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Roof Tech
TMSmarter PV mounng soluons from top of roof to boom line

*  OSB 7/16” minimum, please review engineering report.
**Arizona, California, Colorado, Conneccut, Florida, Hawaii, Illinois, Maryland, Massachuses, Michigan, Minnesota, Missouri, North Carolina, New Jersey

New Mexico, Nevada, New York, Oregon, Pennsylvania and Texas 

www.roof-tech.us           info@roof-tech.us           92 Hamilton Dr. Suite A, Novato, CA 94949           415.382.1036

The most compact rail-less mounng bracket under the sun.

RT-  E  Mount[  ] ™

Roof Tech® develops and manufactures a full line of PV mounng soluons 

anywhere else on roof decking.* The RT-[E] Mount is: 
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featuring  the  industry’
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20 Reactive Power Control in  
  Utility-Scale PV

To facilitate higher levels of distributed PV penetration, 
inverter-based generators need to participate in  
utility-voltage regulation by absorbing or injecting 
reactive power. Here we provide an overview of how 
voltage is controlled in transmission and distribution 
systems, summarize the effect of inverter-based 
distributed energy resources on electrical power 
system voltage levels, and describe how reactive 
power control schemes can mitigate those impacts. 
PV plant designers will gain useful information 
about qualifying inverters for use in projects with 
reactive power control requirements.
BY PAUL BRUCKE, PE 

42 The Science & Art  
  of Estimating 

The solar estimator’s role carries enormous 
responsibility: Estimate too high, and your company 
will not get the job; estimate too low, and your 
company will get the job but may lose money. The 
estimator’s cost estimate not only informs the offered 
sales price, but also effectively sets the project budget. 
To take control of this crucial process, companies must 
develop systems to track actual costs against project 
estimates and then learn to use those data effectively.
BY KATIE FEARON AND PATRICK WARD-SEITZ 

58 Central Inverters for  
  Utility-Scale PV Plants 

In 2013, property owners and developers had 
4,751 MW of PV capacity installed in the US. Utility-
scale PV plants represent the bulk of this installed 
capacity, accounting for 2,847 MW or just under 
60% of the total. Here we present electrical and 

mechanical specifications for central 
inverter models well suited for large 
solar applications. The aggregated 
product specifications cover 107 
central inverter models  that 17 
manufacturers make available and 
support for US-based projects.  
COMPILED BY JOE SCHWARTZ
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42
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UNO 7.6kW / 8.6kW. The inverter that thinks it’s  
two inverters.

With more flexibility than any other string inverter on the market, UNO-7.6 and 8.6 is the only high power 
residential inverter with dual MPPT channels to support installations at multiple orientations – increasing 
the energy harvest from today’s diverse residential roofs. The UNO is built to last with low maintenance 
natural convection cooling, NEMA 4X enclosure rating, capability for remote firmware upgrade and optional 
WiFi monitoring to easily track the system performance.  Designed with future utility requirements in mind, 
the UNO includes the California Rule 21 features: reactive power control, active power curtailment and 
customizable voltage and frequency trip settings.  The UNO-7.6 and 8.6 lets you offer your customers a lot 
more system for a lot less cost.
 
For more information please visit: www.abb.com/solarinverters

http://www.abb.com/solarinverters
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f  O N  T H E  C O V E R  
Connecticut Light & Power purchases the electricity 

generated by the 7.4 MWdc Somers Solar Center under a 

20-year power purchase agreement. Prime Solutions was the 

project’s EPC. The installation utilizes five AE Solar Energy 

PowerStations that integrate either two AE 500TX or three 

AE 333NX inverters per skid. The array comprises 23,150 

Kyocera 320 W modules mounted on 32 Array Technologies 

DuraTrack HZ Solar Trackers.    

Photo: Courtesy AE Solar Energy and Prime Solutions 
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Renewable Energy & Hybrid Systems / Backup Power

Rely on Trojan Battery to unleash your storage needs. As a global company with local expertise, Trojan’s wide range of 
deep-cycle �ooded, AGM and Gel batteries for renewable energy, hybrid and backup power systems are backed by 
more than 85 years of battery innovation.

concept_v5a_embed_SmartCarbon.pdf   1   2/7/14   11:13 AM

RE_SolarProFP_0214.indd   1 2/11/14   3:21 PM

http://www.trojanbatteryre.com


6 S O L A R PR O   |   June/July 2014

 Publisher/Editor Joe Schwartz

 Managing Editor Kathryn Houser

 Senior Technical Editor/PV Systems David Brearley 

 Technical Editor/PV Systems Ryan Mayfield

 Engineering Editor/PV Systems Blake Gleason, PE

 Creative Services Midnight Oil Design

 Copy Editors/Proofreaders Kim Saccio-Kent, 
  Gail Nelson-Bonebrake

 Advertising Directors Kim Bowker, Connie Said

 Operations Director Scott Russell

 Data Manager Doug Puffer

 Customer Service & Fulfillment Jacie Gray, Shannon Ryan

g C O N T A C T  U S

Subscriptions
To apply for a free subscription:  

solarprofessional.com/subscribe

Send subscription questions to: 
subscribe@solarprofessional.com

To change subscription information:
solarprofessional.com/myaccount

Letters to the Editor 
Email your comments and suggestions to: 

editor@solarprofessional.com

Industry PR 
Send news and equipment releases to: 

thewire@solarprofessional.com

Advertising
For advertising opportunities, visit:

solarprofessional.com/advertise 

Western States Sales Office
Connie Said, Advertising Director
connie.said@solarprofessional.com
Direct: 541.326.5773

Eastern States Sales Office
Kim Bowker, Advertising Director
kim.bowker@solarprofessional.com
Direct: 541.858.1791

Marketing
Promotional opportunities and offers:

marketing@solarprofessional.com

SolarPro magazine  |  PO Box 68  |  Ashland, OR  97520  |  US

Proud supporter of:

Copyright © 2014 Home Power, Inc. Contents may not be reprinted or otherwise reproduced 
without written permission. SolarPro is a registered trademark of Home Power, Inc. 

While SolarPro magazine strives to publish only safe and accurate content, we assume no 

responsibility or liability for the use of this information.

Interior paper is made from 85%–100% recycled material, including 20%–30% 

postconsumer waste.

National Electrical Code®, NFPA 70® and NEC® are registered trademarks of the National Fire 
Protection Association, Quincy, Massachusetts.

®
Contributors

Experience + Expertise 

Verena Arps, the senior manager of field 

applications at Advanced Energy (AE), has 

more than 9 years of experience in the 

PV inverter market. Previously, Arps held 

product management and technical sales 

roles within REFUsol and SMA. She has 

an electrical engineering degree focused 

on energy management from the Univer-

sity of Applied Sciences in Kiel, Germany.

Paul Brucke, PE, provides PV engineer-

ing services to developers, utilities and 

project owners at Black & Veatch and 

manages the technical review of PV 

projects when Black & Veatch acts as an 

independent engineer. Brucke is NABCEP 

certified and has experience in PV system 

design, commissioning and O&M.

Katie Fearon is the chief estimator at 

SunPower in Richmond, California. She 

has more than 15 years of experience 

estimating general construction and has 

been working exclusively in the solar 

industry for the last 4 years. Fearon 

earned a BS in physics from UC Santa 

Cruz and is a Certified Estimating Profes-

sional through AACE International.

Joe Schwartz is the CEO of Home 

Power. He serves as the publisher and 

editor of SolarPro magazine and the 

executive editor of Home Power maga-

zine. Schwartz worked as a systems 

integrator prior to entering technical  

publishing and holds a Limited Renew-

able Energy Technician license in the 

state of Oregon.

Patrick Ward-Seitz is the vice president 

of operations and construction at RGS 

Energy, West. He came to the solar 

industry in 2007 after 25 years in general 

construction and site work. He brings 

traditional construction systems to the 

solar environment. 

http://solarprofessional.com/subscribe
http://solarprofessional.com/advertise
http://solarprofessional.com/myaccount
Mailto:subscribe@solarprofessional.com
Mailto:editor@solarprofessional.com
Mailto:thewire@solarprofessional.com
Mailto:connie.said@solarprofessional.com
Mailto:kim.bowker@solarprofessional.com
Mailto:marketing@solarprofessional.com


JOSHUA MILLER
Sales and Project Manager

WESTERN SOLAR

 In this ever changing solar market, we feel
AEE Solar will be a reliable partner
for many years to come.
 

Delivering Success

 We have been installing solar for over 10 years and have worked with most of the distributors 

out there.  We now work exclusively with AEE Solar because of their outstanding customer 

service, quick response time and selection of top tier solar products at the best prices.  

 For over 30 years AEE Solar has 
delivered the products, training 
and support our customers need 
to succeed. Through market and 
technology changes, AEE Solar 
has been there for our customers, 
every step of the way. Let us help 
you succeed. 

AEESOLAR.COM800 777 6609SALES@AEESOLAR.COM
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the Wire Industry Currents

Chint and Next Phase 
Solar Partner for  
Field Support

Valentin Introduces 
Simulation Software 
[Berlin, Germany]   Valentin Software has released a new 
version of its PV*SOL Expert simulation software. New func-
tions include 3D planning and visualization for rooftop  
or ground-mounted PV plants up to 2 MW in capac-
ity. The program uses the array location to model energy 
yields based on product selection and array shading, and 
it provides graphical reports. PV*SOL Expert 6.0 can also 
simulate the impact of numerous dc power optimizers and 
demonstrate how the use of specific optimizers will impact a 
project’s design and economics.

Valentin Software / 49 (0)30 588 439-0 / valentin-software.com

[Pleasanton, CA, and Berkeley, CA]  Chint Power Systems (CPS) is now 
offering its customers direct access to Next Phase Solar’s staff of trained 
field support engineers and technicians. Next Phase Solar can assist with 
inverter commissioning, preventive maintenance, data monitoring and 
overall PV site services in all regions of the US. This nationwide distribu-
tion of personnel allows quick and efficient response to system issues as 
well as facilitating scheduled maintenance. Next Phase Solar currently provides field services for more than 250 MW 
of PV systems annually. The partnership allows CPS to provide a cost-competitive, value-added O&M program to its 
customers via a blend of internal and external resources. 

Chint Power Systems / 855.584.7168 / www.chintpower.com/na

Next Phase Solar / 510.984.2027 / nextphasesolar.com

PanelClaw launChes  
Ballasted RaCking system 
[North Andover, MA]   The Polar Bear III racking system from 
PanelClaw incorporates several aspects of the company’s 
existing PanelClaw product line. The ballasted roof-mounting 
system has three major components: support, ballast tray 
and claw. The support has integrated rubber roof pads to 
elevate the racking, which facilitates drainage and protects 
the roof surface. The ballast tray securely captures ballast 
material, and the system’s claw is a universal module attach-
ment. The Polar Bear III also incorporates wire management 
systems for easier installation and is listed to the UL 2703 
standard. The product’s design allows single-module array 
layout for better roof surface utilization. PanelClaw offers a 
25-year materials and workmanship warranty for its Polar 
Bear III racking system. 

PanelClaw / 978.688.4900 / panelclaw.com

http://www.chintpower.com/na
http://www.nextphasesolar.com
http://www.panelclaw.com
http://www.valentin-software.com/en


“My roots managing an investment fund focused on metal fabrication and solar power plants have helped us understand what solar 
investors require: total system cost reduction while meeting the demands for bankability.”

We’ve done the innovating to reduce your total racking system cost

ANDREW WORDEN - CEO & Founder, GameChange Racking

Self-leveling technology: 68% faster install than precast 
Large ballast footprint reduces landfill cap loading
Panels mount rapidly with T-bolts and top clamps on robust aluminum rails
Wind tunnel tested and rated for 150mph wind, ETL/UL 2703 tested
7" vertical adjustability, 5 to 35° tilt, multiple inter-row spacing options
Unbeatable price - starts $0.189/w, $0.205/w including ballast

.

.

.

.

.

.

POUR-IN-PLACE™ GROUND SYSTEM

Standard inexpensive pavers stack on ballast trays
Large ballast footprint reduces landfill cap loading
Panels mount rapidly with T-bolts and top clamps on robust aluminum rails
Wind tunnel tested and rated for 120mph wind, ETL/UL 2703 tested
3" vertical adjustability, 5 to 35° tilt, multiple inter-row spacing options
Unbeatable price - starts $0.199/w, $0.229/w including ballast 

.

.

.

.

.

.

PAVER RAIL BALLASTED GROUND SYSTEM
Just two snap-together components
Integrated grounding and wire management
Fastest install time - 50% less than competitors
Wind tunnel tested and rated for 120mph wind, ETL/UL 2703 tested
Aluminum and stainless steel components, 5, 10 and 15° tilt
Unbeatable price - starts $0.129/w

.

.

.

.

.

.

ROOF SYSTEM

Fast installation with minimum components count and simple design
Turnkey installation, geotech and pull test 
Available with GameChange StickyPost™ piers, earth screws and helical piles
Wind tunnel tested and rated for 150 mph wind
Three axes of adjustability, 5 to 35° tilt
Unbeatable price - starts $0.139/w 

.

.

.

.

.

.

MAXSCALE POST GROUND SYSTEM

YOUR BOTTOM LINE
IS OUR PRIORITY

http://www.gamechangeracking.com
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the Wire

Heyco Introduces 
90° PV Cable Clip 
[Toms River, NJ]   Adding to its existing line 
of wire management products, Heyco has 
released its HEYClip SunRunner 90° cable 
clip. The double-compression clip is com-
patible with 0.055–0.125-inch PV module 
frames and accommodates a single cable 
with a diameter ranging from 0.20 to 0.30 
inch. A 90° turn in the cable clip provides 
a convenient means for installers to secure 
conductors to the short side of the module 
frame in landscape-oriented arrays. The 
smooth clip edges prevent cable damage, 
and installers can remove or reposition the 
clips with a screwdriver. 

Heyco / 800.526.4182 / heyco.com

OutBaCk POweR annOunCes  
eneRgy-BalanCing FunCtiOnality 
[Arlington, WA]    OutBack Power has released two new Radian inverter/charger models for the 
North American market (models GS8048A and GS4048A) that include the company’s recently 
developed GridZero Technology, an energy-balancing or self-consumption function. This operat-
ing mode allows users to program their Radian inverter to utilize primarily the energy generated 
and stored by the renewable energy system, and to prioritize consumption in an effort to zero out 
the system’s load on the utility grid. The inverter automatically draws from the utility when demand 
exceeds a predetermined threshold. GridZero mode allows additional system flexibility in increas-
ingly dynamic utility markets, such as those in California and Hawaii, and in other markets with 
shifting policies and utility requirements for grid-interactive systems. The new Radian models also 
feature advanced battery-charge profiles for compatibility with lithium-ion batteries, other advanced 
battery chemistries and proven lead-acid technologies. 

OutBack Power / 360.435.6030 / outbackpower.com

IronRidge Offers All-in-One  
PV Roof Attachment 
[Hayward, CA]   The new FlashFoot flashed mount from IronRidge 
eliminates the need for separate flashings, standoffs and L-feet. A pre-
installed rubber bushing in the mount’s base forms a dual mechanical 
seal for both the lag screw and the L-foot. A load distribution plate  
at the mount’s base prevents flashing deformation during installation 
while adding structural strength to the attachment. The FlashFoot 
base dimensions are 12-by-12-by-0.05 inches. IAPMO-Evaluation  
Services has certified the product for compliance with the IBC and 
IRC building codes. Rain testing conforms to UL 441-96 standard  
Section 25 for gas vents. 

IronRidge / 800.227.9523 / ironridge.com

http://www.outbackpower.com
http://www.ironridge.com
http://www.heyco.com


The Sunny Boy 240-US Micro Inverter
NOW AVAILABLE! www.SMA-America.com

Reliability runs in the family

http://www.sma-america.com
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the Wire

SEIA and GTM Research Publish 
2013 Solar Market Report 
[Washington, DC, and Boston, MA]  SEIA and GTM Research 
recently published the annual “U.S. Solar Market Insight Report: 
Year in Review.” The report includes data on individual states’ 
installed capacity, job numbers and pricing. Its findings are 
positive industry wide: PV installations in 2013 increased by 
41% over 2012, which represents 4,751 MW of new capacity. 
Solar technologies in general accounted for the second-largest 
source of new electricity generation in 2013. The total number 
of PV installations in the US for 2013 was 140,000 systems, 
resulting in an aggregated total of 445,000 systems in opera-
tion. The report also indicates continued price reductions for PV 
systems in 2013, with weighted prices 15% lower than in 2012. 
The executive summary is available for free online, and you can 
purchase the full report from GTM Research. 

SEIA / 202.682.0556 / seia.org

GTM Research / 617.500.4257 / greentechmedia.com

Trojan Announces PSOC-
Optimized Batteries
[Santa Fe Springs, CA]   Operating battery-based 
systems at partial state of charge (PSOC) reduces bat-
tery life, resulting in more frequent battery replacement 
and increased life-cycle cost. Trojan Battery Company 
has developed a proprietary Smart Carbon formula that 
is now standard in its Industrial and Premium flooded 
lead-acid battery lines. It developed the carbon additive 
to extend overall battery life in applications that fre-
quently cycle batteries at PSOC due to the variability of 
solar generation. These applications can include off-grid 
systems, inverter-backup systems for unstable utility 
grids, and hybrid PV/generator systems that regularly 
cycle batteries to optimize the economics of fuel versus 
battery replacement costs. The Smart Carbon formula 
improves charge acceptance in PSOC applications. 

Trojan Battery Company / 800.423.6569 / trojanbattery.com

ViVint sOlaR aCquiRes  
sOlmetRiC 
[Provo, UT, and Sebastopol, CA]  Vivint Solar, a residential PV 
financing and installation company, has acquired Solmetric as 
a wholly owned subsidiary. As part of the merger, all Solmet-
ric employees will remain in the Sebastopol office, and sales 
contracts, distribution partnerships and product availability will 
continue under the Solmetric brand. The Solmetric team will continue to pro-
vide tech support, service and updates to Solmetric products. Vivint Solar will 
extend the Solmetric product line to strengthen the company’s preinstallation 
and site-assessment design process. 

Vivint Solar / 877.404.4129 / vivintsolar.com

Solmetric / 877.263.5026 / solmetric.com

http://www.vivintsolar.com
http://www.solmetric.com
http://www.greentechmedia.com
http://www.trojanbatteryre.com
http://www.seia.org


Made in USA

Sell More Solar with Quick Mount PV
Master the art of installing solar on tile with two highly versatile mounting options.

(925) 478-8269

Say Yes to Tile

QBase™ Universal Tile

Strongest tile roof mount available. Flashed at 
both the deck and tile levels. Works on both curved 
and flat tile.

Quick Hook®

Installs fast – no tile hole cutting. Attractive 
appearance with no visible flashing. Models for 
both curved and flat tile.

Free Sample
Visit our website

quickmountpv.com

http://www.quickmountpv.com
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In this article, I provide an overview 
of the three types of electrical power 

in ac circuits: real power, reactive 
power and apparent power. I also 
explain how the three relate to each 
other and provide an analogy to clarify 
this complex relationship. In the 
process, I define each term, its calcula-
tion method and its relevance in the 
electrical circuit.

Power in AC Circuits 
Electric power, P, is the rate at which 
electric energy travels through an 
electric circuit. It is calculated by mul-
tiplying the magnitude of the current, 
I, by the magnitude of the voltage, V. 
This basic mathematical relationship is 
expressed in Equation 1:

P = I x V    (1)

In a dc circuit, this calculation is very 
straightforward, since the flow of energy 
is unidirectional, and the current and 
voltage values are generally stable. Solar 
cells, batteries and thermocouples are 
examples of dc current sources. In con-
trast, the current and voltage periodi-
cally reverse direction and polarity in an 
ac circuit, crossing zero in between the 
positive peak and the negative peak, and 
creating a sinusoidal shape. 

Real power. When the voltage and 
current reverse direction or polarity at 
the same time, as shown in Figure 1, 
their waveforms are in phase, or in sync 
with each other. The power waveform, 
P, which is the product of voltage 
and current, is positive at all times. 

The average value, PAVG, represents 
the magnitude of the real power, also 
referred to as active power. This occurs 
in circuits with a source and purely 
resistive loads, in which exclusively real 
power is transferred. The real power is 
the usable portion of the energy that 
flows continuously to the loads and is 
measured in watts (W), kilowatts (kW) 
or megawatts (MW).

Reactive power. Unlike real power, 
reactive power does not do any work. 
For example, if a circuit is purely reac-
tive, as shown in Figure 2, the current 
and voltage are 90° out of phase, mean-
ing that the current reaches its peak 
at the zero crossing of the voltage and 
vice versa. In this scenario, the product 
of current and voltage, P, is positive for 
half of each cycle 

QA Quality Assurance

Reactive Power Primer

C O N T I N U E D  O N  PA G E  1 6
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Figure 1  Pure real power is present in ac circuits with resis-
tive loads only. Because the current and voltage waveforms 
are in phase with one another, the power waveform, shown 
in gray, is positive at all times.
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Figure 2  In a purely reactive circuit, the current and voltage 
waveforms are 90° out of phase. As a result, the negative 
power component offsets the positive power component, so 
that the net power available to the load is zero.
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BECOME ANOTHER INSTALLER

SUCCESS STORY TODAY

making renewable do-able™ 

for over 15 years!

®

altE DIRECT - YOUR EAST COAST SOLAR DISTRIBUTOR
Top Name Brands  •  Wholesale Prices  •  Friendly Service & Support

Friendly, Technically Savvy Staff & Competitive Prices

Some of the quality brands we proudly represent:

VI Solar Depot is 
making it do-able, are you?
This 100kW PV system shown on the Beeston 
Hill Fitness and Rehabilitation Center on  
St. Croix is one of many installations completed 
by VI Solar Depot. The system contains 400 
255W monocrystalline modules, two 33.3kW 
Fronius CL Inverters and two 11.4 Fronius IG 
Plus V series inverters. VI Solar Depot is a valued 
altE Direct customer and another great solar 
installer success story!

Call us at 888.218.1023 
or visit us online at www.altEdirect.com

http://www.altedirect.com
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and negative for the other half. The 
average power, PAVG, across one cycle 
is zero because the amount of power 
that flows toward the load equals the 
amount that flows back. The net power 
available to the load is zero, which is 
the reason reactive power is sometimes 
described as “wattless” or “unusable” 
power. Reactive power is measured in 
volt-ampere reactive (var), kilovolt-
ampere reactive (kvar) or megavolt-
ampere reactive (Mvar).

Reactive loads can be inductive 
loads, such as transformers and motors, 
or capacitive loads, such as capacitors 
and buried cable. Inductive loads are 
devices that consume reactive power to 
energize their magnetic field. Capaci-
tive loads produce reactive power by 
storing energy in the form of an electric 
field. Since capacitors generate reactive 
power and inductors consume it, these 

effects tend to cancel each other out if a 
capacitor and an inductor are placed in 
parallel in the same circuit.

Many ac circuits have both resistive 
and reactive components, resulting in 
a phase shift that falls somewhere in 
between the two extreme scenarios in 
Figures 1 and 2 (p. 14). A combination of 
real and reactive power flows toward the 
loads. Some power is stored temporarily 
in inductive and capacitive elements, 
which can result in the periodic reversal 
of the direction of energy flow and there-
fore a reduction of the usable power. The 
remaining amount of power, after being 
averaged over a complete ac waveform, 
is the real power. The loads convert this 
power into work, typically in the form of 
heat, light or motion. The component of 
power that is temporarily stored in the 
form of magnetic or electric fields and 
then returned to source is the reactive 

power. Although reactive power does 
not provide any direct, visible work, 
an ac transmission system needs it to 
support the transfer of real power over 
the network, which is explained in more 
detail below. 

Apparent power. The combination 
of real and reactive power is known 
as complex power, and the magnitude 
of complex power is referred to as 
apparent power. Since apparent power 
is the product of the magnitude of the 
current and the magnitude of the volt-
age, it is measured in volt-ampere (VA), 
kilovolt-ampere (kVA) or megavolt-
ampere (MVA).

The relationships between real, 
reactive and apparent power form a 
right-angled triangle. Therefore, the 
components are added in vector rather 
than linear form. Figure 4 illustrates 
this trigonometric relationship in a 

The Horse and Boat Analogy

The European Copper Institute manages the Leonardo Energy initiative, which provides 
free educational resources for electrical power and sustainable energy professionals. 

One of these resources is a tutorial by Bruno De Wachter, a freelance engineer and copy-
writer, entitled “Explaining Reactive Power,” which is part of Leonardo Energy’s “Minute 
Lectures” series (leonardo-energy.org). In this tutorial, Wachter presents four reactive power 
analogies, including the following.

A horse walking along the banks of a canal pulls a boat along the waterway, as shown 
in Figure 3. Since the horse cannot walk directly in front of the boat, the boat’s rudder 
must turn to compensate for the forces that would otherwise pull the boat into the bank 
of the canal. In this manner, the boat is able to navigate in a straight path. However, the 
turned rudder results in additional system losses, limiting the horse’s capacity to do 
real work. 

