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22 Design Optimization in  
  Constrained Applications  

Constraints are part of every system 
design. In practice, the constraints 
drive the optimal design, and if the 
constraints change, so does the design. 
Here we provide context for how to 
think about constraints holistically. We then explain 
the most common constraints. Finally, we show that 
even with the same set of inputs, such as system 
costs and utility rates, changing the fundamental 
constraint can lead to a dramatic change in the 
optimal system design.
BY PAUL GRANA 

28 Optimizing for Speed in  
  Commercial Rooftop Applications

All the focus and pressure to realize high yields 
and low costs on an individual project often blinds 
companies to the benefits of a fast execution and in 
some cases can really slow things down. While some 
of the suggestions presented in this article may 
seem counter to traditional thinking about project 
optimization, optimizing for speed can definitely 
have benefits at the project level. Most important, 
a shorter project life cycle increases the number of 
projects a company can build with the same number 
of employees, reducing soft costs and overhead as 
well as enabling faster growth.
BY RANDY BATCHELOR, PE 

36  2018 Solar Industry Conferences  
  and Events

Looking for opportunities to network or develop 
professionally? This overview of national and regional 
solar conferences and events is here to help. We 
provide an overview of 21 conferences and events, in 
nine states plus the District of Columbia and Mexico, 

of interest to solar professionals. In addi-
tion to covering large national conferences 
with multiple technical tracks, we include 
specialty events that focus on topics such 
as finance, asset management, product 
reliability, continuing education, grid evo-
lution and production modeling.
BY DAVID BREARLEY 
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the Wire Industry Currents

[Livermore, CA]    Schneider Electric has extended the power 
ratings of its Conext SmartGen inverter portfolio. The new power 
classes add flexibility and optimization for both small- and 
large-capacity utility power plants. For large-scale power plants, 
Schneider is introducing its CS2200 inverter for 4.4 MW stations 
using two inverters. To expand the power ratings for smaller 
power plants in North America, the CS1666 provides an 

optimum power block for 5 MW power plants. The expanded 
Conext SmartGen system leverages other components of 
Schneider Electric’s Power EcoSystem, including the Conext 
Viewer user interface, Conext PowerCloud and Conext Advisor 2 
monitoring and control platform.

Schneider Electric / solar.schneider-electric.com

MagnuM EnErgy 
rElEasEs storM  
Kit systEMs 
[Everett, WA]    Magnum Energy has introduced 
four pre-engineered Storm Kits for residential 
backup power applications. Magnum offers  
48 Vdc nominal 
and 24 Vdc  
kits for indoor 
or outdoor 
mounting. All 
kits include a 
Magnum MS-PAE 
120/240 Vac 
4,400W (4,000 W  
for 24 Vdc 
nominal) inverter/
charger, a 100 A 
MPPT charge controller with integrated AFCI and 
GFDI, a power panel with dc inverter–to-battery 
breaker, array OCPDs, a remote LCD display and 
Magnum’s battery monitor kit. The two Storm Kit 
models for outdoor installation include a NEMA 
3R outdoor enclosure to house the individual 
system components. 

Magnum Energy / 425.353.8833 /  

magnum-dimensions.com

Schneider Announces 
Expanded Conext  
SmartGen Power Classes

Discover Battery Introduces 
LFP Storage Solutions
[Richmond, BC]    The new LiFeP04 battery product lineup from 
Discover Battery’s Advanced Energy Systems (AES) includes 48 Vdc 
and 24 Vdc units for new projects, as well as drop-in replacements 
for existing energy storage systems. The lithium-ion batteries are 
designed for heavy-cycling applications, from off-grid residential 
and community electrification to grid-connected systems support-
ing self-consumption and grid services applications. Discover AES 
offers two primary models for solar-plus-storage applications. The 
24 Vdc nominal 44-24-2800 has a rated capacity of 2.8 kWh and 
a maximum charge-discharge current of 110 A. It measures 13.3 
by 13.0 by 10.8 inches and weighs 88 pounds. The 48 Vdc nomi-
nal 42-48-6650 has a rated capacity of 6.6 kWh and a maximum 
charge-discharge current of 130 A. It measures 13.3 by 18.5 by 14.7 
inches and weighs 192 pounds. Both models can be configured 
in parallel to offer scalable solutions that 
meet specific run-time and autonomy 
requirements. Both are offered 
with a Xanbus-enabled option 
that permits direct compat-
ibility with Schneider Electric 
Conext XW+ and SW systems. 
Discover AES batteries have a 
two-way efficiency of greater 
than 95%, allow for discharge 
to 100% of battery capacity 
and are supported by a 10-year 
unlimited cycle warranty. 

Discover Battery / 778.776.3288 /  

discoveraes.com

http://solar.schneider-electric.com
http://www.discoveraes.com
http://www.magnum-dimensions.com
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the Wire

sunPowEr offErs 
Equinox systEM for 
rEsidEntial ProjEcts 
[San Jose, CA]    SunPower has achieved full vertical 
integration with its Equinox system. All components, 
including modules, microinverters, racking and moni-
toring, are SunPower products and come with 25-year 
product warranties. The Equinox system includes 
SunPower ac modules with a factory-installed microin-
verter, a low-profile InvisiMount rail-based racking and 
mounting system, and the EnergyLink production and 
consumption monitoring platform. SunPower’s 96-cell 
SPR-X22-360-C-AC ac module has a nominal STC  
rating of 360 Wdc. Its average module conversion  
efficiency value is 22.2%. On the ac side, the  
SPR-X22-360-C-AC module has a maximum  
continuous power rating of 320 W.  
The Equinox solution supports  
single-phase 20 A branch circuits  
of up to 12 ac modules. 

