-
pagne to celebrate the completion of a 100 kW rooftop project. 
Projects like the 1,900 kW installation on the Googleplex roof-
top, completed in 2007, were really big deals—not just because 
of their size, but because for the first time solar projects in the 
US were incorporating complex design considerations to maxi-
mize value for customers. Until then, most solar projects were 
too small to justify significant project design consideration. 

For example, if you were going to build a 5 kW rooftop sys-
tem at $10 per watt, it made little sense to invest much time 
in analyzing product performance data and tweaking design 
levers. You simply would not get a decent return on your time 
and energy, even if you did manage to improve the system’s 
energy yield by 10% with no additional equipment costs. Conse-
quently, engineers at the time kept it simple by following some 
crude rules of thumb to maximize the energy output of their 

in Large-Scale PV Systems

Designing a high-value system is rarely about  

maximizing total production or specific yield, but  

is instead a process of optimizing economic 

performance based on customer expectations. 

Designing for Value
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By Graham Evarts and Matt LeDucqin Large-Scale PV Systems

systems, such as installing fixed-tilt arrays facing due south with a tilt angle equal to the site 
latitude. Design flexibility was limited because the homeowner’s roof dictated the size and 
shape of the solar array. Installers could do little (short of building a new roof altogether) that 
would allow for a more sophisticated and productive design.

With the development of the commercial market, where rooftops were often a hundred 
times larger than those of private homes, for the first time design became a game worth 
playing. The prospect of increasing return on these larger projects, by even a few percentage 
points, warranted investment in analytics, equipment research and project design. This was 
an exciting time to be a project integrator. Against the backdrop of emerging solar-friendly 
utility tariffs featuring unique time-of-day or time-of-delivery (TOD) rate structures, to maxi-
mize project value PV designers started tweaking design levers such as rooftop orientation, 
power density, module tilt and inverter efficiency. Still, space and form constraints meant 
they could pull a limited number of design levers to improve project economics. It was a bit 
like playing checkers: The game involved some strategy, but it did not allow the great players 
to really distinguish themselves.

The game changer was the advent of the utility-scale solar market, characterized by 
megawatt-scale projects, which forced designers to give up checkers and start playing 

Designing for Value
C

o
u

rt
e

sy
 P

a
tr

ic
k

 B
yr

d



16 S o l a r Pr o   |   June/July 2013

chess. Maximizing value for a massive, multimegawatt, open-
field PV project requires designers to consider a much wider 
range of design levers, variables and permutations. For one, 
the game board itself is not defined at the outset. Unless vir-
tual net metering is an option, designers working on a com-
mercial solar rooftop project know exactly where they must 
build the array. However, utility-scale project developers have 
to start with site selection and control. The ability to choose 
and secure the right location is one of the single biggest driv-
ers of project success. To a greater extent than for a gas power 
plant or other conventional generators, a move of as little as 
10 miles in any direction can significantly impact the success 
of a solar generation facility. Whether due to microclimates, 
topography, the presence of endangered species, or proxim-
ity to transmission infrastructure, ROI can vary dramatically 
over a mere few miles. 

How to dEsign for valuE 
Major design challenges begin once the developer has secured 
and permitted the site and signed a PPA with an off-taker, the 
entity that will purchase the solar-generated energy. At this 
point, EPCs huddle with their equipment vendors, especially 
experienced module manufacturers, and develop a game plan 
to construct the highest-value solar power plant possible. This 
design team must also assess owner requirements and account 
for the risk appetites of project stakeholders. 

Before embarking on the design of a solar power plant in a 
competitive bidding situation, the designer must ask two fun-
damental questions:

1. Is this customer the long-term owner of the plant, or will 
the customer sell the asset as soon as it is commissioned?
2. What metrics will this customer use to compare bids?

Know your customer. Developers looking to flip the project 
soon after it is built are like homebuilders who buy IKEA cabi-
nets. They are looking to make a good first impression based on 
providing decent quality at minimal cost. Although these cus-
tomers do have quality expectations, durability and craftsman-
ship are not their highest priorities because they will own the 
asset for only a few years. Long-term owners, however, tend to 
invest in cherrywood cabinets and high-quality hardware that 
will stand up to years of use. This approach costs more up front, 
but provides greater value over time. 

From a system design perspective, the type of customer 
should inform the equipment selection process. Long-term 
owners are more willing to pay for features that improve dura-
bility and performance. On a module, these features might 
include a lower long-term degradation rate; a junction box with 
a more robust ingress protection rating, such as IP67 (water-
proof) versus IP65 (water resistant); and higher wind- and 
snow-load ratings that reduce module flexing and microcracks 

in the cells. For inverters, a long-term owner may choose to 
purchase an uptime guarantee and an extended O&M service 
plan, and may require an established, big-balance-sheet brand 
with low default or bankruptcy risk. Absent a large population 
of projects in operation for 25 years, the present value of more 
durable, longer-lasting equipment is difficult to quantify. In 
general, 25 years is a long time to withstand exposure to the 
elements, and cheap stuff will fail.

Know the PPA. Key project design decisions flow down from 
the structure of the PPA. In many regions, particularly in the 
desert Southwest, utilities apply different multipliers to the 
base PPA rate based on the time of day and year a generating 
asset is delivering energy to the grid. For example, the payment 
allocation factors in Table 1 are based on a TOD schedule from 
Southern California Edison (SCE) for weekdays, excepting holi-
days. (Note that SCE may be amending these TOD factors for 
future projects.) Generally, the daily and seasonal production 
profiles of solar assets correlate well with the rise and fall of 
market demand for electricity, so TOD rate structures benefit 
both utilities, which need to meet consumer peak demands, 
and the solar industry, which provides a solution well suited to 
meeting peak demands. 

While some customers still compare bids based on cost 
per watt installed, most now focus more on value-based met-
rics like cost per kilowatt-hour or levelized cost of energy 
(LCOE). Sophisticated customers use investment models 
that analyze internal rate of return (IRR) and net present 
value (NPV) of cash flows. As described in “Value-Based 
Design Metrics” (p. 18), the advantage of these investment 
models over LCOE is that they consider revenue. 

The design optimization process is like solving a puzzle in 
which the design team tries to maximize revenue from the PPA 
while controlling costs. This means that designing a high-value 
utility-scale power plant is rarely about  C o n t i n u e d  o n  Pa g e  1 8  

Value-Based Design 

Season TOD Period Applicable Hours Multiplier

summer 
(Jun-sep)

on-peak 12pm–6pm 3.13

Mid-peak 8am–12pm; 6pm–11pm 1.35

off-peak 11pm–8am 0.75

winter  
(oct–May)

Mid-peak 8am–9pm 1.00

off-peak 6am–8am; 9pm–12am 0.83

super–off-peak 12am–6am 0.61

Example TOD Multipliers for Weekdays

Table 1  The TOD multipliers, or product payment allocation 
factors, shown here are taken from a TOD schedule recently 
used by Southern California Edison. While energy generated  
on weekdays in the winter is purchased at the base PPA 
rate (1.0 multiplier), energy generated in summer months is 
purchased at a premium price. Mid-peak pricing (1.35 multi-
plier) applies to energy generated on summer mornings and 
evenings, whereas energy generated on summer afternoons is 
subject to on-peak pricing (3.13 multiplier). 
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maximizing production efficiency (kWh/kWp) or even total 
energy production alone. It is not difficult to imagine a solar 
power plant designed by brilliant engineers that achieves 
incredible efficiencies and maximizes energy yield—think 
smart trackers, oversized copper wiring, super-efficient 
modules and wide row spacing—but loses money for inves-
tors because it ignores cost considerations and the time 
value of energy.

dEsign lEvErs 
Once utility-scale PV system designers understand customer 
expectations and metrics, they have three key design levers 
to maximize the economic performance of a PV project: dc-
to-ac sizing ratio, tracker versus fixed-tilt mounting, and row 
spacing and tilt angle. While the result of adjusting an indi-
vidual design lever may be minor—perhaps increasing the 
system production by a fraction of a percent—when taken 
together, these minor enhancements often have a compound-
ing impact and can make all the difference in a competitive 
bidding process. Fractions of a percent matter, especially over 
the life of a 20-year PPA.

Sizing ratio. Five years ago, when a 1 MW system was con-
sidered huge and PV modules were priced at $3.60 per watt, 
systems were routinely designed with dc-to-ac ratios in the 1.1 
to 1.2 range, meaning 1.1 to 1.2 MWp of dc nameplate capac-
ity feeding into 1 MW of inverter ac nameplate capacity. The 
California Solar Initiative incentive program prescribed a low 
ratio for system design. With modules accounting for 50% or 
more of a project’s construction costs, capturing every pos-
sible kilowatt-hour of generation from those modules made 

sense. Therefore, engineers designed systems that avoided 
any kind of shading or power limiting that would rob the sys-
tem of production efficiency.

Today, power plants operating under PPAs with TOD rate 
structures are designed with much higher dc-to-ac ratios, up 
to and exceeding 1.4. In cold, sunny weather, the dc system is 
capable of generating more power than both the inverters and 
ac system are designed to handle. Whenever this is the case, 
the inverter restricts dc power output by simply moving the 
array off its maximum power point. Since inverter power limit-
ing results in a clipped, flat-topped power curve—as shown in 
Figure 1 (p. 20)—this phenomenon is often referred to as clip-
ping. While the same term also describes distortion in an audio 
waveform, there is no distortion in the voltage or current wave-
forms during power limiting, as an interactive inverter must 
always adhere to strict power-quality requirements. What suf-
fers instead is the PV system’s production efficiency.

Why would developers spend money on extra PV mod-
ules, only to have the extra power output from those modules 
wasted? The first reason is the need to increase utilization of all 
fixed development costs and system structural costs. Develop-
ers have invested a lot of money in land, interconnection fees, 
lawyers and personnel to create the project opportunity. They 
have also built a substantial ac system infrastructure—one that 
includes inverters, transformers, switchgear and a substation—
and they want to push as much energy as possible through that 
fixed investment over the life of the PPA, even if that means sac-
rificing production efficiency. The second reason for increased 
dc-to-ac ratios is that developers want to deliver the greatest  
possible quantity of highest-value energy,  C o n t i n u e d  o n  Pa g e  2 0 

The simplest financial metric used to describe a PV system 
is cost per watt ($/W). While buyers widely rely on this 

metric to price dc-rated equipment, it often leads them to 
believe that components do not differ in quality or performance. 
Since $/W is indifferent to quality or performance, it is not useful 
as a value-based design metric. You need more-sophisticated 
metrics to compare the relative value of different systems or 
proposals. Here are some approaches to analyzing PV project 
efficiency and value.

Cost per kilowatt-hour ($/kWh)  this value-based metric 
is the cost per unit of output energy. it measures the cost 
efficiency of energy generation for a system, given its design, 
components and location. this is an easy-to-use metric for 
comparing offerings. However, it does not account for the time 
value of money.

Levelized cost of energy (LCOE)  LCoe is similar to $/kWh, 
but considers a wider range of costs and accounts for the 
time value of money. LCoe incorporates o&M costs, the 

decline in energy output as the system ages and the timing 
of cash outflows for the system. However, both $/kWh and 
LCoe focus on costs only; they completely disregard the 
revenue side of the equation.

Net present value (NPV)  nPV is the sum of the project’s 
cash inflows and outflows, discounted back to the present. 
this metric is comprehensive in that it accounts for all costs 
to finance, build and maintain the project, and all revenues  
it generates. For large projects with complex revenue  
calculations, costs and timelines, this is the best metric to  
use because it expresses the magnitude of financial returns 
in dollars.

Internal rate of return (IRR)  iRR closely correlates to nPV. 
in fact, the iRR is the annualized effective compounded return 
rate for an investment that yields an nPV of zero. it is the rate 
an investor needs to break even on the risk it has taken in the 
project. Whereas nPV expresses a project’s returns in dollars, 
iRR displays them as a percentage. {

Value-Based Design Metrics  

Value-Based Design 
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as defined in the PPA’s TOD rate structure. To capitalize on 
energy values that are two to three times the baseline rate, 
designers oversize the dc-to-ac ratio so that inverters run at 
full power when energy is the most valuable. The general idea is 
that you are willing to give away (via clipping) 2 MWh of energy 
at $100/MWh to get 1 MWh of energy at $250/MWh, because 
this nets you $50.

DC-to-ac optimization is based in part on the premise 
that increased temperature negatively affects PV module per-
formance. As cells heat up during operation due to internal 
resistance and ambient weather conditions, 
operating voltage decreases, thereby drag-
ging down performance. For example, a 300 
W– rated module at 25°C and an irradiance of 
1,000 W/m2 generates 300 W of power. If irra-
diance is constant but ambient temperature 
increases, causing cell temperatures to reach 
50°C, the same module (assuming a -0.43%/°C 
temperature coefficient) now produces only 
268 W of power (300 W x [1 + (50°C - 25°C) x 
-0.43%/°C] = 268 W). 

Fortunately, module manufacturers can 
improve the module power and temperature 
relationship. For example, they can reduce the 
nominal operating cell temperature through 
the use of advanced materials designed to 
more quickly dissipate the module’s inter-
nal heat to the atmosphere, allowing it to 
run cooler. In addition, sophisticated cell 
technologies can improve the temperature 
coefficient of modules. Modules using stan-
dard crystalline PV cells have a temperature 

coefficient of about -0.45%/C, meaning that 
a 1°C increase in operating cell temperature 
decreases power output by 0.45%. Use of 
these advanced cells can reduce the coeffi-
cient to -0.43%/°C, or even -0.41%/°C. 

In hot climates where modules are con-
sistently operating at 50°C or higher, module 
temperature coefficient is a critical driver of 
system performance. As shown in Figure 2, a 
0.04%/°C difference in module temperature 
coefficient can result in more than a 1% dif-
ference in annual energy yield. For an EPC 
to take advantage of a module’s improved 
temperature coefficient, it must collaborate 
closely with the module manufacturer. Most 
manufacturers continually update their own 
PAN files, which include temperature coeffi-
cients and are used in PVsyst to characterize 
a module’s performance parameters. How-
ever, it is important for EPCs to understand 

the assumptions behind the file inputs and to ensure that their 
module suppliers can support these inputs with real-world and 
statistically significant performance data.

Although smart module selection and testing can mitigate 
heat resistance effects, the power output of PV modules is 
always higher at low operating temperatures if irradiance is 
constant. On cold but sunny days—think crisp spring morn-
ings—solar power plants are at peak dc output. These are the 
days when you are most likely to see power-curve clipping 
resulting from inverter power limiting. However, this often 
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pays off later. Consider a hot afternoon in July when high tem-
peratures reduce the dc power output. When the available 
power falls well below the ac system’s nameplate capacity, two 
consequences follow: First, you are not making good use of 
your investment in ac equipment; and, second, you are miss-
ing out on the most valuable revenue opportunity of the year, 
that summer afternoon high-TOD multiplier. To maximize 
economic performance, you need to increase the dc-to-ac 
ratio to capture more of this peak revenue opportunity, even 
though that will reduce system efficiency. 

Tracker versus fixed-tilt mounting. When making the deci-
sion between installing a fixed-tilt racking system or a tracker, 
you must consider several different factors, including cost dif-
ferences, land use, energy output and TOD rates. Many EPCs 
use an LCOE model for analysis, but this approach, without 
proper consideration of TOD rates, does not lead to the best 
design. In simplified terms, an LCOE model is the project’s all-
in price divided by total energy generated over the life of the 
power plant. The all-in price includes up-front costs for land, 
construction and interconnection of the plant, plus annual 
O&M costs discounted back to the present day. Total energy 
output incorporates annual energy production estimates, 
which are also discounted back to the present. An LCOE model 
is great for finding the most cost-efficient form of energy gen-
eration, but it fails to consider the revenue side of the equation 
and TOD rate structures.

Consider a 100-acre piece of land in the desert Southwest 
that a developer has permitted for a solar project. A request for 
proposal (RFP) goes to the EPCs, asking for design options for 
the PV system up to the medium-voltage connection point at 
the substation. The developer will issue a separate contract for 
the substation and interconnection work. Should the EPCs pro-
pose a fixed-tilt system or a tracker? 

At today’s prices and module efficiencies, a tracker in areas 
of high direct irradiance almost always has a lower LCOE, 
meaning it generates energy more cost efficiently than does a 
fixed-tilt system. In short, this is because for systems of equal 
capacity, a tracker produces at least 20% more energy than 
a fixed-tilt system, but costs far less than 20% more to build. 
However, if you dig a little deeper—as illustrated in Table 2 
(p. 22)—you see that the LCOE model fails to account for the 
marginal value of additional revenue these systems generate. 
On 100 acres of flat land, you might be able to fit 23 MWp on a 
tracker versus 37 MWp using a fixed-tilt system. Even though 
the production efficiency (kWh/kWp) and cost efficiency  
($/annual kWh) for the fixed-tilt installation are not as good as 
for the tracker, fitting more capacity on that piece of land yields 
more total energy. 

From the developer’s perspective, additional energy—and 
added revenue, by extension—is crucial to offsetting the high 
fixed costs of the overall project. Remember, the developer 
has already sunk a lot of money into the land, environmental 
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reviews, interconnection studies, substation and other devel-
opment costs, which an EPC’s LCOE models often do not con-
sider. Even if it does consider those costs, the LCOE approach 
searches for only the most cost-efficient generation option. 
Instead, developers search for the option that generates the 
highest investment returns—usually represented as the best 
IRR or highest NPV—as opposed to merely the lowest LCOE. 
EPCs and design firms that understand how these investment 
models work do better in competitive bidding situations than 
those relying on LCOE models. 

Row spacing and tilt angle. Assuming you have determined 
that a fixed-tilt system is optimal for a particular project and 
that a high dc-to-ac ratio will yield better economic perfor-
mance, what can you do regarding row spacing and tilt angle? 
For purposes of constructability and O&M, spacing should be 
at least wide enough for a 4x4 utility vehicle (like a John Deere 
Gator) with a trailer to drive between rows to deliver modules, 
materials and personnel to all locations on the project site. 
Beyond this, tighter is usually better. Although row-on-row 
shading can be a concern, this typically happens in the early 
morning and late afternoon when the sun’s angle to the mod-
ules, and thus their power output, is very low anyway. In addi-
tion, more shading occurs in the winter when TOD multipliers 
and irradiance are low, so the value of lost energy is negligible.