The vector relationship of these mechanical forces is analogous to power in 
an electrical system. The active force moving the boat forward in a straight line 
resembles real power in an electric system. The rudder introduces a reactive force, 
which limits the horse’s capacity, and represents 
reactive power in an electrical system. The vector 
sum of these two forces is the apparent force 
that the horse applies to the boat or the apparent 
power in the electric system. Since the boat can-
not move in a straight line without support from 
the rudder, this analogy demonstrates that there 
can be no transfer of real power without the sup-
port provided by reactive power. {

A
pparent force

Reactiveforce
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Figure 3  While the real work 
is along the axis of the active 
force, the transfer of real 
power is not possible without 
the support of the reactive 
forces. The hypotenuse of the 
triangle represents the total apparent force. These vector relationships are 
analogous to those in the power triangle in Figure 4.
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vector diagram. Since the real power, 
PAVG, is the usable power performing 
the actual work, it is typically repre-
sented as the real axis of the vector 
diagram. The diagram shows reactive 
wattless power, Q, which does not 
transfer any net power to the grid, as 

the imaginary axis.  
The length of the vec-
tor sum builds the 
apparent power, S. The 
angle of the triangle, 
θ, is a measurement 
of the degree to which 
the current and voltage 
waveforms are out  
of phase.

Power factor. The 
ratio of real power to 
apparent power in a 
circuit is called the 
power factor (PF). It is 
commonly expressed 

as a value greater than or equal to zero 
and less than or equal to one (0 ≤ PF 
≤ 1), or as a corresponding percent-
age (0%–100%). The power factor in a 
circuit is also equal to the cosine of the 
phase shift angle between the current 
and voltage waveforms (PF = cos θ).

When current and voltage wave-
forms in a circuit are in phase and 
peaking simultaneously, as shown in 
Figure 1 (p. 14), the power factor is at 
unity (PF = 1). In contrast, the power 
factor is zero (PF = 0) in a circuit when 
the phase shift between the current and 
voltage is 90°, meaning the current 
reaches its peak at the zero crossing of 
the voltage, and the voltage reaches its 
peak at the zero crossing of the current, 
as shown in Figure 2 (p. 14). Power 
factor values between zero and one 
indicate a phase shift smaller than 90° 
and result in a combination of active 
and reactive power. 

To show the relationship of the 
phase angle of current with respect 
to the phase angle of voltage, power 
factors are usually stated as either 
lagging or leading. On one hand, 
inductive loads build a magnetic field, 
which causes the current waveform 

Figure 4  This vector diagram represents the vector 
relationship between real power, P, reactive power, Q, and 
apparent power, S. The power factor in the circuit is equal 
to the cosine of the phase shift angle, θ. 

Q = Reactive
power
(var)S = Apparent power (V

A)

P = Real power (W)
Power factor = cos (θ)
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to fall behind the voltage waveform. 
Therefore, inductive circuits are said 
to have a lagging power factor, which 
is sometimes described as a “posi-
tive” or “overexcited” power factor. 
On the other, capacitive loads store 
energy in the form of an electric field, 
which causes the current waveform 
to get ahead of the voltage waveform. 
Therefore, capacitive circuits are said 
to have a leading power factor, which 
is sometimes described as a “negative” 
or “underexcited” power factor. 

In a power distribution system, 
you can evaluate the power factor as 
a measure of efficiency. A system with 
a low power factor requires more  
current to supply the loads with the 
same amount of usable real power  
as compared to a system with a 
higher power factor. The increased 
current translates into higher losses 
and therefore has an immediate 

effect on the efficiency of the overall 
system. You need to consider the total 
current of the system, not just the 
current that generates active power, 
when sizing conductors, transformers 
and generators.

Reactive Power Matters 
Reactive power is unavoidable in an 
ac circuit containing both resistive 
and reactive (either capacitive or 
inductive) components. Although it 
is unusable to resistive loads, reactive 
power plays a significant role in the 
electrical system as a whole and is 
necessary for regulating the voltage 
in it. Generally speaking, decreasing 
reactive power causes voltages to 
drop, while increasing reactive power 
causes voltages to rise. Without suf-
ficient reactive power, inductive com-
ponents such as transformers and 
motors cannot maintain the voltage 

levels required for generating electro-
magnetic fields. 

When the transmission system is 
heavily loaded, the active power losses 
in the transmission system are high. 
Current must increase to maintain the 
power supplied to the loads, caus-
ing the lines to consume more reac-
tive power and the voltage to drop. If 
current increases further, the trans-
mission line overcurrent protection 
devices can trip and overload other 
lines—potentially leading to a cascad-
ing failure of the electrical system. 
When voltages in an area are signifi-
cantly low or a blackout occurs due to 
the cascading events accompanying 
voltage instability, the phenomenon is 
referred to as voltage collapse. In other 
words, voltage collapse occurs when 
the system is trying to serve much 
more load than the voltage can sup-
port. This situation has likely caused 
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several recent power outages in the US 
and worldwide.

While reactive power flow helps 
maintain voltage stability in an ac 
system, it also burdens the grid by 
raising the total current of the system. 
The increased current translates into 
higher heat losses in transmission 
lines and loads. A higher current also 
puts additional stress on compo-
nents, which is why the total appar-
ent current of the system needs to be 
considered when sizing conductors, 
transformers and generators.

While reactive power is required 
to maintain the voltage levels needed 
to deliver active power through the 
transmission lines, it must also be 
properly managed to avoid stressing 
the system. Balancing the right amount 
of reactive power in the network is 
crucial for overall grid stability. Utilities 
often have a significant reactive power 

charge for large commercial customers 
when the power factor is outside the 
desired range, such as a power factor 
less than 0.95. To avoid these charges, 
utility customers can install power 
factor correction equipment to coun-
ter the effects of their reactive loads. 
Capacitive components, such as shunt 
capacitors and static var compensators, 
can generate reactive power and raise 
the voltage. Since inductors absorb 
reactive power, they can decrease the 
voltage. Capacitive components can 
therefore compensate for the effects of 
inductive components when both are 
placed in parallel in the same circuit, 
and vice versa.

One benefit of inverter-based 
distributed generation is that these 
interconnected power production 
sources can provide customer-sited 
grid support while also fulfilling their 
main purpose of producing energy. 

Many utilities have viewed grid-tied 
PV systems simply as negative loads 
with the single purpose of producing 
real power with the resulting energy 
harvest. This view neglects a set of 
inverter-based generator capabilities 
that, with the right control mecha-
nisms, can provide further benefit 
for system owners and grid opera-
tors. Some PV systems have control 
features that allow them to provide 
reactive power support, among other 
grid support functions, as needed. This 
allows them to stabilize power grids 
and to offset the need for additional 
costly power factor correction equip-
ment. As a result, PV inverters are 
becoming significant contributors 
to overall power management on the 
electrical distribution network.
—Verena Arps / AE Solar Energy /  
Sacramento, CA / solarenergy. 
advanced-energy.com 
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R
eactive power control may be one of the more con-
fusing topics in the PV industry, but it is an area 
of significant promise. In this article, I provide a 
high-level overview of how voltage is controlled in 

transmission and distribution systems. I also summarize 
the effect of inverter-based distributed energy resources 
on electrical power system voltage levels and describe how 
reactive power control schemes can be used to mitigate 
those impacts. I discuss the evolving technical and juris-
dictional requirements for reactive power control, which 
account for much of the confusion about this topic. I present 
some useful information for PV plant designers related to 
qualifying inverters for use in projects with reactive power 

control requirements and quantifying the system perfor-
mance implications associated with meeting these require-
ments. I compare inverter-level versus plant-level reactive 
power control schemes as well as reactive power control 
requirements for transmission-level versus distribution-
level interconnections, and then conclude with a brief dis-
cussion of compensation for reactive power capabilities. 
(For an overview of reactive power in ac circuits, see “Reac-
tive Power Primer,” pp. 14-19.)

VOLTAGE CONTROL  
The American National Standards Institute (ANSI) defines 
acceptable (Range A) and tolerable (Range B) service and 

By Paul Brucke, PE 

To facilitate higher levels of distributed PV penetration     and meet transmission interconnection requirements, inverter-based  
                             generators need to participate in     utility-voltage regulation by absorbing or injecting reactive power.

Reactive Power Control 
in Utility-Scale PV:  
Utility Requirements and 
PV Inverter Capabilities
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utilization voltage levels in ANSI C84.1-2011, “American 
National Standard for Electric Power Systems—Voltage Rat-
ings (60 Hertz).” Electrical equipment manufacturers design 
their products to operate within the voltage tolerance bound-
aries described in this standard. Electric power system opera-
tors design and operate the utility grid to maintain those 
voltage levels under normal operating conditions. 

Reactive power management is an essential part of how 
voltage levels are controlled in the electric power system. In 
effect, reactive power can be generated as a means of raising 
voltage levels or absorbed as a means of lowering voltage lev-
els. System designers and operators coordinate reactive power 
compensation devices with voltage regulators—tap-changing 

autotransformers located at the source of or along distribu-
tion feeders—and on-load tap changers, which allow for 
stepped voltage regulation by automatically adjusting the 
turns ratio of substation transformers. 

In the article “Ancillary Service Details: Voltage Control” 
(see Resources), Brendan Kirby and Eric Hirst summarize 
some of the challenges associated with voltage control and 
reactive power management at the transmission level: “At 
very light loading the [transmission] system generates reac-
tive power that must be absorbed, while at heavy loading the 
system consumes a large amount of reactive power that must 
be replaced. The system’s reac-
tive power requirements also 
depend on the generation and 
transmission configuration. 
Consequently, system reactive 
requirements vary in time as 
load levels and generation pat-
terns change.” 

Though traditional syn-
chronous generators are capa-
ble of injecting reactive power 
into the system or absorbing 
excess reactive power—and 
can do so quickly—the oper-
ating and opportunity costs 
associated with this method 
of voltage control are relatively 
high. Therefore utility opera-
tors may seek to minimize the 
exchange of reactive power 
between the transmission 
system and generation units, 
which operate according to a voltage schedule provided by 
the transmission system operator. In the event of a disruption, 
such as the loss of a generator or of a transmission line, the 
synchronous generator’s excitation system will dynamically 
inject or absorb reactive power as needed until system volt-
age stabilizes.

Dynamic and static devices. To maintain the reserve capac-
ity of generator reactive power for contingencies, system 
operators may prefer to add reactance or capacitance to the 
transmission system when voltage adjustments are needed. On 
one hand, switching in inductors reduces voltage at the point of 
connection by absorbing reactive power from the system; on 
the other, switching in capacitors raises the bus voltage at the 

To facilitate higher levels of distributed PV penetration     and meet transmission interconnection requirements, inverter-based  
                             generators need to participate in     utility-voltage regulation by absorbing or injecting reactive power.

“Conventional power 
plants that use syn-
chronous generators 
have an inherent 
reactive power capa-
bility. Utilities need 
renewable power 
plants to act similarly 
and provide reactive 
power support for 
voltage control, 
despite the variable 
nature of renewable 
energy sources.”
—Kleber Facchini,  
product manager, Eaton
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point of connection by supplying reactive power to the sys-
tem. While power system operators use inductors to control 
high-voltage levels on transmission systems, they primarily 
use capacitors to control low-voltage levels on both transmis-
sion and distribution systems. 

One disadvantage of using static devices like inductors 
and capacitors for voltage control is that the response speed 
is relatively slow (on the order of seconds or minutes) com-
pared to that of dynamic voltage control devices, which are 
continuously variable and can respond much faster. Inductors 
and capacitors are discrete devices with binary control—they 
are either on or off. Further, the process of switching these 
devices on or off can inject voltage transients into the electric 
power system. 

Electric power system designers deploy synchronous 
condensers, static var compensators (SVCs) and static syn-
chronous compensators (STATCOMs) throughout the net-
work where faster and smoother reactive power control is 
needed. Synchronous condensers are rotating machines 
that only provide reactive power support and do not pro-
duce any real power. SVCs combine conventional capacitors 
and inductors with high-speed switching, which allows for a 
continuous rather than stepped control range. STATCOMs 
are solid-state power electronic devices—like PV inverters, 
but without the PV array—that inject or absorb reactive 
power by synthesizing a voltage that is either greater or less 
than the voltage at the bus. Though they are not synchro-
nous machines, SVCs and STATCOMs are categorized as 
dynamic reactive control devices due to their fast response 
time and variable output.

Note that many commercial and industrial customers 
manage power factor at the point of consumption to avoid 
incurring the power factor penalties that utilities assess. 
These penalties encourage utility customers to operate their 
facilities closer to a unity power factor, which improves the 
efficiency and reliability of the electric power system as a 
whole by minimizing the need for reactive power flows in the 
distribution system.

Distributed generation. Since the electric power system was 
not designed to take into account distributed generation and 
bidirectional flows, utility system operators and regulators 
have generally treated distributed PV generation as a variable 
negative load. Therefore, most PV inverters interconnected to 
the electric power system at the distribution level operate at 
a unity power factor due to regulatory requirements. While 
this practice has allowed integration of PV systems into the 
electric power system at low penetration levels, it exacerbates 
voltage control challenges for system operators as PV pen-
etration levels increase. (See “PV Generation and Its Effect on 
Utilities,” SolarPro magazine, June/July 2013.) 

As shown in Figure 1, voltage rises when PV power is 
injected into the distribution system. The relative impact of 

this voltage rise varies based on the location where PV power 
is injected, the amount of PV generation relative to minimum 
and maximum daytime loads, solar resource variability and so 
forth. Treating distributed PV generation as a negative load not 
only ignores these voltage impacts, but also limits the amount 
of PV capacity that can be interconnected to the grid with-
out sacrificing power quality and grid reliability. However, PV 
inverters are intrinsically capable of absorbing reactive power 
to counteract voltage rise at the point of connection, just as 
they are capable of injecting reactive power to support voltage 
sags. Moreover, if inverters are required or allowed to partici-
pate in voltage control and reactive power management, utility 
operators can accommodate higher PV penetration levels.

In the IEEE article “Options for Control of Reactive Power 
by Distributed Photovoltaic Inverters” (see Resources), Kon-
stantin Turitsyn and his coauthors point out that high PV 
penetration levels present both a challenge and an oppor-
tunity for distribution utilities: “Rapidly varying irradiance 
conditions may cause voltage sags and swells that [slow-
responding utility equipment cannot compensate for,] 
resulting in a degradation of power quality. Although not 
permitted under current standards for interconnection of 
distributed generation, fast-reacting var-capable PV invert-
ers may provide the necessary reactive power injection or 
consumption to maintain voltage regulation under difficult 
transient conditions. As a side benefit, the control of reactive 
power at each PV inverter provides an opportunity and a new 
tool for distribution utilities to optimize 

Reactive Power
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Figure 1  While injected PV power influences voltage levels in 
the distribution system, especially in weak grid locations like 
long rural feeders, utility operators can mitigate these impacts 
by allowing or requiring inverters to participate in voltage 
control by managing reactive power flows.
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the performance of distribution circuits: [ for example,] by 
minimizing thermal losses.”

While we can envision a future where utilities directly 
control PV inverters with a robust communications network, 
existing requirements are not yet in place so that utilities can 
use inverters as a new tool to manage old problems. John 
Gajda, a lead engineer at Duke Energy, explains: “The poten-
tial for coordinated use of inverters is incredible; nevertheless, 
the obstacles are unfortunately still rather daunting. In theory, 

properly coordinated con-
trol of reactive power at 
any generation site could 
benefit overall utility oper-
ation. However, this opens 
up a potential Pandora’s 
box of issues that would 
need to be addressed, 
including proper contract 
arrangements for ancil-
lary services, regulatory 
allowances or mandates 
for coordinated opera-
tion, technical standards 
for coordinated operation, 
and methods for managing 
the security of a utility-to–
third party control system 
interface. In the short 
term, utility operators can 
possibly use inverter capa-
bility to allay concerns 
about steep ramp rates or 
flicker concerns related 
to rapid changes in irradi-

ance. However, these capabilities only mitigate issues related 
to the PV system itself, rather than providing an enhancement 
for distribution system operations.”

REACTIVE POWER STANDARDS 
Much of the confusion related to reactive power control in PV 
inverters is due to the lack of clarity and coordination of tech-
nical requirements across various jurisdictions. The require-
ments of the North American Electric Reliability Council 
(NERC) and the Federal Energy Regulatory Commission 
(FERC) do not clearly and specifically address PV inverter-
based generators, and many regional grid operators and some 
electric utilities have established their own power factor and 
voltage control standards for transmission-connected plants, 
which share some similarities but are not harmonized. Mean-
while, the interconnection standard that applies to distrib-
uted energy resources, IEEE 1547, does not currently allow for 
voltage control. 

In “Reactive Power Interconnection Requirements for PV 
and Wind Plants” (see Resources), Abraham Ellis and his coau-
thors provide a thorough review of existing reactive power 
standards. While efforts are under way to reconcile transmis-
sion and distribution interconnection standards in North 
America, this is a long-term effort. However, significant prog-
ress has been made recently on two fronts: amending IEEE 1547 
to allow distributed energy resources to participate in voltage 
regulation, and establishing new technical requirements in Cal-
ifornia for inverter-based distributed energy resources. 

IEEE 1547 amendment. IEEE 1547 is in the process of being 
substantially revised and updated. However, developing and 
adopting new standards is a lengthy process. Recognizing a 
need for short-term changes, members of the IEEE 1547 stan-
dards community initiated a fast-track process to amend the 
IEEE standard for interconnecting distributed resources with 
the electric power system. Identified as IEEE 1547a, the result-
ing amendment is a permissive update to the existing stan-
dard that specifically allows distributed resources “to actively 
participate to regulate the voltage by changes of real and reac-
tive power,” provided that voltage regulation is approved by 
and coordinated with the utility operator. Additional work 
is under way to develop new testing requirements and best 
practices related to voltage control and other grid support 
capabilities—such as short-duration voltage and frequency 
ride-through—allowed under IEEE 1547a.

California’s Rule 21. In January 2014, the Smart Inverter 
Working Group published “Recommendations for Updat-
ing the Technical Requirements for Inverters in Distributed 
Energy Resources,” its recommendations to the California 
Public Utilities Commission (CPUC) for updating the techni-
cal requirements for inverters in distributed energy resources 

Reactive Power

Qrel = -100%
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cos θ = 0.85 cap.
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cos θ = 0.85 ind.
(underexcited)
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Figure 2 The Smart Inverter Working Group recommends that 
the California Public Utilities Commission require inverter-
based distributed energy resources larger than 15 kW be 
capable of dynamically operating within a power factor range 
of ±0.85, down to 5% of rated power.
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“The original intercon-
nection requirements 
for inverters—such  
as anti-islanding and 
tight frequency and volt-
age windows—were 
designed to quickly 
remove inverters from 
the grid during periods 
of instability. As solar 
penetration rates 
increased, this type of 
response only served  
to exacerbate grid 
stability problems.” 
—Andrew Riegler, man-
ager of product and 
application engineering, 
Schneider Electric
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(see Resources). The intent of the CPUC’s efforts is to 
proactively implement new inverter functions that have 
proven technically feasible and beneficial to grid opera-
tors in Europe. In so doing, the CPUC hopes to avoid 
some of the power system emergencies experienced 
in Europe associated with high-penetration levels of  
variable energy resources. 

The Smart Inverter Working Group recommends 
that the CPUC require seven autonomous inverter 
functions, including two specifically related to reactive 
power: dynamic reactive power control and fixed power 
factor operation. As shown in Figure 2, the group sug-
gests that inverters be capable of dynamically injecting 
or absorbing reactive power in response to local voltage 
measurements to help maintain voltage levels within 
their normal ranges or improve the efficiency of elec-
tric power systems. It further recommends that inverters be 
capable of operating with a fixed power factor—0.85 lag to 
lead for larger inverters—to enable utility operators to com-
pensate for other loads that generate reactive power, as well 
as to improve circuit efficiency.

Though inverter-based reactive power control require-
ments are still evolving, they have immediate implications 

Reactive capabilities Reactive power capabilities not only 
vary by inverter make and model, but may also vary depend-
ing on how a product is ordered. For example, the ABB 
(Power-One) Ultra-1500 can be specified with equal real and 
apparent power ratings (1,560 kW and 1,560 kVA) or with 
reduced active power as compared to apparent power  
(1,500 kW vs. 1,560 kVA).
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for many industry stakeholders. According to Tobin Booth, 
CEO of Blue Oak Energy, “Utilities have started to require 
power factor control to compensate for rapid changes in the 
weather, which can strain the utility grid power quality in cer-
tain locations.” As a result, Blue Oak Energy is now configur-
ing projects to control power factor, to gain interconnection 
approval where utilities would otherwise have denied it. 

Ryan LeBlanc, senior application engineer at SMA 
America, notes: “Our experience shows that most, if not 
all, major utilities are now addressing power factor in one 
way or another on PV plants from 500 kW and up. The list of 
utilities with reactive power requirements that we’ve worked 
with includes Hawaiian Electric Companies, Los Angeles 
Department of Water & Power, National Grid, Pacific Gas 
and Electric Company, San Diego Gas & Electric Company 
and Southern California Edison. Most of our experience is 
on the distribution network, and utilities typically require 
reactive capabilities of 0.95 or 0.90 lag-to-lead power factor 
at the point of interconnection.”

INVERTER CAPABILITIES  
Today’s utility-scale inverters include many advanced features, 
including reactive power support, that allow better inter-
action with the grid. According to SMA America’s LeBlanc:  
“Inverters are very sophisticated power electronic devices that 
can quickly take a command and adjust to the desired power 
factor. Inverters are also an increasingly economical source of 
reactive power. The cost of inverters is reducing at three or 
four times the rate of costs for traditional var compensation 
devices, like STATCOMs and capacitor banks.” LeBlanc points 
out that in many cases these capabilities are critical to proj-
ect success: “By using advanced inverter functions to provide 
reactive power support, system designers and developers can 
eliminate the cost and complexity of providing power factor 
mitigation by other means, which can cause projects to be 
delayed or canceled.” 

Utility-interactive inverters work by switching a dc voltage 
into the ac circuit at high frequency, typically by using a pulse 
width modulation technique. When inverters operate at a unity 
power factor, this is done in sync with the utility system’s ac 
voltage waveform. However, it is also possible for an inverter to 
offset its current waveform from the utility voltage waveform 
by controlling the delay in the switching devices. This offset cre-
ates a subcycle energy exchange between the inverter’s dc link 
capacitor and the grid, which increases the inverter’s appar-
ent current output and causes a corresponding increase or 
decrease in grid voltage, depending on the direction of the reac-
tive power flow. This additional current does not contribute 
to the real power the inverter generates, nor does it consume 
energy from the PV array. As the offset between the inverter’s 
current waveform and the utility voltage waveform increases, 
the exchange of energy and the current increases. In this 

manner, inverters adjust 
power factor, absorbing or 
generating reactive power 
depending on the direction 
in which the current wave-
form is offset from the util-
ity voltage waveform. 

While reactive power 
management does not 
consume energy per se, 
operating an inverter off 
unity power factor does 
slightly increase operat-
ing losses. Additional per-
formance tradeoffs are 
relevant to both inverter 
manufacturers and PV sys-
tem designers.

Operating efficiency. Kleber Facchini, product manager for 
Eaton’s Power Xpert solar inverters, explains: “If an inverter 
maintains real power output levels while producing reactive 
power, conductive and iron losses increase slightly due to the 
increase in current. For instance, while our inverter has an 
ac current output of 2,710 A at its real power rating, the out-
put current is close to 3,000 A at that same real power level 
and a 0.91 power factor.” While the benefits of inverter-based 
reactive power capabilities clearly outweigh such minor 
efficiency losses, inverter manufacturers must account for 
these higher current levels in their product designs. 

Real and reactive power limitations. In theory, the full cur-
rent capacity from a PV inverter could be available for gener-
ating or consuming reactive power. Moreover, since reactive 
power management does not require energy from the PV 
array, inverters are theoretically capable of providing reac-
tive power at night. In practice, however, manufacturers have 
historically limited the available power factor range and have 
not designed PV inverters to provide reactive power while 
producing no real power; further, control systems typically 
shut down the inverter at night to eliminate parasitic losses. 

While typical utility-scale PV inverters can absorb or 
generate reactive power at partial power output, doing so 
at full power necessarily requires additional inverter capac-
ity to handle the full active and reactive current. Ellis and 
his coauthors explain the cost implications of providing 
this additional capacity: “Considering that inverter cost is 
related to current rating, provision of reactive power at ‘full 
output’ means that the inverter needs to be larger for the 
same plant MW rating, which comes at a higher cost com-
pared to existing industry experience.” 