Lowering the tilt angle can be helpful in several  
ways: It allows for tighter row 
spacing without increasing 
row-on-row shading; it low-
ers the height of the top mod-
ule (the installers will thank  
you); and it reduces wind load-
ing on the structure, which 
could lead to cost savings in the 
mounting system and support 
posts and footings. Yes, lower-
ing the tilt angle reduces the 
system’s overall production effi-
ciency and annual energy yield, 
but it actually increases these 
metrics during the summer 
months when the sun is higher 
in the sky and the energy is gen-
erally most valuable.

dEsign ProcEss 
rEcoMMEndations  
In today’s market, collabora-
tion and compromise are essen-
tial to the design process. We 
recommend following these 
two rules of thumb: First, put 
together an experienced team 

and share information among stakeholders early in the devel-
opment process. Second, do not let engineers or accountants 
go at it alone.

Collaboration. It is crucial that project stakeholders share 
information. In our experience, developers who run an RFP 
process by holding a group of qualified EPCs at arm’s length 
and sharing a minimum of information about the project site 
and PPA end up with average-performing systems. It is imper-
ative to define the project’s revenue objectives and financial 
parameters at the outset so that all stakeholders are work-
ing in the same direction. If EPCs do not have relevant infor-
mation related to TOD rates and the developer’s fixed costs, 
they cannot optimize their system designs. Keep in mind that 
equipment providers know how to squeeze the most energy 
out of their products, so integrating them into the process 
early and often is critical.

Compromise. Designing a system for maximum value is a 
process of finding a healthy compromise between your best 
engineer and your best cost accountant. Do not let your engi-
neer design the system alone. You may end up with the most 
efficient PV system and not the one with the best ROI. Similarly, 
do not give your procurement managers free rein. Commod-
itized purchasing may secure the lowest-priced modules and 
BOS equipment and provide the best short-term ROI. However, 
getting the lowest price or aggressively value-engineering the 

system may come at the expense of quality, 
which could increase supply and performance 
risk and leave millions of dollars in unrealized 
generation value on the table.

How is valuE cHanging? 
TOD rates have been the single most impor-
tant driver to date when trying to extract 
value from a PV power plant in the desert 
Southwest, which is the area where EPCs are 
constructing most such projects. However, 
designing for TOD rates is not without its inef-
ficiencies. Right now, thousands of megawatt-
hours all over the country are literally thrown 
away in search of peak megawatt-hours, 
mainly because there are limited low-cost 
options for large-scale energy storage. This 
efficiency problem is not unique to solar, as 
some gas-powered “peaker plants” run close 
to idle most of the time, waiting for the oppor-
tunity to quickly ramp up during peak hours. 
All of this feels a bit like throwing away per-
fectly good food just because your refrigerator 
is full or because you did not properly plan a 
trip to the grocery store. 

Imagine if you could reroute all of that 
clipped dc energy in the  C o n t i n u e d  o n  Pa g e  2 4  

Variable Fixed Tilt Tracker

acres available 100 100

acres per Mwp 2.7 4.3

system size (Mwp) 37 23

Production efficiency  
(Mwh/Mwp)

1,700 2,057

tracker advantage - 21%

annual Mwh 62,900 47,311

system cost ($/wp) $1.70 $1.85 

system cost ($M) $62.9 $42.6 

flat PPa rate ($/Mwh) $80.00 $80.00 

annual revenue ($M) $5.0 $3.8 

fixed-tilt advantage 32% -

Revenue Generation for Fixed-Tilt 
Versus Tracker Mounting

Table 2  Larger system sizes, and thus more 
revenue-generating potential, can fit on a 
given piece of land using fixed-tilt mounting 
structures. Higher revenue can better offset 
the fixed costs of development and ac sys-
tem infrastructure, which often yields higher 
investment returns.

Value-Based Design 
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spring from the trashcan to somewhere more valuable. With 
advancements in low-cost storage, you could immediately 
capture clipped dc power and push it through the inverter 
when the system is operating well below its maximum capac-
ity due to weather variation, and do so based on grid demand. 
The inclusion of low-cost storage in PV system designs will 
likely further increase dc-to-ac ratios, inverter utilization and 
PV plant output reliability, allowing PV project developers to 
offer their customers better value.

In the future, developers will still need to design proj-
ects for value, but value will mean something different next 
year and each year following. Rate structures will certainly 
change over time as utilities and off-takers assign different 
values to energy produced at different hours and seasons. 

In addition, technological improvements, such as higher-
voltage systems and higher-efficiency modules, also present 
opportunities for redefining project value. Clearly, the inclu-
sion of low-cost storage would be a game changer, influenc-
ing the way you think about kWh/kWp ratios and assigning 
more value to clipped power. 
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Cool Spring Day Hot Summer Day

Energy output 
(kwh)

revenue Energy output 
(kwh) 

revenue

time  
of day

1.25 
sizing 

ratio

1.40 
sizing 

ratio

PPa rate  
($/kwh)

tod 
multiplier

1.25  
sizing  

ratio

1.40  
sizing  

ratio

time  
of day

1.25 
sizing 

ratio

1.40 
sizing 

ratio

PPa rate  
($/kwh)

tod 
multiplier

1.25  
sizing  

ratio

1.40  
sizing 
 ratio

6am 44.74 50.97 0.08 0.820  $2.93  $3.34 6am 154.90 174.50 0.08 0.670  $8.30  $9.35 

7am 186.70 210.20 0.08 0.820  $12.25  $13.79 7am 448.80 505 0.08 0.670  $24.06  $27.07 

8am 515.30 579.60 0.08 1.02  $42.05  $47.30 8am 600.90 675.90 0.08 1.28  $61.53  $69.21 

9am 747.80 838.90 0.08 1.02  $61.02  $68.45 9am 757.50 849.80 0.08 1.28  $77.57  $87.02 

10am 912.70 1,000 0.08 1.02  $74.48  $81.60 10am 834.70 936.60 0.08 1.28  $85.47  $95.91 

11am 1,000 1,000 0.08 1.02  $81.60  $81.60 11am 910.50 1,000 0.08 1.28  $93.24  $102.40 

12pm 1,000 1,000 0.08 1.02  $81.60  $81.60 12pm 897.50 1,000 0.08 3.28  $235.50  $262.40 

1pm 1,000 1,000 0.08 1.02  $81.60  $81.60 1pm 792 888.50 0.08 3.28  $207.82  $233.14 

2pm 951.30 1,000 0.08 1.02  $77.63  $81.60 2pm 724.20 812.70 0.08 3.28  $190.03  $213.25 

3pm 799.50 897 0.08 1.02  $65.24  $73.20 3pm 522.50 587.70 0.08 3.28  $137.10  $154.21 

4pm 577.30 649.30 0.08 1.02  $47.11  $52.98 4pm 316.20 356 0.08 3.28  $82.97  $93.41 

5pm 305.80 344.20 0.08 1.02  $24.95  $28.09 5pm 91.09 102.90 0.08 3.28  $23.90  $27.00 

6pm 51.88 59.01 0.08 1.02  $4.23  $4.82 6pm 12.32 14.50 0.08 1.28  $1.26  $1.48 

total  $656.69  $699.96 total  $1,228.76 $1,375.87 

revenue increase 6.6% revenue increase 12%

Value proposition  These power curves and revenue tables for a cool spring day (left) and a hot summer day (right) illustrate the 
financial benefits of increasing the dc-to-ac sizing ratio from 1.25 to 1.40.
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THE  INSTALLATION SHOULD FIT THE  INVERTER.

Get the specs at: www.power-one.com/TRIO

The new 20kw and 27.6kw Trio STring inverTerS: 
Rethinking commercial applications.
The first 1000V DC string inverter certified to UL1741 lets you take a modular approach 
to commercial systems for a level of flexibility impossible with large central inverters. 
Its 1000V DC output also helps reduce balance of system costs as much as 40%. 
Additionally, they are small and light enough to be wall-mounted—avoiding the expense 
of cranes or concrete pads. All without sacrificing energy harvest which our dual MPPT 
and 97.5% CEC efficiency make among the industry’s best.
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Rail-Based Mounting Systems 
About a decade ago, the introduction of rail-based mounting 
systems that employ top-down module fastening resulted in 
a significant reduction in installation time for pitched-roof 
arrays. The availability of these systems roughly coincided 
with module manufacturers’ shift to quick-connect module 
leads that simplify array wiring and facilitate the use of top-
down racking systems. Today, rail-based racking systems are 
used in most pitched-roof applications, and manufacturers 
are introducing increasingly refined products.

CONERGY
Conergy manufactures the SunTop IV mounting system  
for pitched-roof applications with a maximum slope of 60°. 
The extruded anodized-aluminum rail 
system works with both Conergy and 
third-party roof mounts. It is available 
in four rail sizes that allow for different 
spans based on the structural require-
ments and the attachment and roof 
type. The SunTop IV rail system incor-
porates a telescoping feature that 
allows adjustment of the rails to the 
required length while on the roof. All 
hardware connections utilize the pat-
ented Intelligent Nut, which requires  
a 6 mm Allen wrench only. The Sun- 
Top IV mounting system meets the 
International Building Code (IBC) 2009 
and California Building Code (CBC) 
2010 standards.

CREOTECC 
The CREOMOUNT racking system has a shared insertion 
rail design that eliminates the need for module clamps. 
Framed PV modules are positioned in insertion rails that 
typically run east-west across the roof. The shared insertion 
rail runs parallel between two module frames, so that two 
rows of modules require only three rails. Insertion rails are 
installed above and perpendicular to a base rail that runs 
north-south. The base rails allow the insertion rails to slide 
into position for portrait or landscape module orientation. 
Creotecc’s insertion rails do not need to be collocated with 
roof attachments. This allows fewer roof attachments to 
support multiple rows of modules, reducing parts and roof 
penetrations. The 20-foot module insertion rails come in five 

profiles and are available in 
mill or black anodized finish. 
The base rails are compat-
ible with third-party attach-
ment solutions, including 
nonpenetrating seam clamps 

W hen selecting array racking and 
mounting systems for pitched-
roof applications, the optimal 

solution relies on many factors, including 
structural requirements, aesthetics, ease of 
installation, wire management and module 
grounding, roof clearances and compatibil-
ity with the desired module.

Mounting solutions and combinations 
provide varying clearances between the 
roof and the modules, which can impact 
aesthetics, cell temperatures and access 
beneath the array. Suitable roof attachment 
options vary based on the roofing mate-
rial and the type of substructure under the 

array. Racking system features may include 
colors and finishes, preassembled compo-
nents, universally sized module clamps, 
click-in-place hardware, telescoping rails, 
streamlined hardware sizes and types, and 
clampless and railless designs.

This article provides overviews of pitched-
roof attachment and racking product lines 
and identifies key features to consider. Sev-
eral racking systems have been tested for 
use with integrated bonding and grounding 
hardware per UL 467, or UL 2703, which spe-
cifically addresses PV racking systems, mod-
ule clamps, module frames, and grounding 
and bonding components.

No clamps required  
Designed for use with framed 
modules, Creotecc’s clamp-
less CREOMOUNT uses 
shared insertion rails rather 
than module clamps.  
Modules slide into place,  
but must be electrically 
bonded using lay-in lugs  
or similar hardware.C
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for metal roofs. Creotecc offers roof attachments for com-
position shingle and tile roofs. The racking system is UL 
2703 recognized; however, the clampless design currently 
requires the separate bonding of module frames.

DAETWYLER CLEAN ENERGY 
Daetwyler Clean Energy produces the Secure-Top SS racking 
system for flush-mount applications. The module support 
rails span a maximum of 8 feet between roof attachments and 
connect to the proprietary angle bracket without hardware. 
The angle bracket provides additional clearance beneath the 
array and is compatible with most roof attachment devices 
such as nonpenetrating seam clamps, tile hooks or flashed 
composition and asphalt shingle mounts. Daetwyler’s module 
clips do not slide once installed in the module support rail, 
and they secure and ground the module frames when locked 
into place. The clips retain their ability to electrically bond the 
module frame to the rails if the modules are adjusted or relo-
cated. The racking system meets listing requirements defined 
by UL 467. The multichannel rails accept a side-mounted 
wire-management bracket.

DPW SOLAR 
DPW Solar manufactures a top-down rail system that is com-
patible with DPW and third-party roof attachments. The 
POWER RAIL roof-mounting system features DPW’s RAD fas-
tener, which inserts and secures along the top channel in the 
support rail without sliding the fasteners in from the ends of 
the rail.  The extruded aluminum support rails come in three 
profiles. The P6 works well for shorter spans and is the most 
economical. The more robust P8 and P14 rails tolerate greater 
spans and heavier snow loads. Each profile 
comes in standard lengths from 7 to 27 feet. 
In an application with no snow load, the 
P14 can cantilever a maximum of 7 feet past 
and span 14 feet between roof attachments. 
DPW’s universal end clamp allows installa-
tion of rails flush with the edge of the array. 
The Burndy WEEB integrated-bonding sys-
tem is listed to UL 467 for use with DPW’s 
POWER RAIL racking systems.

HATICON SOLAR 
HatiCon Solar manufactures an aluminum 
flush-mount racking system for pitched-
roof applications. The product uses a slot-
ted angle bracket that allows up to 1.5 
inches of vertical adjustment and inte-
grates with most roof mounting or clamp-
ing products. The HatiCon racking system 
can be installed on a maximum roof pitch 
of 70° and requires no on-site cutting or 

drilling. HatiCon offers height-adjustable module end and 
mid clamps in a clear or black finish for both framed and 
frameless modules. The racking system is listed for use with 
WEEB washers and lugs per UL 467 and meets the IBC 2009 
design standard.

IRONRIDGE 
IronRidge’s Standard and Light rails span up to 12 feet and 8 
feet, respectively. Both rail options are available in standard 
and custom lengths in a black or clear finish. Module clamps 
and L-feet are available in a mill or black finish. IronRidge’s 
L-foot sits atop third-party roof attachments and is approved 
for roof slopes up to 45°. The company offers wire manage-
ment clips that attach to the rail without hardware, rail end 
caps and T-bolts that insert into the rail. WEEBs provide inte-
grated module frame-to-rail bonding per UL 467.

LEGRAND 
Legrand makes rooftop attachment and support products 
that are compatible with a variety of roof types, including 
tile, metal and composition shingle. Based on its Cablofil 
cable tray product line, Legrand’s Delta Strut system utilizes 
hot-dipped galvanized steel support rails that provide pro-
tection for array conductors. The proprietary mid clamps 
used to secure the modules are spring loaded, so they remain 
in place as installers position and adjust modules.

LEVELONE
LevelOne’s extruded aluminum mounting rails span 7–20 
feet. The manufacturer offers four rail profiles and an L-foot 
base that connects atop standard attachment products.  

LevelOne products are designed 
and manufactured in the US. Rail 
finishes include black, clear or 
milled. Optional wire management 
clips secure PV array conductors 
within a dedicated channel in the 
rail. LevelOne provides stainless 
steel fasteners, including a T-bolt 
that inserts directly into the mount-
ing rail and is treated with Precote 
80 for added corrosion protection.
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Integrated solution  Lumos Solar’s  
LSXRail is designed for use with 
the company’s frameless LSX 
modules. The low-profile racking 
system features an internal channel 
for wire management.



http://www.unirac.com
http://www.unirac.com
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LUMOS SOLAR
Lumos Solar offers two mounting solutions for framed and  
frameless PV modules. Lumos’ PowerMount 2.0 for framed 
modules consists of a black powder-coated rail with an inte-
grated wire management channel. The racking system is WEEB 
compatible per UL 467. Rails come in four standard lengths to 
support between three and six 39-inch-wide modules in por-
trait orientation. A perforated rail option is available. Lumos 
also manufactures the LSXRail system for use with its frame-
less LSX modules. This racking system has the same rail profile 
as the PowerMount 2.0, but comes in a variety of lengths with 
preinstalled nuts located to accept module-mounting hard-
ware. Given the exact mounting hole requirements of the LSX 
Module, Lumos manufactures multiple LSXRail lengths and 
configurations to support up to seven modules in portrait or 
three modules in landscape orientation. Although the Lumos 
rails come standard in a black powder-coat finish, an anod-
ized finish is available for larger orders. Lumos also provides 
flashed-roof attachments manufactured by EcoFasten Solar.

MOUNTING SYSTEMS
Mounting Systems manufactures the Alpha and Tau pitched-
roof systems for framed and frameless modules. Both 

systems utilize aluminum and stainless steel components, 
and meet ARRA and Ontario Power Authority Feed-In Tariff 
(OPA FIT) compliance requirements. Alpha series rails side-
mount to Mounting Systems’ stainless steel roof hook or 
third-party L-foot mounts. Included splice and telescoping 
hardware eliminates on-site rail cutting. The Alpha system 
can be installed on roof slopes up to 60°. The Tau mount-
ing system, designed for trapezoidal sheet-metal roofs with 
a maximum slope of 20°, relies on a proprietary stainless  
steel roof attachment. Both systems meet IBC 2009 and CBC 
2010 standards.

POLAR RACKING 
The PolaRail flush-mount racking is an extruded aluminum 
rail system with channels that accept Polar Racking’s Uni-
versal Mounting Nut. Side channels serve as attachment 
points for the slotted L-foot, which sits atop standard roof 
attachment products. Additional channels in the rail pro-
vide a chase for wire management and protection. A Splice 
Bar component is available for joining multiple PolaRail 
spans together. The racking system is listed for use with 
WEEB hardware to provide integrated bonding, is OPA FIT 
compliant and is available in a variety of finishes.

  

Pitched-Roof PV

Simpler.Faster.Better
Solar PVMounting Solutions

HatiCon Solar Solutions
• On-site flexibility, no on-site 
   fabrication
• 0°-35° of North/South tilt
• No extensive grading required
• Pre-assembled components
• Universal, click technology   
   components for fast installation
• Non corrosive aluminum
• Shallow embedment
• Multiple footing options

Solar™

(866) 489-4472 | www.haticonsolar.com
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PROFESSIONAL SOLAR PRODUCTS (PROSOLAR) 
ProSolar’s RoofTrac is an extruded aluminum rail system that 
is compatible with most roof attachments, including the com-
pany’s TileTrac and FastJack products. The post-mount Fast-
Jack is available in three heights and requires one lag bolt for 
fastening to the roof structure. ProSolar’s FastJack E-Series 
includes an aluminum flashing and collar designed to flash 
its 2.5-inch, 3.5-inch and 4.5-inch posts. The flashing can be 
installed over the roof penetration prior to securing the post 
to the base. The U-shaped ProSolar rail bolts directly to the 
roof attachment and provides protection and routing for 
array conductors. The module support rails come in various 
profiles and lengths to accommodate spans and module sizes, 
and are available in a clear or black anodized finish. The Roof-
Trac racking system consists of aluminum and stainless steel 
components and is listed for use with the WEEB integrated-
grounding system per UL 467.

PV RACKING
PV Racking manufactures a clampless slide-in-place mod-
ule racking system. Based on an L-foot design that connects 
the support rail to the roof attachment, the racking system is 
compatible with most roof types and attachment techniques. 

The rails come in five sizes and accept module frames from 
1.22 inches to 2 inches thick. The five standard rail lengths 
range from 85 inches to a maximum of 204 inches. Racking 
system components are tested for bonding with WEEB hard-
ware. Due to the clampless design, however, module frames 
must be individually bonded with a WEEBLug to comply with 
UL 467 requirements. PV Racking offers an optional wire 
management clip that attaches to the side of the support rail.

RENUSOL
Renusol’s VS mounting solution for pitched roofs utilizes 
preassembled, one-size-fits-all mid and end clamps to secure 
PV modules to an extruded aluminum rail system that com-
plies with UL 467 for use with WEEB integrated-grounding 
hardware. Two standard length rails (123 inches and 163.5 
inches) and custom lengths up to 282.5 inches are available. 
Rails can span up to 12 feet. The system’s L-foot design pro-
vides up to 1 inch of vertical adjustment. The VS racking 
components come in black anodized or mill finishes.

SCHLETTER
Schletter’s Standard Flush Mount racking system is compat-
ible with both framed and frameless modules. The system’s 

WWW.CREOTECC.US | 831.438.9000

Creotecc’s clamp-free mounting systems 
for residential, commercial and utility 
applications are made in the USA, P.E. 
certified and UL Subject 2703 Recognized. 
 
Call or visit us online to learn more, view 
videos, request a quote or schedule a 
product demonstration.

UL SUBJECT
2703 RECOGNIZED

MOUNT MODULES 
WITHOUT CLAMPS

 � Faster Panelization
 � Less Stress On Modules
 � Superior Aesthetics

http://www.creotecc.us
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Rapid2+ mid clamp provides inte-
grated module grounding per 
UL 467. The preassembled mid 
clamp does not need nuts, bolts 
or grounding washers. The clamps 
secure to square nuts that click 
into the top channel of the rail. The 
system is compatible with third-
party mounting products from 
companies such as S-5! and Quick 
Mount PV.

SCHÜCO USA 
Schüco’s SolarEZ Mounting Sys-
tem offers multiple rail profile and 
attachment options. Rails are available in silver or black 
finishes and connect to a variety of Schüco and third-party 
roof-attachment products. Schüco also offers cable clips 
and channels for wire management and a WEEB rebranded 
ezGrounding Lug and Clip to provide integrated module-to-
rail grounding.

S:FLEX 
The S:FLEX pitched-roof racking system is designed for any 
roof type with a pitch of up to 60°. The extruded aluminum 
rails connect to an L-foot that allows for vertical adjustment. 
Module mid and end clamps adjust for module frames from 
1.10 inches to 2.05 inches thick. Clamps for frameless mod-
ules are also available. A telescoping mounting rail splice 
allows for precise rail alignment and eliminates on-site rail 
cutting. The system is UL 467 listed when bonded with WEEB 
equipment-grounding hardware.

SOLAR SPEEDRACK 
The Solar SpeedLatch product line for flush-mount, pitched-
roof applications uses a spring-actuated latching system that 
secures framed PV modules to support rails. This system elim-
inates the need for hardware to secure the modules in place. 
Solar SpeedRack is currently having the system tested to UL 
467 for integrated grounding. The grounding mechanism 
is reusable should a module need moving or replacing. The 
racking system is supported by a galvanized roof attachment 
bracket that attaches either directly to the roof or atop third-
party roof mounts. The module support rails connect to the 
bracket with a twist clip that can be tightened by hand.  Solar 
SpeedClips connect to the support rail system without tools 
and provide wire management for PV array conductors.

SNAPNRACK 
SnapNrack manufactures a multichannel aluminum rail-
mounting system for pitched-roof applications that can be 
installed with a single wrench. A side channel serves as an 

attachment point for a slotted L-foot that provides vertical 
adjustment for leveling rails. Array conductors are routed in 
a separate channel. The L-foot interface allows installation 
of the racking system with third-party roof mounts or with 
SnapNrack’s proprietary attachments. WEEB hardware pro-
vides integrated grounding between approved module frames 
and the racking system per UL 467. SnapNrack’s one-size-fits-
all Universal End Clamp enables installers to locate or trim 
module rails flush with the edge of the array.

SUNMODO 
The Sunmodo EZ Helio Pitched Roof racking system is based 
on four standard lengths of EZ Helio Standard and EZ Helio 
Light aluminum extruded rail profiles that are available in 
black or anodized aluminum finishes. The manufacturer 
offers 3-inch and 4-inch L-foot bases and proprietary roof 
attachment products designed for composition shingle and 
metal roofs. EZ Helio clips and WEEB washers bond the mod-
ule frames to the rails and provide integrated grounding per 
UL 467. Sunmodo also offers the EZ Roof Mount kit. The Inter-
national Association of Plumbing and Mechanical Officials 
Evaluation Services has certified this flashed attachment sys-
tem, compatible with shingle and shake roofs, for compliance 
with IBC, International Residential Code and UL 441 water-
tight compliance standards.

UNIRAC 
Unirac offers four product lines for pitched-roof applications. 
The SOLARMOUNT racking system utilizes extruded alumi-
num rails that are compatible with L-feet and standoffs that 
are side-mounted to the rails via a channel in the rail profile. 
The SOLARMOUNTi flush-mount racking system uses an 
I-beam rail system to optimize span and cantilever capaci-
ties with minimal material. Unirac’s flange connectors click 
to the I-beam flange and mount either to the roof or to Uni-
rac or third-party roof attachments. The SOLARMOUNT-E  
product uses a flange connector to  C o n T i n U e D  o n  pa g e  3 4  

Snap-in-place rack-
ing  Solar SpeedRack’s 
recently introduced Solar 
SpeedLatch system elimi-
nates the need for indi-
vidual module clamps.  
The spring-actuated 
mounting system allows 
installation of modules 
without tools. It also 
features a twist clip for 
tool-free roof bracket-to-
mounting rail attachment.
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secure its beam-like rail to standard roof attachments. Unirac’s 
Universal End and Mid Clamps can be inserted into the rail 
without sliding and provide integrated module grounding. For 
arrays that require a low-profile aesthetic, Unirac’s SunFrame 
racking system utilizes a shared-rail racking configuration. The 
black support rails attach along the edges of the module frames 
and create a skirt around the perimeter of the array while allow-
ing for airflow and clearance above the roof.

UNISTRUT 
Unistrut manufactures products for mounting framed PV 
modules to its metal channel strut system. The standard 
1⅝-inch slotted struts come in various materials and fin-
ishes, including extruded aluminum with a black anodized 
or clear aluminum finish, stainless steel, and pre- or hot-
dipped galvanized steel. A strut that is twice as thick as the 
standard provides additional clearance between the roof 
and the module frames. Unistrut’s mid clamp secures to a 
traditional channel nut inside the strut. The system utilizes 
a top-down End-Stop instead of a channel nut for the mod-
ule end clamps. Unistrut’s racking system is approved and 
listed for use with WEEB integrated-grounding hardware 
per UL 467.

ZILLA 
Zilla’s extruded aluminum rails are available in black or sil-
ver finishes, with multiple rail profile and length options. 
Zilla’s Dual Grip rail is manufactured from recycled alumi-
num, contains a channel for wire management and accepts 
wire management clips. Zilla’s rail offerings are compatible 
with the manufacturer’s roof attachment products and third-
party attachments. For UL 467-approved integrated ground-
ing, the system can use standard module clamps with WEEB 
grounding hardware or Zilla’s Top Clip, which can electrically 
bond modules and rails. Zilla offers additional module clamp 
options, including a lower-profile Back Clip with built-in 
grounding. While the clip’s hidden connection provides an 
enhanced aesthetic, the Back Clip is not currently listed for 
integrated grounding.

Railless Mounting Systems 
To simplify installation and reduce costs, several manufac-
turers have introduced railless mounting systems for pitched 
roofs. Railless systems rely on a direct interface between 
the module and roof attachment. This low-profile design 
can improve aesthetics while reducing part counts and 

Pitched-Roof PV

Schletter Flush Mounts
Fewer parts for quick, simple, and 
a�ordable installations

•  3-part system — roof attachments, rails, 
   ETL Listed grounding module clamps
•  Plenty of attachment choices to fit any need
•  In-house project design and engineering
•  Flush mount webinars available monthly
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�ush mount project!
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installation time. Some railless systems offer 
integrated grounding and wire management fea-
tures and are compatible with a variety of roof 
attachment solutions.

DYNORAXX 
The DynoRaxx Evolution PR railless mounting 
kit includes all the parts to rack 12 modules, or 
approximately a 3 kW array. The system relies 
on sealant pads rather than flashing for water-
proofing and can be fastened directly to the roof 
decking using self-tapping TEK screws. The kit 
consists of PR Mounts fitted with butyl mas-
tic sealant pads, screws and universal module clamps. Four 
PR Mounts support each module, with modules sharing the 
mounts installed between rows.

PMC INDUSTRIES 
PMC Industry’s AceClamp Solar-Kit is a two-piece clamp 
designed to mount modules directly to standing seam metal 
roofing. The clamp is secured to the roofing by tightening a 
¼-inch hex socket screw on the clamp top. The kit’s proprietary 
mid and end clips then bolt to the installed clamp. A serrated 

flange captures and electrically bonds adjacent modules.

S-5! 
S-5! specializes in penetrationless attachment clamps for 
metal rooftops. The company’s S-5-PV Kit incorporates a 
mounting disk that fastens to the S-5! mini-clamp for instal-
lations on standing seam metal roofs. The disk helps align 
modules while providing a flat surface to support the mod-
ule frame. Wire management hooks on the underside of the 
disk help keep array conductors secure and off the roof. S-5!’s 

Railless and penetration-
less  The S-5! PV Kit is a 
complete UL-listed attach-
ment and module-mounting 
solution. The penetrationless 
seam clamps incorporate a 
mounting disk assembly that 
allows rail-free racking of 
framed PV modules and pro-
vides integrated grounding.
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Universal PV Grab and EdgeGrab clamps serve as mid and 
end clamps, respectively. The S-5-PV Kit is listed to UL stan-
dards 2703 and 1703. S-5! also offers clamps and brackets that 
are compatible with the S-5-PV Kit for corrugated, exposed- 
fastener and copper standing seam roofs.

SILICON ENERGY 
Silicon Energy’s Cascade Series PV module utilizes a railless 
UL 1703–certified module-integrated mounting system that 
is compatible with most pitched roofs. The system’s mount-
ing feet run along the north-south edges of the frameless 
modules and secure them while connecting either directly to 
the roof or atop a roof attachment. The mounting feet serve 
as a protective raceway for array cabling and include knock-
outs for routing conduits between columns of modules. Sili-
con Energy provides precut conduit sections to protect array 
cabling that is routed between mounting feet on opposing 
ends of the module. Successive rows of modules slightly 
overlap each other while maintaining a horizontal gap along 
the lower edge of each module or row of modules. The 1.5-
inch gap provides airflow on the underside of the array for 
cooling. The racking system’s open-edge design prevents ice, 
snow and debris from accumulating on the modules.

WESTINGHOUSE SOLAR 
Westinghouse Solar’s INSTANT CONNECT system racks, 
bonds and facilitates electrical connections between modules 

in pitched- and flat-roof applications. Compatible with West-
inghouse modules—which have a horizontally grooved 
frame—the railless mounting system consists of a slotted 
L-foot that connects directly to the roof or sits atop third-
party roof attachments. As modules are attached to the L-feet 
and connected using Westinghouse Solar’s splice system, 
frames are auto-grounded to one another, and the module 
conductors—ac or dc—are situated and aligned. The mount-
ing system conforms to UL 1703.

ZEP SOLAR 
Zep Solar offers UL 2703–, UL 1703– and UL 467–listed railless 
PV mounting solutions for a variety of roof types and attach-
ments. The Zep system requires compatible modules manu-
factured with grooved frames designed to accept the system’s 
mounting feet. Zep’s Interlock device provides the structural 
attachment between the modules and roof attachments, and 
electrically bonds the module frames. Zep also offers the 
Ground Zep to provide a point of connection between the 
PV array and the system’s equipment-grounding conductor. 
Zep Solar offers flashed-roof attachment solutions and array 
mounting accessories, including wire management clips and 
black or clear array skirts.

ZILLA 
Zilla’s Phantom fully flashed railless mounting system for 
asphalt and composition shingle pitched roofs accepts PV 

modules with frame thicknesses of 
1.2 inches to 2 inches. The module 
frames are secured to the flashed 
mounting assembly using a set bolt 
and Zilla Top Clip that provides 
integrated grounding per UL 467. A 
cross brace in the assembly serves 
as a spacer and helps align modules 
during installation. Four Phantom 
mounts support each module, and 
the modules then share the mounts 
installed between rows. Modules can 
be installed in portrait or landscape 
orientation.

Flashed Third-Party  
Attachment Products 

Pitched-roof racking systems require 
some form of secure and weathertight 
connection to the structure. Given the 
environmental conditions in which 
rooftop PV arrays are installed, and 
an average life  C o n T i n U e D  o n  pa g e  3 8 C
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Class A fire rating  Silicon Energy’s Cascade Series module and racking system 
integrates the company’s frameless modules with a proprietary racking product.  
The railless system has a Class A fire rating, and its open-edge design prevents the 
accumulation of ice, snow and debris on the modules.

Pitched-Roof PV
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expectancy of more than 25 years, roof attachments 
should be selected to withstand extreme temperatures, 
thermal expansion and contraction, and other factors 
that could compromise the roof system. Attachments 
that penetrate the roofing material should be properly 
installed and flashed. Along with flashed-attachment 
solutions that racking system manufacturers offer, a 
few third-party solutions are compatible with most 
pitched-roof racking products.

ECOFASTEN SOLAR 
EcoFasten Solar manufactures three flashed-roof attachment 
products that are compatible with composition shingle roofs. 
The GF-1, GF-2 and QuikFoot series offer a variety of base 
options, including slotted or open-slotted L-feet, stanchions 
and L- or Z-brackets. The base options accommodate various 

types of rail-to-base attachments and provide flexibility for 
desired roof clearances.

EJOT 
EJOT’s Solar Fastening System for three-tab composition shin-
gle roofs is compatible with most strut- or rail-based racking 
systems. The flashed-roof attachment consists of an alumi-
num flashing and a stainless steel fastener, and is equipped 
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Are rails a thing of the past?  Zep Solar’s railless 
mounting solutions provide flashed-roof attachments, 
integrated module grounding and wire management 
features. The system utilizes Zep-compatible modules 
from 12 manufacturers, including ET Solar, Canadian 
Solar, Upsolar and Trina Solar.

Pitched-Roof PV
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with three sealing courses. It does not require additional 
sealants or adhesives. EJOT’s stainless steel hanger-style fas-
tener mechanically attaches to the roofing substructure and 
extends above the anodized-aluminum flashing to support 
and connect to the racking system. EJOT also manufactures 
roof attachment products for tile and metal roofs.

QUICK MOUNT PV
Quick Mount PV manufactures flashed mounting products for 
composition and asphalt shingle, tile, slate and shake roofs. 
Its products comply with IBC standards and will not void roof 
warranties if properly installed. For new composition shingle, 
slate or shake roofs, Quick Mount offers products that can be 
integrated into the construction process.  Its retrofit products 
are designed to minimize cutting, drilling or modifying shingles, 
tiles and other roofing materials. Compatible with most racking 
systems via either direct connection or an L-foot bracket, Quick 
Mount’s attachment products come in three finishes: aluminum 
mill, clear anodized and bronze anodized. For rooftop conduit 
installations, Quick Mount offers a flashed conduit mount com-
patible with composition shingle, slate and shake roofs.

Attachment Solutions for Metal Roofing 
Attaching PV arrays to metal roofs poses a waterproofing chal-
lenge that is not always easily solved. Installations on standing 
seam metal roofs are relatively straightforward, as a number 
of nonpenetrating clamping systems are available. However, 
exposed-fastener metal roofing, such as corrugated and trap-
ezoidal panel profiles, presents challenges. For these roof types, 
mounting products that utilize top-down fasteners and sealing 
gaskets to secure the roof mounts to the substructure without 
impacting the roof ’s integrity are available.

DPW SOLAR 
Given the variation in corrugated roofing profiles, DPW Solar 
manufactures its Corrugated Mounting Bridge on a case-by-
case basis. The bridge spans above the rib, or crown, of the 
corrugated roofing, ensuring that the roof penetration is not 
in the valley. A layer of butyl mastic helps seal the penetration 
that is required to secure the bridge to the purlins or fram-
ing substructure. Bottom-mount rails or an L-foot (needed for 
side-mount rails) sit atop the bridge, and the attachment fas-
tener secures both components in place.

EJOT 
EJOT’s JA3 and JZ3 metal-roof–mounting systems utilize a 
gasketed headless hanger-style bolt to penetrate the rib or 
crown of the roofing, leaving an exposed threaded stud above 
the roofing surface. Hanger bolts with different thread pat-
terns that are compatible with metal, wood or concrete fram-
ing members are available. The attachment system utilizes 

EVEREST SOLAR SYSTEMS
FLAT ROOF SYSTEMS

D-DOME SYSTEM 

Everest Solar Systems, LLC

info@everest-solarsystems.com
www.everest-solarsystems.com
Tel 760.301.5300

Product images are for illustrative purposes only. 
Specifi cations are subject to change without notice.

In the same square foot of 
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¬          Refl ective gain during peak sun
¬          Simple, easy, low cost installation

For power output comparisons from multiple 
US cities, please request the 
3rd party Everest D-Dome 
Power Output white paper 
by visiting us at: 
http://www.everest-solarsystems.
com/contact.html#submited
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two washers to support and seal the roof penetration. Product 
variations are available for use with trapezoidal or corrugated 
metal roofing panels.