Because of these cost implications, PV inverter manu-
facturers have traditionally dedicated the device’s maximum 
current capacity to the production of real 

Reactive Power

“Early solar power 
plants had to use 
STATCOMs or other 
reactive power 
sources to meet 
interconnection 
requirements, as 
reactive capabilities 
and controls were 
not readily available 
on solar inverters.”
—Kleber Facchini,  
product manager, Eaton
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Inverter B Figures 3a & 3b Capability 
curves, or P–Q curves, are 
a graphical representation 
of an inverter’s operating 
range in terms of real power 
(P) and reactive power (Q). 
While Inverters A and B both 
have a real power rating of 
1,000 kW and a 0.8 power 
factor limit, Inverter A (left) 
has an apparent power rating 
of 1,111 kVA with a 0.9 lag-
to-lead power factor at full 
power, and Inverter B (right) 
has an apparent power rating 
of 1,000 kVA and no power 
factor capabilities at full 
power. The areas bounded 
by dotted lines represent 
operating points that are 
within the inverter’s kVA 
rating but outside its power 
factor range.

power. This is beginning to change, 
however, due to evolving techni-
cal requirements. To avoid having 
to derate inverters to meet inter-
connection requirements, manu-
facturers have begun to design PV 
inverters that have additional reac-
tive power capability at their real 
power rating.

Inverters are current-limited 
machines, and manufacturers have 
a choice in how they design the control system. They can either 
make the maximum current capacity available for real power 
or hold some current capacity in reserve so that the inverter 
has some reactive capability at its rated real power, operat-
ing similarly to a conventional synchronous generator. Both 

design approaches have 
advantages and disadvan-
tages. For example, hold-
ing capacity in reserve may 
make the interconnection 
application process more 
straightforward because it 
is easier to communicate 
the project’s capabilities to 
utility engineers, who are 
used to working with syn-
chronous generators. How-
ever, when the PV inverter 
is operating at its peak real 
power rating at unity power 
factor, the inverter will lose 
more energy to clipping 
than if it had its full current 
capacity available.

Real vs. apparent power 
ratings. Due to a lack of industry and market standardiza-
tion, there is significant variation among manufacturers 
in terms of the ratings conventions they use for real power 
(kW or MW) versus apparent power (kVA or MVA). On one 
hand, some inverters—including models manufactured 
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Reactive power at night  While 
many inverters are not capable 
of delivering reactive power 
independent of real power, some 
that can—like this Sungrow 
SG800MX—are able to provide 
reactive power support at night.

Reactive Power
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by AE Solar Energy, Bonfiglioli and Eaton—have an appar-
ent power rating that exceeds the real power rating. These 
inverters have a limited power factor capability at the name-
plate real power rating and can operate beyond that power 
factor range by limiting real power. On the other hand, 
some inverters—including models from Schneider Electric 
and SMA—have an apparent power rating equal to the real 
power rating, indicating that they have no reactive power 
capability at their real power rating. 

PV system designers need to pay extra attention when 
specifying utility-scale inverters to ensure that they meet all 
project needs. They must also account for any real power losses 
due to apparent power limitations. Consider, for example, two 
inverters with 1,000 kW real power ratings: Inverter A has an 
apparent power rating of 1,111 kVA with a power factor capa-
bility of 0.9 lag to lead at full power; Inverter B has an apparent 
power rating of 1,000 kVA and no power factor capabilities at 
full power. If the solar resource and array capacity are adequate 
to peak the inverter output, Inverter A is capable of producing 
1,000 kW of real power in addition to 484 kvar of reactive power 
while operating at a power factor of 0.9, as shown in Figure 3a. 
Under the same circumstances, Inverter B is capable of produc-
ing only 900 kW of real power while operating at a power factor 
of 0.9 (1,000 kVA x 0.9 PF), as shown in Figure 3b. 

Note that at partial loading, both inverters have capacity 
available for reactive power control. For example, at 50% load-
ing, both Inverter A and Inverter B could produce 500 kW of 
real power, 310 kvar of reactive power and 588 kVA of appar-
ent power—given that both are capable of operating at a 0.85 
power factor. Since inverters operate below rated output the 
majority of the time, latent inverter capacity is generally avail-
able to produce or consume reactive power.

Power factor limitations. In their IEEE article, Turitsyn and 
his coauthors note: “Dispatching [reactive power] places 
additional duty on the inverters of individual PV generators, 
which may lead to reduced lifetime and increased life-cycle 
cost.” Increasing inverter output current increases thermal 
stresses. Therefore, most manufacturers limit the power fac-
tor range available to an inverter to limit the amount of wear 
on the device that is not directly related to producing real 
power from the PV array.

It is common for inverters to have a 0.8 lag-to-lead power 
factor range, which should meet most utility requirements. 
However, depending on the manufacturer, none of this 
range—or only some of it—may be available to an inverter 
operating at full rated real power. It is important for system 
designers and operators to understand when power factor 
limitations may cause a loss of real power, and to account for 
these losses when modeling system production or verifying 
system performance. 

Input dc voltage limitations. When an inverter generates 
or consumes reactive power, there is a voltage drop across 
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the inductor in the output filter of the inverter that reduces 
or increases the voltage at the output of the switching stage 
of the inverter. (For more information on inverter topology, 
see “Central Inverters for Utility-Scale Applications,” SolarPro  
magazine, December/January 2013.) The inverter’s ability to 
effectively track the maximum power point of the array will 
change as a result.  

System designers need to be aware that these dc voltage 
impacts may affect source-circuit sizing. If the system oper-
ates an inverter at a lagging power factor to generate reac-
tive power, and the lower voltage limit of the dc input window 
increases as a result, this could limit string size options. Sys-
tem designers must account for any input voltage window 
changes at different power factors when specifying an array. 
If they do not, high temperatures may compromise the invert-
er’s ability to track the maximum power point of the array, 
potentially leading to lost energy generation. Since these 
impacts are product specific, inverter manufacturers’ appli-
cation engineers are an ideal source of design guidance. 

Andrew Riegler, manager of product and application 
engineering at Schneider Electric, points out: “The dc input 
voltage window for Schneider Electric’s Conext Core XC-NA 
inverters does adjust depending on whether the inverter is 
absorbing or delivering vars [reactive power]. The window 
will get larger if the inverter is consuming vars and will get 
smaller if it is injecting vars. While the published dc input 
voltage ratings are based on unity power factor, we provide 
tables that system designers can use to understand how the 
dc input window changes depending on the project’s reactive 
power requirements.”

Production estimates. While supplying 
reactive power clearly has some effect on PV 
plant performance—in terms of both energy 
production and levelized cost of energy—
these impacts are difficult to quantify. PVsyst, 
the de facto industry-standard production-
modeling tool, cannot account for these 
effects. However, PV system designers or 
developers can always post-process PVsyst 
data if they wish to estimate the possible per-
formance impacts associated with reactive 
power support.

For example, system designers could 
post-process hourly output data from 
PVsyst to estimate potential energy losses 
associated with providing reactive power 
support at times when the inverter is oper-
ating at full load. System designers can also 
account for losses associated with dc input 
voltage limitations by post-processing 
hourly PVsyst data and looking to see when 
the array VMP falls below the lower limit of 

the inverter’s dc input window as modified by operation at 
a lagging power factor. 
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Transformer losses  To account for reactive losses in the ac collection 
system, PV inverters used as part of a transmission-interconnected PV power 
plant may need to have a wider power factor operating range than what the 
utility requires specifically at the point of interconnection.

Vars received
from utility
(inductive)

Vars delivered
to utility

(capacitive)

Watts delivered
to utility

(generator)

Watts received
from utility

(load)
P

Q

PF leading
PF leadingPF lagging
PF lagging

Leading or lagging power factor? On the one hand, a lag-
ging power factor occurs when the real and reactive current 
are flowing in the same direction, as is the case when an 
inductive load is consuming both real and reactive power or 
when a capacitive generator is producing both real and reac-
tive power. On the other, a leading power factor occurs when 
the real and reactive current are flowing in opposite directions, 
as is the case when a capacitive load is consuming real power 
but providing reactive power or when a inductive generator is 
producing real power but absorbing reactive power.
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While there are conductive and iron losses associated with 
using an inverter to supply reactive power, it is unlikely that 
the production model needs to account for these losses. When 
supplying reactive power at full inverter loading, the decrease 
in inverter efficiency is likely on the order of 0.1%. These losses 
decrease at lower power levels and are not an issue when the 

inverter operates at unity power factor. Nevertheless, it is a good 
idea for system designers to ask the inverter manufacturer to 
quantify these losses. Designers can then determine whether to 
account for them or whether they have an insignificant impact.

System designers may also be able to use plant-level model-
ing to analyze reactive power performance trade-offs. Eaton’s 

Reactive Power

Manufacturer Model

kW rating 

(at 50°C)

kVA rating 

(at 50°C)

Temp-dependent  

kW/kVA ratings PF range at kW rating Full PF range

Reactive 

capability at 

night

Inverter-level control options

Constant PF Constant var

Real power–

dependent PF

Inverter-

level voltage 

control

PF set 

point

var set 

point

var ramp 

rate control

AESE AE 1000NX 1,000 1,100 N 0.91 lag to 0.91 lead 0.80 lag to 0.80 lead N Y Y Y N Y Y Y

Bonfiglioli RPS TL-UL 1000 1,200 1,333 N 0.90 lag to 0.90 lead 0.85 lag to 0.85 lead N Y Y Y Y Y Y Y 

Eaton Power Xpert Solar 1670kW 1,670 1,830 N 0.91 lag to 0.91 lead 0.00 lag to 0.00 lead N Y Y N N Y Y Y

Schneider XC 680-NA 680 680 N NA 0.80 lag to 0.80 lead Y Y Y Y N Y Y N

SMA SMA SC 800CP-US 800 800 Y NA 0.80 lag to 0.80 lead coming soon Y Y Y Y Y Y Y

Solectria SGI 750XTM 750 750 N NA 0.80 lag to 0.80 lead N Y Y Y Y Y Y Y

Table 1  While inverter-level control options vary considerably by inverter make and model, plant operators can typically realize 
all these control modes with a plant-level control scheme.

Table 1: Reactive Power Capabilities of Six Representative Utility-Scale Inverters

http://www.schletter.us
http://www.schletter.ca
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Facchini explains: “When producing capacitive reactive power, 
the inverter terminals may experience the maximum rated volt-
age, in which case the dc input window needs to be narrowed. 
However, one must remember that capacitive reactive power 
is required whenever the ac voltage level needs to be boosted, 
meaning that voltage levels are lower than rated. Therefore, a 
plant-wide study needs to be performed to understand the dif-
ferent trade-offs when supplying vars from the inverter.”

INVERTER-LEVEL VS. PLANT-LEVEL CONTROL OPTIONS  
Designers can accomplish reactive power control using PV 
inverters in one of two ways, either at the inverter level or at the 
plant level. At the inverter level, plant operators can set inter-
nal parameters in the inverter software to allow the inverter to 
operate at a fixed power factor or to vary reactive power depend-
ing upon the generation level or the voltage at the inverter ter-
minals. At the plant level, a central plant controller controls 
the reactive power magnitude, power factor or voltage at the 
point of interconnection. With a plant-level controller, system 
designers also have the option of using other equipment, such 
as switched capacitor banks, for reactive power control.

Inverter-level control. Some inverters on the market today 
have the ability to control reactive power output in multiple 
ways. Representative power factor control and reactive power 
control modes include constant power factor, constant reac-
tive power, real power–dependent operation, inverter-level 
voltage control, dynamic set point control and reactive power 
ramp rate. 

Constant power factor. While inverters operate at unity pow-
er factor by default, system designers can also configure them 
using this control mode to operate at a constant non-unity 

Manufacturer Model

kW rating 

(at 50°C)

kVA rating 

(at 50°C)

Temp-dependent  

kW/kVA ratings PF range at kW rating Full PF range

Reactive 

capability at 

night

Inverter-level control options

Constant PF Constant var

Real power–

dependent PF

Inverter-

level voltage 

control

PF set 

point

var set 

point

var ramp 

rate control

AESE AE 1000NX 1,000 1,100 N 0.91 lag to 0.91 lead 0.80 lag to 0.80 lead N Y Y Y N Y Y Y

Bonfiglioli RPS TL-UL 1000 1,200 1,333 N 0.90 lag to 0.90 lead 0.85 lag to 0.85 lead N Y Y Y Y Y Y Y 

Eaton Power Xpert Solar 1670kW 1,670 1,830 N 0.91 lag to 0.91 lead 0.00 lag to 0.00 lead N Y Y N N Y Y Y

Schneider XC 680-NA 680 680 N NA 0.80 lag to 0.80 lead Y Y Y Y N Y Y N

SMA SMA SC 800CP-US 800 800 Y NA 0.80 lag to 0.80 lead coming soon Y Y Y Y Y Y Y

Solectria SGI 750XTM 750 750 N NA 0.80 lag to 0.80 lead N Y Y Y Y Y Y Y
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power factor, provided that the set point falls within the invert-
er’s power factor range.

Constant reactive power. This control mode allows an 
inverter to produce a constant level of reactive power inde-
pendent of real power production levels, which vary accord-
ing to solar resource availability.

Real power–dependent operation. When operating in this 
control mode, an inverter varies its power factor or reac-
tive power magnitude according to characteristic curves—
kW versus power factor or kW versus kVa reactive—that 
plant operators define by setting internal parameters in the 

inverter software. 
Inverter-level voltage con-

trol. When operating accord-
ing to this control mode, an 
inverter varies its power fac-
tor or reactive power output 
based on the voltage at the 
inverter output terminals. 
Setting internal parameters 
in the inverter software and 
defining the desired character-
istic curve for voltage versus 
power factor or voltage ver-
sus kilovolt-ampere reactive 
accomplish this. While some 
inverters support voltage con-
trol at the inverter level, most 

often a central plant controller manages PV plant voltage at 
the point of interconnection.

Dynamic set point control. In this control mode, the 
inverter dynamically adjusts its power factor set point or reac-
tive power level according to a digital or analog signal sent 
from a central plant controller.

Reactive power ramp rate.  This mode allows the system to 
control reactive power ramp rates in much the same way as 
real power ramp rates, whenever possible limiting the rate at 
which reactive power output ramps up or down.

System designers must understand what control modes 
best suit a given project and what control modes different 
inverter models make available. Inverter-level controls have 
varying capabilities, as illustrated in Table 1 (p. 32). However, 
plant-level controllers can typically handle all of the con-
trol modes described in this article. Designers must know 
whether inverter-level control can meet a project’s reactive 
power requirements or whether they must specify a plant-
level controller.

Plant-level control. Utility-scale PV power plants invari-
ably comprise multiple inverter-based PV generators, 
often measured in the tens or even hundreds. Plant-level 
controllers allow plant operators to coordinate these indi-
vidual inverters and operate them in aggregate as a single 

large generator. This capability is key to integrating variable 
energy resources into the grid.

In “‘Grid-Friendly’ Utility-Scale PV Plants” (see Resour- 
ces), Mahesh Morjaria and Dmitriy Anichkov elaborate 
on how to achieve plant-level control: “The plant control-
ler implements plant-level logic and closed-loop control 
schemes with real-time commands to the inverters to achieve 
fast and reliable regulation. Typically there is one control-
ler per plant that is controlling the output at a single high- 
voltage bus (referred to as the POI [point of interconnec-
tion]). The commands to the plant controller can be provided 
through the SCADA HMI 
[supervisory control and data 
acquisition system human-
machine interface] or even 
through other interface equip-
ment, such as a substation 
RTU [remote terminal unit].”

Figure 4 (p. 36) provides a 
representative block diagram 
of a plant-level control system 
as it relates to other devices  
in a PV power plant. Morja-
ria and Anichkov describe 
the interactions within the 
PV power plant as follows:  
“The power plant controller 
monitors system-level mea-
surements and determines 
the desired operating condi-
tions of 

Reactive Power

“Utilities typically 
require plant-level 
control for PV power 
plants over a certain 
capacity threshold. 
While the specific 
threshold varies by 
utility, plant-level 
control typically 
becomes a factor 
for utility-scale sites 
larger than 10–20 
megawatts.” 
—Tom Schreck,  
business development 
manager, Ausenco 

“Power factor set 
points can either 
be fixed or 
dynamic, pro-
grammed locally  
or remotely, and 
are often integrated 
with customer 
SCADA systems.”
—Ryan LeBlanc, 
senior application 
engineer,  
SMA America
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Characteristic curve  Where reactive power control is 
required, utilities may provide PV plant operators with a char-
acteristic curve to follow, which could be based on terminal 
voltage or some other variable. In the example above, reactive 
power varies as a function of the ratio of instantaneous power 
to rated power, which can mitigate the voltage impacts of 
inverter-based generation on a “weak” feeder.
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various plant devices to meet the specified targets. It manages 
capacitor banks and/or reactor banks, if present. It manages 
all of the inverters in the plant, ensuring that they are produc-
ing the real and reactive power levels necessary to meet the 
desired settings at the POI.”

A plant controller is especially useful for transmission-
interconnected PV power plants that must operate in voltage 
control mode. In this mode, the plant controller varies reactive 
power levels in response to the voltage at the point of inter-
connection. Schneider Electric’s Riegler notes: “If the solar 
plant is being used for dynamic voltage regulation, a plant 
controller can constantly change the reactive power output of 
the inverter to maintain constant voltage at the point of inter-
connection. The inverters can be controlled either through 
the communication system or with analog 4- to 20-milliamp 
control loops, which are typically used for high-speed voltage 
regulation response times.”

Without a plant controller, inverters functioning inde-
pendently in voltage control mode operate at cross-purposes. 

Eaton’s Facchini explains: 
“Voltage control needs to 
be performed via the plant 
controller. Voltage control at  
the inverter level becomes 
virtually impossible to per-
form when there is more 
than one inverter in the 
plant, due to the different 
voltage levels around the 
collector bus. Therefore, the 
inverters will ‘fight’ each 
other and not achieve the 
POI voltage control.”

According to Prerit Agar-
wal, SCADA engineer at  
Ausenco, controller reliabil-
ity is a critical design con-
sideration: “When designing 
utility-scale PV plants, it is 
important to consider the 
type of device that is to be 
used for plant control. The 
level of reliability required 
for commercial plant opera-
tion necessitates that plant 
control be performed by a 
firmware-based device, such 
as a PLC [programmable 
logic controller] or a smart 
relay device.” In some cases, 
the SCADA system already 
includes a smart relay 

device, such as a Schweitzer Engineering Laboratories RTAC 
[Real-Time Automation Controller], that the designer can use 
to implement plant-level control. Also, some inverter manu-
facturers, including Schneider Electric and SMA, have devel-
oped proprietary PLC-based plant controllers that a plant-level 
SCADA solution can incorporate.

Other equipment options. Utility-scale inverters are not 
the only means for meeting reactive power interconnection 
requirements. Especially if the inverters are sacrificing real 
power production to meet the reactive requirements, system 
designers may want to consider utilizing switched capaci-
tors or reactors. Depending on the project-specific energy 
revenue rate, the designer could make an economic case that 
saving inverter capacity for producing real power leads to a 
lower levelized cost of energy. If the energy is valuable enough, 
there is an economic incentive to dedicate all of the available 
inverter capacity to real power production.

Before considering whether to use equipment other 
than inverters, system designers first need to understand 

Reactive Power

Substation

POI voltage,
current and frequency

Plant controller

HMI data

Set points

RTU data
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Set points (power,
voltage or PF)

Plant network Inverter commands

Power conversion
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DAS/PLC
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HMI screen on automatic voltage regulation modes
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Point of interconnection
measurements

SCADA human-
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Figure 4  This figure from First Solar’s white paper, “‘Grid-Friendly’ Utility-Scale PV Plants”  
(see Resources), illustrates the basic architecture of a plant control system and its interfaces 
to other components.
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to what degree the utility will allow the use of static devices 
to meet reactive capability requirements. This generally 
requires direct coordination with the utility. Eaton’s Facchini 
explains: “One of the main points of interpretation concerns 
the use of dynamic versus static methods of reactive power 
control. Power converters and STATCOMs supply dynamic 
vars, whereas shunt devices produce static vars. However, 
some grid codes fail to define the range of control that can be 
accomplished with dynamic or static means. The best way to 
mitigate this is to engage with the utility or ISO [independent 
system operator] planning team to make sure they approve 
the support provided. It is usually after an interconnection 
study that all of their concerns are addressed.”

Switched static devices have inherent disadvantages 
compared to dynamic devices such as STATCOMs or invert-
ers. Switching a large capacitor or reactor into the electric 
power system can cause large voltage disturbances and har-
monics that can potentially damage equipment and decrease 
the quality of service for utility customers. Switched devices 
are also limited in terms of response time and variability. 
For example, a switched capacitor bank, even if switched in 
stages, can provide vars in discrete amounts only. Its response 
time is also limited, both by the mechanical constraints of 
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Human-machine interface  First Solar’s plant control system 
allows plant operators to choose between three automatic 
voltage regulation (AVR) modes: voltage regulation, power 
factor regulation or reactive power control.
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Reactive Power

the switching devices and by the fact that 
once capacitors are switched out of the sys-
tem, they must be allowed to discharge before 
being switched back in. While the capital cost 
per kvar is lower with static devices, dynamic 
devices provide higher-quality reactive power 
control because they respond quickly and are 
continuously adjustable. 

Ellis and his coauthors note: “The provi-
sion of dynamic reactive capability may have 
cost implications different from that of static 
reactive capability, and thus should be sepa-
rately specified.” They continue: “Dynamic 
reactive capability from [inverters] can be 
provided almost instantaneously in a man-
ner similar to that of synchronous machines, 
responding almost instantly (i.e., within a 
cycle) to system voltage variations, to sup-
port the system during transient events, such 
as short circuits, switching surges, etc. Fixed 
capacitors or reactors can be used to shift the 
dynamic reactive capability toward the lag-
ging or leading side, respectively, as needed. 
If there is inadequate dynamic reactive capa-
bility available from the variable generation resources, it may 
be necessary to supplement the variable generation resources 
with an SVC or a STATCOM.”

While inverter-based wind power plants are required to 
provide reactive power capacity at full output, this require-
ment has not always applied to the PV industry. Ellis and his 
coauthors note: “In the case of PV, a requirement to main-
tain reactive power range at full output power represents a 
change with respect to historical industry practice. This cost 
impact could be substantial if the PV plant relies on the PV 
inverters to provide a portion or all of the required plant-
level reactive power capability.” To illustrate their point, the 
authors present a representative transmission-level inter-
connection and conclude: “In this case the PV plant would 
not meet the [reactive power] requirement at full output 
without adding inverter capacity, derating the plant, or 
installing external reactive power support devices. In order 
to achieve a power factor range of 0.95 lag to lead at the 
POI at rated plant output using only the inverters, the total 
inverter rating would have to increase by as much as 10% 
considering reactive losses.”

INTERCONNECTION REQUIREMENTS 
The difference between the manner in which reactive power 
—and thus voltage—is controlled on the transmission  
system versus the distribution system leads to distinct  
differences in transmission and distribution interconnec-
tions requirements.

Transmission-level interconnections. The typical require-
ments for PV generators interconnected into transmission 
systems originate from FERC Order 2003, otherwise known 
as the Large Generator Interconnection Agreement (LGIA). 
According to the LGIA, generators of more than 20 MW must 
operate according to a voltage schedule and have a 0.95 lag- 
to-lead power factor capability at rated power. The LGIA mod-
els these requirements after traditional synchronous genera-
tor capabilities.

Therefore, PV power plants interconnected at the trans-
mission level typically must be able both to operate in volt-
age control mode and to have a power factor capability of 0.95 
lag to lead at the point of interconnection. For the PV power 
plant to have the required power factor range at the intercon-
nection point, the inverters themselves must have an even 
wider power factor range. This is due to the reactive losses 
within the inverter step-up transformers and the substation 
transformer(s) that step up the ac collection system voltage 
to the transmission voltage. Because of these two transformer 
stages, PV inverters may need to operate with a power factor 
between 0.85 and 0.9 to realize a power factor of 0.95 at the 
point of interconnection.

To determine the inverters’ utility-required operating 
power factor, design engineers can conduct a reactive study 
with power flow modeling software. As part of the impact 
study process, utilities typically request a collector imped-
ance model and do a similar modeling to determine whether 
the project can reasonably meet reactive 

One out of many While this 1.6 MWAC power conversion station—with two SMA 
Sunny Central 800 CP-US inverters—is a fraction of the 16 MWAC PV power 
plant that Origis Energy developed in Camilla, GA, a plant-level controller can 
ensure that all the inverters operate in aggregate as one generator.
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power capability requirements at the real power capacity 
indicated on the interconnection request. 

Distribution-level interconnections. Reactive power supplied 
by generators connected to the transmission network has 
a limited effect on the voltage and reactive power flows on 
the distribution system. Furthermore, voltage is managed 
differently in the distribution system. Thus, reactive power 
requirements for distribution interconnections are different 
than for transmission interconnections. 

The typical requirements for PV generators intercon-
nected into distribution systems originate from FERC Order 
792, otherwise known as the Small Generator Interconnec-
tion Agreement (SGIA). According to the SGIA, generators of 
less than 20 MW must operate within a 0.95 lag-to-lead power 
factor range. The subtlety in the difference in the language 
between the LGIA requirements and SGIA requirements is 
important. For transmission interconnections, generators 
must have the capability to operate in the 0.95 lag-to-lead 
range. For distribution interconnections, the generator must 
operate within this range, but the SGIA does not state that 
the generator must be capable of operating across the entire 
range, nor does it state that the generator must operate in 
voltage control mode.