MOUNTING SYSTEMS 
The Tau racking system from Mounting Systems can be used 
to attach both framed and frameless modules on trapezoidal 
metal roofs with a maximum pitch of 20°. The system’s base 
rails that support and secure the modules are run perpendicu-
lar to the roofing panel ribs and are attached to either the top 
or sides of the rib, depending on the clip used. Top clips are 
typically used on low-rise trapezoidal roofing, but side clips 
are also available. EPDM pads are included with the mounting 
solution for penetration sealing underneath the clip. Both clip 
types use gasket-head self-drilling metal screws to secure the 
clips to the roofing material.

PMC INDUSTRIES
The two-piece AceClamp from PMC Industries provides a 
penetrationless attachment for mechanical-lock and snap-
lock standing seam roof profiles. The two-piece design allows 
installation of the clamp over wide-profile seams. A top-down 
setscrew clamps the two pieces around the seam. A threaded 

hole in the top of the clamp accepts hardware for L-foot or rail 
mounting, making the attachment system compatible with 
most racking solutions.

S-5! 
In addition to penetrationless seam clamps for standing 
seam metal roofing, S-5! also offers attachment solutions for 
exposed fastener roofs. The CorruBracket and ProteaBracket 
products each come with factory-applied butyl sealants to 
prevent water intrusion at the penetrations used to secure 
the brackets to the roof ’s substructure. The CorruBracket is 
designed for ¾- and ⅞-inch corrugated roof profiles, and its 
patented design protects the butyl sealant from UV exposure. 
Bolts are not included with the CorruBracket and must be 
purchased based on the application. S-5!’s ProteaBracket has 
two flat plates that hinge open to adjust and connect to the 
angled sides of trapezoidal roof ribs. The bracket is attached 
directly to the roofing panels using hardened drill-point S-5! 
screws (included).

SCHLETTER 
Schletter manufactures roof-attachment solutions for standing 
seam, trapezoidal and corrugated metal  C o n T i n U e D  o n  pa g e  4 2 

Pitched-Roof PV
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roofs. The company’s nonpenetrating seam clamps have a 
two-piece design that connects to different manufacturer-
specific roofing profiles, as well as standard L- and T-shaped 
profiles. For corrugated roofs, Schletter offers a self-sealing 
hanger bolt and a bridging solution that spans adjacent 
crowns to ensure alignment with the substructure while 
providing the necessary rail-mounting locations. Two addi-
tional trapezoidal roof-attachment solutions that fasten to 
the sides of the roof ribs are also available. The Fix 2000 Trap-
ezoidal Clamp is designed for bottom- or side-mount rails, 
whereas the VarioFix-V Trapezoidal Sheet Metal Attachment 
connects to a specified base-rail system. Schletter also offers 
its FixPlan Attachment Element, a hanger bolt with a large 
sealing gasket for flat metal roofs.

SNAPNRACK 
For standing seam metal roofs, SnapNrack offers the Series 
500 Standard and Wide Standing Seam Clamps. The clamps 
are compatible with most seam profiles. SnapNrack also 

manufactures an attachment solu-
tion for corrugated and trapezoidal 
metal roofing. The Corrugated Roof 
Block is designed to bridge the roof-
ing panel’s rib or crown and align 
roof penetrations over the localized 
high point on the roofing material. 
The upside-down U-shape of the 
Corrugated Roof Block helps trans-
fer the loads to the valley. An L-foot 
or rail is installed on top of the block 
and uses the same fastener that 

secures the roof block to the roof ’s substructure.

SUNMODO 
Sunmodo’s Corrugated Roof Bracket with gasket was devel-
oped for trapezoidal and corrugated metal roof profiles. The 
bracket aligns predrilled holes above the high point of the 
roofing rib to keep penetrations out of the roofing valleys.  
A slotted flat plate extends vertically above the bracket to pro-
vide a point of attachment for mounting rails. The orientation 
of the mounting plate allows side-mounted rails without an 
L-foot. Bottom-mounted rails require additional hardware for 
attachment. Sunmodo also offers a gasketed sealing washer 
for applications where hanger bolts or L-feet are connected 
directly to the flat section of a metal roof. For standing seam 
metal roofs, the EZ Universal Standing Seam clamp series 
consists of four clamps designed for different seam profiles. 
Each clamp attaches to the seam with four setscrews and 
has a threaded hole on top to accept hardware for L-foot or  
bottom-mount rail attachment.
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Tommy Jacoby / Jacoby Solar Consulting /  

 Austin, TX / tommy@jacobysolar.com

Resources
Conergy / 888.396.6611 / conergy.us

Creotecc US / 831.438.9000 / creotecc.us

Daetwyler Clean Energy / 704.659.7474 / 

  daetwylerce.com

DPW Solar / 505.889.3585 / dpwsolar.com

DynoRaxx / 866.620.2410 / dynoraxx.com

EcoFasten Solar / 877.859.3947 /  

 ecofastensolar.com

EJOT (ATF Inc.) / 847.933.8588 / ejot-usa.com

HatiCon Solar / 866.489.4472 / haticonsolar.com

IronRidge / 800.227.9523 / ironridge.com

Legrand / 877.295.3472 / legrand.us

LevelOne / 248.322.8444 / levelonesolar.com

Lumos Solar / 877.301.3582 / lumossolar.com

Mounting Systems / 855.731.9996 /  

 mounting-systems.us

PMC Industries / 860.351.0686 / pmcind.com

Polar Racking / 519.915.7600 /  

 polarracking.com

Professional Solar Products / 805.486.4700 /  

 prosolar.com

PV Racking / 610.990.7199 / pvracking.us

Quick Mount PV / 925.478.8269 /  

 quickmountpv.com

Renusol / 877.847.8919 / renusolamerica.com

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

Schletter / 520.289.8700 / schletter.us

Schüco USA / 877.472.4826 /  

 schueco.com/web/us

S:Flex / 303.522.3974 / sflex.com

Silicon Energy / 360.618.6500 /  

 silicon-energy.com

SnapNrack / 877.732.2860 / snapnrack.com

Solar SpeedRack / 888.275.2249 /  

 solarspeedrack.com

Sunmodo / 360.844.0048 / sunmodo.com

Unirac / 505.242.6411 / unirac.com

Unistrut / unistrut.us

Westinghouse Solar / 888.395.2248 /  

 westinghousesolar.com

Zep Solar / 415.479.6900 / zepsolar.com

Zilla / 855.670.1212 / zillarac.com

Hinged, nonpenetrating clamp  
SnapNrack’s Series 500 Standing 
Seam Clamp system is engineered 
to attach to multiple standing seam 
metal roof profiles. Two clamp size 
options are available, Wide and 
Standard. The hinged clamps are 
compatible with a variety of single- 
or double-rolled standing seam 
roofing panels.

Pitched-Roof PV
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T
he influence of power purchase 
agreements and leases in the PV 
market illustrates how financing 
plays a pivotal role in the growth 
of the US solar industry. A funda-

mental challenge with implementing these 
financing models in the solar water heating 
(SWH) market segment is quantifying the 
energy a given system produces or offsets. For 
billing purposes, developers of third-party 
ownership models and utilities must be able 
to accurately account for the value of energy 
delivered by solar heating systems.

The inclusion of solar heating systems in a state’s renew-
able portfolio standard also creates a need for accurate heat 
metering. To meet requirements for renewable portfolio 
standards, utilities use renewable energy credits to quantify 
renewable energy production. Where they are basing these 
credits upon actual solar heating system output, a heat meter 
is required.

Unfortunately, measuring the energy residential and com-
mercial SWH systems produce is not always a straightforward 
exercise. The cost of heat metering equipment can be prohibi-
tive in small systems, and proper equipment selection and 
installation are essential to obtaining accurate heat production 
data. To complicate matters, the US currently lacks a standard 
for solar heating system metering. Policy makers, utilities and 
system integrators must rely on European standards that often 
result in some confusion in the US market.

This article introduces solar heating contractors to the 
components used in heat metering systems and provides 
information on component selection and installation. It also 
includes perspectives from industry stakeholders who oversee 
utility incentive programs, are active in developing a US stan-
dard for heat metering or have experience with these systems 
as equipment manufacturers or installers.

Solar Heat Meter Subassemblies
Heat meters often require three measurements, including flow 
rate and two reference temperatures to quantify heat. Current 
international heat metering standards refer to the equipment 
used to measure these data as subassemblies. A complete heat 
meter consists of a calculator subassembly, a temperature-sen-
sor pair subassembly and a flow sensor subassembly.

CALCULATOR 
A calculator utilizes the system flow rate, two temperature 
readings and the characteristics of the heated fluid to deter-
mine the amount of heat a solar heating system produces. The 
calculator uses the flow rate to determine the volume of the 
heated fluid, and the density and specific heat to quantify the 
heat-carrying capacity of this volume of fluid at an observed 
temperature difference.

This relationship can be described as follows:

 Q = V γ c ΔT

where Q is the heat flow in BTU, V is the volume of fluid in 
gallons, γ is the density of the fluid in pounds per gallon, c is 
the specific heat of the fluid in BTU per pounds per °F and ΔT 
is the change in temperature of the fluid in °F.

The calculator must account for the variation of density 
and specific heat based on the type of fluid in the system 
and the temperature of the fluid. A database within the heat 
meter’s calculator subassembly contains these properties.

The calculator also provides an interface for viewing or 
transmitting system data. Some meters accumulate data and 
store the information in their internal memory. Others use an 
SD card or can be networked to allow remote monitoring and 
data storage. Advanced differential controllers may include a 
calculator subassembly within their programming and can be 
connected directly to temperature and flow sensors.

TEMPERATURE-SENSOR PAIR
Resistance temperature detectors (RTDs) are commonly used 
with heat meters due to their accuracy and long-term stabil-
ity. Two common RTDs used in heat meters are PT100 and 
PT500 sensors. Silicone and solid-state semiconductor-based 
sensors may also be used.

By Vaughan Woodruff

Quantifying
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The temperature-sensor pair must accurately measure the 
temperature differential between two points in the system. 
This requires accuracy specifications for the individual sen-
sors and specifications that quantify how the accuracy of the 
paired sensors varies based on the temperature differential 
between the two reference points.

The electrical resistance of RTDs varies in response to 
temperature. As temperature increases, so does the electri-
cal resistance. RTD resistance outputs are expected to corre-
spond with a specific equation that defines this relationship. 
Individual sensors are rated and classified based on the sen-
sors’ performance in relation to this equation. The sensor 
manufacturer typically provides a specification for the level 
of measurement accuracy. Standards-compliant heat meters 
utilize calibrated and tested temperature-sensor pairs.

FLOW SENSOR 
Measuring flow in a solar heating system is a difficult 
endeavor because the flow rate of a fluid varies based on its 
temperature. For example, water and glycol solutions have a 
higher viscosity at colder temperatures. Thus a fixed-speed 
pump sees fluctuations in the flow rate depending upon fluid 
temperature. Meters installed on systems with variable speed 
pumps or on the cold-water service to a tank see greater vari-
ations in flow.

Flow also varies across a cross-section of tubing. The walls 
of the tubing resist flow, which leads to larger fluid velocities 
in the center of the tubing than along the edges. The proximity 

of fittings and valves can have a significant impact on the vari-
ability of flow across a section of tubing, as can the type of flow.

For purposes of heat metering, the flow sensor must be 
capable of accurately measuring the average flow rate through 
the system. SWH systems use several types of flow sensors for 
this purpose. 

Vortex-shedding flow sensors. A vortex-shedding flow sen-
sor features a bluff body, which is typically a post in the center 
of the flow channel, to create turbulence. The turbulence in 
turn creates a series of vortices that move past the flow sen-
sor, which utilizes a proprietary membrane that deflects with 
changes in pressure. A circuit board in the flow sensor mea-
sures the frequency of these deflections to determine the sys-
tem flow rate.

Impeller flow sensors. These flow sensors utilize an impeller 
driven by the fluid in the body of the flow channel. Much as 
with a standard water meter or an odometer, the rotation of 
the impeller drives a gear train that turns dials to register the 
volume of fluid that passes through the device. The dials can 
be configured with a magnet that allows the device to send 
a digital signal to a calculator, which translates these pulses 
into a flow rate. The design of the flow sensor’s body varies 
depending upon the manufacturer and model. Some impeller 
flow sensors utilize a fully open flow chamber, while others 
redirect the flow through a series of chambers to stabilize the 
flow for more accurate measurement.

Ultrasonic flow sensors. An ultrasonic flow sensor measures 
the speed at which a fluid transmits sound  C o n T I n u e d  o n  pa g e  4 8 

Calculators  A calculator, like this bank of ONICON units, 
utilizes the system flow rate and two temperature readings to 
measure heat production. It also provides an interface for data 
viewing, storage and networking.
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Temperature-sensor pair  In solar heating systems, like this 
one installed by Regenesis Power, the temperature-sensor pair 
must accurately measure the temperature differential between 
two points in the system. Standards-compliant heat meters 
utilize calibrated and tested temperature-sensor pairs.
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energy between two points in a piping path. Two transducers 
send and receive the ultrasonic wave between one another. 
The sensor determines system flow based upon a compari-
son of the speed at which the sound energy travels from one 
transducer to the other. It uses the difference in transit times 
between these two waves to calculate the system flow rate.

Electromagnetic flow sensors. An electromagnetic flow sen-
sor creates a constant magnetic field across the cross-section 
of a flow channel. Electrodes installed on the inner wall of 
the flow channel measure the voltage that the fluid induces 
as it passes through this magnetic field. As the fluid flows 
through the magnetic field, the electrically charged particles 
separate in the flow channel and form a voltage between the 
electrodes. The sensor measures this voltage to determine the 
system flow rate.

You must consider three primary ratings when selecting 
an appropriate flow meter for a given application. The upper 
limit defines the highest flow rate the 
sensor can measure without exceed-
ing its maximum tolerance for accu-
racy. For accurate measurement, the 
system flow rate should reach this 
upper limit for less than 1 hour per 
day and less than 200 hours total 
per year. The permanent flow rating 
is the highest continuous flow rate 
at which a flow sensor maintains 
its rated accuracy. The lower limit 

defines the minimum flow rate at which the flow sensor main-
tains its rated accuracy.

The ratio of the permanent flow rating to the lower limit 
is referred to as the turndown ratio. For example, a flow sen-
sor with a 10:1 turndown ratio and a permanent flow rating of  
20 gpm can measure flows as low as 2 gpm within its rated 
accuracy. The turndown ratio is a significant consideration 
when selecting a flow sensor. Flow sensors are most accurate 
when the system flow rates approach the permanent flow rat-
ing for the sensor. As the flow rate approaches the lower limit, 
the flow sensor’s accuracy decreases.

Selecting a Heat Meter
Cost is a significant consideration when selecting a heat 
meter. The use of an electromagnetic flow sensor for a resi-
dential SWH system could add 30% to the cost of the sys-

tem. In comparison, for a large 
commercial sale-of-energy project, 
an electromagnetic flow sensor 
might represent less than 5% of the 
installed system cost. Depending 
upon the level of accuracy required, 
using an electromagnetic flow sen-
sor could be appropriate for large 
commercial applications.

Due to their relative cost and 
varying degrees  C o n T I n u e d  o n  pa g e  5 0 

C
o

u
rt

e
sy

 R
e

g
e

n
e

si
s 

p
o

w
e

r 
a

n
d

 K
a

m
st

ru
p

Flow-pattern monitoring Some 
ultrasonic flow sensors use transduc-
ers strapped on the outside of the 
pipe. The installer must calibrate the 
distance between the transducers for 
proper operation. Flow sensors are 
often used to determine the flow pat-
terns in commercial applications prior 
to the system design process.

Ultrasonic flow sensor  Ultrasonic flow sensors, 
like this one manufactured by Kamstrup, utilize two 
transducers to measure the speed at which a fluid 
transmits sound energy between two points in a 
piping path. The sensor determines system flow 
based upon a comparison of the speed at which 
the sound energy travels from one transducer to 
the other.
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Collector area  
(m2/approx. sq. ft.)

recommended 
 accuracy (%)

1,000/10,800 ±2

500/5,400 ±3

100/1,080 ±4

50/540 ±5

10/110 ±10

Table 1: Heat Meter Accuracy
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model Flow Sensor type
Pipe Size 

(in.) Paired Sensors
Conforms to  

intl. Standards
recommended 

application Data and networking
estimated 
retail Cost

Steca TR A503 TT vortex shedding ¾ silicone;  
in-flow channel 
(integrated into 

flow and pressure 
sensors)

no residential and 
light commercial

mini SD card; requires 
extra equipment for 

connection to network 

$800

RESOL WMZ-G1 vortex shedding ¾ silicone;  
in-flow channel 
(integrated into 

flow and pressure 
sensors)

no residential and 
light commercial

requires additional 
hardware for SD 

card datalogging or 
connection to network

$1,000

IMC EMP1 impeller ¾–2 precision 
thermistor

yes residential and 
commercial

network connectivity; 
data can be stored 
on an SD card with 
additional hardware

$750–$3,000 

Kamstrup SVM F25 ultrasonic 2 PT100 yes commercial network connectivity $2,000–$2,500

ONICON F3102 electromagnetic 2 solid-state 
semiconductor

no commercial network connectivity $3,500–$4,000

Table 2: Properties of Five Representative Heat Meters
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of accuracy, flow sensors tend to drive heat meter selection. 
The European Solar Thermal Industry Federation recom-
mends the levels of heat meter accuracy shown in Table 1  
(p. 48) based on the size of the collector array.

In many cases, industry professionals can use current 
international heat meter standards to verify the accuracy 
of heat meters in the US market. In some markets outside 
the US, heat meter manufacturers classify their products as 
Class 1, 2 or 3 ( from most accurate to least accurate) based 
on the cumulative errors of the calculator, flow sensor and 
temperature-sensor pair within specified ranges of tem-
perature and flow. However, determining the classification 
of meters available in the US is not always possible. Table 2  
(p. 49) lists a range of specific details for five commonly used 
heat meters, including flow sensor type, pipe size, paired 
sensor type, recommended application, data and network-
ing details, and estimated retail cost.