Typical distribution-level interconnection requirements 
fall into two categories: power factor control and reactive 
power control. Power factor control requirements usually 
mandate that the project operate at a fixed power factor 
or within a set power factor range. Reactive power control 
requirements are currently less common and could require 
the generator to provide constant vars at a defined level 
independent of real power production or, as recommended 
in the proposed California Rule 21 changes, to operate on a 
volt/var schedule.

Transmission- and distribution-level interconnection 
requirements for reactive power control differ consider-
ably. For example, Ellis and his coauthors note that power 
factor and reactive power control are generally not used for 
large PV power plants connected to transmission systems 
because “they can result in inappropriate responses to sys-
tem voltage fluctuations, and they generally detract from 
local system voltage stability.”

MONETIZING REACTIVE POWER CONTROL
While a detailed discussion of the possibility of direct com-
pensation for reactive power ancillary services is outside the 
scope of this article, it is worth pointing out that project own-
ers should view meeting today’s reactive power interconnec-
tion requirements as a responsibility and not as a service for 
which they expect compensation. We all know that real power 
translates directly to project revenue, whereas dispatching 
reactive power capabilities increases wear and decreases the 

lifetime of inverters. That in turn increases life-cycle costs 
and, potentially, decreases real power production and rev-
enue. However, it is incumbent upon system designers and 
developers to understand these costs and take them into con-
sideration as much as possible. 

Rudy Wodrich, vice president of Schneider Electric’s solar 
business unit in the Americas, observes: “If you look at the 
interconnection requirements in California today, they do not 
typically have a rider or an adder for var control, and they are 
not paying for kvar-hours. While kvar-hour metering is one 
possible method of monetizing reactive power control, I’ve 
never seen it implemented. The fact of the matter is that if 
utilities are asking plant operators to run a PV asset within a 
power factor range of 0.95 leading to 0.95 lagging, the impact 
on the kWh revenue stream is likely not significant enough to 
justify kvar-hour metering, which might begin to make sense 
if utilities start to go outside that window.”

Wodrich concludes: “Right now compensation for reac-
tive power control is more of a natural market mechanism. 
When  people are bidding into reverse auction PPAs, they’ll 
have the utility’s var support requirements in mind. If they are 
going to lose energy yield due to var support requirements, 
then they will increase the kilowatt-hour price slightly to com-
pensate. If you look at Puerto Rico, they are paying $0.17–$0.19 
per kilowatt-hour, and the value (or cost) of providing reactive 
power control is simply embedded in that rate.”

g C O N T A C T
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T he solar estimator’s role carries enormous responsi-
bility: Estimate too high, and your company will not 
get the job; estimate too low, and your company will 
get the job but may lose money. The estimator’s cost 

estimate not only informs the offered sales price, but also 
effectively sets the project budget. To take control of this cru-
cial process, companies must develop systems to track actual 
costs against project estimates and budgets, and then learn to 
use those data effectively.

In this article, we discuss the role of the solar estimator. We 
describe the science of estimating, which is based on the circle 
of costs, and explain how to develop and implement a strong 
cost-coding system. We also explore the art of estimating, 
which lies in using data gathered from past projects to predict 
the future as it pertains to the job you are bidding now.

The Estimator’s Role 
The estimating department has an 
unusual role. While estimators do not set 
job pricing, their estimates are critically 
important to the sales and management 
personnel who do. As such, the estimat-
ing department provides a key service 
to sales personnel; however, its priorities 
are not necessarily aligned with those of 
sales. No salesperson wants to hear that 
a hot lead is not a great fit for the com-
pany’s strengths and that a rival may 
have a competitive advantage. However, 
an estimator’s primary goal is to provide 
accurate cost estimates that protect the 
company. This potential conflict in pri-

orities is why many companies have separate estimating and 
sales departments. 

In small companies the owner is most likely to be the esti-
mator or at least to approve each bid before it goes out. As a 
company grows, more people become involved in the process, 
and this additional complexity and reduced accountability 
increase risk. Estimating is, by nature, a cross-functional activ-
ity. As such, it requires collaboration between the estimating 
department and the sales, operations, engineering, accounting 
and purchasing teams; however, the estimator does not need to 
be part of those teams.

Ideally, the estimating department should be independent. 
Other departments support estimators by providing additional 
perspectives that are critical to the company’s success. To facili-
tate this information exchange, estimators create the internal 

By Katie Fearon and Patrick Ward-Seitz

A contractor once said he would be richer 

and happier if he knew which two jobs not 

to sell each year. How can companies tell in 

advance if they have put the right price on 

the contract? The answer lies in the 

science and art of estimating. 
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processes needed to collect and organize cost data. Good esti-
mating is the heart of good business, as it leads to achievable 
budgets, sensible accounting, clear purchasing and, ultimately, 
healthy profits for the company. In the fast-paced world of solar 
sales, it is easy to rush a bid, particularly when a proposal is 
on its fourth design iteration—but estimators must not sacri-
fice accuracy to achieve speed. Once the company has won a 
project, the estimator’s cost estimate effectively becomes the 
project budget that project managers (PMs) and installation 
supervisors are expected to meet or exceed. 

The Science of Estimating
Estimating is a process of collecting data from many different 
sources and synthesizing these into a cost estimate. For a solar 
contractor, this number represents the cost to build a given 
system. The estimator must take into account factors such as 
historical estimates versus actual costs, subcontractor bids 
related to the proposed scope of work, current and historical 
prices for materials, and job-specific requirements related to 
wages or materials. 

Historical estimates vs. actual costs. Cost data from com-
pleted projects are a prime source of information. Compar-
ing historical estimates versus actual costs allows estimators 
to identify jobs that went particularly well, while pointing out 
holes in a company’s areas of expertise. 

Since solar is a competitive market, overall pricing between 
companies is often very close. However, each company has dif-
ferent cost structures, depending on its organizational struc-
ture and its employees’ capabilities. On one hand, a company 
that primarily builds residential projects may be most efficient 

when completing many small jobs or installing PV arrays spread 
over several buildings. On the other, a commercially oriented 
company may be at its best when installing large-scale ac infra-
structure and performing repetitive work in large PV arrays. 
The estimator has to understand these relative strengths and 
weaknesses to know what the costs will be for this company on 
this job. 

Subcontractor bids. Typically, a company will not perform 
some portions of a given scope of work itself. Perhaps the proj-
ect represents a first foray into a new type of work or requires 
the use of a new product. Perhaps it requires specialized 
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Figure 1  By tracking and analyzing the circle of costs on a 
per-job basis, estimators can improve the accuracy of their 
estimates over time, as well as improve a company’s opera-
tional efficiency.
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equipment or expertise. For example, many PV installation 
companies subcontract out civil work. 

Whenever a project requires subcontractors, the estima-
tor should be involved in—if not in control of—the process of 
requesting bids. This ensures that the subcontractor’s scope 
of work matches that assumed in the estimate. To facilitate 
cost tracking, the estimator and procurement specialist need 
to develop a subcontractor bid template with cost codes  
that allow the estimator to line up actual project costs against 
the estimates.

Material pricing. Up-to-date pricing for materials is critical. 
While prices for commodities—such as steel, copper or diesel 
fuel—can affect costs across the board, solar estimators are 
generally most interested in prices for PV modules and invert-
ers. Estimators should have the latest pricing information as 
well as open lines of communication with vendors. If procure-
ment specialists place the orders, they must be able to quickly 
communicate any changes regarding pricing or availability to 
the estimating staff so that they can incorporate this informa-
tion into outgoing bids. 

To the extent that estimators can forecast prices based on 
general industry knowledge, they can adjust cost estimates. For 
example, an estimator may be able to safely lower the cost esti-
mate for PV modules based on project lead time and historical 
pricing trends. However, as demand for a product or commod-
ity increases, the estimator may need to pad the bid amount 
to account for future price increases. Estimators use personal 

contacts in the industry, trade publications and 
published price indices to get a grasp on costs at 
any given time.

Job specifics. The sales team and the bid 
documents provide much of the job-specific 
information that estimators require to generate 
an estimate. During a site visit, the sales team 
typically gathers measurements, such as the 
distance between important equipment and the 
proposed array areas, as well as photos of poten-
tial conduit paths, existing equipment and site 
conditions. From an estimator’s perspective, 
everything that can be measured should be mea-
sured. This is particularly true when preparing a 
design-build bid. 

Bid documents that accompany a public 
request for proposal (RFP) are another impor-
tant source of job-specific information. These 
documents provide details such as prevailing 
wage or union labor requirements; domestic 
content requirements; required, preferred or 
excluded equipment vendors; technical speci-
fications and engineering requirements for 
system components; equipment staging areas; 
areas for permanent equipment; and so forth. 

Estimators need to account for the cost implications associ-
ated with these requirements and exclusions.

Pricing the job. Once they have a cost estimate, the sales 
department and management team must decide how to price 
the job. The markup between the estimated cost and the selling 
price is generally based on risk, profitability and competitive-
ness. To help reduce risk, estimators need to have a firm under-
standing of how the company will build a project, as well as the 
company’s cost structure. 

A common mistake that companies make when turning 
a cost estimate into a bid is confusing markup and margin. 
Markup is the difference between the cost of something and its 
selling price; margin is the gross profit—what is left after sub-
tracting the costs from the price—divided by the sales price. 
The root of the confusion is that while the dollar amount is the 
same for both, when expressed as a percentage these numbers 
are quite different. For example, if you have $1,000 in costs and 
add $200 in markup, you will have a $1,200 price. While the 
dollar amount of the margin is also $200, the 20% markup only 
results in a 16.7% margin ($200 ÷ $1,200 = 16.7%). This mistake 
can lead to some rude surprises on a project’s bottom line.

TRACKING COSTS
Once a job is sold, the cost estimate effectively becomes the 
project budget. By tracking the circle of costs associated with 
each project, estimators can continuously improve their esti-
mates, and companies can identify ways 
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While construction cost resources for estimators are avail-
able—such as those by RSMeans and Saylor Publications (see 

Resources)—these materials are generally not detailed enough to use for 
solar applications without adjusting many of the assumptions. However, 
if estimators understand and use the data properly, these books can 
provide an excellent starting point for a cost estimate. At a minimum, 
estimators must adjust these published data to account for the passage 
of time and the specific project location. 

By the time the estimator purchases one of these construction cost 
books, the data are often a year old. In the fast-paced world of solar, a 
year can have a big effect on pricing. Local factors also play a big part 
in job costing. Since most construction cost books are intended for a 
national audience, they cannot address the nuances of construction pric-
ing differences over a relatively small area, such as San Francisco versus 
Walnut Creek, California. While both cities are in the San Francisco Bay 
Area, the availability of labor and the relative pay rates vary enough that 
using the wrong assumptions can result in an uncompetitive or unprofit-
able bid. For example, parking and site access are often bigger issues 
in San Francisco than they would be in less urbanized areas, and costs 
need to reflect this. {

Construction Cost Resources
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to improve organizational efficiency. To do so, the organization 
as a whole must implement a cost-coding system.

Circle of costs. Estimators need a feedback loop, a struc-
ture that allows for self-correction based on the difference 
between actual and desired results. The circle of costs shown 
in Figure 1 (p. 43) provides this structure. Understanding and 
utilizing this structure is a core tenet of the science of esti-
mating. Note that this insight also reveals how the company 
works as a whole, shedding light on what it is doing success-
fully as well as those areas in need of improvement.

The starting point for the circle of costs is the cost esti-
mate. Accountants and PMs track job progress against 
this budget. When the job is complete, the estimator com-
pares the actual costs to the budget, and uses the variance 
between the estimated and the actual job costs to inform 
future bids. With each completed revolution, estimators 
gain insight into the costs associated with tasks on different 
types of jobs. 

Cost codes. To track the circle of costs, the estimator needs 
to have a cost accounting system in place. This system associ-
ates numerical codes with accounting titles that relate to job 
activities or equipment classes. An example of a simple cost-
code system follows:

110 Project management
120 Engineering
130 Insurance, bonding and permitting 
210 Mobilization, material delivery and handling
220 Site work and cleanup
310 Roof or ground attachments
320 Rack building
330 Module installation
410 Conduit
420 Conductor installation and termination

430 Inverters and electrical equipment
440 Monitoring
450 Commissioning

The first digit in each number designates a type of work. 
Cost codes associated with office or administrative work start 
with 1; cost codes for work performed by laborers start with 
2; cost codes associated with mechanical work start with 3; 
cost codes for electrical work start with 4. Within a given cost 
code, there are often multiple options for cost types. Typical 
cost types include labor (L), material (M), subcontractor (S), 
equipment (E) and other (O). In a spreadsheet or estimating  
software, these will be in a single row for the cost code, with a 
column for each cost type.

This type of cost-code system provides convenient cat-
egories, or rollup groups, that the company can use for 
accounting purposes to track and report project costs. The 
system can also help identify who is expected to perform 
certain activities. On projects with prevailing wage require-
ments, for example, the system can harmonize cost codes 
with the Standard Occupational Classification system used 
to track labor categories. 

DESIGNING A COST-CODE SYSTEM
To design an effective cost-code system, staff must take a hard 
look at what data are essential and consider how much effort 
they are willing to expend to get these data. Successful cost-
code systems are clear, easy to use and expandable. As a rule, 
a good cost-code system includes the fewest number of codes 
required to capture the necessary data. However, the system 
must also be scalable to accommodate future needs, which 
requires forethought and planning. As businesses grow and 
estimating teams become more sophisticated at costing proj-
ects, there are benefits to being able to 
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Interdepartmental  
coordination  Estimators 
often wear multiple hats in 
small businesses. However, 
specialization increases as 
businesses grow. Therefore, 
a great deal of interdepart- 
mental coordination is 
required—between estima-
tors, project managers, 
installation crews, purchasing 
agents, warehouse person-
nel, engineers, accountants 
and so forth—to gather accu-
rate and usable cost data. 
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increase the level of detail gathered on future projects while 
maintaining the integrity of past data. 

Ownership of cost codes. Cost codes are a minefield in any 
company. Everyone feels that they know the best way to orga-
nize the system, and each department wants to control how 
the data are gathered. Often the accounting team creates the 
general structure. However, the accounting department should 
defer to the estimating department for cost-code definitions, 
since estimators use these data at their most granular level. 
When defining cost codes, estimators should consult with PMs, 
purchasing specialists and accountants. 

Since accountants enter the defined cost codes into the 
software they use to generate budget-to-actual comparison 
reports, the accounting department is typically the first line of 
defense in keeping the cost-code system working smoothly. If a 
line item comes in miscoded, accountants can often correct the 
code before it gets entered into the system. If there is any con-
fusion, the accounting department can defer to the estimating 
staff to resolve the problem.

Less is more. Estimators need to be realistic when creating 
and defining cost codes. They should ask questions like: Why 
do we need that information? What will we learn from it? Will 
everyone in the organization use the code correctly? If the value 
of the information staff are gathering is unclear, there needs to 
be some other compelling reason to categorize the data that 
way. If the codes are not intuitive, estimators will have to do a 
great deal of training and supervising to get usable data. 

It is always better to have just a few well-thought-out 
cost codes than to have too many, even if the company loses 
some data or data granularity. If cost-code categories and 
definitions are obvious, users are more likely to employ them 

correctly and consistently. Getting everyone within an orga-
nization to use 10 cost codes consistently takes training, 
discipline and patience; accomplishing this with 100 codes 
is beyond most contractors’ reach. Many companies end up 
with large numbers of cost codes that people use differently 
throughout the organization. The result is that many of the 
budget items in a report do not line up with the costs, which 
makes analysis difficult.

Accuracy matters. Often companies believe their cost data is 
good enough, only to have an internal audit reveal surprising 
differences in how people are using cost codes. When it comes 
to tracking costs, having bad data is worse than none. For 
example, a sizable engineering procurement and construction 
(EPC) contractor was convinced that residential PV installa-
tions were the backbone of its business. It based this perception 
on accounting reports indicating that residential projects were 
generating 30% margins. Once the 
company implemented better cost 
controls, however, it discovered 
that it was not costing materials 
coming out of inventory—includ-
ing racking system components 
and substantial amounts of con-
duit and wire—to residential jobs. 
Since these materials were ship-
ping directly to commercial job 
sites, the company had incorrectly 
concluded that its margins were 
lower on commercial projects than 
on residential projects.

Split decisions. Estimators face 
many difficult decisions when 
developing a cost-coding system. 
For instance, should they put roof 
attachments and ground-mount  
posts in the same category? On 
one hand, these items serve the 
same general purpose; on the other, 
where installers use both methods 
on the same job, all of the costs 
get blended together. To reach a 
decision, estimators have to weigh the benefit of having two  
separate cost codes against the complexity associated with 
ensuring that they are used correctly. 

Electrical work presents a classic conundrum for estima-
tors: Do they try to track dc conduit and wire separately from 
ac conduit and wire using different cost codes? Estimators 
would love to have separate data for each, but only if they can 
trust those data. Although PV Wire and USE-2 appear only 
in dc applications, most conduit and wire could show up in 
either dc or ac applications. If the bill of materials lists dc con-
duits and wire separately from ac conduit and wire, then the 
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Be careful what you ask for  While it may be tempting to 
develop separate cost codes for dc and ac electrical work, 
having too many codes can make it difficult to get accurate 
and useful data from installers in the field.

If the process of 
gathering data 
puts too heavy a 
burden on others 
in the organization, 
estimators are  
likely to find that 
the collected  
data are sloppy  
and ultimately  
not useful.
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purchasing department can easily track them separately. But 
will warehouse personnel and field crews keep these materi-
als separate? While crews can track cut lengths of wire, spools 
of wire taken from inventory get mixed up on the jobsite 
unless someone trains crews carefully and supervises them to 
ensure that they follow through. If the process of gathering 
data puts too heavy a burden on others in the organization, 
estimators are likely to find that the collected data are sloppy 
and ultimately not useful.

USING COST CODES 
Once cost codes are set up in a way that makes sense based on 
how the company does business, the organization will use this 
system throughout its operations. 

Operations. For the estimating and operations departments 
to work well together, there must be good communication 
between estimators and project management teams. After 
all, the PM is the one who needs to meet the budget set by the 
estimator’s projections. Both parties need to have the same job 
expectations. Ideally, before sending an estimate out, the PM 
and the estimator will meet to review assumptions, job-specific 
information and subcontractor bids. The estimator and the PM 
should agree on the scope of work and make sure the estimate 
adequately covers the scope from subcontractors. 

Once the estimator and the PM have agreed on the cost 
estimate, the job budget is set and must remain fixed after the 
project is sold. Any deviations between the budget and actual 
costs provide valuable information that reveals the areas where 
the job is not going as expected. If the PM changes the budget to 
better align it with actual costs that are coming in, the company 
will experience persistent problems over time.

Accounting. The accounting department creates monthly 
reports and identifies budget overruns. It is also the lynchpin 
in a successful cost-code system, ensuring that everyone uses 
codes consistently. Accountants are uniquely positioned to 
review the data coming in from estimators, PMs, purchasing 
specialists and field personnel, and can identify inconsistencies 
in the use of cost codes. While PMs typically remedy reporting 
inconsistencies, accountants raise a flag when something looks 
off. Once a project is completed, the accounting department 
will generate a final job report to detail the budget as well as 
the actual costs; it will then pass these data on to the estimating 
and project management departments.

While the accounting department is critical to collecting 
and processing cost data, estimators and PMs have the most to 
learn from a detailed job-cost variance analysis. The accoun-
tants are focused on a company’s financial performance, so 
they are most interested in the predicted profitability of a job 
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as a whole. PMs and estimators, meanwhile, are interested 
in the precise origin of profit or loss. Consider a job that is 
$20,000 under on modules, due to an unexpectedly low pur-
chase price, and $20,000 over on electrical labor. From an 
accountant’s perspective, there is no reason for concern since 
the overall job margin is unchanged. Estimators, meanwhile, 
will be very concerned. 

GETTING GOOD DATA FROM THE FIELD 
Field costs are the most important data to gather and the 
most difficult to get right. While material costs are fairly 
quantifiable, installation times can vary drastically based on 
site conditions, design requirements and crew experience. In 
addition, field crews have to contend with a host of problems 
such as uncooperative weather, tight schedules, key compo-
nents not arriving on time, difficult work conditions and so 
forth. It is easy to understand why carefully filling out time 
cards is not a top priority for field personnel. 

At the end of the day, however, the field-cost data are only 
as good as the paperwork habits of the installers and crew 

leaders. Therefore, estimators need to convince these per-
sonnel that accurate cost tracking is important to everyone’s 
success. Estimators should also create clear time cards for 
tracking field costs against the project budget.

Educate and engage field personnel. The first step in getting 
good cost data from the field is to engage project superinten-
dents and field managers in the budgeting process. Obviously, 
sticking to a labor budget is good for the company. Therefore 
the company benefits from gathering high-quality cost data, 
allowing it to identify jobs that are going over or under bud-
get. This information is critical for improving future bids and 
job budgets. However, if field supervisors are unduly burdened 
with complex cost-tracking requirements, the end result may 
be inaccurate data.

Field supervisors are often eager to contribute to a bud-
get review once the conversation includes them. After all, the 
budget review process provides them with a venue for airing 
complaints from the field that may have previously fallen on 
deaf ears. (For example, they might say, “We went over bud-
get because the PM did not get the disconnect we needed to 
the job on time” or “Engineering specified the wrong strut.”) 
Field supervisors also appreciate having a clear bar to shoot 
for and are highly motivated to exceed expectations. If they 
are given 3 weeks for a particular scope of work, they will try 
to complete it in 2 weeks, or they will tell estimators that they 
are daft and that the work will take at least a month. While the 
latter might not be welcome news, it is critical information.

Like field managers, installers are generally not fans of 
paperwork. The most effective way to overcome this is to 
impress upon them that they benefit from good job costing. 
Explain that getting high-quality information starts with their 
time cards. If installers know that others are looking care-
fully at a project budget, they are far more likely to speak up 
about potential problems, such as ineffective apprentices or 
incompetent managers. Crews get discouraged if they cannot 
air their grievances when jobs are not going well. However, 
knowing what is expected of them gets a crew’s competitive 
juices flowing. A crew that is engaged in the process of con-
trolling job costs will strive to surpass the budget and will 
complain if something is standing in its way.

Create clear time cards. Time cards for installation crews 
must collect project information, travel time, work time, cost 
codes and so forth. It can be challenging to format a standard 
8.5-by-11-inch sheet of paper to collect all of this informa-
tion for a 5- to 7-day period, especially if the company uses a 
lot of cost codes. Even a crew leader who reviews time cards 
every day will have a hard time verifying that each time card 
is accurate if installers reference many different cost codes for 
a single day. This is another reason why having fewer codes 
tends to increase data accuracy. 

A good way to organize a time card—particularly if jobs 
have prevailing wage requirements—is 
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Cost control  In addition to implementing an effective cost-
code system, companies must have robust inventory control 
protocols in place to ensure that the final job report includes 
the cost of all materials that came out of inventory. 
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by labor type, as a crew can use this system very accurately 
with minimal training and supervision. The laborer category 
can track the work associated with site mobilization, material 
handling and cleanup. Categories like ironworker or carpen-
ter can track labor associated with making structural attach-
ments and assembling mounting systems. The electrician 
category is suited for tracking work associated with install- 
ing electrical equipment, including conduit and wire,  
installing PV modules (if this cannot be classified under 
laborer) and system commissioning. The company’s needs 
dictate the number of labor types.

To track labor costs accurately against the budget, the 
construction superintendent needs a briefing on the cost-
code system as it relates to different activities. Further, the 
cost codes used in the budget need to match the labor catego-
ries on the time cards. For example, if cost codes differentiate 
between installing conduit and pulling wire, you need sepa-
rate budgets for each activity. However, if you roll these up 
into a single code, it is easier to track daily hours against the 
project budget. Ideally, crews can track their progress against 
the budget, as this encourages them to egg each other on to 
beat the budget.

Once the company has locked a budget into place, it can be 
helpful to create a job-specific time card. The quality of data 
coming in from the field will improve if estimators can sim-
plify reporting options and provide crews with unambiguous 
cost codes. For example, if the company is building a carport, 
and a subcontractor will provide the rails or purlins, there is 
no need for a racking code on this job’s time card. Providing 
unambiguous options also provides a hedge against scope 
creep. If the crew cannot find a racking code on its time cards 
or in the job budget, then it will be less likely to inadvertently 
perform this part of the subcontractor’s scope of work.

Labor budget. When providing crews with a labor budget, 
estimators have to decide whether to provide the budget in 
dollars, in hours or both. While providing an hours-only bud-
get is less accurate—due to the fact that pay rates vary—this 
is actually the best method. Disclosing pay rates is a trouble-
some issue. Further, it is far simpler and faster to track cumu-
lative crew-hours worked against a budget for labor hours. 
With a dollar amount, you need to track hours for individual 
employees, and then wait for the accounting department to 
factor in each pay rate to track the budget. 

One problem with tracking field costs is that estima-
tors use a uniform cost per hour when bidding, but the 
company likely has different pay rates for various crew 
members. The two most common methods of estimating 
labor are to use the highest pay rate to ensure coverage or 
to use an average rate. The disadvantage of the former is 
that your bids will be a bit higher, which carries some risk 
of losing the job. The latter may cause you to bid too low 
when you use higher-paid crews. However, once you have 
an accurate tracking system in place and a good backlog 
of data, management will learn which crews are the most 
productive. It is common for one crew—typically the high-
est paid—to consistently outperform the others. The data 
can verify whether that crew offsets or exceeds the pre-
mium it gets paid. 

The Art of Estimating 
While estimators use scientific methods for tracking and 
controlling job costs wherever possible, they must also use 
their judgment in ways that are more artful than scientific. 
For example, material prices fluctuate, and estimators must 
try to account for any increases that occur between bidding 
and executing a project. Estimators must also account for 
variables related to company capabilities, project risks and 
array distribution.

Escalation rate. Even projects that take only a day or two to 
install may take months to permit. Estimators need to account 
for the cost implications of the time between a job’s bid and 
when the purchasing department actually places orders. This 
is accomplished using an escalation rate, a percentage applied 
to the overall bid based on the estimator’s prediction of where 
costs will be at a future date. 

Since costs vary based on inflation, economic indices, 
commodity prices, demand for services and so forth, estima-
tors have no way of knowing what the actual escalation will 
be. It helps to have industry experience and access to other 
industry veterans, since estimators must understand the cur-
rent state of the industry and future trends.

Company capabilities. Estimators also need to take factors 
such as crew experience, company workload and new tech-
nologies into account. Since there is no substitute for experi-
ence, a job that plays well to a crew’s core competencies is 
easier to bid than one that does not. If new hires, technolo-
gies or installation techniques require additional train-
ing, the estimator needs to project how many people need 
training and how long that will take. Estimators can consult 
the operations department for insight into the projected 
workload. If the company will be using new technologies 
or techniques for the project, estimators should discuss the 
implications with the engineering and operations depart-
ments before estimating costs. 
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The quality of data coming in from the field will 
improve if estimators can simplify reporting 
options and provide crews with unambiguous 
cost codes. 
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Evaluating risks. One of the challenges of 
design-build work is that companies often do 
not have the time or resources to investigate 
existing site conditions. For example, the soils 
report may be incomplete, and there may be 
unknowns regarding the interconnection 
equipment. There are some things companies 
will not know until they have won the project, 
such as what the roofing system looks like 
under the waterproofing membrane. 

The best way for EPCs and estimators 
to limit risks is to develop a comprehensive 
scope of work that details specific exclusions. 
However, many owners are not willing to sign 
a contract that asks them to assume risk, and 
it is often impossible to exclude all risks 
when bidding. Part of an estimator’s job is 
to identify risk, evaluate its potential impact  
on the project and the company, and include 
an appropriate amount in the bid to cover 
those risks. 

Array distribution. If system designers break 
up an array to accommodate roof obstacles 
or to increase array  
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Cost implications  To offset 100% of the building load, SkyFire Energy had 
to use most of the available rooftop area (see Projects, SolarPro magazine, 
February/March 2012). An artful estimator knows how to account for the cost 
implications associated with the array distribution required to achieve this 
level of rooftop utilization. C O N T I N U E D  O N  PA G E  5 6
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capacity, costs increase because the project will require more 
source-circuit jumpers, longer conduit and wire runs, more 
attachments and rails, and so forth. Not only do job costs increase 
when designers put modules in every conceivable location, but 
the increase in cost is not linear. On a densely populated rooftop, 
the relative cost to install the last 10% of the array capacity will 
be considerably higher than the cost to install the first 90% of  
the PV array. If system designers do not leave some wiggle room 
in the array layout for installers to work with, then estimators 
need to account for additional labor and material costs.

CLOSEOUT 
Project closeout is an opportunity to learn from past jobs 
and refine future bids. The estimator should consult with the 
PM and review the final job report, comparing the budget to 
the actual costs. Did the job present any surprises? Which 
assumptions were accurate? Which were not? 

As the company completes more jobs, estimators can 
look for patterns. Are certain cost categories off more often 
than others, or consistently off by a larger amount? Are cer-
tain types of jobs more profitable? Is one crew or project team 
more or less efficient than others? To the extent that estima-
tors can identify and understand patterns, they can increase 
bid competitiveness or job profitability. 

In many trades, estimators simply need to be able to gen-
erate realistic cost estimates. However, for solar companies to 
succeed in today’s competitive market, estimators must also be 
able to provide feedback about how organizations can reduce 
costs while maintaining quality and safety. If used correctly, 
a well-organized cost estimate can identify opportunities for 
future cost savings. In this scenario, estimators are not merely 
predicting job costs—they are also improving the operation 
of their companies while lowering the levelized cost of solar 
energy. This is not only a worthy goal, but also the finest expres-
sion of the art of estimating.

g C O N T A C T

Katie Fearon / SunPower / Richmond, CA / katie.fearon@sunpower.com /  

 sunpower.com

Patrick Ward-Seitz / RGS Energy / San Rafael, CA /  

 patrick.ward-seitz@realgoods.com / rgsenergy.com

Resources:
RSMeans Electrical Cost Data 2014, RSMeans, rsmeans.com

Current Construction Costs 2014, Saylor Publications, saylor.com
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T
he majority of utility-scale PV power plants currently 
utilize 500 kW and larger central inverters integrated 
with external transformers that feed into a medium-
voltage ac collection system. These ac collection sys-
tem circuits are routed back to metal-enclosed or 

metal-clad switchgear. In many cases, a substation transformer 
steps up PV power plant output prior to interconnection to the 
distribution or transmission network. 

Engineering procurement and construction contractors can 
either source medium-voltage step-up transformers separately 
and integrate inverters with them in the field, or order precon-
figured power conversion stations directly from the inverter 
manufacturer. In the former case, system designers need to 
coordinate the transformer specifications carefully with the 
inverter manufacturer. (See “Basics of Medium-Voltage Wiring 
for PV Power Plant AC Collection Systems” and “Central Invert-
ers for Utility-Scale Applications,” SolarPro magazine, Decem-
ber/January 2013.)

Central Inverters 
  f o r  U t i l i t y - S c a l e   PV Pl ant s

According to the Solar Energy Indus-

tries Association and GTM Research, 

publishers of the “U.S. Solar Market 

Insight Report: Year in Review,” property 

owners and developers had 4,751 MW 

of PV capacity installed in the US in 

2013. Utility-scale PV plants represent 

the bulk of this newly installed capacity, 

accounting for 2,847 MW or just under 

60% of the total.
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http://solarprofessional.com/articles/design-installation/basics-of-medium-voltage-wiring
http://solarprofessional.com/articles/design-installation/basics-of-medium-voltage-wiring
http://solarprofessional.com/articles/products-equipment/inverters/2013-central-inverters-for-utility-scale-applications
http://solarprofessional.com/articles/products-equipment/inverters/2013-central-inverters-for-utility-scale-applications
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Central Inverters 
  f o r  U t i l i t y - S c a l e   PV Pl ant s

We developed the following utility-scale inverter 
dataset to provide PV plant designers with a high-level 
comparison of the electrical and mechanical specifica-
tions for central inverter models that are well suited 
for large solar applications. Products included in the 
table have a minimum ac output capacity of 250 kW at 
50°C and are offered, supported and currently available 
(with a couple of exceptions) in the US market.

The aggregated specifications presented here cover 
107 central inverter models from 17 manufactur-
ers. Nearly all the products are listed to the UL 1741 
standard and certified for use in system designs with 
PV output voltages of up to 1,000 Vdc. The compiled 
inverter specifications are also available in Microsoft 
Excel format at solarprofessional.com. SolarPro per-
mits and encourages the integration of this Excel-
based data with databases your company has devel-
oped for system design.

g C O N T A C T

Joe Schwartz / SolarPro magazine / Ashland, OR /  

 joe.schwartz@solarprofessional.com / solarprofessional.com 

Manufacturers 

ABB (Power-One) / 877.261.1374 / abb.com/solarinverters

AE Solar Energy / 877.312.3832 / advanced-energy.com

AEG Power Solutions / 877.315.4584 / aegps.com

Bonfiglioli USA / 859.334.3333 / bonfiglioliusa.com

Chint Power / 855.584.7168 / chintpower.com/na

Danfoss / 855.335.2912 / danfoss.us/solar

Eaton / 855.386.7657 / eaton.com

Emerson Industrial Automation / emersonindustrial.com

GE Energy Management / ge-energy.com

Ingeteam / 408.524.2929 / ingeteam.com

KACO new energy / 415.931.2046 / kaco-newenergy.com

Santerno / 415.293.8272 / santerno.com

Schneider Electric / 888.778.2733 / schneider-electric.com

SMA America / 916.625.0870 / sma-america.com

Solectria Renewables / 978.683.9700 / solectria.com

Sungrow North America / 619.397.8000 / sungrow.ca

TMEIC / 540.283.2000 / tmeic.com

Compiled by Joe Schwartz 

http://www.abb.com/solarinverters
http://www.advanced-energy.com
http://www.aegps.com
http://www.bonfiglioliusa.com
http://www.chintpower.com/na
http://www.danfoss.us/solar
http://www.eaton.com
http://www.emersonindustrial.com
http://www.ge-energy.com
http://www.ingeteam.com
http://www.kaco-newenergy.com
http://www.santerno.com
http://www.schneider-electric.com
http://www.sma-america.com
http://www.solectria.com
http://www.sungrow.ca
http://www.tmeic.com
http://solarprofessional.com
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Central Inverters for Utility-Scale PV Plants 

Uti l i ty-Scale Inverter Specif ications

Manufacturer Model

Rated 
continuous 
power (kW) 

at °C

Input Data (dc) Output Data (ac) Performance Mechanical Listing Warranty

Max. Voc 
(Vdc)

# MPP 
trackers

MPPT range 
(Vdc)

PV start 
voltage 
(Vdc)

Max. dc 
input 

current 
(Adc) 1

Min. dc 
power 

throughput 
(kW)

Nominal 
output 
voltage 
(Vac)

Max. 
output 
current       
(Aac)

Max. OCPD 
rating 
(Aac)

Peak 
efficiency 

(%)

CEC-weighted 
efficiency      

(%)

European-
weighted 
efficiency 

(%)

Nighttime 
standby 

loss 
(W)

Operating 
temp. range 

(°F)

Dimensions  
H × W × D 

(in.) Enclosure
Cooling 
method

Weight      
(lbs.)

Listing 
agency

CEC  
eligible 

Standard 
(yr.)

Extended
 (yr.)

ABB (Power-One) Ultra-750-TL-OUTD-X-US-690 780 @ 50 1,000 2 470–900 470 2 × 700 15 690 655 800 98.4 98 98.4 90 -4–140 115 × 118 × 58 outdoor liquid/air 9,000 CSA yes 5 10, 15, 20

ABB (Power-One) Ultra-1100-TL-OUTD-X-US-690 1,170 @ 50 1,000 3 470–900 470 3 × 700 22.5 690 932 1,000 98.4 98 98.4 110 -4–140 115 × 146 × 58 outdoor liquid/air 10,500 CSA yes 5 10, 15, 20

ABB (Power-One) Ultra-1500-TL-OUTD-X-US-690 1,560 @ 50 1,000 4 470–900 470 4 × 700 30 690 1,310 1,600 98.4 98 98.4 180 -4–140 115 × 173 × 58 outdoor liquid/air 12,000 CSA yes 5 10, 15, 20

AE Solar Energy AE 250NX 250 @ 50 ±600 1 ±330–±550 ±425 2 375 DNR 480 334 DNR 98.1 97.5 N/A 100 -4–122 81.3 × 73.6 × 34 outdoor liquid/air 2,045 CSA yes 5 20

AE Solar Energy AE 333NX 333 @ 50 ±600 1 ±330–±550 ±425 2 500 DNR 480 445 DNR 98.3 97.5 N/A 100 -4–122 81.3 × 73.6 × 34 outdoor liquid/air 2,045 CSA yes 5 20

AE Solar Energy AE 500NX 500 @ 50 ±600 1 ±330–±550 ±425 2 750 DNR 480 667 DNR 98.6 97.5 N/A 100 -4–122 3 83.4 × 128.1 × 38.4 outdoor liquid/air 3,760 CSA yes 5 20

AE Solar Energy AE 500NX-HE 500 @ 50 ±600 1 ±330–±550 ±425 2 750 DNR 480 667 DNR 98.7 98 N/A 100 -4–122 3 83.4 × 128.1 × 38.4 outdoor liquid/air 3,760 CSA yes 5 20

AE Solar Energy AE 500NX-1kV 500 @ 50 1,000 1 600–1,000 700 2 850 DNR 420 700 DNR 98.2 97.5 N/A 100 -4–122 83.4 × 128.1 × 38.4 outdoor liquid/air 3,600 CSA yes 5 20

AE Solar Energy AE 1000NX 1,000 @ 50 ±1,000 1 ±550–±1,000 ±700 2 956 DNR 800 800 DNR 98.1 98 N/A 200 -4–122 90 × 174 × 41.6 outdoor liquid/air 5,450 CSA yes 5 20

AEG Power Solutions PROTECT PV.500-UL 510 @ 45 1,000 1 500–820 400 1,060 7.7 283 1,144 1,200 98.3 98 98 100 -4–122 107 × 79 × 24 indoor air 3,638 TUV no 5 20

AEG Power Solutions PROTECT PV.630-UL 630 @ 50 1,000 1 550–820 470 1,170 9 345 1,159 1,200 98.7 98 98 100 -4–122 107 × 79 × 24 indoor air 3,638 DNR no 5 20

Bonfiglioli RPS TL-UL 0367 MS 4 367 @ 50 1,000 1 500–875 450 2 700 1 330 640 800 98.6 98 98.4 40 -4–131 82.7 × 94 × 31.5 indoor air 3,425 UL no 5 25

Bonfiglioli RPS TL-UL 0501 MS 500 @ 50 1,000 1 500–875 450 2 950 1 330 875 1,250 98.6 98 98.4 60 -4–131  82.7 × 118 × 31.5 indoor air 4,750 UL no 5 25

Bonfiglioli RPS TL-UL 0550 MS 550 @ 50 1,000 1 500–875 450 2 1,050 1 330 960 1,250 98.6 98 98.4 60 -4–131  82.7 × 118 × 31.5 indoor air 4,750 UL no 5 25

Bonfiglioli RPS TL-UL 0733 MS 733 @ 50 1,000 1 500–875 450 2 1,400 1 330 1,280 1,600 98.6 98 98.4 80 -4–131  82.7 × 149.6 × 31.5 indoor air 5,960 UL no 5 25

Bonfiglioli RPS TL-UL 0400 MS 400 @ 50 1,000 1 550–875 450 2 700 1 360 640 800 98.6 98 98.4 40 -4–131 82.7 × 94 × 31.5 indoor air 3,425 UL no 5 25

Bonfiglioli RPS TL-UL 0500 MS 500 @ 50 1,000 1 550–875 450 2 950 1 360 800 1,250 98.6 98 98.4 60 -4–131  82.7 × 118 × 31.5 indoor air 4,750 UL no 5 25

Bonfiglioli RPS TL-UL 0600 MS 600 @ 50 1,000 1 550–875 450 2 1,050 1 360 960 1,250 98.6 98 98.4 60 -4–131  82.7 × 118 × 31.5 indoor air 4,750 UL no 5 25

Bonfiglioli RPS TL-UL 0750 MS 750 @ 50 1,000 1 550–875 450 2 1,300 1 360 1,200 1,600 98.6 98 98.4 80 -4–131  82.7 × 149.6 × 31.5 indoor air 5,960 UL no 5 25

Bonfiglioli RPS TL-UL 0800 MS 800 @ 50 1,000 1 550–875 450 2 1,400 1 360 1,280 1,600 98.6 98 98.4 80 -4–131  82.7 × 149.6 × 31.5 indoor air 5,960 UL no 5 25

Bonfiglioli RPS TL-UL 0367 MM 5 367@ 50 1,000 2 500–875 450 2 2 × 350 2 330 640 800 98.6 98 98.4 40 -4–131 82.7 × 71 × 31.5 indoor air 2,860 UL no 5 25

Bonfiglioli RPS TL-UL 0501 MM 500 @ 50 1,000 3 500–875 450 2 3 × 317 3 330 875 1,250 98.6 98 98.4 60 -4–131  82.7 × 94.5 × 31.5 indoor air 4,070 UL no 5 25

Bonfiglioli RPS TL-UL 0550 MM 550 @ 50 1,000 3 500–875 450 2 3 × 350 3 330 960 1,250 98.6 98 98.4 60 -4–131  82.7 × 94.5 × 31.5 indoor air 4,070 UL no 5 25

Bonfiglioli RPS TL-UL 0733 MM 733 @ 50 1,000 4 500–875 450 2 4 × 350 4 330 1,280 1,600 98.6 98 98.4 80 -4–131  82.7 × 118 × 31.5 indoor air 5,390 UL no 5 25

Bonfiglioli RPS TL-UL 0917 MM 917 @ 50 1,000 5 500–875 450 2 5 × 350 5 330 1,600 2,000 98.6 98 98.4 100 -4–131  82.7 × 149.6 × 31.5 indoor air 6,600 UL no 5 25

Bonfiglioli RPS TL-UL 1001 MM 1,000 @ 50 1,000 6 500–875 450 2 6 × 317 6 330 1,750 2,500 98.6 98 98.4 120 -4–131  82.7 × 173.2 × 31.5 indoor air 7,810 UL no 5 25

Bonfiglioli RPS TL-UL 1100 MM 1,100 @ 50 1,000 6 500–875 450 2 6 × 350 6 330 1,920 2,500 98.6 98 98.4 120 -4–131  82.7 × 173.2 × 31.5 indoor air 7,810 UL no 5 25

Bonfiglioli RPS TL-UL 1283 MM 1,283 @ 50 1,000 7 500–875 450 2 7 × 350 7 330 2,240 2,500 98.6 98 98.4 140 -4–131  82.7 × 197 × 31.5 indoor air 9,020 UL no 5 25

Bonfiglioli RPS TL-UL 0400 MM 400 @ 50 1,000 2 550–875 450 2 2 × 350 2 360 640 800 98.6 98 98.4 40 -4–131 82.7 × 71 × 31.5 indoor air 2,860 UL no 5 25

Bonfiglioli RPS TL-UL 0500 MM 500 @ 50 1,000 3 550–875 450 2 3 × 317 3 360 800 1,250 98.6 98 98.4 60 -4–131  82.7 × 94.5 × 31.5 indoor air 4,070 UL no 5 25

Bonfiglioli RPS TL-UL 0600 MM 600 @ 50 1,000 3 550–875 450 2 3 × 350 3 360 960 1,250 98.6 98 98.4 60 -4–131  82.7 × 94.5 × 31.5 indoor air 4,070 UL no 5 25

Bonfiglioli RPS TL-UL 0750 MM 750 @ 50 1,000 4 550–875 450 2 4 × 325 4 360 1,200 1,600 98.6 98 98.4 80 -4–131  82.7 × 118 × 31.5 indoor air 5,390 UL no 5 25

Bonfiglioli RPS TL-UL 0800 MM 800 @ 50 1,000 4 550–875 450 2 4 × 350 4 360 1,280 1,600 98.6 98 98.4 80 -4–131  82.7 × 118 × 31.5 indoor air 5,390 UL no 5 25

Bonfiglioli RPS TL-UL 1000 MM 1,000 @ 50 1,000 5 550–875 450 2 5 × 350 5 360 1,600 2,000 98.6 98 98.4 100 -4–131  82.7 × 149.6 × 31.5 indoor air 6,600 UL no 5 25

Bonfiglioli RPS TL-UL 1200 MM 1,200 @ 50 1,000 6 550–875 450 2 6 × 350 6 360 1,920 2,500 98.6 98 98.4 120 -4–131  82.7 × 173.2 × 31.5 indoor air 7,810 UL no 5 25

Bonfiglioli RPS TL-UL 1400 MM 1,400 @ 50 1,000 7 550–875 450 2 7 × 350 7 360 2,240 2,500 98.6 98 98.4 140 -4–131  82.7 × 197 × 31.5 indoor air 9,020 UL no 5 25
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Manufacturer Model

Rated 
continuous 
power (kW) 

at °C

Input Data (dc) Output Data (ac) Performance Mechanical Listing Warranty

Max. Voc 
(Vdc)

# MPP 
trackers

MPPT range 
(Vdc)

PV start 
voltage 
(Vdc)

Max. dc 
input 

current 
(Adc) 1

Min. dc 
power 

throughput 
(kW)

Nominal 
output 
voltage 
(Vac)

Max. 
output 
current       
(Aac)

Max. OCPD 
rating 
(Aac)

Peak 
efficiency 

(%)

CEC-weighted 
efficiency      

(%)

European-
weighted 
efficiency 

(%)

Nighttime 
standby 

loss 
(W)

Operating 
temp. range 

(°F)

Dimensions  
H × W × D 

(in.) Enclosure
Cooling 
method

Weight      
(lbs.)

Listing 
agency

CEC  
eligible 

Standard 
(yr.)

Extended
 (yr.)

ABB (Power-One) Ultra-750-TL-OUTD-X-US-690 780 @ 50 1,000 2 470–900 470 2 × 700 15 690 655 800 98.4 98 98.4 90 -4–140 115 × 118 × 58 outdoor liquid/air 9,000 CSA yes 5 10, 15, 20

ABB (Power-One) Ultra-1100-TL-OUTD-X-US-690 1,170 @ 50 1,000 3 470–900 470 3 × 700 22.5 690 932 1,000 98.4 98 98.4 110 -4–140 115 × 146 × 58 outdoor liquid/air 10,500 CSA yes 5 10, 15, 20

ABB (Power-One) Ultra-1500-TL-OUTD-X-US-690 1,560 @ 50 1,000 4 470–900 470 4 × 700 30 690 1,310 1,600 98.4 98 98.4 180 -4–140 115 × 173 × 58 outdoor liquid/air 12,000 CSA yes 5 10, 15, 20

AE Solar Energy AE 250NX 250 @ 50 ±600 1 ±330–±550 ±425 2 375 DNR 480 334 DNR 98.1 97.5 N/A 100 -4–122 81.3 × 73.6 × 34 outdoor liquid/air 2,045 CSA yes 5 20

AE Solar Energy AE 333NX 333 @ 50 ±600 1 ±330–±550 ±425 2 500 DNR 480 445 DNR 98.3 97.5 N/A 100 -4–122 81.3 × 73.6 × 34 outdoor liquid/air 2,045 CSA yes 5 20

AE Solar Energy AE 500NX 500 @ 50 ±600 1 ±330–±550 ±425 2 750 DNR 480 667 DNR 98.6 97.5 N/A 100 -4–122 3 83.4 × 128.1 × 38.4 outdoor liquid/air 3,760 CSA yes 5 20

AE Solar Energy AE 500NX-HE 500 @ 50 ±600 1 ±330–±550 ±425 2 750 DNR 480 667 DNR 98.7 98 N/A 100 -4–122 3 83.4 × 128.1 × 38.4 outdoor liquid/air 3,760 CSA yes 5 20

AE Solar Energy AE 500NX-1kV 500 @ 50 1,000 1 600–1,000 700 2 850 DNR 420 700 DNR 98.2 97.5 N/A 100 -4–122 83.4 × 128.1 × 38.4 outdoor liquid/air 3,600 CSA yes 5 20

AE Solar Energy AE 1000NX 1,000 @ 50 ±1,000 1 ±550–±1,000 ±700 2 956 DNR 800 800 DNR 98.1 98 N/A 200 -4–122 90 × 174 × 41.6 outdoor liquid/air 5,450 CSA yes 5 20

AEG Power Solutions PROTECT PV.500-UL 510 @ 45 1,000 1 500–820 400 1,060 7.7 283 1,144 1,200 98.3 98 98 100 -4–122 107 × 79 × 24 indoor air 3,638 TUV no 5 20

AEG Power Solutions PROTECT PV.630-UL 630 @ 50 1,000 1 550–820 470 1,170 9 345 1,159 1,200 98.7 98 98 100 -4–122 107 × 79 × 24 indoor air 3,638 DNR no 5 20

Bonfiglioli RPS TL-UL 0367 MS 4 367 @ 50 1,000 1 500–875 450 2 700 1 330 640 800 98.6 98 98.4 40 -4–131 82.7 × 94 × 31.5 indoor air 3,425 UL no 5 25

Bonfiglioli RPS TL-UL 0501 MS 500 @ 50 1,000 1 500–875 450 2 950 1 330 875 1,250 98.6 98 98.4 60 -4–131  82.7 × 118 × 31.5 indoor air 4,750 UL no 5 25

Bonfiglioli RPS TL-UL 0550 MS 550 @ 50 1,000 1 500–875 450 2 1,050 1 330 960 1,250 98.6 98 98.4 60 -4–131  82.7 × 118 × 31.5 indoor air 4,750 UL no 5 25