A recent development in SWH system metering is Sun-
novations’ Ohm Monitoring System, which uses a single 
resistance-type temperature sensor. This sensor measures 
fluctuations in the average tank temperature and uses an 
advanced algorithm in the calculator’s software to translate 
these fluctuations into the quantity of energy delivered to or 

extracted from a storage tank. The sensor accounts for tem-
peratures throughout the full height of the storage vessel. 
By eliminating a flow sensor and matched temperature sen-
sor, Sunnovations intends for this new product to provide 
increased measurement accuracy at a lower cost. Due to its 
unique design, the Ohm Monitoring System may require a dif-
ferent heat metering standard to certify its accuracy.

Installation and Configuration Considerations
The rated accuracy of a particular heat meter is valid only if 
the meter is correctly installed and configured. A minor mis-
take in sensor placement or calculator configuration can have 
significant consequences on measurement accuracy.

CALCULATOR 
The calculator must be properly configured to reflect the 
type of fluid in the system, the type of temperature-sensor 
pair and flow sensor, and the interval at which data from 
the system is recorded. Calculators that utilize SD cards 
for data storage do not add significant complexity to the 
installation. Using networked calculators requires a basic 
knowledge of working with IT systems.  C o n T I n u e d  o n  pa g e  5 2 
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Some calculators may require adapters for connecting to  
the local network, while others require configura-
tion of the device’s IP address. Limitations in the 
allowable length of wiring between the calculator and temper-
ature-sensor pair and flow sensor may affect the location of  
the calculator.

TEMPERATURE-SENSOR PAIR 
The placement and configuration of temperature sensors has 
a significant impact on the value of the data the heat meter 
collects. Since the temperature difference between the sensors 
is the critical data collected, installers must maintain consis-
tency with the installation of each sensor. If they immerse one 
sensor in the system fluid using a compression fitting, they 
must immerse the other in the fluid as well. Putting one sen-
sor in the fluid and placing another in an immersion well or 
strapping it to the piping can have a significant impact on the 
measured temperature differential.

Manufacturers of complete heat meters should provide 
detailed instructions on proper temperature-sensor installa-
tion, which should include:

f Orientation in the fluid path
f Depth of immersion 
f Maximum length of the lead wire between the sensor  

  and the calculator
f Minimum size of the lead wire

Electrical interference can impact the voltage readings 
from the sensors, which will in turn affect the accuracy of the 
temperature readings. Installers should use shielded wire to 
connect the sensors to the calculator to avoid unwanted elec-
trical interference.

The system flow rate also has significant influence on the accu-
racy of temperature-sensor pairs. At lower flow rates, the temper-
ature difference between the reference points  C o n T I n u e d  o n  pa g e  5 4 

VW: Why does the uS need a heat metering standard?
JC: The development of a uS heat metering standard will 

help ensure fairness in the accounting and attribution 
of the energy, as well as the financial and environmental 
benefits these energy projects and resources generate. 
Standards also help promote a quality market for metering 
products that allows manufacturers whose product meets 
the standard’s stated minimum accuracy level to compete 
on cost and features alone.

VW: What are some of the key challenges the group faces in 
the development of this standard?
JC: aSTM International’s e44.25 committee is using several 

existing international standards such as en 1434 and 
oIML R 75 as a basis for the uS heat metering standard. 
one of the primary challenges is to ensure that the stan-
dard adequately meets the requirements of the uS market 
while taking into consideration that harmonization of the 
standard across international markets is beneficial to 
manufacturers and end users alike.

VW: How will the standard differentiate between the accu-
racy of meters used for sale-of-energy projects and those 
used for nonmonetary purposes?
JC: The standard will define several accuracy classes that 

project developers, policy makers and program admin-
istrators can specify for heat meter instrumentation, 
depending on their circumstances. For situations where 

revenue-grade metering is required, the standard will 
define a meter class with maximum permissible errors  
in the range of 2% to 3%. Similarly, the standard will  
also accommodate accuracy classifications for instru-
ments where a high level of accuracy may not be desir-
able or necessary.

VW: What are the overall goals for the standard?
JC: one primary goal is to increase the confidence of policy 

makers, investors, financers and end users in the benefits 
delivered through solar heating and cooling technologies. 
The standard will also help ensure market consistency, 
as instrumentation eligibility requirements are determined 
through state incentive or renewable portfolio standards.

VW: Will the standard impact solar heating project developers 
and in what way?
JC: developers will increasingly see state policy makers and 

incentive program administrators reference the standard 
in their program requirements as a way to define eligibility 
of heat meters that arbitrate the exchange of energy for 
payments between parties. The standard will also allow 
the industry to explore emerging financial structures that 
depend on accurate metering, such as third-party owner-
ship of solar heating and cooling systems.

VW: When is the standard likely to be adopted?
JC: The subcommittee would like to ballot a final standard by 

the end of 2013. {

Heat Meter Standard Development
In late 2010, the uS environmental protection agency (epa) initiated the development of a heat metering standard. James Critch-
field is the director of Renewable energy Technologies at the epa and is coordinating development of the aSTM Standard.
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in the system is greater than at 
higher flow rates. When the tem-
perature difference between the 
sensors is greater, the accuracy 
of temperature-sensor pairs is 
greater. For instance, when the 
temperature difference is 25°F, the 
maximum margin of error for two 
paired sensors with a maximum 
permissible deviation of 0.2°F per 
sensor would be 1.6% (0.4°F versus  
25°F). At a temperature differ-
ential of 10°F, the same sensors 
would have a margin of error of 
4% (0.4°F versus 10°F).

FLOW SENSOR 
Flow sensors may introduce constrictions into the flow path 
of the fluid. Bluff bodies and impellers impede flow, as do the 
flow channels through various sensors. When the flow chan-
nel has a smaller diameter than the system piping or the flow 

channel utilizes multiple cham-
bers to stabilize flow, the drop 
also requires consideration.

Fittings, pumps and valves 
affect the distribution of flow 
within a pipe. For accurate mea-
surement, the flow needs to be 
stabilized before it enters the 
sensor’s flow channel, or the 
flow channel itself must stabilize 
the flow. For example, certain 
types of impeller flow sensors do 
not require a straight length of 
upstream pipe prior to the sen-
sor’s flow channel because the 

flow channel is constructed of multiple ports to stabilize the 
flow as it strikes the impeller. Table 3 provides installation and 
placement recommendations for four flow sensors commonly 
used in metered SWH systems.

Like other SWH components, flow sensors must be able 
to withstand the design temperatures and pressures for the 

VW: How does your utility rebate program use heat metering?
JD: SRp’s solar incentive program uses heat metering to 

account for the offset of fossil fuel in solar heating systems 
installed by our customers. SRp provides a financial incen-
tive to these customers in exchange for the renewable attri-
butes associated with the system’s savings over a 20-year 
period. In our last fiscal year, SRp offered $2 million for com-
mercial solar heating customers and $2 million for residen-
tial customers. The onetime incentive was $0.45 per kWh 
based on the og-300 rating for residential systems or the 
first 12 months of metered energy in the case of commercial 
systems. SRp requires the customer to purchase and install 
a BTu meter approved by SRp to receive the incentive.

VW: How important is the development of a uS heat metering 
standard to SRp?
JD: SRp as a utility completely supports the effort to cre-

ate a uS heat metering standard. We have struggled with 
unhappy customers when heat meters have failed during 
the 12-month test period. We have also had some level of 
consternation over the accuracy of BTu meters given the 
lack of certification or validation in some cases. 
 

VW: What challenges have you had with integrating heat 
metering into your program?
JD: SRp has had issues with incorrect installation of heat 

meters. We have encountered meters unplugged from 
wall sockets and meter impellers plugged with debris. We 
have had thermistor wells fail and fill conduits and even-
tually the calculator with water. We have seen electronic 
interference result in “ghost” BTus. We invariably have 
solar vendors who want to install the meter in the solar 
loop to get the best production values for their installation. 
However, SRp is interested in the amount of fossil fuel the 
solar appliance is offsetting. as such, we require the heat 
meter to be installed on the load side of storage tanks 
and heat exchangers.

We have been experimenting with dataloggers and 
wireless modems on a pilot basis in an attempt to improve 
the customer experience with our program. It is no fun to 
show up to read a BTu meter after 12 months to find that 
a solar pump failed in the first month. We have been meter-
ing systems since 2008 and have become more comfort-
able with commercial systems. as a result, we now provide 
40% of the expected incentive at commissioning to help 
commercial customers with cash flow. {

A Utility Representative’s Perspective
Salt River project (SRp) is an electrical utility that serves customers in the greater phoenix, arizona, area. By 2020, SRp plans 
to have clean energy sources account for 20% of its retail electric sales. as part of this goal, SRp provides rebates to resi-
dential customers who install SWH systems that have been certified to the Solar Rating & Certification Corporation’s og-300 
protocol. SRp also provides rebates to commercial projects that utilize rated collectors and heat meters. Joel dickinson is the 
senior engineer for SRp’s Solar Initiatives and a member of the aSTM e44.25 Heat Metering Standard committee.

min. length of Continuous Piping 
measured in Pipe Diameters 

(D)

Sensor Type Upstream Downstream

Grundfos VFS 
Direct Sensor

vortex shedding 51 2

IMC FLPM 
Series

impeller 3 2

Kamstrup SVM 
Ultraflow 54

ultrasonic none none

ONICON F3100 electromagnetic 3 2

Table 3: Flow Sensor Installation

1 10 x D if a pump, valve or tee is upstream
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system. This is of particular impor-
tance in antifreeze systems, where 
the flow sensor could be subjected 
to steam and high pressures during 
stagnation. Flow sensors used in anti-
freeze systems must also be compat-
ible with glycol. The documentation 
for some flow sensors specifies the 
maximum concentration of glycol in 
the solution or even goes as far as specifying the exact type of 
propylene glycol the sensor manufacturer allows.

Certain types of flow sensors are sensitive to air and par-
ticulates. As a result, some flow sensors have an integrated 
screen or require the installation of a separate screen or dirt 

trap. To alleviate issues with air, install-
ers should not place flow sensors at high 
points in system piping. Some manufac-
turers suggest installing the flow sensor 
at a dip in system piping to reduce the 
sensor’s exposure to air. In all cases, thor-
oughly reading and understanding the 
installation details in the sensor’s product 
manual goes a long way toward ensuring 
proper sensor function and the accuracy 
of the collected data.

The Benefits of Heat Metering
For those solar heating contractors who 
have yet to work with heat meters, the 
learning curve may be challenging. It is 
important to recognize the nuances of 

calculators, flow sensors and temperature-sensor pairings 
in the design and installation of solar heating systems. With-
out proper consideration of equipment accuracy, installa-
tion requirements and the limitations of specific heat meter  
designs, the meter may produce flawed  C o n T I n u e d  o n  pa g e  5 8 

Integrated heat metering  Several 
factory-manufactured commercial 
pump stations include integrated 
heat metering components. The 
SuperVox pump station from Solar 
Hot USA includes Grundfos Direct 
Sensors for measuring flow 
and temperature.
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VW: What are the primary factors that affect the field accu-
racy of flow sensors used in heat metering?
LF: Improper flow distribution across the face of the pipe 

they’re measuring and the turndown flow range at mini-
mum flow.

VW: What approach have you taken to select flow sensors for 
your devices?
LF: We have selected a chambered flow meter that can accom-

modate the distortions in cross-sectional velocity distributions 
due to valves, tees, elbows and other fittings. The chamber 
corrects most of the flow error these disturbances cause.

VW: What are the design criteria for temperature-sensor pairs 
used in heat meters?
LF: Temperature-sensor pairs have to track temperature from 

ambient to 200°F with almost no error. For an oIML Class 
2 sensor pair with a minimum differential temperature of 
4°F, the maximum tracking error is 0.14°F between sen-
sors. This requires they be matched with high precision.

VW: What types of sensors meet these standards? How must 
they be installed?
LF: Many types of sensors can meet these standards; however, 

they must be tested and verified with nIST traceable instru-
mentation. a calibration certificate showing their error at their 
critical points of operation must accompany the sensors. In 
general, the sensors have to be directly exposed to the fluid, 
and the entire installation around the sensors has to be very 
well insulated. The geometry of installation between sensors 
must also be identical.

VW: How do your calculators address the changing proper-
ties of water and glycol solutions at various temperatures?
LF: We have stored certified glycol-water laboratory tables 

in the calculator that describe the properties for common 
types of glycols at various temperatures and densities. 
The calculator draws data from these tables each time 
the energy metering valuation is executed—typically 
every 2 seconds. {

A Heat Meter Manufacturer’s Perspective
Louis Frias is the president of IMC Instruments in Wittenberg, Wisconsin. Frias is heavily invested in the development and test-
ing of heat meters used in the uS market. He also is a member of the aSTM e44.25 Heat Meter Standard committee.
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energy production data. In addition, familiarity with current 
international heat metering standards, working with repu-
table meter manufacturers, and meeting the requirements of 
funding entities such as utilities are key components to a suc-
cessful installation.

As the demand for heat metering increases within the 
solar heating industry and more meters become available 
in the US market, designers, developers and installers will 
need to stay up-to-date with the latest product offerings and 
advancements. Existing international heat metering stan-
dards and the developing US standard will be instrumental in 
clarifying the field for solar heating professionals involved in 
projects that require metering.

Some solar heating contractors may see heat metering as an 
unnecessary burden. While the inclusion of heat meters does 
add some complexity, it can provide the assurance policy mak-
ers and investors require to implement financial instruments 
capable of expanding the solar heating industry. By quantifying 
the benefits of SWH systems, heat meters may play a key role in 
the expansion of the US solar heating market.

g C O N T A C T

Vaughan Woodruff / Insource Renewables / Pittsfield, ME /  

 vwoodruff@insourcerenewables.com / insourcerenewables.com

Resources

Alpha Thermal Systems (authorized RESOL US dealer) / 508.943.6000 / 

alphathermalsystems.com

flowIQ (Kamstrup US affiliate) / 404.835.6716 / flowiq.com

Grundfos Direct Sensors / grundfos-directsensors.com

IMC Instruments / 715.253.2801 / imcinstruments.com

ONICON / 727.447.6140 / onicon.com

Solar Hot USA / 919.439.2387 / solarhotusa.com

Steca / steca.com

Sunnovations / sunnovations.com

VW: What types of projects do you meter?
DJ: In Wisconsin, we meter SWH systems installed at several 

correctional facilities and universities, and a system for an 
indoor pool. We also meter a system that preheats the 
makeup water for a steam plant. In Florida, we have heat 
meters installed on commercial-scale systems at col-
lege dormitories and a fire station. In addition, we meter 
residential systems as part of the Lakeland electric Solar 
Water Heating program.

VW: What is the primary purpose for metering these projects?
DJ: Income. all of our commercial-scale systems are sale-of-

energy projects that require meters for billing purposes. In 
Wisconsin, we read the meters quarterly and bill based on 
the kilowatt-hour production of the system. We bill at 10% 
less than what the customer would have otherwise paid to 
heat the water. In Florida, we bill our residential systems at 
a flat rate. our partners at Lakeland electric read the sys-
tem heat meters monthly to quantify the ReCs each system 
produces and to verify its operation.

VW: How do heat metering standards affect your work?
DJ: our contracts require us to install an en 1434–compliant 

meter. en 1434 is a european standard that requires ongo-
ing meter calibration. This raises questions about ongoing 
costs, as well as where to get the equipment calibrated to 
maintain the standard over a project’s 20-year contract.

VW: What are the primary challenges you have had with  
heat metering?
DJ: Remote reading of the meters is a challenge. at times, 

network firewalls prohibit system monitoring. Meters and 
monitoring systems need to be power cycled to reset com-
munications and allow us to read the meters remotely. Some 
of the meter communications have gone down for a month 
at a time. also, the language in the contract for metering 
is extremely important. our responsibility is to verify that a 
meter is functional, and we have detailed remedies for times 
when there is no data available or a meter fails. often this 
requires reliance on historical system production data and 
a mutually agreeable resolution should there be a dispute in 
the metering data. {

A System Developer’s Perspective
dell Jones is the senior vice president for Regenesis power. Regenesis has developed sale-of-energy solar heating projects in 
Wisconsin and Florida and oversees the Lakeland electric Residential Solar Water Heating program in Lakeland, Florida.

Flow sensor placement  Fittings, pumps, valves and bends 
affect the distribution of flow within a pipe. Manufacturers 
such as Grundfos Direct Sensors specify required continuous 
piping distances before and after the sensor to promote accu-
rate flow measurement.  
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& Its Effect on Utilities 

By Dave Click, PE, and Bob Reedy, PE

Perspectives from  the Other Side of the Meter

PV Generation

 The PV industry depends on a  stable electric power system. 
    Fortunately, PV systems  can facilitate an electric grid that is more  
       reliable and  intelligent than today’s. 
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G iven that PV installers and designers focus on 
optimizing system efficiency, ensuring electri-
cal safety, evaluating structural adequacy and 
so forth—while constantly looking for oppor-
tunities to improve the value proposition to 

clients without compromising reliability—it is no surprise 
that they tend to treat the impact distributed power genera-
tion has on the electric power system as an afterthought.

From the point of view of PV project developers, engineers 
and contractors, 100-page interconnection agreements, long 
review periods and much-feared impact studies—which can 
delay or even derail a proposed PV system—may seem like 
unnecessary obstacles. However, if industry professionals 
ignore the challenges that increasing amounts of PV penetra-
tion present for grid operators, it is at their own peril. Grid sta-
bility is essential to the reliable operation of the systems they 
design and deploy, and the long-term success of the PV indus-
try depends on its ability to provide value to grid operators 
rather than create new problems. 

In this article, we discuss the basic architecture of the elec-
tric power system in the continental US. We present some of 
the challenges utility engineers will likely face in the future 
and explain why the growth of distributed renewable energy 
systems could exacerbate some of these. Finally, we explain 
why we expect PV systems to defy conventional wisdom and 
become an essential part of the solution for grid operators by 
providing benefits that ultimately lead to a more reliable and 
intelligent grid. 

UTiliTy STrUcTUre 
The basic architecture of the existing electric power grid 
is essentially the same today as it was 100 years ago, with 

centralized generation sources pushing power out to a wide 
variety of loads. While the first electric power grid used low-
voltage direct current and served only a few city blocks, today’s 
electric power system is many orders of magnitude larger and 
is standardized around alternating current. 

As the electric grid expanded from its origins in downtown 
metropolitan areas, utility service areas increased. Eventually, 
adjacent utilities were able to interconnect previously auton-

omous grid systems and provide more-reliable service 
by sharing excess generation capacity. Today, the elec-
tric power system is highly interconnected, consisting 
of three independently synchronized grids: the Eastern 
Interconnection, the Western Interconnection and the 
Electric Reliability Council of Texas. 

As summarized in part one of an MIT study, “The 
Future of the Electric Grid” (see Resources), “The elec-

tric power system is composed of four interacting physical 
elements: energy generation, high-voltage transmission, 
lower-voltage distribution and energy consumption.” The 
electric power system originates with large centralized 
power plants, located far away from most electricity con-
sumers. These generation sources feed step-up transformers 
that output transmission-level high voltages, ranging from 
34.5 kV to 800 kV, which facilitate long-distance transmis-
sion paths to utility substations located in the vicinity of 
the electric load. Distribution transformers located at these 
substations step transmission-level voltages down to the 
medium-voltage levels used in distribution lines, typically in 
the 12 kV to 25 kV range. 

At this point, the structural design of the electric power sys-
tem generally changes from a mesh of redundant bidirectional 
transmission paths to radial circuits fed from distribution sub-
stations, as shown in Figure 1 (p. 62). These lower-voltage lines 
are much easier for utilities to manage. They allow for the use 
of relatively inexpensive customer-sited transformers that step 
the voltage down further to low-voltage levels (under 600 V) for 
commercial and residential consumers. Under normal opera-
tion, power flows in one direction, from the point of generation 
through transformers, switching devices and miles of conduc-
tors before finally reaching the load. 

Perspectives from  the Other Side of the Meter

 The PV industry depends on a  stable electric power system. 
    Fortunately, PV systems  can facilitate an electric grid that is more  
       reliable and  intelligent than today’s. 
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In addition to describing these physical elements, the 
authors of the MIT report also identify “operational, regu-
latory and governance structures” that are essential to the 
management of the electric grid. They explain, “Two less 
tangible elements are also important: the operational sys-
tems that protect and control the physical elements, and the 
regulatory and governance structures that shape the sys-
tem’s evolution.”

While the interconnected nature of the electrical power sys-
tem greatly improves system reliability, it can also allow a fault 
in one area to cascade through other areas. For example, the 
August 2003 blackout that affected the northeast portion of the 
Eastern Interconnection began with the unexpected shutdown 
of a power plant in Ohio. Losing this single plant had a cascad-
ing effect, and neighboring plants tripped off-line as they failed 
to meet the new load requirements. 

Thanks to automatic and manual protective schemes, 
outages like this are extremely rare. Devices like high-power 
circuit breakers and frequency and overload relays ensure 
impressive grid stability and reliability. Among other capabili-
ties, these devices can shed loads to stabilize the grid when 
power generation drops. (Better load-shedding capabilities 

would have limited the 2003 blackout to a minor and 
brief outage in Ohio alone.) 

The US electric power grid consists of at least 10,000 
traditional generator units providing energy across 
more than 6 million miles of transmission and distribu-
tion lines to greater than 3,200 distribution organiza-
tions and on to more than 140 million customers. Yet 
its basic architecture dates from the late 1800s. The 
fact that grid operators can achieve 99.9% system reli-
ability—equivalent to 8.8 hours of power outage per 
customer per year—while maintaining service voltages 
within 3% of the service rating, as required by ANSI 
standards, is a major engineering accomplishment.

UnderSTanding The cUlTUre oF caUTion 
PV professionals are often frustrated by the regulations 
and reviews they must navigate to shepherd a project 
from proposal through commissioning. While some of 
these requirements clearly need review, revision and 
consolidation, as an industry we also need a better 
understanding of the challenges facing utility operators 
and the nature of their concerns regarding distributed 
renewable energy resources. 

Power system protection engineers are charged with 
designing the sensors, fault detectors and control strat-
egies that must protect equipment from damage and 
prevent injury to people—all while reliably providing 
high-quality power. Like all engineers, they must make 
tradeoffs between cost and reliability, sensitivity and 
security, fail-safe and fail-often, and so forth. However, 

the consequences of their decisions have particular weight, 
and the resulting culture of caution may create a resistance 
to change, even after technological improvements have been 
shown to effectively eliminate certain risks.

Imagine the emotional stress associated with the elec-
trocution of a passenger or a rescue worker after a car acci-
dent. Being in some way responsible for a death caused by 
a downed and energized power line after a storm would be 
even worse. This concern is the impetus for the anti-islanding  
features built into interactive inverters. Now imagine the pres-
sure associated with the potential for economic damage to a 
business due to a circuit outage. While less traumatic than 
personal injury, economic damage is far more common. A big 
box retailer that just lost power is unlikely to accept “reverse 
overload” as an excuse, even if its rooftop PV system contrib-
uted to the outage. Customers simply expect more from utility 
grid operators. 

In addition to bearing the heavy responsibility of maintain-
ing a safe operating environment for both utility personnel and 
the general public, utility operators are also expected to achieve 
99.999% reliability— equivalent to 5 minutes of power outage 
per customer per year— in spite of the fact  c o n t i n u e d  o n  pa g e  6 4  

Figure 1 The electrical distribution system today is most commonly 
made up of radial circuits that are intended to be fed from the distri-
bution substation only. While this system is generally robust enough 
to accommodate a limited amount of interconnected PV capacity 
without modification, it was not originally designed to accommodate 
distributed generation and bidirectional current flow. 
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that the US and Canada both have extremely low population 
densities relative to other developed countries, and power lines 
in rural areas are more difficult to maintain. Though distributed 
renewable energy resources provide societal benefits, these do 
not keep the lights on by themselves. 

While the distribution system is generally robust enough to 
accommodate low levels of PV penetration, it was not designed 
with distributed generation and bidirectional flows in mind. 
This means that grid operators need more sophisticated moni-
toring, communication and control systems to accommodate 
the higher levels of PV penetration and advanced overcurrent 
protection schemes expected in the future. The need is twofold: 
Both the electrical power system and the PV equipment con-
nected to it need to evolve.

diSTribUTion SySTem changeS needed 
In 2007, the US Department of Energy launched a renewable 
systems interconnection study, consisting of 15 separate 
reports, intended to identify the technical and analytical 
challenges associated with a high-penetration renewable 
energy future. Included is “Renewable Systems Intercon-
nection Study: Advanced Grid Planning and Operations” 
(see Resources), a Sandia National Laboratories report that 
looks at “issues and options for increasing the penetration 
of renewable generation.” The authors focused on identifying 
conditions that limit the interconnection of PV resources, as 
well as approaches for overcoming any inherent structural 

limitations. They identified four key issues for grid opera-
tors: voltage regulation, overcurrent protection, ground-
ing, and switching and service restoration. The industry can 
overcome the majority of these only by developing new com-
munication and control infrastructures and implementing 
strategic and tactical modifications to the structural design 
of the distribution system. 

Communications and control. In a summary of the struc-
tural limitations associated with today’s distribution sys-
tems, the Sandia report authors observe that “voltage control 
is achieved with devices (voltage regulators and capacitors) 
that have localized controls.” While these local schemes work 
well on radial circuits with a single power source, they cannot 
solve the voltage regulation problems associated with distrib-
uted power generation, two of which Figures 2a and 2b illus-
trate. Other observations in the report emphasize this need 
for improved communications and control:

P  “Minimal communication and metering infrastructure  
  is in place to aid in restoration [of service] following  
  faults in the system.”
P  “No communication infrastructure exists to facilitate  
  control and management of distributed resources  
  that could include renewables, other distributed  
  generation and storage. Without communication and  
  control, the penetration of distributed generation on  
  most circuits will be limited.” c o n t i n u e d  o n  pa g e  6 6
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Figures 2a & 2b  Voltage regulation is one potential issue associated with high levels of distributed PV penetration, according 
to the Sandia report “Renewable Systems Interconnection Study: Advanced Grid Planning and Operations” (see Resources). 
For example, the placement of distributed generation on feeders is seldom ideal. On the one hand, interconnecting a large PV 
plant too close to an upstream voltage regulator controlled with line-drop compensation, as shown in Figure 2a (left), could 
result in a low-voltage problem at the end of the feeder. On the other hand, interconnecting a large solar farm at the end of the 
feeder, as shown in Figure 2b (right), could result in a high-voltage problem in the PV plant’s export zone.
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P  “There is no communication to customer facilities to  
 allow customers and customer loads to react to elec- 
 tricity price changes, emergency conditions or both.”

To facilitate a high penetration of renewable resources in 
the future, grid operators need a smarter grid. There are 10,000 
traditional generators and approximately 200,000 PV systems 
interconnected to the utility grid today. Going forward, grid 
operators need centralized control of distributed generation 
resources and more-sophisticated control capabilities than 
they are currently employing. 

Overcurrent protection practices.  Overcurrent protection for 
electric power systems depends on the coordinated operation 
of many devices, including circuit breakers, various types of 
fuses, relays, reclosers and sectionalizing switches. Unfortu-
nately, the equipment and practices in use today were never 
intended to accommodate distributed generation. Radial 
distribution systems are designed to have power flow from 
the substation out to the load. As the Sandia report authors 
explain, “The presence of distribution-connected PV intro-
duces new sources of fault currents that can change the 
direction of flow, introduce new fault-current paths, increase 
fault-current magnitudes, and redirect ground-fault currents 
in ways that can be problematic for certain types of overcur-
rent protection schemes.” 

Power protection system engineers worry that these new 
fault-current paths may cause sympathetic tripping (a type 
of nuisance tripping) of reclosers or circuit breakers in the 
distribution system. Another concern relates to the coordi-
nation of overcurrent protection devices, which are often 
designed so that reclosable circuit breakers trip before fus-
ible links elsewhere in the circuit melt, a practice known as 
fuse saving.  New sources of fault currents could undermine 
these fuse-saving schemes, resulting in longer or more fre-
quent outages.

While a high-penetration renewable energy future clearly 
requires more-advanced protection schemes, utility engi-
neers often fail to understand that interconnected PV systems 
are inherently current limited. Whereas a conventional rotat-
ing alternator can generate six to 10 times its rated current 
in the event of a fault, a PV system can produce only a little 
over its normal rated current, and then only for a short time 
before shutdown. Utility concerns that PV infeed upsets the 
coordination and effectiveness of overcurrent protection are 
largely unfounded.

Concerns about bidirectional flows are also often over-
stated. Bidirectional power flows on a radial distribution 
feeder  occur when distributed PV begins to form a signifi-
cant percentage of the peak load on the feeder. For example, 
it is easy to imagine how rooftop PV energy might make it 
back to the substation bus in a residential area with high PV  
penetration levels on a cool, sunny weekday, when 

customers are away and loads are low. However, feeder pro-
tection schemes are normally based on the magnitude of 
current only, with fuses protecting branch circuits and over-
current detection controlling the substation circuit breakers. 
The direction of power flow is not a factor. Reverse currents 
should not cause technical problems with most feeder pro-
tection schemes so long as they do not approach the thermal 
limits of the feeder conductors. 

Grounding compatibility. In the US, a four-wire multi- 
grounded neutral grounding scheme predominates, account-
ing for more than 70% of the distribution system circuit miles. 
This practice has served as a utility design standard for low-
load-density areas since the 1930s because it provides the 
most cost-effective way of servicing rural and suburban areas. 
While grounding compatibility is a concern with rotating 
induction types of distributed generators, inverters do not 
present the same set of problems. Inverters are current lim-
ited, and their relatively high-impedance connection to the 
feeder eliminates problems associated with protection coor-
dination, fuse-saving and fault detection. The authors of the 
Sandia report conclude that advanced inverter controls and 
transformer schemes will accommodate “high-penetration 
scenarios without changing protection strategies.” 

challengeS aSSociaTed wiTh PV SySTemS 
Just as today’s electric power system will need to be smarter 
in the future, when high penetration of renewable resources 
becomes the norm, smarter PV systems are also needed. In 
March 2012, Sandia published the “Solar Energy Grid Integra-
tion Systems” report, produced by representatives of the Florida 
Solar Energy Center (FSEC) and its team members. Accord-
ing to the FSEC team report (see Resources), there are several 
disadvantages associated with today’s PV systems when con-
sidered from a utility system operator’s point of view. These dis-
advantages are summarized in the FSEC team’s introduction to 
its report as follows:

P  “A PV system is an intermittent power source, depen- 
  dent on the fluctuating sunlight local to the area in  
  which it is installed.”
P  “Conventional PV systems operate at unity power  
  factor, regardless of reactive power needs of the  
  utility network.”
P  “Due to concerns regarding unintentional islanding,  
  current interconnection standards require distrib- 
  uted PV resources to cease to export power during  
  voltage and frequency disturbances, thereby reducing  
  generation at times it is needed most.”

While these are significant challenges, the FSEC team’s 
report demonstrates that PV system designers can overcome 
all of them by incorporating advanced  c o n t i n u e d  o n  pa g e  6 8 
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inverters under utility control. Ultimately, the goal of design-
ing and deploying inverters with advanced power manage-
ment features is to ensure that utility operators view PV 
systems “as valuable resources, rather than liabilities.”

Variability. Since loads are 
inherently variable, it is not 
immediately evident to many 
in the solar industry why PV 
system variability is a big con-
cern for grid operators. How-
ever, the MIT report points out 
that European utility operators 
have firsthand experience with 
compromised grid stability due 
to the increased penetration of 
variable energy resources. The 
net load that generators need 
to support at any given time 
is equal to demand minus the 
contribution of variable energy 
resources. As the amount of 
grid-interconnected solar and 
wind increases, the net load 
“becomes noticeably more vari-
able and difficult to predict than 
demand alone.” 

The good news for PV instal-
lation professionals is that one 
of the ways to overcome some 
of the potential problems asso-
ciated with variable energy 
resources (VERs) is to install 
more of them. According to the 
authors of the MIT report, “By 
aggregating a geographically 
diverse collection of VERs, rapid 
changes in the outputs of indi-
vidual VERs are replaced by the 
slower output variations of the 
aggregated resource.”

Power factor. The utility must 
satisfy two types of loads: those 
that consume real power and 
those that consume reactive 
power. Real power, which is mea-
sured in watts, does useful work. 
Classic examples of real power 
loads include incandescent light 
bulbs and other electric resis-
tance heating elements. Reac-
tive power, which is measured in 
VAR, is unique to ac circuits and 

is a result of temporarily storing energy in inductive or capaci-
tive elements. Many of the most useful ac devices are reactive 
loads with a significant inductive component: HVAC com-
pressors, elevator motors, manufacturing  c o n t i n u e d  o n  pa g e  7 0 

Top 10 Things for Solar Professionals to  
Understand about Electric Utilities 

The Solar Electric Power Association (SEPA) is an educational nonprofit dedicated 
to helping utilities integrate solar power into their energy portfolios for the benefit of the 

utilities, their customers and the greater good. Sepa regularly gauges utility reactions to solar 
installations. Bob gibson, Sepa’s Vp of education and outreach, compiled this top 10 list of 
things solar industry stakeholders need to know as they do business with electric utilities.

1.  Many utilities that did not take solar and distributed generation seriously as 
recently as 2 years ago do so now. even utilities that have not seen much solar on 
their own power systems know it is coming. as one senior engineer recently said: “our 
executives have taken a 180° change on solar. it’s now in our long-term planning process 
and it’s considered a customer-sited energy solution.” 

2.  Utilities do not lose profits from solar, but they are concerned about losing 
revenues that cover fixed system costs and how this will affect non-solar ratepayers and 
rate increases in general.

3.  Distribution planning design can differ substantially from one electric utility to 
another, even within the same state. a more urbanized utility may use a looped design 
and high voltages, while a neighbor that serves a more rural area may rely on radial, 
low-voltage lines. the ability to accommodate increased solar penetration varies with the 
distribution design.

4.  Historically, utilities have always designed for peak loads. Most do not plan 
around—and do not measure—low loads, though it is at periods of low loads and high 
exports of pV that problems can arise in a system. 

5.  Utility engineers do know the system design basis—the protection scheme that 
ensures the safety and reliability of the distribution system—so do not try to correct them 
even if you think you are right. 

6. Do not tap into the meter. nothing gets a utility engineer more upset. it is both a  
revenue protection and a safety issue. 

7. Utility engineers are trying to be helpful when they point out an issue related to safety 
or reliability. Rather than getting upset, try to have a conversation with them.

8. Streamlining the interconnection process is good for all concerned. it is a work in 
progress in active solar areas, where application volumes have swamped utility systems 
not designed for the recent rise in activity.

9. Read the utility interconnection requirements, follow procedures and file 
paperwork correctly. Failure to do so causes problems that you can easily avoid. 
one large california utility says that the single most common reason it has to return 
interconnection paperwork is because the single-line diagram and the application 
describe different systems.

10. Be realistic with customers. When telling customers what the impact of an  
interconnected pV system will be on their utility bill, do not promise unlikely results, 
such as a reduction in demand charges.

—SEPA / solarelectricpower.org {
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equipment, fluorescent ballasts, power sup-
plies and so forth. 

The term power factor refers to how 
much of the total power is real power. 
For example, a power factor of 1.0—also 
known as a unity power factor—indi-
cates that only real power is present and 
that the current and voltage waveforms are in phase with  
one another. Meanwhile, a power factor of 0.8 signifies that 
real power makes up 80% of the total apparent power, which 
is expressed in VA. If the power factor is not at unity, then the 
current waveform and the voltage waveform are not in phase. 

This power factor can be described 
as leading or lagging based on the 
relative inductance or capacitance 
in the circuit. Inductive compo-
nents cause the current wave-
form to lag the voltage waveform; 
capacitive components cause the 
current waveform to lead the volt-
age waveform. 

To keep the lights on, a utility 
must provide both real and reactive 
power, and balance both of these in 
relation to real and reactive loads. 
An imbalance between real genera-
tion and real load affects frequency. 
Excess generation increases the fre-
quency above 60 Hz, while excess 
load decreases the frequency below 

60 Hz. The sudden loss of a generating unit causes an imme-
diate decline in the speed of motors, and the loss of a large-
enough unit can cause a blackout. An imbalance in reactive 
generation and reactive load causes an increase or decrease in 
system voltage. 