Bonfiglioli RPS TL-UL 0733 MS 733 @ 50 1,000 1 500–875 450 2 1,400 1 330 1,280 1,600 98.6 98 98.4 80 -4–131  82.7 × 149.6 × 31.5 indoor air 5,960 UL no 5 25

Bonfiglioli RPS TL-UL 0400 MS 400 @ 50 1,000 1 550–875 450 2 700 1 360 640 800 98.6 98 98.4 40 -4–131 82.7 × 94 × 31.5 indoor air 3,425 UL no 5 25

Bonfiglioli RPS TL-UL 0500 MS 500 @ 50 1,000 1 550–875 450 2 950 1 360 800 1,250 98.6 98 98.4 60 -4–131  82.7 × 118 × 31.5 indoor air 4,750 UL no 5 25

Bonfiglioli RPS TL-UL 0600 MS 600 @ 50 1,000 1 550–875 450 2 1,050 1 360 960 1,250 98.6 98 98.4 60 -4–131  82.7 × 118 × 31.5 indoor air 4,750 UL no 5 25

Bonfiglioli RPS TL-UL 0750 MS 750 @ 50 1,000 1 550–875 450 2 1,300 1 360 1,200 1,600 98.6 98 98.4 80 -4–131  82.7 × 149.6 × 31.5 indoor air 5,960 UL no 5 25

Bonfiglioli RPS TL-UL 0800 MS 800 @ 50 1,000 1 550–875 450 2 1,400 1 360 1,280 1,600 98.6 98 98.4 80 -4–131  82.7 × 149.6 × 31.5 indoor air 5,960 UL no 5 25

Bonfiglioli RPS TL-UL 0367 MM 5 367@ 50 1,000 2 500–875 450 2 2 × 350 2 330 640 800 98.6 98 98.4 40 -4–131 82.7 × 71 × 31.5 indoor air 2,860 UL no 5 25

Bonfiglioli RPS TL-UL 0501 MM 500 @ 50 1,000 3 500–875 450 2 3 × 317 3 330 875 1,250 98.6 98 98.4 60 -4–131  82.7 × 94.5 × 31.5 indoor air 4,070 UL no 5 25

Bonfiglioli RPS TL-UL 0550 MM 550 @ 50 1,000 3 500–875 450 2 3 × 350 3 330 960 1,250 98.6 98 98.4 60 -4–131  82.7 × 94.5 × 31.5 indoor air 4,070 UL no 5 25

Bonfiglioli RPS TL-UL 0733 MM 733 @ 50 1,000 4 500–875 450 2 4 × 350 4 330 1,280 1,600 98.6 98 98.4 80 -4–131  82.7 × 118 × 31.5 indoor air 5,390 UL no 5 25

Bonfiglioli RPS TL-UL 0917 MM 917 @ 50 1,000 5 500–875 450 2 5 × 350 5 330 1,600 2,000 98.6 98 98.4 100 -4–131  82.7 × 149.6 × 31.5 indoor air 6,600 UL no 5 25

Bonfiglioli RPS TL-UL 1001 MM 1,000 @ 50 1,000 6 500–875 450 2 6 × 317 6 330 1,750 2,500 98.6 98 98.4 120 -4–131  82.7 × 173.2 × 31.5 indoor air 7,810 UL no 5 25

Bonfiglioli RPS TL-UL 1100 MM 1,100 @ 50 1,000 6 500–875 450 2 6 × 350 6 330 1,920 2,500 98.6 98 98.4 120 -4–131  82.7 × 173.2 × 31.5 indoor air 7,810 UL no 5 25

Bonfiglioli RPS TL-UL 1283 MM 1,283 @ 50 1,000 7 500–875 450 2 7 × 350 7 330 2,240 2,500 98.6 98 98.4 140 -4–131  82.7 × 197 × 31.5 indoor air 9,020 UL no 5 25

Bonfiglioli RPS TL-UL 0400 MM 400 @ 50 1,000 2 550–875 450 2 2 × 350 2 360 640 800 98.6 98 98.4 40 -4–131 82.7 × 71 × 31.5 indoor air 2,860 UL no 5 25

Bonfiglioli RPS TL-UL 0500 MM 500 @ 50 1,000 3 550–875 450 2 3 × 317 3 360 800 1,250 98.6 98 98.4 60 -4–131  82.7 × 94.5 × 31.5 indoor air 4,070 UL no 5 25

Bonfiglioli RPS TL-UL 0600 MM 600 @ 50 1,000 3 550–875 450 2 3 × 350 3 360 960 1,250 98.6 98 98.4 60 -4–131  82.7 × 94.5 × 31.5 indoor air 4,070 UL no 5 25

Bonfiglioli RPS TL-UL 0750 MM 750 @ 50 1,000 4 550–875 450 2 4 × 325 4 360 1,200 1,600 98.6 98 98.4 80 -4–131  82.7 × 118 × 31.5 indoor air 5,390 UL no 5 25

Bonfiglioli RPS TL-UL 0800 MM 800 @ 50 1,000 4 550–875 450 2 4 × 350 4 360 1,280 1,600 98.6 98 98.4 80 -4–131  82.7 × 118 × 31.5 indoor air 5,390 UL no 5 25

Bonfiglioli RPS TL-UL 1000 MM 1,000 @ 50 1,000 5 550–875 450 2 5 × 350 5 360 1,600 2,000 98.6 98 98.4 100 -4–131  82.7 × 149.6 × 31.5 indoor air 6,600 UL no 5 25

Bonfiglioli RPS TL-UL 1200 MM 1,200 @ 50 1,000 6 550–875 450 2 6 × 350 6 360 1,920 2,500 98.6 98 98.4 120 -4–131  82.7 × 173.2 × 31.5 indoor air 7,810 UL no 5 25

Bonfiglioli RPS TL-UL 1400 MM 1,400 @ 50 1,000 7 550–875 450 2 7 × 350 7 360 2,240 2,500 98.6 98 98.4 140 -4–131  82.7 × 197 × 31.5 indoor air 9,020 UL no 5 25

Footnote Key
1  Per MPP tracker
2  Adjustable
3   -31–122 cold weather option
4   MS = Master-Slave
5   MM = Multi-MPPT
6   Preliminary
7   -40–122 option
8   Available Q2 2014

9   1,000 Vdc option
10  Without transformer
11  Low temperature option to -31°F
12  310–350 SG500LV start voltage range
13  500 @ 55°C; 750 @ 55°C; 800 @ 55°C 
14 Passive cooling up to 50% load @ 50°C
DNR = did not report
N/A = not applicable
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Central Inverters for Utility-Scale PV Plants 

Manufacturer Model

Rated 
continuous 
power (kW) 

at °C

Input Data (dc) Output Data (ac) Performance Mechanical Listing Warranty

Max. Voc 
(Vdc)

# MPP 
trackers

MPPT range 
(Vdc)

PV start 
voltage 
(Vdc)

Max. dc 
input 

current 
(Adc) 1

Min. dc 
power 

throughput 
(kW)
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output 
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(Vac)
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current       
(Aac)

Max. OCPD 
rating 
(Aac)

Peak 
efficiency 

(%)

CEC-weighted 
efficiency      

(%)

European-
weighted 
efficiency 

(%)

Nighttime 
standby 

loss 
(W)

Operating 
temp. range 

(°F)

Dimensions  
H × W × D 

(in.) Enclosure
Cooling 
method

Weight      
(lbs.)

Listing 
agency

CEC  
eligible 

Standard 
(yr.)

Extended
 (yr.)

Chint Power CPS SCA500KTL-H/US 500 @ 45 1,000 1 500–850 520 1,200 3.5 315 965 1,200 98.5 98 N/A 100 -13–140 91 × 79 × 42 outdoor air 3,527 UL, CSA yes 5 20

Chint Power CPS SCA690KTL-H/US 690 @ 45 1,000 1 550–850 570 1,410 3.5 350 1,138 1,422 98.5 98 N/A 100 -13–140 92 × 79 × 42 outdoor air 3,528 UL, CSA yes 5 20

Danfoss QLX 1000 1,000 @ 50 1,000 1 450–950 DNR 2,500 DNR 285 2,025 DNR 98 97.5 N/A 100 -4–140 86.6 × 157.5 × 43.4 outdoor liquid/air 6,860 DNR DNR 5 10, 15, 20

Danfoss QLX 1250 1,250 @ 50 1,000 1 560–950 DNR 2,500 DNR 355 2,025 DNR 98 97.5 N/A 100 -4–140 86.6 × 157.5 × 43.4 outdoor liquid/air 6,860 DNR DNR 5 10, 15, 20

Danfoss QLX 1350 1,350 @ 50 1,000 1 610–950 DNR 2,500 DNR 385 2,025 DNR 98 97.5 N/A 100 -4–140 86.6 × 157.5 × 43.4 outdoor liquid/air 6,860 DNR DNR 5 10, 15, 20

Danfoss QLX 1750 1,500 @ 50 1,000 1 680–950 DNR 2,500 DNR 430 2,025 DNR 98 97.5 N/A 100 -4–140 86.6 × 157.5 × 43.4 outdoor liquid/air 6,860 DNR DNR 5 10, 15, 20

Eaton Power Xpert Solar 1500KW 1,500 @ 50 1,000 1 500–1,000 500 2 3,100 7.5 320 3,000 3,200 98.6 98 6 98 6 100 -4–122 7 92.3 × 133.9 × 74.2 outdoor liquid/air 12,500 ETL yes 8 5 10

Eaton Power Xpert Solar 1670KW 1,670 @ 50 1,000 1 550–1,000 550 2 3,100 7.5 356 3,000 3,200 98.6 98 6 98 6 100 -4–122 7 92.3 × 133.9 × 74.2 outdoor liquid/air 12,500 ETL yes 8 5 10

Emerson SPV500-UL 500 @ 40 825 9 1 419–800 419 1,240 0.9 275 1,200 3,120 98.1 97.6 6 N/A 100 0–113 86.9 × 110.2 × 39.4 indoor air 5,201 ETL no 5 20

Emerson SPV1000-UL 1,000 @ 40 825 9 1 468–800 468 2,170 0.9 310 2,100 5,460 98.1 97.6 6 N/A 100 0–113 86.9 × 157.5 × 39.4 indoor air 8,210 ETL no 5 20

Emerson SP1250-UL 1,250 @ 40 825 9 1 511–800 511 2,480 0.9 340 2,400 6,240 98.1 97.6 6 N/A 100 0–113 86.9 × 173.2 × 39.4 indoor air 9,302 ETL no 5 20

Emerson SPV300 205 @ 45 825 9 1 400–800 400 350 0.9 400 300 780 98.1 97.6 6 97.6 100 0–122 86.9 × 78.8 × 37.1 indoor air 2,640 TUV no 5 20

Emerson SPV600 411 @ 45 825 9 1 400–800 400 700 0.9 400 600 1,560 98.1 97.6 6 97.6 100 0–122 86.9 × 78.8 × 37.1 indoor air 3,960 TUV no 5 20

Emerson SPV900 623 @ 45 825 9 1 400–800 400 1,050 0.9 400 900 2,340 98.1 97.6 6 97.6 100 0–122 86.9 × 94.5 × 37.1 indoor air 5,060 TUV no 5 20

Emerson SPV1200 823 @ 45 825 9 1 400–800 400 1,400 0.9 400 1,200 3,120 98.1 97.6 6 97.6 100 0–122 86.9 × 110.3 × 37.1 indoor air 6,160 TUV no 5 20

Emerson SPV1500 1,035 @ 45 825 9 1 400–800 400 1,750 0.9 400 1,500 3,900 98.1 97.6 6 97.6 100 0–122 86.9 × 126 × 37.1 indoor air 7,260 TUV no 5 20

Emerson SPV1800 1,247 @ 45 825 9 1 400–800 400 2,100 0.9 400 1,800 4,680 98.1 97.6 6 97.6 100 0–122 86.9 × 141.8 × 37.1 indoor air 8,360 TUV no 5 20

Emerson SPV2100 1,447 @ 45 825 9 1 400–800 400 2,450 0.9 400 2,100 5,460 98.1 97.6 6 97.6 100 0–122 86.9 × 157.5 × 37.1 indoor air 9,460 TUV no 5 20

Emerson SPV2400 1,658 @ 45 825 9 1 400–800 400 2,800 0.9 400 2,400 6,240 98.1 97.6 6 97.6 100 0–122 86.9 × 173.2 × 37.1 indoor air 10,560 TUV no 5 20

Emerson SPV2700 1,870 @ 45 825 9 1 400–800 400 3,150 0.9 400 2,700 7,020 98.1 97.6 6 97.6 100 0–122 86.9 × 189 × 37.1 indoor air 11,660 TUV no 5 20

GE Energy 700 kW Brilliance 700 @ 50 6,000 1 300–600 100 2 2,400 7 480 842 947 97.6 97 N/A 250 -22–140 92.5 × 133.9 × 51.2 outdoor liquid/air 9,056 CSA no 5 10

GE Energy 1 MW Brilliance (60 Hz) 1,000 @ 50 1,000 1 450–850 125 2 2,400 10 480 1,215 1,350 98 97.5 98 250 -22–140 92.5 × 133.9 × 51.2 outdoor liquid/air 9,056 CSA no 5 10

GE Energy 1.275 MW Brilliance (60 Hz) 1,262 @ 40 1,000 1 535–850 125 2 2,400 10 480 1,536 1,536 98.2 98 98.5 250 -22–140 92.5 × 133.9 × 51.2 outdoor liquid/air 9,056 CSA no 5 10

Ingeteam 250TL U X208 Outdoor 252 @ 50 1,000 1 350–820 385 780 DNR 208 700 900 98.1 97.5 N/A 60 -4–149 84.3 × 91 × 39.4 outdoor air 3,307 ETL yes 5 25

Ingeteam 330TL U X275 Outdoor 333 @ 50 1,000 1 460–820 510 780 DNR 275 700 900 98.3 98 N/A 60 -4–149 84.3 × 91 × 39.4 outdoor air 3,307 ETL yes 5 25

Ingeteam 375TL U X208 Outdoor 378 @ 50 1,000 1 350–820 385 1,170 DNR 208 1,050 1,350 98.1 97.5 N/A 90 -4–149 84.3 × 114.6 × 39.4 outdoor air 4,520 ETL yes 5 25

Ingeteam 400TL U X330 Outdoor 400 @ 50 1,000 1 550–820 610 780 DNR 330 700 900 98.5 98 N/A 60 -4–149 84.3 × 91 × 39.4 outdoor air 3,307 ETL yes 5 25

Ingeteam 440TL U X360 Outdoor 436 @ 50 1,000 1 606–820 670 780 DNR 360 700 900 98.5 98.5 N/A 60 -4–149 84.3 × 91 × 39.4 outdoor air 3,307 ETL yes 5 25

Ingeteam 500TL U X275 Outdoor 500 @ 50 1,000 1 460–820 510 1,170 DNR 275 1,050 1,350 98.3 98 N/A 90 -4–149 84.3 × 114.6 × 39.4 outdoor air 4,520 ETL yes 5 25

Ingeteam 500TL U X208 Outdoor 504 @ 50 1,000 1 350–820 385 1,560 DNR 208 1,400 1,800 98.1 97.5 N/A 120 -4–149 84.3 × 138.2 × 39.4 outdoor air 5,950 ETL yes 5 25

Ingeteam  600TL U X330 Outdoor 600 @ 50 1,000 1 550–820 610 1,170 DNR 330 1,050 1,350 98.5 98 N/A 90 -4–149 84.3 × 114.6 × 39.4 outdoor air 4,520 ETL yes 5 25

Ingeteam 660TL U X 275 Outdoor 667 @ 50 1,000 1 460–820 510 1,560 DNR 275 1,400 1,800 98.3 98 N/A 120 -4–149 84.3 × 138.2 × 39.4 outdoor air 5,950 ETL yes 5 25

Ingeteam 660TL U X 360 Outdoor 655 @ 50 1,000 1 606–820 670 1,170 DNR 360 1,050 1,350 98.5 98.5 N/A 90 -4–149 84.3 × 114.6 × 39.4 outdoor air 4,520 ETL yes 5 25

Ingeteam 800TL U X 330 Outdoor 800 @ 50 1,000 1 550–820 610 1,560 DNR 330 1,400 1,800 98.5 98 N/A 120 -4–149 84.3 × 138.2 × 39.4 outdoor air 5,950 ETL yes 5 25

Ingeteam 880TL U X 360 Outdoor 873 @ 50 1,000 1 606–820 670 1,560 DNR 360 1,400 1,800 98.6 98.5 N/A 120 -4–149 84.3 × 138.2 × 39.4 outdoor air 5,950 ETL yes 5 25

Uti l i ty-Scale Inverter Specif ications
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Chint Power CPS SCA500KTL-H/US 500 @ 45 1,000 1 500–850 520 1,200 3.5 315 965 1,200 98.5 98 N/A 100 -13–140 91 × 79 × 42 outdoor air 3,527 UL, CSA yes 5 20

Chint Power CPS SCA690KTL-H/US 690 @ 45 1,000 1 550–850 570 1,410 3.5 350 1,138 1,422 98.5 98 N/A 100 -13–140 92 × 79 × 42 outdoor air 3,528 UL, CSA yes 5 20

Danfoss QLX 1000 1,000 @ 50 1,000 1 450–950 DNR 2,500 DNR 285 2,025 DNR 98 97.5 N/A 100 -4–140 86.6 × 157.5 × 43.4 outdoor liquid/air 6,860 DNR DNR 5 10, 15, 20

Danfoss QLX 1250 1,250 @ 50 1,000 1 560–950 DNR 2,500 DNR 355 2,025 DNR 98 97.5 N/A 100 -4–140 86.6 × 157.5 × 43.4 outdoor liquid/air 6,860 DNR DNR 5 10, 15, 20

Danfoss QLX 1350 1,350 @ 50 1,000 1 610–950 DNR 2,500 DNR 385 2,025 DNR 98 97.5 N/A 100 -4–140 86.6 × 157.5 × 43.4 outdoor liquid/air 6,860 DNR DNR 5 10, 15, 20

Danfoss QLX 1750 1,500 @ 50 1,000 1 680–950 DNR 2,500 DNR 430 2,025 DNR 98 97.5 N/A 100 -4–140 86.6 × 157.5 × 43.4 outdoor liquid/air 6,860 DNR DNR 5 10, 15, 20

Eaton Power Xpert Solar 1500KW 1,500 @ 50 1,000 1 500–1,000 500 2 3,100 7.5 320 3,000 3,200 98.6 98 6 98 6 100 -4–122 7 92.3 × 133.9 × 74.2 outdoor liquid/air 12,500 ETL yes 8 5 10

Eaton Power Xpert Solar 1670KW 1,670 @ 50 1,000 1 550–1,000 550 2 3,100 7.5 356 3,000 3,200 98.6 98 6 98 6 100 -4–122 7 92.3 × 133.9 × 74.2 outdoor liquid/air 12,500 ETL yes 8 5 10

Emerson SPV500-UL 500 @ 40 825 9 1 419–800 419 1,240 0.9 275 1,200 3,120 98.1 97.6 6 N/A 100 0–113 86.9 × 110.2 × 39.4 indoor air 5,201 ETL no 5 20

Emerson SPV1000-UL 1,000 @ 40 825 9 1 468–800 468 2,170 0.9 310 2,100 5,460 98.1 97.6 6 N/A 100 0–113 86.9 × 157.5 × 39.4 indoor air 8,210 ETL no 5 20

Emerson SP1250-UL 1,250 @ 40 825 9 1 511–800 511 2,480 0.9 340 2,400 6,240 98.1 97.6 6 N/A 100 0–113 86.9 × 173.2 × 39.4 indoor air 9,302 ETL no 5 20

Emerson SPV300 205 @ 45 825 9 1 400–800 400 350 0.9 400 300 780 98.1 97.6 6 97.6 100 0–122 86.9 × 78.8 × 37.1 indoor air 2,640 TUV no 5 20

Emerson SPV600 411 @ 45 825 9 1 400–800 400 700 0.9 400 600 1,560 98.1 97.6 6 97.6 100 0–122 86.9 × 78.8 × 37.1 indoor air 3,960 TUV no 5 20

Emerson SPV900 623 @ 45 825 9 1 400–800 400 1,050 0.9 400 900 2,340 98.1 97.6 6 97.6 100 0–122 86.9 × 94.5 × 37.1 indoor air 5,060 TUV no 5 20

Emerson SPV1200 823 @ 45 825 9 1 400–800 400 1,400 0.9 400 1,200 3,120 98.1 97.6 6 97.6 100 0–122 86.9 × 110.3 × 37.1 indoor air 6,160 TUV no 5 20

Emerson SPV1500 1,035 @ 45 825 9 1 400–800 400 1,750 0.9 400 1,500 3,900 98.1 97.6 6 97.6 100 0–122 86.9 × 126 × 37.1 indoor air 7,260 TUV no 5 20

Emerson SPV1800 1,247 @ 45 825 9 1 400–800 400 2,100 0.9 400 1,800 4,680 98.1 97.6 6 97.6 100 0–122 86.9 × 141.8 × 37.1 indoor air 8,360 TUV no 5 20

Emerson SPV2100 1,447 @ 45 825 9 1 400–800 400 2,450 0.9 400 2,100 5,460 98.1 97.6 6 97.6 100 0–122 86.9 × 157.5 × 37.1 indoor air 9,460 TUV no 5 20

Emerson SPV2400 1,658 @ 45 825 9 1 400–800 400 2,800 0.9 400 2,400 6,240 98.1 97.6 6 97.6 100 0–122 86.9 × 173.2 × 37.1 indoor air 10,560 TUV no 5 20

Emerson SPV2700 1,870 @ 45 825 9 1 400–800 400 3,150 0.9 400 2,700 7,020 98.1 97.6 6 97.6 100 0–122 86.9 × 189 × 37.1 indoor air 11,660 TUV no 5 20

GE Energy 700 kW Brilliance 700 @ 50 6,000 1 300–600 100 2 2,400 7 480 842 947 97.6 97 N/A 250 -22–140 92.5 × 133.9 × 51.2 outdoor liquid/air 9,056 CSA no 5 10

GE Energy 1 MW Brilliance (60 Hz) 1,000 @ 50 1,000 1 450–850 125 2 2,400 10 480 1,215 1,350 98 97.5 98 250 -22–140 92.5 × 133.9 × 51.2 outdoor liquid/air 9,056 CSA no 5 10

GE Energy 1.275 MW Brilliance (60 Hz) 1,262 @ 40 1,000 1 535–850 125 2 2,400 10 480 1,536 1,536 98.2 98 98.5 250 -22–140 92.5 × 133.9 × 51.2 outdoor liquid/air 9,056 CSA no 5 10

Ingeteam 250TL U X208 Outdoor 252 @ 50 1,000 1 350–820 385 780 DNR 208 700 900 98.1 97.5 N/A 60 -4–149 84.3 × 91 × 39.4 outdoor air 3,307 ETL yes 5 25

Ingeteam 330TL U X275 Outdoor 333 @ 50 1,000 1 460–820 510 780 DNR 275 700 900 98.3 98 N/A 60 -4–149 84.3 × 91 × 39.4 outdoor air 3,307 ETL yes 5 25

Ingeteam 375TL U X208 Outdoor 378 @ 50 1,000 1 350–820 385 1,170 DNR 208 1,050 1,350 98.1 97.5 N/A 90 -4–149 84.3 × 114.6 × 39.4 outdoor air 4,520 ETL yes 5 25

Ingeteam 400TL U X330 Outdoor 400 @ 50 1,000 1 550–820 610 780 DNR 330 700 900 98.5 98 N/A 60 -4–149 84.3 × 91 × 39.4 outdoor air 3,307 ETL yes 5 25

Ingeteam 440TL U X360 Outdoor 436 @ 50 1,000 1 606–820 670 780 DNR 360 700 900 98.5 98.5 N/A 60 -4–149 84.3 × 91 × 39.4 outdoor air 3,307 ETL yes 5 25

Ingeteam 500TL U X275 Outdoor 500 @ 50 1,000 1 460–820 510 1,170 DNR 275 1,050 1,350 98.3 98 N/A 90 -4–149 84.3 × 114.6 × 39.4 outdoor air 4,520 ETL yes 5 25

Ingeteam 500TL U X208 Outdoor 504 @ 50 1,000 1 350–820 385 1,560 DNR 208 1,400 1,800 98.1 97.5 N/A 120 -4–149 84.3 × 138.2 × 39.4 outdoor air 5,950 ETL yes 5 25

Ingeteam  600TL U X330 Outdoor 600 @ 50 1,000 1 550–820 610 1,170 DNR 330 1,050 1,350 98.5 98 N/A 90 -4–149 84.3 × 114.6 × 39.4 outdoor air 4,520 ETL yes 5 25

Ingeteam 660TL U X 275 Outdoor 667 @ 50 1,000 1 460–820 510 1,560 DNR 275 1,400 1,800 98.3 98 N/A 120 -4–149 84.3 × 138.2 × 39.4 outdoor air 5,950 ETL yes 5 25

Ingeteam 660TL U X 360 Outdoor 655 @ 50 1,000 1 606–820 670 1,170 DNR 360 1,050 1,350 98.5 98.5 N/A 90 -4–149 84.3 × 114.6 × 39.4 outdoor air 4,520 ETL yes 5 25