Reactive power control The ability to supply 
or absorb reactive power varies by inverter 
manufacturer and model. The diagram to the 
right characterizes the capabilities of Eaton’s 
Power Xpert Solar 1,500 kW inverter, which 
can simultaneously provide up to 1.5 MW of 
real power and up to 1.65 MVA of apparent 
power. Real output power is reduced outside 
the 0.91 leading to 0.91 lagging power- 
factor–control range.
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Ideally, everything would operate at unity. To encourage 
this, some utilities penalize commercial customers if their 
power factor drops below a certain threshold. For example, 
the Lakeland, Florida, municipal utility has set 0.9 as the 
minimum power factor for large customers as a condition of 
service. While this does improve the power factor across the 
service territory, it does not eliminate the need for the utility 
to provide reactive power to its customer.

Rather than oversizing generators and distribution 
lines, utilities install power factor correction capacitors 
on distribution lines and in substations across their ser-
vice areas. Just as generators must supply real power loads, 
reactive power generators must supply reactive power. 
Utilities have traditionally delivered reactive power to the 
distribution feeder with capacitors located at the medium-
voltage level, as well as capacitors in industrial plants at 
the service-voltage level. This keeps the reactive sources 
close to the reactive loads, which is the most economical 
and stable situation.

Most inverters installed today are set to produce real 
power only. This can be a problem for commercial sites 
that have a poor power factor. If a PV inverter supplies 
only real power in this situation, the power factor at the 

site may drop significantly. This can not only cause voltage 
regulation problems at the site, but can also trigger utility 
penalties or surcharges.

Islanding. Utilities have always set very stringent require-
ments for grid-connected PV systems, sometimes impos-
ing the same requirements on a 5 kW inverter as for a 5 MW 
generator. In 1994, for example, a utility in Florida required 
$60,000 in extra hardware for a 10 kW PV system to intercon-
nect to its grid. These measures were taken to ensure that the 
system would not keep operating after the loss of utility power 
and create an unintentional island. 

Concerns about islanding drove the development of the 
first utility interface standard for PV systems, IEEE 929,  
in 1998 and are evident in the UL 1741-2010 and IEEE  
1547-2003 standards in use today. These standards apply 
to utility-interactive inverters used for distributed energy 
resources and share a basic premise: If the grid becomes 
unstable, then the interconnected distributed generation 
source needs to disconnect from the grid so that grid opera-
tors can fix the problem. 

While this relatively simple binary anti-islanding scheme 
has served its intended purpose—the protection of the gen-
eral public and utility service personnel—it is not a viable 
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scheme in the long term. In the future, grid operators will 
increasingly rely on distributed renewable energy resources 
as a means for providing peak power. For example, California 
is on track to generate more than 33% of its electricity from 
renewable resources by 2020. To reach this goal, grid opera-
tors cannot have all of their PV power assets dropping off-line 
because of a grid disturbance elsewhere in the system.

However daunting these challenges may seem, the FSEC 
team concludes, “Thanks to relatively recent improvements 
in power electronics, including advances in fast semiconduc-
tor switching devices and real-time, computer-based control 
systems, PV inverter technology actually has the potential to 
overcome these barriers and provide significant added value 
beyond the simple kilowatt-hour production of energy.”

why PV SySTemS are ParT oF The SolUTion 
Utilities face many challenges going forward, some of them 
associated with increasing levels of distributed generation. 
According to the authors of the MIT report, “Even though the 
US electric grid is not broken today, emerging challenges, if not 
met, could substantially degrade the system’s reliability and 
efficiency over the next few decades.” Some of these challenges 
include voltage regulation on heavily loaded feeders, power 

quality issues, losses between distant generators and customer 
loads, and the need to meet new demands, such as increased 
charging of electric vehicles using the existing infrastructure. 
Fortunately, the widespread use of advanced inverters under 
utility control can address all of these challenges while provid-
ing grid support services that ultimately enable utilities to bet-
ter meet the needs of interconnected customers. 

Voltage regulation on feeders. Utilities have to manage volt-
age drop along feeder circuits that can extend tens of miles. 
According to industry standards, a utility is obligated to 
keep the voltage at each service within 5% of its rated val-
ues. It usually accomplishes this using distributed capaci-
tor banks and voltage regulators—automatically adjustable 
load-tap–changing transformers—placed at a few locations 
along each feeder. 

If a feeder has many large distributed PV systems on it, 
voltage regulation can prove difficult. Instead of voltages drop-
ping along a feeder as current flows out from the substation, 
bidirectional power flows can increase voltages unexpectedly 
at certain points in the circuit. These voltages fluctuate more 
frequently with large amounts of variable PV generation. 

Advanced inverters can help with this. An upcoming 
amendment to the IEEE 1547 standard  c o n t i n u e d  o n  pa g e  7 4 
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is expected to permit all grid-interactive inverters to  
regulate service voltage, when approved by and coordinated 
with the utility operator. This will allow inverters under  
utility control to produce reactive power as needed to regu-
late voltage. 

Many central inverters on the market can generate or 
absorb reactive power on demand. This is a potential benefit 
to utilities because distributed power electronics can provide 
or consume local reactive power more efficiently than utility-
owned capacitors can. Some inverters may even be able to 
provide power factor correction services at night. These reac-
tive power generation capabilities can mitigate variability. For 
example, if an inverter is operating close to its rated output 
and a passing cloud suddenly affects real power production, 
the inverter can increase its reactive power production to 
maintain a constant voltage. 

Improved power quality.  Certain types of reactive loads—like 
an arc furnace or a large motor at start-up—can cause voltage 
flicker on feeders and other power quality problems that are 
unacceptable to utilities. While remote capacitors or tap chang-
ers cannot manage some of these problems, customer-sited 

inverters can respond to these events instantaneously, effec-
tively suppressing harmonics and phase imbalances. 

Many of the complex power quality issues that utilities 
contend with are the result of poorly designed power elec-
tronics—motor drives, switching power supplies and so 
forth. Inverters, which belong to the same family of power 
electronics, can actually mitigate these problems. Further-
more, they can provide this type of voltage support auton-
omously, responding more quickly and effectively than the 
utility’s own dispatchable resources. Customer-sited voltage 
regulation capabilities may ultimately lengthen the useful 
life of voltage tap changers and in turn reduce utility main-
tenance costs. This is just one of the ways that advanced 
inverters can enhance grid reliability.

Inverter ride-through.  Advanced inverters can also 
improve grid stability. Whereas traditional inverters must 
disconnect from the grid in the event of a disturbance, 
advanced inverters under utility control have an extended 
tolerance for short-duration deviations in grid voltage 
and frequency. This tolerance, generally referred to as 
ride-through, results from suppressed  c o n t i n u e d  o n  pa g e  7 6  
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Ride-through  This oscillography trace—produced by a Schweitzer Engineering Laboratories relay installed at PG&E’s 15 MW 
Westside Solar Station—plots current (top) and voltage (bottom) waveforms per phase during a successful low-voltage ride-
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lasted for approximately seven cycles before protective relays cleared the fault. At the onset of the fault, the output current from 
the 30 AE 500 kW inverters rises temporarily, for less than two cycles, before the low-voltage ride-through features activate and 
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anti-islanding measures that allow the inverter to stay 
on line during a disturbance. The goal of ride-through is 
to allow an inverter to ride out a specific type of grid distur-
bance—such as low voltage, high voltage, low frequency or 
high frequency—and produce reactive power as needed in an 
effort to stabilize the grid. Note that the utility must give its 
permission to enable these capabilities.

Several examples of inverter ride-through are described 
in a case study published by Advanced Energy (AE) regard-
ing PG&E’s 15 MW Westside Solar Station (see Resources). 
PG&E requested that the 30 AE 500 kW inverters installed 
at the site be able to ride through a 0 V fault for a full 2 sec-
onds—well outside the IEEE 1547 limits. In March 2012, these 
inverters successfully rode through four “low voltage events 
caused by momentary phase-to-phase faults” on an adjacent 
feeder, each of which resulted in a 50% voltage depression for 
approximately 0.12 seconds. Rather than being forced off-line 
per IEEE 1547, all of the AE inverters withstood the momen-
tary grid disturbance and ramped back up to their previous 
power production, limiting the impact on the grid. 

Since grid-support capabilities conflict with conven-
tional anti-islanding protocols, industry stakeholders are 
developing new protection schemes to detect unintentional 
islands. One such scheme is a permissive high-frequency 
signal coupled into the distribution feeder, which a simple 
receiver in each PV inverter detects. This signal verifies the 
continuity of the conductors for each phase of the distribu-
tion line. If the distribution line is broken, then the signal 
disappears. The system thereby denies the inverter permis-
sion to remain on line, causing it to shut down before it 
forms a dangerous unintentional island. 

Dynamic control. Whereas traditional inverters out-
put power based solely on the solar energy on the array at 
any given moment, utility operators can control advanced 
inverters, either individually or in bulk, much as they control 
traditional power plants. These capabilities include ramp-
rate control and retail power curtailment control, as well as 
remote adjustment of over- or under-voltage trip settings. In 
a future where renewable resources have reached high pen-
etration, these dynamic controls will allow utility operators 
to avoid transmission system overloads, manage power flow 
constraints and regulate power system frequency.

These control capabilities also benefit project developers. 
Many good sites for large-scale, ground-mounted PV installa-
tions are located in rural areas, where service may depend on 
small feeders vulnerable to overload. Since conventional invert-
ers operate autonomously, a utility could deny a proposed PV 
project an interconnection agreement if a study determines 
that the potential for feeder overload exists—even if it is only 
for a few hours per year. The same project becomes feasible 
with advanced inverters, since dynamic control allows utility 
operators to limit real power output on demand.

FUTUre adVancemenTS 
Many commercially available central inverters can facili-
tate VAR regulation, disturbance ride-through and dynamic 
control. Utility operators in the future will have access to 
improved forecasting methods and models, as well as increas-
ing amounts of interconnected energy storage capacity. 
Resource forecasting and energy storage will be important 
when renewable resources reach high penetration, because 
both can mitigate variability. Utilities can do forecasting 
at the project level or at the fleet level, based on ground or 
satellite imagery. These forecasts will allow them to predict 
how interconnected PV generators will perform 1 minute, 1 
hour or even 1 day in advance and coordinate other genera-
tors accordingly. The benefit of energy storage is that utili-
ties can dispatch the energy as needed to mitigate temporary 
mismatches between load and generation, provide frequency 
regulation or assist in the restoration of service.

While realizing all of the benefits associated with 
advanced inverters and energy storage systems will require 
improved control systems, these systems will also serve 
other purposes. For example, future utility operators will 
face challenges associated with load growth and demand 
variability as electric vehicles go mainstream. The same con-
trol systems that dynamically manage renewable resources 
and distributed generators can also manage demand-
response systems. The ability to shed loads strategically will 
allow utility operators to accommodate increasing peak 
loads without building additional fossil-fired reserve capac-
ity. Improving capacity utilization will ultimately provide a 
net benefit to consumers, who pay the costs associated with 
idle capacity.
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Interview An Experienced Perspective

A fter graduating from Colorado 
State University in 1997 with a 

degree in mechanical engineering, 
Tobin Booth spent 6 formative years 
working for solar companies that spe-
cialized in power electronics, module 
manufacturing and system installa-
tion. In the process, he observed that 
the commercial solar industry suffered 
from a lack of coordination between 
technology providers and system 
designers and installers. This discon-
nect made it more difficult to imple-
ment even relatively small PV projects, 
and Booth saw it as an impediment to 
progress—one that needed to be elimi-
nated to meet the growing demand for 
increasingly complex and larger sys-
tems. With this in mind, in 2003 Booth 
founded Blue Oak Energy, a full-service 
PV system design, engineering and 
construction firm. In the decade since, 
the company has provided a range of 
professional services to the public, 
commercial and utility market sectors, 
with a cumulative project portfolio 
approaching 500 MW. 

SP: Congratulations on Blue Oak 
Energy’s 10-year anniversary. Given the 
size of the North American solar industry 
today—not to mention the size of the 
projects it is deploying—there is clearly 
a niche for a specialty technical firm like 
yours. But in 2003, the annual grid- 
connected PV capacity in the US was 
less than 50 MW, which is probably 
smaller than some individual projects 
that your company is working on now. 
Can you take us back to the early years? 
What did a typical project look like? And 
how was the company structured?
TB: In late 2002, I secured a contract 
position to provide engineering and 
electrical contracting activities across 
a module manufacturer’s US solar 

projects. My wife and I relocated to 
California with $2,000 and a moving 
truck for that opportunity in early 2003. 
I was so fortunate to be surrounded by 
the most experienced technical profes-
sionals in the solar business prior to, and 
during, that 2003 contract-engineering 
role. Though I did not know it at the 
time, this was the launching pad for Blue 
Oak Energy. The company was originally 
based out of my apartment living room 
and various client offices. Over time, 
I began performing engineering and 
electrical installation work for a diverse 

group of inverter manufacturers and 
system integrators. My goal was simple: 
work in solar and pay the bills. There 
was, of course, no company structure 
then. In 2005, one of my clients secured 
what was then a very large ground-
mounted solar project—600 kW. That 
installation was a turning point for me 
because I learned how to price engineer-
ing services on a per-project basis and 
started hiring engineers. I found great 
satisfaction in engineering PV systems, 
and this 600 kW solar job helped me 
recognize some  C O N t i N U E d  O N  PA G E  8 0 
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of our strengths and weaknesses as an 
industry. After the successful comple-
tion of this initial project, my nascent 
company secured a landmark project: 
Google’s 2 MW system at its Mountain 
View headquarters. 

SP: What does a typical project look like 
today? And how many people does Blue 
Oak Energy currently employ? 
TB: Today, the Blue Oak Energy team 
is 50 people strong. We have a liv-
ing, breathing company culture with 
a seasoned management team and 
internally developed tools and standard 
practices. We outgrew the living room 
and now occupy a stand-alone building 
in a business park near the University of 
California, Davis, campus. Many of our 
engineering projects today are 1 MW 
to 20 MW utility-scale installations for 
which we provide full-service engineer-
ing. Our multidisciplinary technical 
team of electrical, civil, structural and 
mechanical engineers located under 
one roof helps bring continuity to a job 
and streamlines the engineering cycle. 
While the large projects are excit-
ing, we also find great satisfaction in 
distributed-generation PV systems. We 
frequently have many smaller 50 kW to  
2 MW solar projects ongoing at any 
time. When we kick off the engineering 
on a new project, we typically assign it to 
an engineering project manager (EPM) 
who operates a technical team of two 
to four people. The EPM can manage 
most of the work, but some projects 
are so large that we often have more 
than a dozen technical people working 
through the details to deliver permit and 
construction plans. In 2007, we decided 
we would like to not only design but 
also build solar projects because many 
of us have electrical contracting and 
journeyman electrician backgrounds. 
We wanted to help a few customers find 
the ideal solutions for their challenging 
solar projects and also grow our scope. 
Our first client for full design build was 
Recreational Equipment Inc. (REI), the 
outdoor retail company. We built eight 

rooftop PV systems totaling 700 kW for 
REI in 2008. Since then, we have com-
pleted construction on about 10 MW of 
solar projects. 

SP: How has the company managed 
that growth? Has it ever been difficult to 
match staffing levels to the demand for 
your services? 
TB: This is a very difficult industry in 
which to build a business. The project 
cycle has become predictable enough 
that you know you’re going to lose 
money in Q1 every year and be very 
busy in the remaining quarters as 
customers move to capture tax-based 
incentives with their projects. In addi-
tion to this work cycle, matching staff 
levels to customer needs remains an 
ongoing challenge. Fortunately, we 
have outstanding management and 
leadership teams. We have managed 
our growth by making all the key 
decisions together, working closely 
together and listening to each other. 
One of the best decisions I made was 
to build an advisory board made up of 
highly experienced business contacts. 
Their independent judgment and  
guidance have helped us pull together  
a mature management structure early 
in our growth. 

SP: You recently added in-house civil 
engineering, structural engineering, 
medium-voltage design and SCAdA 

engineering to your services. 
What led you to bring these 
resources in house?
TB: We brought these  
supporting professions  
and capabilities internal  
to Blue Oak to better con-
trol quality, delivery speed 
and value engineering for 
our customers. 

SP: Blue Oak also operates 
a commissioning and O&M 
services division. How has 
your company’s approach to 
system O&M evolved over 

the years?
TB: We came to recognize that opera-
tions and maintenance for PV systems 
is not an annual service offering, 
limited to rolling a truck for response 
to a one-time event. O&M is a 25-year 
marathon that entails long-term risk 
aversion and investment return for 
projects. We currently maintain a 
portfolio of solar projects across the 
US for various customers. Our O&M 
approach has evolved to take on more 
of the operational and performance 
risks, which our customers see as 
money well spent. 

SP: do you feel that the US solar 
industry is adequately addressing O&M 
requirements for commercial and utility-
scale systems?
TB: O&M costs are underestimated in 
most cases, and my sense is that it’s 
related to project financing processes. 
It’s hard enough to secure a customer 
and project, and then there’s the chal-
lenge of financing the project within a 
framework of metrics and consultants 
that make the financer comfortable. 
We’re a young industry, and only a few 
companies have the data on actual 
versus predicted O&M costs. Fewer still 
have performed the analysis to adjust 
their O&M budgets, or acquired an 
understanding of the fact that O&M 
costs are not purely formulaic—they 
are project specific.  C O N t i N U E d  O N  PA G E  8 2
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We came to recognize that operations 
and maintenance for PV systems is not 
an annual service offering, limited to 
rolling a truck for response to a one-
time event. O&M is a 25-year marathon 
that entails long-term risk aversion and 
investment return for projects.
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SP: Blue Oak Energy sold its sister 
products-based company, Blue Oak PV 
Products, in 2010. the BOS equipment 
line included the first-available discon-
necting PV source-circuit combiners. 
What drove Blue Oak to develop discon-
necting combiners?
TB: We developed a combiner box for 
commercial rooftop projects in 2005 
because we did not find any available 
products listed to UL 1741 that met our 

criteria. We wanted some basic building 
blocks and options available with which 
we could standardize our designs. We 
eventually took the design further to 
include a load-break–rated dc discon-
nect that could be opened under load 
to service the PV array, or to replace 
faulty or broken modules, without a 
major disruption to the system’s energy 
production. As that component business 
grew, our management team recognized 
that a product business was a distrac-
tion from what we really wanted to do—
engineer and construct PV systems—so 
we sold the HomeRun combiner box 
product line to SunLink in 2010.

SP: do you feel that there is better coor-
dination between product manufactur-
ers and system designers and installers 
today than there was 10 years ago? do 
manufacturers reach out to Blue Oak for 
input on how to improve product design 
parameters or mechanical features? 
TB: Yes, absolutely. The PV industry is 
much more sophisticated today than it 

was a decade ago. We work very closely 
with some product manufacturers to 
understand their product limitations 
and identify ways to exploit unpub-
lished features. We also see many oth-
ers in the industry doing the same thing 
to gain a competitive edge. We continue 
to work with a number of equipment 
manufacturers to improve their prod-
ucts and streamline the industry. It’s 
an honor to collaborate with product 

manufacturers, and the 
innovations taking place 
are extremely positive.

SP: What is Blue Oak’s  
current design philosophy 
for array-to-inverter capac-
ity ratios? 
TB: There’s no one-size-
fits-all solution. Under 
the previous California 
Self-Generation Incen-
tive Program (SGIP), a 
designer could not put 
more performance test 

conditions (PTC) power on the inverter 
than its PTC rating. That left about 25% 
of the weighted average inverter-power 
rating unutilized across the entire SGIP. 
Today, inverters are often dc loaded 
with between 110% and 140% of the 
ac power limit or rating. Frequently, 
the site constraints and inverter sizes 
define the inverter loading for the proj-
ect designer. While a developer might 
want to load a 1 MW inverter system 
with a 1.4 MW solar array, sometimes 
the site limits the array size. 

SP: Has Blue Oak developed commercial 
systems using ac modules or microin-
verters? if so, what are the benefits and 
limitations of this approach?
TB: We have engineered and also 
installed a few commercial-scale micro-
inverter systems. One such unique 
system was used on a carport with two 
thin-film modules connected in parallel 
to a single microinverter. The benefits 
are mainly as advertised by microin-
verter manufacturers: greater energy 

harvest due to distributed maximum 
peak power tracking, fewer dc voltage 
drop issues and so on. However, the 
ac microinverter architecture is not 
always the best economic fit for a con-
sistently sun-soaked site. 

SP: Blue Oak has been active in the Cali-
fornia commercial and utility PV market 
since the inception of the $2.4 billion 
California Solar initiative (CSi) incentive 
program in 2007. As this program winds 
down in 2013, do you consider it to be  
a success?
TB: From a market perspective, yes,  
I consider the CSI to be a success. 
There were some intentional and very 
wise changes made to the preced-
ing SGIP program that made the CSI 
program more effective. The CSI is a 
good example of public sector invest-
ment in renewable energy projects 
rather than products or technology. 
The CSI program has done more to 
stimulate business in the renewable 
energy sector than some of the public 
investment grant programs that focus 
on manufacturing.

SP: How do you think the California solar 
market will evolve in the absence of the 
CSi program?
TB: Many retail rate schedules cur-
rently make some commercial solar 
systems financially feasible without 
incentives. As utility rates increase, 
especially among the investor-owned 
utilities, I think the California solar 
market is going to experience healthy 
growth for a long time.

SP: What do you think is the greatest 
challenge facing the solar industry today?
TB: Regulatory consistency. The pri-
mary reason the PV industry is not as 
innovative as it could be is because of 
regulatory inconsistencies that make it 
difficult to build and operate a business. 
This includes challenges and issues 
associated with interconnection, tax 
credits, financing and permitting, which 
ultimately add up to  C O N t i N U E d  O N  PA G E  8 4 

Interview

We work very closely with some prod-
uct manufacturers to understand their 
product limitations and identify ways to 
exploit unpublished features. We also see 
many others in the industry doing the 
same thing to gain a competitive edge. 
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costly confusion for system developers 
and customers wanting to install PV sys-
tems. Solar is a simple technology, but 
unfortunately the regulations and utility 
infrastructure create a lot of impedi-
ments to projects. If we could find a way 
to streamline the land use, interconnec-
tion, inspection, approval and tax credit 
processes, and reduce other sunk costs, 
then we could achieve the consistency 
needed to generate a more predictable 
cash flow cycle in the solar industry.

SP: What industry developments are you 
most excited about?
TB: There are many technical develop-
ments and product cost reductions 
to be enthusiastic about, but it’s the 
regulatory mechanisms that I find most 
exciting. A robust marketplace is created 
where there is robust support. In Califor-
nia, I am optimistic about the Commu-
nity Solar Bill, SB43. This bill, introduced 

by Senator Lois Wolk, enables a PV sys-
tem located in a remote place to credit 
an electrical energy meter in a differ-
ent location. Think about it: An energy 
consumer like Starbucks, which pays 
retail rates across a number of different 
locations, could produce energy from a 
2 MW array on a brownfield or indus-
trial site and offset a large portion of its 
electrical energy consumption across all 
its meters. The California Feed-In Tariff 
(FIT) Bill, SB32, is also something to be 
optimistic about. The FIT was on track 
to be a great bill in 2000, but the require-
ment to track to the market price refer-
ent derailed it. Once we get this fixed, 
many systems 3 MW and smaller will be 
producing clean solar energy at a fixed 
rate for the next 30 years in California. 
This is just what’s happening in Califor-
nia, where only a portion of our work 
is done. There are many similar bills in 
Texas, North Carolina, New York, Florida 

and other states that will facilitate the 
creation of a predictable solar energy 
industry. Finally, I am extremely optimis-
tic about what we are hearing from the 
White House about a focus on the clean 
energy sector.  

SP: What are you most proud of? 
TB: I entered the solar industry because 
I believed in the technology and wanted 
to take part in the evolution of our 
energy mix. Along the way, I discovered 
that the people aspect of this industry 
far outweighs any other philosophical 
drive. I am most proud of the personal 
growth and expansion of talents I 
have witnessed in our staff at Blue Oak 
Energy. I’ve watched my team members 
get married, buy homes, have children, 
obtain professional engineering licenses 
and deliver large and challenging solar 
projects against all odds. Without ques-
tion, it’s about the people.

Interview

http://www.wago.us/811video
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Training Continuing Education for the Pro

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

California

CSI Application Process Made Easy
California Center for Sustainable Energy

Jun 5
San Diego
energycenter.org

Advanced PV Systems
Solar Living Institute

Jun 10 – Jun 14
Hopland
solarliving.org

Passing CSI Inspections 
California Center for Sustainable Energy

Jun 18
San Diego
energycenter.org

Advanced PV Topics & the 2011 NEC 
Sean White Solar

Jun 29
Jul 27
San Francisco Bay Area
maximumpowerpointtraining.com

Solar Thermal Designer Certification 
HeatSpring Learning Instutute

Jul 9 – Aug 16
San Francisco
heatspring.com

PV Technical Sales
College of the Desert

Jul 9
Jul 13
Palm Desert
collegeofthedesert.edu

PV Design & Installation Intensive
Solar Living Institute

Jul 22 – Jul 26
Hopland
solarliving.org

Colorado
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Solar Energy International
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Florida

Basic PV
Solar Source Institute
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Kingston
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Conquering Solar Incentive Forms & 
Regulations 
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SUNY Ulster

Jun 12 – Jun 13
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Appalachian State University Energy 
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Projects System Profiles 

C athartes Private Investments and 
Nexamp teamed up to develop, 

build, finance and operate the 4.5 MWdc 
Westford Solar Park. The installation is 
located on a portion of a 115-acre indus-
trial site, 27 miles northwest of Boston. 
The project was conceived in 2009 to take 
advantage of the then-new Massachusetts 
Solar Carve-Out Program, which required 
retail electricity suppliers to include solar 
generation in their Massachusetts retail 
power sales starting in 2010.

As one of the first multimegawatt 
ground-mounted projects in Massachu-
setts, the Westford Solar Park faced sev-
eral developmental challenges, including 
interconnection requirements and local 
permitting processes. When the team sub-
mitted the initial interconnection applica-
tion in December 2009, it recognized the 

importance of expediting the lengthy per-
mitting process in parallel with the utility 
work. The team proactively engaged local 
municipal authorities early in the develop-
ment phase, including the conservation 
commission, the planning board and the 
building, electrical and fire departments. 
As a result, the project was as far along in 
the development cycle as possible when 
the interconnection agreement was finally 
executed in the fall of 2011.

The design process involved collabo-
ration between the engineering, procure-
ment and construction (EPC) team, the 
asset management team and the project 
finance team to balance low up-front cost, 
minimum operational costs and maxi-
mum performance based on the unique 
features of the site. The site has forested 
wetlands, which limit the acreage that is 

Overview
DESIGN AND INSTALLATION FIRM: 

Nexamp, nexamp.com

DATE COMMISSIONED: Phase 1  

(3.3 MW), January 2012; Phase 2  

(1.2 MW), September 2012

INSTALLATION TIME FRAME:  

12 months

LOCATION: Westford, MA, 42.3°N

SOLAR RESOURCE: 4.3 kWh/m2/day

HIGH/LOW DESIGN TEMPERATURES: 

per Solar ABCs solar reference map: 

90°F/0°F

ARRAY CAPACITY: 4.5 MWdc 

ANNUAL AC PRODUCTION:  

5,190 MWh

Nexamp
Westford Solar Park
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free from shading and available for con-
struction. In addition, the former quarry 
has varying subsurface fill conditions that 
do not provide the homogenous support 
necessary for a driven-pile system. As 
such, the optimal design was a ballasted 
ground-mounted system.

In the spring of 2011, Nexamp began 
to complete the work necessary to recon-
figure portions of the 1800-era quarry into 
array pads. The site required filling, grad-
ing, compacting and slope stabilization to 
achieve long-term stability while reliably 
managing storm water. After complet-
ing the two array pads, the crew installed 
underground conduits and inverter pads 
prior to overlaying the array areas with 
the geotextile fabric required to provide 
structural support, workability during 
construction and long-term weed inhibi-
tion. A 2-inch layer of compacted, crushed 
stone completed the overlay prior to 
installing the arrays.

Nexamp constructed the solar proj-
ect in phases using an assembly-line pro-
cess whereby site work continued in areas 
behind active installation sites. The first 
phase passed AHJ inspections in Janu-
ary 2012 and came online in March after 
a delay due to infrastructure upgrades 
that the local utility required to intercon-
nect the project. The second phase came 
online in September 2012.

The project’s point of interconnec-
tion is at the utility’s 22.9 kV transmis-
sion lines. To accomplish this, the team 
connected each of the four inverter 
banks through dedicated 3-phase,  
2,000 A, 480 V switchgear and one 1,000 
kVA, 23 kV/480 V pad-mounted step-up 
transformer. Power transmission cabling 
is routed underground and overhead 
approximately one-half mile to the  
point of common coupling. The utility 
meters the production of each inverter 
bank individually.

“The result at the Westford Solar Park is a 

pioneering project that transformed under-

utilized industrial property into a productive 

solar energy asset. A final project phase is 

planned for 2013.”

—Jim Goldenberg, principal,  
Cathartes Private Investments

Equipment Specifications
MODULES: 15,785 Suntech STP290-

24/Vd, +5/-0%, 8.15 Imp, 35.6 Vmp, 

8.42 Isc, 45.0 Voc

INVERTERS: 3-phase, 277/480 Vac ser-

vice; 12 Advanced Energy PVP250kW, 

250 kW, 600 Vdc maximum input, 

295–595 MPPT range; two Solectria 

Renewables SGI 500, 500 kW, 625 Vdc 

maximum input, 300–500 Vdc MPPT 

range; inverters interconnected at  

22.9 kV via 1,000 kVA, 23 kV/480 V  

Delta Wye pad-mounted transformers

ARRAY: 11 modules per source circuit 

typical (3,190 W, 8.15 Imp, 391.6 Vmp, 

8.42 Isc, 495 Voc), 15 source circuits per 

combiner (for AE PVP250kW inverters: 

47.9 kW, 122.3 Imp, 391.6 Vmp, 126.3 

Isc, 495 Voc), six combiners per inverter 

(287.1 kW, 733.8 Imp, 391.6 Vmp, 757.8 

Isc, 495 Voc)

ARRAY INSTALLATION: Ballasted 

ground mount, PanelClaw Panda Bear 

racking, 180° azimuth, 20° tilt (Phase 1), 

10° tilt (Phase 2)

ARRAY STRING COMBINERS: Phase 

1: 79 Cooper Crouse-Hinds Disconnect-

ing Solar Combiner, 15 A fuses; Phase 2: 

28 Teal Electronics TEALsolar Discon-

necting Configurable Combiner Box,  

15 A fuses

SYSTEM MONITORING: Deck Monitor-

ing, four individual data acquisition 

systems with modem and Columbia 

weather station monitoring module 

temperature, ambient temperature and 

irradiance
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I n December 2012, LightWave Solar 
commissioned a ground-mounted 

PV system at the University School of 
Nashville’s (USN) Athletic Campus. 
Potential sites for the array were con-
strained by a Tennessee Valley Author-
ity easement for high-voltage electrical 
lines and an extensive irrigation system 
for the campus’s athletic fields. The 
array’s location within a flood plain 
added further complications.

To resolve permitting issues 
related to the flood plain, LightWave 
Solar worked closely with the Metro 
Nashville Codes Enforcement agency. 
The agency required the modules and 
power conditioning equipment to be 
installed 12 inches above the 100-year 
flood elevation. To meet these require-
ments, LightWave Solar specified an 
elevated array structure utilizing Uni-
rac’s U-LA racking system.

The array’s location resulted in a 
900-foot ac transmission distance to 
the point of interconnection. A REFUsol 
024K-UL inverter was chosen due in 
part to its 3-phase 480 Vac output. The 
string inverter’s high-output voltage, 
coupled with the use of direct-burial ac 
cabling, minimized the cost of the  

ac transmission run. USN’s Athletic 
Campus grounds-keeping staff provided 
the excavation and trenching for the 
array installation.

USN plans to monitor system data 
in various science programs, and the 
project team was concerned about 
the lack of readily accessible Internet 
access for system monitoring. They used 
a cellular modem fed via direct-burial 
Cat 5 cable from the inverter to provide 
Internet connectivity.

“The staff at USN was wonderful to work 

with. The campus was in full use when the 

installation took place, and Bret Mash at 

USN was a huge help with on-site coordi-

nation during this busy time on campus.”

—John Tickle, LightWave Solar 

Overview
DESIGNERS: JP Plumlee, solar  

sales consultant, and Dan Stroh,  

PV design engineer, LightWave Solar, 

lightwavesolar.com

PROJECT MANAGER: John Tickle, 

project manager, LightWave Solar

LEAD INSTALLER: Chris Jader, lead 

solar technician, LightWave Solar

DATE COMMISSIONED:  

December 12, 2012

INSTALLATION TIME FRAME: 10 days

LOCATION: Nashville, TN, 36.2°N

SOLAR RESOURCE: 4.9 kWh/m2/day

HIGH/LOW DESIGN TEMPERATURES: 

per Solar ABCs solar reference map:

93°F/5°F

ARRAY CAPACITY: 24 kWdc 

ANNUAL AC PRODUCTION:  

30,015 kWh

Equipment Specifications
MODULES: 100 Canadian Solar CS6P-

240P, 240 W STC, +5/-0 W, 8.03 Imp, 

29.9 Vmp, 8.59 Isc, 37.0 Voc

INVERTER: 3-phase, 277/480 Vac 

service; one REFUsol 024K-UL, 23.2 

kW, 500 Vdc maximum input, 125–450 

Vdc MPPT range

ARRAY: 10 modules per source circuit 

(2,400 W, 8.03 Imp, 299 Vmp, 8.59 

Isc, 370 Voc), 10 source circuits total 

(24 kW, 80.3 Imp, 299 Vmp, 85.9 Isc, 

370 Voc)

ARRAY INSTALLATION: Ground 

mount, Unirac U-LA racking, 149° 

azimuth, 25° tilt

ARRAY STRING COMBINER: Inverter 

integrated, 15 A fuses

SYSTEM MONITORING: Inverter- 

integrated datalogger, REFUsol  

REFUlog monitoring platform

LightWave Solar
University School of Nashville
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Next Generation of Micro Inverter Has Arrived!

Key Benefi ts

• Faster ROI for the Homeowner 
 -  Higher power class module (250WDC Poly or Mono)
  -  85°C operating temperate ability 
• Installation Savings 
  -  Reduced module prep. due to micro inverter pre-installation
 -  Grounding materials reduced 
•  Signifi cant Hardware Reliability 
  -  ZigBee wireless communications
 -  Opto-Isolators and Electrolytic Capacitors both removed 
• Differentiation 
  -  Scalable technology to 300WAC
  -  Ability to mix & match portrait and landscape with one sku
  -  Closer to one-stop shopping (one credit line for micro inverter   

and module)
• Peace of Mind & Minimized Risks
 -  Canadian Solar is a Bankable Partner
  -  Bundled Product Warranty (No fi nger-pointing)
 -  PV Module with 3rd Party 25yr Re-assurance

Introducing the new Intelligrated™ ResidentialAC module

www.canadiansolar.com inquire.us@canadiansolar.com

Canadian Solar is offering a product that addresses the issues of the fi rst generation micro inverters. 
The ResidentialAC module is designed to save time and materials during installation and provide 
homeowners with a piece of mind - truly achieving a reliable 25yr solar system and faster ROI.

http://www.canadiansolar.com
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INDUSTRY LEADING 98% EFFICIENCY
UTILITY-SCALE INVERTERS

Solectria Renewables, LLC is the leading U.S. based grid-tied 
photovoltaic inverter manufacturer for residential, commercial and 
utility-scale solar installations. Our versatile line of high efficiency 
products provides power solutions ranging from 1kW residential 
systems to multi-megawatt solar farms. Solectria Renewables’ 
products are backed by more than 20 years of experience in the 
power electronic and inverter industries and are supported by 
world class warranties. All of our commercial and utility-scale PV 
inverters are manufactured in the USA, ARRA compliant, Ontario FIT 
Content Compliant, and listed to UL 1741/IEEE 1547.

FEATURES
• 98% CEC efficiency
• External medium voltage transformer
• Built-in redundancy
• Subcombiner options
• 600 VDC

OPTIONS
• Uptime guarantee
• Stainless steel enclosure
• Web-based monitoring
• Built-in cellular connectivity
• AC breaker with shunt trip
• Revenue grade metering
• Air filters

OPTIONS FOR UTILITIES
• Real power curtailment
• Reactive power control
• Voltage and frequency ride-through
• DMS tie-in

SmARTgRId 500xT

http://www.solectria.com
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