Ingeteam 800TL U X 330 Outdoor 800 @ 50 1,000 1 550–820 610 1,560 DNR 330 1,400 1,800 98.5 98 N/A 120 -4–149 84.3 × 138.2 × 39.4 outdoor air 5,950 ETL yes 5 25

Ingeteam 880TL U X 360 Outdoor 873 @ 50 1,000 1 606–820 670 1,560 DNR 360 1,400 1,800 98.6 98.5 N/A 120 -4–149 84.3 × 138.2 × 39.4 outdoor air 5,950 ETL yes 5 25

Footnote Key
1  Per MPP tracker
2  Adjustable
3   -31–122 cold weather option
4   MS = Master-Slave
5   MM = Multi-MPPT
6   Preliminary
7   -40–122 option
8   Available Q2 2014

9   1,000 Vdc option
10  Without transformer
11  Low temperature option to -31°F
12  310–350 SG500LV start voltage range
13  500 @ 55°C; 750 @ 55°C; 800 @ 55°C 
14 Passive cooling up to 50% load @ 50°C
DNR = did not report
N/A = not applicable
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Ingeteam 1000TL U X400 Outdoor 990 @ 50 1,000 1 605–820 670 1,560 DNR 400 1,400 1,800 98.6 98.5 N/A 120 -4–149 84.3 × 138.2 × 39.4 outdoor air 5,950 ETL yes 5 25

Ingeteam 250T U X480 Outdoor 252 @ 50 1,000 1 350–820 360 780 DNR 480 303 800 97.2 96.5 N/A 60 -4–149 84.3 × 90.1 × 39.4 10 outdoor air 3,307 10 ETL yes 5 25

Ingeteam 375T U X480 Outdoor 378 @ 50 1,000 1 350–820 360 1,170 DNR 480 455 800 97.2 96.5 N/A 90 -4–149 84.3 × 114.6 × 39.4 10 outdoor air 4,520 10 ETL yes 5 25

Ingeteam 500T U X480 Outdoor 505 @ 50 1,000 1 350–820 360 1,560 DNR 480 607 800 97.2 96.5 N/A 120 -4–149 84.3 × 138.2 × 39.4 10 outdoor air 5,950 10 ETL yes 5 25

KACO new energy XP500U-TL 500 @ 50 1,100 1 550–830 700 957 1.5 370 780 1,000 98.7 DNR N/A 110 -4–122 83.7 × 102.4 × 33.9 outdoor air 4,888 ETL no 5 10, 15, 20

KACO new energy XP550U-TL 550 @ 50 1,100 1 550–830 700 1,053 1.5 370 858 1,000 98.7 DNR N/A 110 -4–122 83.7 × 102.4 × 33.9 outdoor air 4,888 ETL no 5 10, 15, 20

KACO new energy bp 1000 TL3 M1 OD GM USX0 1,000 @ 50 1,100 1 550–830 700 1,910 3 370 1,560 2,000 98.7 DNR N/A 110 -4–122 83.5 × 122.4 × 39.4 outdoor air 6,614 ETL no 5 10, 15, 20

Santerno TG 760 1000V TL-NA 844 @ 50 1,000 1 580–820 580 2,000 6 380 1,283 1,600 98.6 98 N/A 45 -13–122 108.7 × 90.5 × 39.5 outdoor air 4,730 N/A no 5 20

Schneider Electric XC 540-NA 540 @ DNR 1,000 1 440–800 DNR 1,280 DNR 300 1,040 DNR 98.2 97.5 N/A 210 -4–131 11 89.5 × 126.5 × 33.8 outdoor air 4,938 CSA DNR DNR DNR

Schneider Electric XC 630-NA 630 @ DNR 1,000 1 510–800 DNR 1,280 DNR 350 1,040 DNR 98.5 98 N/A 210 -4–131 11 89.5 × 126.5 × 33.8 outdoor air 4,938 CSA DNR DNR DNR

Schneider Electric XC 680-NA 680 @ DNR 1,000 1 550–800 DNR 1,280 DNR 380 1,040 DNR 98.6 98 N/A 210 -4–131 11 89.5 × 126.5 × 33.8 outdoor air 4,938 CSA DNR DNR DNR

SMA America Sunny Central 500CP-US 600V 500 @ 50 600 1 330–480 390 1,600 5 200 1,588 1,600 98.1 97.5 N/A 150 -13–122 90 × 101 × 38 outdoor air 4,123 UL yes 5 10, 15, 20

SMA America Sunny Central 500CP-US 500 @ 50 1,000 1 430–820 500 1,250 5 270 1,176 1,600 98.5 98 98.3 150 -13–122 90 × 101 × 38 outdoor air 4,123 UL yes 5 10, 15, 20

SMA America Sunny Central 630CP-US 630 @ 50 1,000 1 500–820 610 1,350 5 315 1,283 1,600 98.5 98 98.3 150 -13–122 90 × 101 × 38 outdoor air 4,123 UL yes 5 10, 15, 20

SMA America Sunny Central 720CP-US 720 @ 50 1,000 1 525–820 675 1,600 5 324 1,411 1,600 98.6 98 98.4 150 -13–122 90 × 101 × 38 outdoor air 4,123 UL yes 5 10, 15, 20

SMA America Sunny Central 750CP-US 750 @ 50 1,000 1 545–820 715 1,600 5 342 1,411 1,600 98.6 98 98.4 150 -13–122 90 × 101 × 38 outdoor air 4,123 UL yes 5 10, 15, 20

SMA America Sunny Central 800CP-US 800 @ 50 1,000 1 570–820 760 1,600 5 360 1,411 1,600 98.7 98.5 98.4 150 -13–122 90 × 101 × 38 outdoor air 4,123 UL yes 5 10, 15, 20

SMA America Sunny Central 850CP-US 850 @ 50 1,000 1 620–820 760 1,600 5 386 1,411 1,600 98.6 98.5 98.4 150 -13–122 90 × 101 × 38 outdoor air 4,123 UL yes 5 10, 15, 20

SMA America Sunny Central 900CP-US 900 @ 50 1,000 1 655–820 770 1,600 5 405 1,411 1,600 98.6 98.5 98.4 150 -13–122 90 × 101 × 38 outdoor air 4,123 UL yes 5 10, 15, 20

SMA America Sunny Central 500CP XT 500 @ 50 1,000 1 436–850 500 1,250 5 270 1,176 1,600 98.6 98.5 98.4 100 -13–144 99 × 108 × 43 outdoor air 4,262 CE no 5 10, 15, 20

SMA America Sunny Central 630CP XT 630 @ 50 1,000 1 505–850 610 1,350 5 315 1,283 1,600 98.7 98.5 98.5 100 -13–144 99 × 108 × 43 outdoor air 4,262 CE no 5 10, 15, 20

SMA America Sunny Central 720CP XT 720 @ 50 1,000 1 525–850 675 1,400 5 324 1,411 1,600 98.6 98.5 98.4 100 -13–144 99 × 108 × 43 outdoor air 4,262 CE no 5 10, 15, 20

SMA America Sunny Central 760CP XT 760 @ 50 1,000 1 554–850 715 1,400 5 342 1,411 1,600 98.6 98.5 98.4 100 -13–144 99 × 108 × 43 outdoor air 4,262 CE no 5 10, 15, 20

SMA America Sunny Central 800CP XT 800 @ 50 1,000 1 583–850 760 1,400 5 360 1,411 1,600 98.6 98.5 98.4 100 -13–144 99 × 108 × 43 outdoor air 4,262 CE no 5 10, 15, 20

SMA America Sunny Central 850CP XT 850 @ 50 1,000 1 620–850 760 1,400 5 386 1,411 1,600 98.6 98.5 98.4 100 -13–144 99 × 108 × 43 outdoor air 4,262 CE no 5 10, 15, 20

SMA America Sunny Central 900CP XT 900 @ 50 1,000 1 656–850 770 1,400 5 405 1,411 1,600 98.6 98.5 98.4 100 -13–144 99 × 108 × 43 outdoor air 4,262 CE no 5 10, 15, 20

Solectria Renewables SGI 500XT 500 @ 50 600 1 300–500 390 1,750 DNR 208 1,387 1,600 98.1 98 N/A 41 -40–122 82 × 109 × 41 outdoor air 3,410 ETL yes 5 10, 15, 20

Solectria Renewables SGI 500XTM 500 @ 50 1,000 1 545–820 700 965 DNR 380 760 1,600 98.2 98 N/A 110 -40–122 82 × 109 × 41 outdoor air 3,187 ETL yes 5 10, 15, 20

Solectria Renewables SGI 750XTM 750 @ 50 1,000 1 545–820 700 1,445 DNR 380 1,140 1,600 98.2 98 N/A 150 -40–122 82 × 109 × 41 outdoor air 3,600 ETL yes 5 10, 15, 20

Sungrow SG500LV 550 @ 50 13 600 1 320–600 340 12 1,600 1 200 1,587 2,000 98.3 98 N/A 100 -13–140 85.2 × 102.3 × 39.4 outdoor air 5,291 CSA yes 5 10, 15, 20

Sungrow SG750MX 825 @ 50 13 1,000 1 500–820 520 1,600 1 315 1,512 2,000 98.7 98.5 N/A 100 -13–140 85.2 × 102.3 × 39.4 outdoor air 5,952 CSA yes 5 10, 15, 20

Sungrow SG800MX 880 @ 50 13 1,000 1 545–820 565 1,600 1 342 1,512 2,000 98.7 98.5 N/A 100 -13–140 85.2 × 102.3 × 39.4 outdoor air 5,952 CSA yes 5 10, 15, 20

TMEIC Solar Ware 250 250 @ 50 1,000 1 450–850 440 611 10 300 481 1,020 98.2 98 97.8 75 -4–122 74.8 × 47.2 × 35.4 indoor air 2,205 TUV no 5 20

TMEIC Solar Ware 500 500 @ 50 1,000 1 450–950 440 1,333 20 300 962 2,030 98.5 98 98.3 75 -4–122 81.7 × 74.8 × 27.6 indoor air 2,866 TUV yes 5 20

TMEIC Solar Ware 630 630 @ 50 1,000 1 550–950 550 1,402 20 380 957 2,030 98.6 98 98.3 75 -4–122 81.7 × 74.8 × 27.6 indoor air 2,866 TUV yes 5 20

TMEIC Solar Ware Samurai 1,667 @ 50 1,000 1 605–950 595 2,826 60 380 2,878 4,656 98.8 DNR DNR 130 -4–122 92 × 197 × 46 outdoor air 14 11,500 CSA yes 5 20

Uti l i ty-Scale Inverter Specif ications
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Manufacturer Model

Rated 
continuous 
power (kW) 

at °C

Input Data (dc) Output Data (ac) Performance Mechanical Listing Warranty

Max. Voc 
(Vdc)

# MPP 
trackers

MPPT range 
(Vdc)

PV start 
voltage 
(Vdc)

Max. dc 
input 

current 
(Adc) 1

Min. dc 
power 

throughput 
(kW)

Nominal 
output 
voltage 
(Vac)

Max. 
output 
current       
(Aac)

Max. OCPD 
rating 
(Aac)

Peak 
efficiency 

(%)

CEC-weighted 
efficiency      

(%)

European-
weighted 
efficiency 

(%)

Nighttime 
standby 

loss 
(W)

Operating 
temp. range 

(°F)

Dimensions  
H × W × D 

(in.) Enclosure
Cooling 
method

Weight      
(lbs.)

Listing 
agency

CEC  
eligible

Standard 
(yr.)

Extended
 (yr.)

Ingeteam 1000TL U X400 Outdoor 990 @ 50 1,000 1 605–820 670 1,560 DNR 400 1,400 1,800 98.6 98.5 N/A 120 -4–149 84.3 × 138.2 × 39.4 outdoor air 5,950 ETL yes 5 25

Ingeteam 250T U X480 Outdoor 252 @ 50 1,000 1 350–820 360 780 DNR 480 303 800 97.2 96.5 N/A 60 -4–149 84.3 × 90.1 × 39.4 10 outdoor air 3,307 10 ETL yes 5 25

Ingeteam 375T U X480 Outdoor 378 @ 50 1,000 1 350–820 360 1,170 DNR 480 455 800 97.2 96.5 N/A 90 -4–149 84.3 × 114.6 × 39.4 10 outdoor air 4,520 10 ETL yes 5 25

Ingeteam 500T U X480 Outdoor 505 @ 50 1,000 1 350–820 360 1,560 DNR 480 607 800 97.2 96.5 N/A 120 -4–149 84.3 × 138.2 × 39.4 10 outdoor air 5,950 10 ETL yes 5 25

KACO new energy XP500U-TL 500 @ 50 1,100 1 550–830 700 957 1.5 370 780 1,000 98.7 DNR N/A 110 -4–122 83.7 × 102.4 × 33.9 outdoor air 4,888 ETL no 5 10, 15, 20

KACO new energy XP550U-TL 550 @ 50 1,100 1 550–830 700 1,053 1.5 370 858 1,000 98.7 DNR N/A 110 -4–122 83.7 × 102.4 × 33.9 outdoor air 4,888 ETL no 5 10, 15, 20

KACO new energy bp 1000 TL3 M1 OD GM USX0 1,000 @ 50 1,100 1 550–830 700 1,910 3 370 1,560 2,000 98.7 DNR N/A 110 -4–122 83.5 × 122.4 × 39.4 outdoor air 6,614 ETL no 5 10, 15, 20

Santerno TG 760 1000V TL-NA 844 @ 50 1,000 1 580–820 580 2,000 6 380 1,283 1,600 98.6 98 N/A 45 -13–122 108.7 × 90.5 × 39.5 outdoor air 4,730 N/A no 5 20

Schneider Electric XC 540-NA 540 @ DNR 1,000 1 440–800 DNR 1,280 DNR 300 1,040 DNR 98.2 97.5 N/A 210 -4–131 11 89.5 × 126.5 × 33.8 outdoor air 4,938 CSA DNR DNR DNR

Schneider Electric XC 630-NA 630 @ DNR 1,000 1 510–800 DNR 1,280 DNR 350 1,040 DNR 98.5 98 N/A 210 -4–131 11 89.5 × 126.5 × 33.8 outdoor air 4,938 CSA DNR DNR DNR

Schneider Electric XC 680-NA 680 @ DNR 1,000 1 550–800 DNR 1,280 DNR 380 1,040 DNR 98.6 98 N/A 210 -4–131 11 89.5 × 126.5 × 33.8 outdoor air 4,938 CSA DNR DNR DNR

SMA America Sunny Central 500CP-US 600V 500 @ 50 600 1 330–480 390 1,600 5 200 1,588 1,600 98.1 97.5 N/A 150 -13–122 90 × 101 × 38 outdoor air 4,123 UL yes 5 10, 15, 20

SMA America Sunny Central 500CP-US 500 @ 50 1,000 1 430–820 500 1,250 5 270 1,176 1,600 98.5 98 98.3 150 -13–122 90 × 101 × 38 outdoor air 4,123 UL yes 5 10, 15, 20

SMA America Sunny Central 630CP-US 630 @ 50 1,000 1 500–820 610 1,350 5 315 1,283 1,600 98.5 98 98.3 150 -13–122 90 × 101 × 38 outdoor air 4,123 UL yes 5 10, 15, 20

SMA America Sunny Central 720CP-US 720 @ 50 1,000 1 525–820 675 1,600 5 324 1,411 1,600 98.6 98 98.4 150 -13–122 90 × 101 × 38 outdoor air 4,123 UL yes 5 10, 15, 20

SMA America Sunny Central 750CP-US 750 @ 50 1,000 1 545–820 715 1,600 5 342 1,411 1,600 98.6 98 98.4 150 -13–122 90 × 101 × 38 outdoor air 4,123 UL yes 5 10, 15, 20

SMA America Sunny Central 800CP-US 800 @ 50 1,000 1 570–820 760 1,600 5 360 1,411 1,600 98.7 98.5 98.4 150 -13–122 90 × 101 × 38 outdoor air 4,123 UL yes 5 10, 15, 20

SMA America Sunny Central 850CP-US 850 @ 50 1,000 1 620–820 760 1,600 5 386 1,411 1,600 98.6 98.5 98.4 150 -13–122 90 × 101 × 38 outdoor air 4,123 UL yes 5 10, 15, 20

SMA America Sunny Central 900CP-US 900 @ 50 1,000 1 655–820 770 1,600 5 405 1,411 1,600 98.6 98.5 98.4 150 -13–122 90 × 101 × 38 outdoor air 4,123 UL yes 5 10, 15, 20

SMA America Sunny Central 500CP XT 500 @ 50 1,000 1 436–850 500 1,250 5 270 1,176 1,600 98.6 98.5 98.4 100 -13–144 99 × 108 × 43 outdoor air 4,262 CE no 5 10, 15, 20

SMA America Sunny Central 630CP XT 630 @ 50 1,000 1 505–850 610 1,350 5 315 1,283 1,600 98.7 98.5 98.5 100 -13–144 99 × 108 × 43 outdoor air 4,262 CE no 5 10, 15, 20

SMA America Sunny Central 720CP XT 720 @ 50 1,000 1 525–850 675 1,400 5 324 1,411 1,600 98.6 98.5 98.4 100 -13–144 99 × 108 × 43 outdoor air 4,262 CE no 5 10, 15, 20

SMA America Sunny Central 760CP XT 760 @ 50 1,000 1 554–850 715 1,400 5 342 1,411 1,600 98.6 98.5 98.4 100 -13–144 99 × 108 × 43 outdoor air 4,262 CE no 5 10, 15, 20

SMA America Sunny Central 800CP XT 800 @ 50 1,000 1 583–850 760 1,400 5 360 1,411 1,600 98.6 98.5 98.4 100 -13–144 99 × 108 × 43 outdoor air 4,262 CE no 5 10, 15, 20

SMA America Sunny Central 850CP XT 850 @ 50 1,000 1 620–850 760 1,400 5 386 1,411 1,600 98.6 98.5 98.4 100 -13–144 99 × 108 × 43 outdoor air 4,262 CE no 5 10, 15, 20

SMA America Sunny Central 900CP XT 900 @ 50 1,000 1 656–850 770 1,400 5 405 1,411 1,600 98.6 98.5 98.4 100 -13–144 99 × 108 × 43 outdoor air 4,262 CE no 5 10, 15, 20

Solectria Renewables SGI 500XT 500 @ 50 600 1 300–500 390 1,750 DNR 208 1,387 1,600 98.1 98 N/A 41 -40–122 82 × 109 × 41 outdoor air 3,410 ETL yes 5 10, 15, 20

Solectria Renewables SGI 500XTM 500 @ 50 1,000 1 545–820 700 965 DNR 380 760 1,600 98.2 98 N/A 110 -40–122 82 × 109 × 41 outdoor air 3,187 ETL yes 5 10, 15, 20

Solectria Renewables SGI 750XTM 750 @ 50 1,000 1 545–820 700 1,445 DNR 380 1,140 1,600 98.2 98 N/A 150 -40–122 82 × 109 × 41 outdoor air 3,600 ETL yes 5 10, 15, 20

Sungrow SG500LV 550 @ 50 13 600 1 320–600 340 12 1,600 1 200 1,587 2,000 98.3 98 N/A 100 -13–140 85.2 × 102.3 × 39.4 outdoor air 5,291 CSA yes 5 10, 15, 20

Sungrow SG750MX 825 @ 50 13 1,000 1 500–820 520 1,600 1 315 1,512 2,000 98.7 98.5 N/A 100 -13–140 85.2 × 102.3 × 39.4 outdoor air 5,952 CSA yes 5 10, 15, 20

Sungrow SG800MX 880 @ 50 13 1,000 1 545–820 565 1,600 1 342 1,512 2,000 98.7 98.5 N/A 100 -13–140 85.2 × 102.3 × 39.4 outdoor air 5,952 CSA yes 5 10, 15, 20

TMEIC Solar Ware 250 250 @ 50 1,000 1 450–850 440 611 10 300 481 1,020 98.2 98 97.8 75 -4–122 74.8 × 47.2 × 35.4 indoor air 2,205 TUV no 5 20

TMEIC Solar Ware 500 500 @ 50 1,000 1 450–950 440 1,333 20 300 962 2,030 98.5 98 98.3 75 -4–122 81.7 × 74.8 × 27.6 indoor air 2,866 TUV yes 5 20

TMEIC Solar Ware 630 630 @ 50 1,000 1 550–950 550 1,402 20 380 957 2,030 98.6 98 98.3 75 -4–122 81.7 × 74.8 × 27.6 indoor air 2,866 TUV yes 5 20

TMEIC Solar Ware Samurai 1,667 @ 50 1,000 1 605–950 595 2,826 60 380 2,878 4,656 98.8 DNR DNR 130 -4–122 92 × 197 × 46 outdoor air 14 11,500 CSA yes 5 20

Footnote Key
1  Per MPP tracker
2  Adjustable
3   -31–122 cold weather option
4   MS = Master-Slave
5   MM = Multi-MPPT
6   Preliminary
7   -40–122 option
8   Available Q2 2014

9   1,000 Vdc option
10  Without transformer
11  Low temperature option to -31°F
12  310–350 SG500LV start voltage range
13  500 @ 55°C; 750 @ 55°C; 800 @ 55°C 
14 Passive cooling up to 50% load @ 50°C
DNR = did not report
N/A = not applicable
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SWITCHboard From the Forum

Original post from Marvin Hamon, PE:
For nonresidential PV projects, where do 
you start with your site plan drawing to 
show the location of PV equipment? Do 
you start from a blank page, or is there 
usually an existing site plan showing the 
property lines, buildings, roads and so forth 
that you can use as a starting point?

REA: Ideally you contact the developer 
or architect and acquire CAD files. If 
CAD files are not available, you try for 
PDFs. You can then scale the PDF using 
a known measurement of an object, 
such as a roofline, parking space line or 
HVAC unit. If you have not been on-site 
to obtain a measurement, you can use 
the free measuring tools available on 
Google Earth and Google Maps; we 
have found them to be accurate enough 
to produce correctly scaled images. We 
also use the Pictometry (pictometry.
com) fee-based service. It’s about as 
accurate as the Google services but 
has a much larger tool set, including a 
way to obtain roof slope and building 
height. It’s not cheap, though, running 
about $20 per 10 minutes of use.

If no PDFs or CAD files are available, 
grab a satellite image of the site and scale 
it using the method described above. 
We have found images from Pictometry 
to be higher resolution than those from 
Google. Trace the objects in the satellite 
image to produce the site plan.

You can also do tax lot map searches 
through the local assessor’s office and 
obtain PDFs of the site that show the 
property lines with their headings and 
lengths. Sometimes the buildings are 
even shown on these maps. 

SteveL: REA pretty much covered it, but 
we primarily use Google Earth for basic 
layouts. If we get to a point where we are 
submitting to the township for land use, 

we go out and have a surveyor survey 
the land.

Marvin Hamon: Thanks, REA and Steve. 
It seems like getting the actual property 
boundary lines would be the hardest 
part. For a permit package, how accu-
rate do the locations of everything in the 
site plan have to be? 

SteveL: That depends on your AHJ. 
In Massachusetts and New Jersey, you 
pretty much have to provide sealed 
plans from a surveyor showing locations 
of everything (usually including trees), 
and they need to be very accurate. Typi-
cally, you can do changes and provide an 
as-built copy at the end of the project as 
long as you’re not violating setbacks. If 
your township has aesthetic requests, it 
can be a different ballgame.

On one project in New Jersey, 
a member of the Land Use Board 
expressed much dismay and disgust 
at an inverter location. He didn’t want 
to drive down the major road, look to 
his left and see an ugly inverter located 
next to an industrial warehouse. He was 
one of two who voted against the proj-
ect at the end. (It still passed, though.) I 
might have a very biased opinion, since 
I’ve been told the three worst states for 
land use are California, Massachusetts 
and New Jersey.

Marvin Hamon: REA, I had a Pictometry 
demo the other day and it looked more 
useful than Google Earth. What has your 
experience been with it? Have you been 
using it for design layout or just for site 
qualification? Are you doing an on-site 
evaluation to make sure Pictometry got 
it right?

Ryan: Marvin, John (handle REA) is out 
of the country right now, so I’ll do my 

best to answer on his behalf. We have 
been very happy with the quality of 
Pictometry. We wish there were some 
different subscription options, though. 
We have been using it for design layouts, 
typically with someone verifying dimen-
sions on-site. The ability to get a clear 
look for initial assessments has been 
very helpful. But overall, the measure-
ments have been accurate and reliable.

TennesseeSun: Is an “as-built copy” 
a record of the changes and revisions 
to an original set of prints? Is creating 
this a common practice and do most 
contractors do this?

Marvin Hamon: The as-built draw-
ings show how the system was actually 
installed and reflect any changes made to 
the design during installation. If as-built 
drawings are not produced, the client will 
not have a record of how the system was 
actually installed. Unfortunately, many 
people see as-built drawings as a waste 
of money, so it is not always done. I’ve 
gone into many projects and requested 
drawings of the existing electrical system 
only to find that the most recent draw-
ings bear little resemblance to what is 
actually there. It’s not uncommon for me 
to have to produce as-built drawings for 
the existing system just so I can add the 
PV system to them. 

SteveL: It’s not a waste of money. Sadly, 
some of my company’s first projects 
didn’t have very good as-built drawings. 
I’ve gone out to a couple of them for 
O&M, scratching my head and won-
dering what’s going on—what’s there 
doesn’t match my plans. A couple of 
drawings with red lines marked up from 
the contractor take no more than an 
hour to generate, and it takes about 15 
minutes to update the CAD files.

Developing Site Plan Drawings
The following discussion is from a recent thread on SolarPro’s technical forum. Visit solarprofessional.com/forum to post  
questions or join the conversation.

http://solarprofessional.com/forum
http://www.pictometry.com
http://www.pictometry.com
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http://www.apsamerica.com
http://www.smallwindconference.com
http://www.smallwindconference.com
http://www.solarpathfinder.com/spv
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Post or view professional  
trainings online at:
solarprofessional.com/training

Training Continuing Education for the Pro

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

CALIFORNIA 

Advanced PV Systems
Solar Living Institute

Hopland
Jun 9 – Jun 13
solarliving.org

PV Mastery Training 
CleanEdison

San Diego
Jun 20 – Jun 24
Jul 7 – Jul 11
cleanedison.com

PV Mastery Training
CleanEdison

Los Angeles
Jul 7 – Jul 11
cleanedison.com

PV Design & Installation Intensive
Solar Living Institute

Hopland
Jul 14 – Jul 18
solarliving.org

COLORADO 

Tools & Techniques for O&M Lab 
Week
Solar Energy International

Paonia
Jun 2 – Jun 6
solarenergy.org

Grid-Direct PV Design & Installation
Solar Energy International

Paonia
Jun 9 – Jun 13
solarenergy.org

Grid-Direct PV Lab Week
Solar Energy International

Paonia
Jun 16 – Jun 20
Jul 28 – Aug 1
solarenergy.org

Battery-Based PV Lab Week
Solar Energy International

Paonia
Jun 23 – Jun 27
solarenergy.org

PV Mastery Training
CleanEdison

Denver
Jun 30 – Jul 7
cleanedison.com

Solar Water Pumping
Solar Energy International

Paonia
Jun 30 – Jul 2
solarenergy.org

FLORIDA 

PV Mastery Training 
CleanEdison

Tampa
Jun 16 – Jun 20
cleanedison.com

Installing PV Systems
Florida Solar Energy Center

Cocoa
Jul 14 – Jul 18
fsec.ucf.edu

GEORGIA 

PV Mastery Training
CleanEdison

Atlanta
Jun 9 – Jun 13
cleanedison.com

PV Systems Design & Installation 
Solairgen School of Solar  
Technology 

Dahlonega
Jul 21 – Jul 25
solairgen.com

NEW MEXICO 

NEC for PV Installers
CNM Workforce Training Center

Albuquerque
Jun 6 – Jun 7
cnm.edu/wtc

Advanced PV Academy
CNM Workforce Training Center

Albuquerque
Jun 6 – Jun 28
cnm.edu/wtc

Off-Grid PV Design & Installation
CNM Workforce Training Center

Albuquerque
Jun 14
cnm.edu/wtc

Advanced PV System Design
CNM Workforce Training Center

Albuquerque 
Jun 21
cnm.edu/wtc

PV Operations & Maintenance 
CNM Workforce Training Center

Albuquerque
Jun 27 – Jun 28
cnm.edu/wtc

NEW YORK 

Advanced PV Systems
SUNY Ulster

Stone Ridge
Jun 2 – Jun 3
sunyulster.edu/ce

PV Mastery Training
CleanEdison

Long Island 
Jul 7 – Jul 11
cleanedison.com

NORTH CAROLINA 

PV Systems Design & Installation 
NC Solar Center

Raleigh
Jun 2 – Jun 6
ncsc.ncsu.edu

PV Mastery Training
CleanEdison

Raleigh
Jul 7 – Jul 11
cleanedison.com

Solar Thermal Water Heating  
Fundamentals 
Appalachian Energy Center

Boone
Jul 11 – Jul 12
energy.appstate.edu

TEXAS

Advanced PV Systems and the NEC 
SolPowerPeople

Houston
Jun 12 – Jun 13
solpowerpeople.com

PV Mastery Training
CleanEdison

Dallas
Jun 16 – Jun 20
cleanedison.com

PV Mastery Training
CleanEdison

Houston
Jun 23 – Jun 27
cleanedison.com

WASHINGTON 

PV Design Through Testing
OutBack Power

Arlington
Jun 10 – Jun 13
outbackpower.com

PV Design Through Testing
OutBack Power

Arlington
Jul 15 – Jul 18
outbackpower.com

ONLINE

Allied American University
allied.edu

Allied Schools
training4green.com

ImagineSolar 
imaginesolar.com

HeatSpring Learning Institute
heatspring.com

Midwest Renewable Enegy  
Association

midwestrenew.org

ONTILITY
ontility.com

Solar Energy International
solarenergy.org

Solar Living Institute
solarliving.org

Solar Training School
solartrainingschool.com

Step Up Education
stepupeducation.com

Sun Pirate 
sunpirate.com

Zep Solar
training.zepsolar.com

http://solarprofessional.com/training
http://www.solarliving.org
http://www.solarliving.org
http://www.cleanedison.com
http://www.cleanedison.com
http://www.solarliving.org
http://www.cleanedison.com
http://www.cleanedison.com
http://solarprofessional.com/training
http://www.cleanedison.com
http://www.cleanedison.com
http://www.cleanedison.com
http://www.cleanedison.com
http://www.cleanedison.com
http://www.solarenergy.org
http://www.solarenergy.org
http://www.solarenergy.org
http://www.solarenergy.org
http://www.solarenergy.org
http://www.solarenergy.org
http://fsec.ucf.edu
http://www.solairgen.com
http://cnm.edu/wtc
http://cnm.edu/wtc
http://cnm.edu/wtc
http://cnm.edu/wtc
http://cnm.edu/wtc
http://sunyulster.edu/ce
http://ncsc.ncsu.edu
http://energy.appstate.edu
http://www.solpowerpeople.com
http://www.outbackpower.com
http://www.outbackpower.com
http://allied.edu
http://www.training4green.com
http://www.imaginesolar.com
http://www.midwestrenew.org
http://www.ontility.com
http://www.solartrainingschool.com
http://www.stepupeducation.com
http://www.sunpirate.com
http://training.zepsolar.com
http://www.heatspring.com


is exponentially better.

P O W E R E D  B Y:

The power of

The days of talking about solar energy are over. 

We’re putting it to work. SPI 2014 is more than 

North America’s premier solar energy event. It’s 

where the solar industry finds its power base: The 

latest trends. The most innovative products and 

technology. The most comprehensive training. 

An unsurpassed networking opportunity. And a 

powerhouse of new ideas to grow your business. 

The impact on your business could be exponential.

Don’t miss the solar industry’s premier event.
 Register today at solarpowerinternational.com.

Energy. To the next power.

Solar Power International 14 l October 20-23, 2014 l Las Vegas Convention Center l Las Vegas, Nevada

SPI Print Ad (8.125x10.875).indd   1 4/11/14   12:19 PM

http://www.solarpowerinternational.com
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Whole Foods Market has installed 
PV on several of its retail locations 

across the US. The recently commis-
sioned 186 kW array at its new flagship 
store in the Domain shopping center in 
Austin, Texas, is the largest yet. Whole 
Foods chose to showcase this system 
by installing a third of the array on a 
mechanical screen that faces the store’s 
parking lot and is highly visible from the 
adjacent expressway. In the store’s lobby, 
a real-time display allows customers to 
view the system’s status as they check 
out. The eGauge monitoring system 
displays system parameters, including 
the amount of electricity that the PV sys-
tem is generating compared to the total 
building’s energy consumption. 

During the initial site survey, Free-
dom Solar Power noted that an existing 
rooftop mechanical screen rendered 
a large portion of the total roof area 
unusable for a roof-mounted array. The 

screen is composed of 10-by-10-by-½-
inch galvanized steel structural members 
and rises 12 feet above the roof surface. 
To meet the client’s desire to maximize 
the overall capacity of the PV array while 
simultaneously making the array visible 
to its customers, Freedom Solar designed 
a custom racking solution that utilizes 
the structural elements of the mechanical 
screen. Freedom Solar replaced the metal 
decking with 248 Suniva 270 W modules. 

Freedom Solar installed the balance 
of the array on the flat TPO membrane 
roof using the DynoRaxx Evolution 
fiberglass ballasted mounting system. 
The DynoRaxx product offered a clean 
solution, quick and flexible layout, and 
tool-free assembly. The fiberglass mount 
eliminates the requirement to electrically 
bond the mounting units together. Dyno-
Raxx grounding clips bond the modules. 

Freedom Solar procured the 
system’s nine SMA Sunny Tripower 

Overview
DESIGNER: Chad Preece, chief  

operating officer, Freedom Solar 

Power, freedomsolarpower.com

LEAD INSTALLER: Adrian Buck, 

founder and chief installation officer, 

Freedom Solar Power

DATE COMMISSIONED: January 2014

INSTALLATION TIME FRAME: 35 days

LOCATION: Austin, TX, 30.3°N 

SOLAR RESOURCE: 5.4 kWh/m2/day

ASHRAE DESIGN TEMPERATURES: 

99°F 2% high, 23°F extreme minimum

ARRAY CAPACITY: 186.3 kWdc 

ANNUAL AC PRODUCTION:  

242,635 kWh
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Freedom Solar Power
Whole Foods Market, the Domain

http://www.freedomsolarpower.com
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inverters from Gexpro; they are some of 
the first Tripower units installed in the 
US. The inverters offer several features 
that the team utilized during the proj-
ect’s design and installation, including 
a wide operating MPPT window that 
allows for either 600 Vdc or 1,000 Vdc 
nominal arrays. While the inverters 
are listed for 1,000 Vdc applications, 
Freedom Solar chose a 600 Vdc maxi-
mum system voltage to avoid needing 
to procure and install 1,000 Vdc–rated 
BOS equipment, and then navigate the 
related Code requirements. The Tri- 
power inverters ship with a dc connec-
tion unit that enables a Code-compliant 
and clean installation, streamlines 
source-circuit aggregation and provides 
a disconnecting means for the inverter. 

Freedom Power installed an SMA 
Cluster Controller in addition to the 
eGauge monitoring system. The unit 
offers centralized monitoring and 

control of up to 75 Tripower inverters. 
It integrates with SMA’s Sunny Portal 
web-based system to provide inverter-
level system performance and diagnos-
tic information and alarms. The SMA 
system enables both Freedom Solar and 
the building operators to monitor the 
system’s status performance data.

“The unique system we created for 

Whole Foods allowed us to fully utilize the 

building’s roof space and maximize array 

capacity. The company’s willingness to 

be creative let us design a system that 

will meet its 2015 goal of reducing the 

building’s energy consumption by 25% per 

square foot.” 

—Bret Biggart, managing director, 
Freedom Solar Power 

Equipment Specifications
MODULES: 690 Suniva OPT270-60-

4-100, 270 W STC, +4.99/-0 W, 8.68 

Imp, 31.2 Vmp, 9.15 Isc, 38.5 Voc

INVERTERS: 3-phase 277/480 Vac 

service, one SMA Sunny Tripower 

15000TL-US (15 kW, 1,000 Vdc maxi-

mum input, 300–800 Vdc rated MPPT 

range, 150–1,000 Vdc operating MPPT 

range), seven SMA Sunny Tripower 

20000TL-US (20 kW, 1,000 Vdc maxi-

mum input, 380–800 Vdc rated MPPT 

range, 150–1,000 Vdc operating MPPT 

range), one SMA Sunny Tripower 

24000TL-US (24 kW, 1,000 Vdc maxi-

mum input, 450–800 Vdc rated MPPT 

range, 150–1,000 Vdc operating MPPT 

range); 179 kW inverter capacity total

ARRAY: 14 modules per source circuit, 

(3,780 W, 8.68 Imp, 436.8 Vmp, 9.15 

Isc, 539 Voc), six source circuits per 

inverter typical (22,680 W, 52.1 Imp, 

436.8 Vmp, 54.9 Isc, 539 Voc); 186.3 

kW array capacity total

ARRAY INSTALLATION: Ballasted roof 

mount, TPO membrane roofing, Dyno-

Raxx Evolution fiberglass mounting 

system; 442 modules at 160° azimuth, 

10° tilt; 248 modules on custom 

cantilevered racking system, multiple 

azimuths and tilt angles

SOURCE-CIRCUIT COMBINERS: 

Nine SMA Connection Unit 600-US-10 

combiners, 15 A fuses

SYSTEM MONITORING: eGauge 

EG3010 system monitoring, SMA  

Cluster Controller and SMA Sunny 

Portal web interface for remote 

inverter-level monitoring and control

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

Email details and photos to: 

projects@solarprofessional.com

mailto:projects@solarprofessional.com
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The 10 MWac 
Indianapolis 

Airport Phase I (Indy 
I) solar farm was 
commissioned in 
September 2013. The 
largest solar farm 
located on an airport 
site in the US, Indy 
I covers 75 acres of Indianapolis Airport 
property. Indianapolis Power & Light 
(IPL) is purchasing the solar energy that 
Indy I produces from General Energy 
Solutions USA (GES USA) via a 15-year 
power purchase agreement.

In addition to GES USA, the Indy I 
project team included Telamon, Johnson 
Melloh Solutions and Cenergy Power. 
The project created 140 temporary jobs 
during the construction phase, as well as 
12 permanent O&M positions. 

Cenergy Power and Solectria 
Renewables worked closely together to 
develop the optimal power condition-
ing and ac collection systems for the 

site. Indy I has a 1.25 dc-to-ac ratio. The 
power conditioning system includes 20 
Solectria SGI-500XT inverters deployed 
on seven 1 MW and two 1.5 MW inverter 
pads. Nine 1,000 kVA 3-winding Cooper 
transformers with a 208 V Delta to 
13.8 kV wye-grounded configuration are 
each connected to two 500 kVA Solec-
tria inverters. Each of the  remaining 
two 500 kVA Solectria inverters has a 
corresponding 2-winding transformer 
with a 208 V Delta to 13.8 kV wye-
grounded configuration.

The ac collection system includes 
two radial 5 MW daisy-chained feeders 
connected to 15 kV IEM switchgear. The 

Overview
OWNER/DEVELOPER: General Energy 

Solutions USA, www.gesyw.com

CO-DEVELOPERS: Telamon, telamon.

com; Johnson Melloh Solutions,  

johnsonmellohsolutions.com 

PROJECT EPC: Cenergy Power,  

cenergypower.com 

DATE COMMISSIONED:  

September 2013

INSTALLATION TIME FRAME:  

Approximately 160 days

LOCATION: Indianapolis, IN, 39.7°N

SOLAR RESOURCE: 4.6 kWh/m2/day 

ASHRAE DESIGN TEMPERATURES: 

89.6°F 2% average high, -7.6°F extreme 

minimum

ARRAY CAPACITY: 12.569 MWdc

ANNUAL AC PRODUCTION:  

17,057 MWh

General Energy Solutions USA
Indianapolis Airport Phase I
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switchgear has two 15 kV load-break 
interrupting switches that are manually 
operated for each feeder. The two 5 MW 
feeders are combined inside the switch-
gear and go to a 15 kV main draw-out 
circuit breaker equipped with two SEL 
351S-7 relays for protection and control. 
One SEL 735 revenue meter monitors 
system output at the switchgear and is 
connected to a Draker SCADA unit. 

Utility metering is accomplished 
through a pad-mounted 15 kV S&C 
Electric Company metering unit linked 

to the IPL remote terminal unit via radio 
communication. A pad-mounted 15 kW 
G&W Viper-ST recloser and a riser pole 
with a 15 kV pole-mounted gang-operated 
air-break switch provide interconnection 
to the IPL 13.8 kV line.

“Cenergy was able to successfully com-

plete the Indianapolis Airport solar project 

ahead of schedule and below budget in 

great part due to the supportive efforts of 

municipal, airport and utility officials within 

the city of Indianapolis.”

—Bill Pham, CEO, Cenergy Power 

Equipment Specifications
MODULES: 44,128 total; 19,800 General 

Energy Solutions (GES) 7C00-6C295, 

295 W STC, +5/-0 W, 8.32 Imp, 35.47 

Vmp, 8.95 Isc, 46.20 Voc; 17,776 GES 

7C00-6C290, 290 W STC, +5/-0 W, 8.19 

Imp, 35.40 Vmp, 8.82 Isc, 45.5 Voc; 

6,552 Sharp ND-240QCJ, 240 W STC, 

+5/-0%, 8.19 Imp, 29.3 Vmp, 8.75 Isc, 

37.5 Voc

INVERTERS: 20 Solectria Renewables 

SGI-500XT, 500 kW rated output, 600 

Vdc maximum input, 300–500 Vdc 

MPPT range, external transformer, 

3-phase 208 Vac output; 13.8 kV point-

of-utility connection 

ARRAY: 20 subarrays; GES modules: 

11 modules per source circuit (GES 

7C00-6C295: 3,245 W, 8.32 Imp,  

390.2 Vmp, 8.95 Isc, 508.2 Voc), 

3,416 GES source circuits total, 12–16 

combiners per inverter terminated at 

inverter-integrated 600 Vdc breakers; 

Sharp modules: 13 modules per source 

circuit (3,120 W, 8.19 Imp, 380.9 Vmp, 

8.75 Isc, 487.5 Voc), 504 Sharp source 

circuits total, 12–16 combiners per 

inverter terminated at inverter-integrated 

600 Vdc breakers; 12.569 MWdc array 

capacity total

ARRAY INSTALLATION: Ground mount, 

Schletter FS System racking, 180° 

azimuth, 25° tilt

SOURCE CIRCUIT COMBINERS: 299 

SolarBOS, models CS-06-15-N3,  

CS-08-15-N3, CS-10-15-N3,  

CS-12-15-N3 and CS-14-15-N3

SYSTEM MONITORING: Draker PV 

2000 with environmental monitoring, 

cellular modem at the switchgear pad, 

and wireless network switch and media 

converter at each inverter pad
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INTRODUCING NEW VALUE FOR OFF-GRID 
SOLAR AND BACKUP POWER: CONEXT SW
A COST EFFECTIVE INVERTER/CHARGER DELIVERING RELIABLE 
POWER TO RESIDENTIAL AND REMOTE COMMUNITIES.

The Conext SW inverter/charger is a pure sine wave backup or off-grid power system 
with 120/240V input and output. Available in 2.5kW and 4kW it is perfect for both 
residential and community projects, it provides additional value in the form of:

• Integrated auto-transformer produces 120/240VAC output 
for demanding loads like sump pumps and motors

• Generator support to assist small single-phase gensets 

• Best-in-class surge and temperature performance 

• Power factor corrected charger with dead battery charging

• Full monitoring and confi guration with Conext ComBox

• Integrated auto-transformer produces 120/240VAC output 

• Generator support to assist small single-phase gensets 

• Best-in-class surge and temperature performance 

• Power factor corrected charger with dead battery charging

• Full monitoring and confi guration with Conext ComBox

Contact Canadian EnergyTM, stored and renewable 
energy experts,  to find out more about the Conext SW.

http://www.cdnrg.com
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San Diego Eco Rentals is a provider 
of eco-friendly vacation rentals. Its 

homes are located in some of San Diego’s 
trendiest neighborhoods and offer the 
style and comfort expected from luxury 
accommodations. Each home features 
a PV system, LED lighting, a rainwater 
collection system, a graywater irriga-
tion system and access to a free electric 
vehicle charging station, among many 
other sustainable features. 

Sullivan Solar Power designed and 
installed a PV system on the company’s 
newest property, a four-bedroom, 
two-bath, Spanish-style duplex in the 
University Heights neighborhood. The 
1,250-square-foot roof is split between 
two stories. The array spans the entire 

upper 500-square-foot roof, leaving the 
lower, larger space available as a rooftop 
deck or for future solar installations.

Sullivan Solar Power considered it 
essential to use a module-level power 
electronics system to mitigate the effects 
of a large evergreen tree nearby that 
provides shade and privacy for one of 
the units. Based on owner input and the 
system’s installation and monitoring 
requirements, Sullivan Solar selected SMA 
America’s new Sunny Boy 240-US microin-
verter system for the project. The invert-
ers’ cabling system eliminates the need  
for a trunk-and-branch cabling scheme 
and provides preassembled ac plugs and 
connection cables that the crew installed 
in a daisy-chain configuration.

“The owner is passionate about 

reducing his and his renters’ 

carbon footprint. Because this is 

an investment property, he was 

also very concerned with equip-

ment reliability. Choosing PV 

components manufactured by 

companies with long business 

histories, strong financials and 

respected service reputations 

was an important consideration 

for him.”

—Sean Mazelli, Sullivan 
Solar Power  

Overview
DESIGNERS: Sean Mazelli, project 

developer; Rick Rios, PV design  

engineer and project manager; Sullivan 

Solar Power, sullivansolarpower.com

LEAD INSTALLERS: Adam Gapen, 

foreman; Chris Johnson, lead installer; 

Sullivan Solar Power

DATE COMMISSIONED: February 2014

INSTALLATION TIME FRAME: 3 days

LOCATION: San Diego, CA, 32°N

SOLAR RESOURCE: 5.6 kWh/m2/day

ASHRAE DESIGN TEMPERATURES: 

79°F 2% average high, 41°F extreme 

minimum

ARRAY CAPACITY: 4,410 Wdc 

ANNUAL AC PRODUCTION: 7,140 kWh 

Equipment Specifications
MODULES: 18 Kyocera KD245GX-

LFB2, 245 W STC, +5/-0%, 8.23 Imp, 

29.8 Vmp, 8.91 Isc, 36.9 Voc

INVERTERS: Single-phase 120/240 Vac 

service; 18 SMA Sunny Boy 240-US, 

240 W, 45 Vdc maximum input, 23–32 

Vdc MPPT range, 240 Vac output; two 

SMA Sunny Multigate-US electrical/

communication interfaces 15 A circuit 

breakers  

ARRAY: One microinverter per module, 

two ac branch circuits (one 11 module 

and one 7 module), 4,410 W total 

ARRAY INSTALLATION: Torched-down 

roofing, Unirac Solar Mount with tilt 

legs, 180° azimuth, 15° tilt

SYSTEM MONITORING: Two SMA 

Sunny Multigate-US (module-level  

communications), SMA Sunny Portal 

web interface

Sullivan Solar Power
San Diego Eco Rentals

C
o

u
rt

e
sy

 S
u

lli
va

n
 S

o
la

r 
P

o
w

e
r 

(2
) 

Projects

http://www.sullivansolarpower.com


QUALITY. SUPPORT.
STABILITY

With 2.1 GW of production capacity and over 4 GW of products deployed worldwide, 
JinkoSolar is the first choice for crystalline PV solar modules.

Our U.S. and Canadian sales and service teams deliver unparalleled service and 
award-winning customer support.

Jinko Solar… Leading the Industry Today and Tomorrow.

1.415.402.0502
1.905.604.2527

JinkoSolar (U.S) | 343 Sansome Street, Suite 975 | San Francisco, CA 94104
Jinko Solar [CAN] 100 Allsate Parkway, Suite 703 | Markham, ON  L3R 6H3 www.jinkosolar.com

http://www.jinkosolar.com


One size doesn’t fit all, but one company does.

www.solectria.com  |  inverters@solectria.com  |  978-683-9700

Built for the real world

– 1Ph Residential Inverters (1.8-5 kW)
– 1Ph Transformerless Inverters (3.8-7.6 kW)
– 3Ph Transformerless Inverters (14-28 kW)
– 3Ph Central Inverters (50-500 kW)
– Utility-Scale Inverters (500 kW-2 MW)
– Disconnecting and Arc-Fault Combiners
– Web-based Monitoring

INVERTER PRODUCT OFFERING: 

Booth 611
June 23-25, 2014
Boston Convention & Exhibit Center - Boston, MA
Design Considerations & Inverter Training

COME SEE US AT THESE UPCOMING SHOWS!

Booth 8211
July 8-10, 2014
Moscone Center - San Francisco, CA

http://www.solectria.com

	Cover
	Table of Contents: Feature Articles
	Table of Contents: Departments
	Contributors & Staff
	The Wire
	QA
	Reactive Power Control in Utility-Scale PV
	The Science & Art of Estimating
	Central Inverters for Utility-Scale PV Plants
	Switchboard
	Training Calendar: Jun/Jul
	Projects: Whole Foods Market
	Projects: Indianapolis Airport
	Projects: San Diego Eco Rentals
	Advertiser Index
	Page View Options
	Single Page View
	Two Page View
	Enter Full Screen Mode

	Contact SolarPro
	Email the Editorial Staff
	Email a Subscription Question
	Email an Advertising Question

	SolarPro Online
	Post to the Discussion Forum
	Digital Edition Archive
	On Twitter

	SolarPro Directories
	Businesses
	Events & Training
	Jobs
	Press Releases