SunPower / 800.786.7693 /  

sunpower.com

[Rocklin, CA]    SMA announced two new power classes for its utility-scale storage 
product line. Developed for 1,500 V projects, SMA’s Sunny Central Storage 2750-EV-US 
has achieved UL 62109 listing. Its Sunny Central Storage 2475-US for 1,000 V projects 
has achieved UL 1741 listing. Other products in the portfolio, including the Sunny 
Central Storage 2200-US and 2500-EV-US, are also UL listed. Sunny Central Storage 
inverters are compatible with a range of battery technologies. The inverter line offers 
comprehensive grid management services such as automatic frequency control and 
ramp-rate control, is optimized for continuous operation at nominal load and tem-
peratures of -25˚C to 50˚C, and is also available as a medium-voltage block solution.

SMA America / 916.625.0870 / sma-america.com

NEXTracker Launches 
Energy Storage 
Solutions
[Fremont, CA]    NEXTracker has launched 
NEXTracker Energy Storage Solutions, a portfolio 
of products including NX Drive and NX Flow. NX 
Drive is a standardized battery enclosure system 
for generation-plus-storage and stand-alone–stor-
age applications. It consists of a standard ISO form 
factor enclosure with pre-engineered and integrated 
electrical, mechanical and thermal management fea-
tures. The container delivers a standardized system 
infrastructure for customer-supplied or NEXTracker-
procured lithium-ion batteries. The NX Flow ( for-
merly known as the NX Fusion Plus) integrates 
battery, inverter, solar tracker and software tech-
nologies to improve return on investment for solar 
power plant owners. The system uses an advanced 
vanadium flow battery that is dc coupled with the PV 
array, enabling the battery to capture clipped energy 
up to its storage capacity limit.

NEXTracker / 877.201.2101 / nextracker.com

SMA Expands Utility-Scale Storage Portfolio

http://www.sma-america.com
http://www.nextracker.com
http://www.sunpower.com
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A
s margins in the solar indus-
try have decreased to single 
digits, contractors are look-
ing for ways to control soft 

costs. Two crucial ways are to ensure 
that you do not have to return to a 
site to fix a mistake, and to make sure 
that you are not holding up the next 
task in line. This is where tight project 
management controls come in. In this 
article, I investigate a project manage-
ment style called critical chain project 
management, or critical chain, which 
can help your team hit project deliver-
ables on time and on budget. 

First I review the progression 
of project management styles that 
informed the development of critical 
chain. Then I explain the mechanics 
and philosophy of critical chain.  
I conclude with a brief example of 
how to deploy it. Results will be best 
with complex and long-duration proj-
ects such as commercial and utility-
scale projects. However, residential 
solar contractors can learn a lot from 
critical chain that they can apply to 
their projects.

A Brief History of Project 
Management 
Critical chain project management is 
the culmination of improvements in 
project management methodologies 
dating back to the early 20th century. 
These earlier methodologies include 
the Gantt chart, the program evalua-
tion review technique (PERT) and the 
critical path method.

Gantt chart. The most common and 
simplest type of project management 
is the Gantt chart. Developed by Henry 
Gantt circa 1910 and used extensively 
in World War I, a Gantt chart is an 
illustration of a project schedule using 
a bar chart to show the start and finish 
dates of a project.  Project managers 
start by developing a work breakdown 
structure consisting of multiple work 

packages, as shown in Figure 1. Today, 
most Gantt charts also show relation-
ships of dependency between various 
activities; some charts also have fea-
tures, such as percent-complete shad-
ing bars, that allow users to view the 
current project status. (For more infor-
mation, see “Managing PV Installations 
with a Gantt Chart,” SolarPro, October/
November 2013.)

PERT. In 1957, the US Navy Special 
Projects Office developed PERT to 
support the large and complex Polaris 
nuclear submarine project. PERT is 
a method of analyzing project tasks 
and completion times to identify the 
minimum time needed to complete the 
total project. Because the technique 
accommodates uncertainty, users do 
not need to have a precise understand-
ing of project details and activity dura-
tions to schedule a project. Instead, they 
employ best case, worst case and aver-
age timelines for tasks. Unlike a Gantt 
chart, which is oriented around start 

date, completion date and percentage 
of completion for individual tasks, PERT 
charts focus more on displaying the 
dependencies between tasks, as shown 
in Figure 2. 

Critical path method. Morgan 
R. Walker and James E. Kelley of 
Remington Rand developed the criti-
cal path method in the late 1950s. 
Building on the project network 
framework developed for PERT, criti-
cal path is the longest progression 
of tasks dependent upon each other 
within a network of all project tasks. 
This project management methodol-
ogy is premised on documenting the 
actual process of completing a project 
rather than a theoretical process. It 
documents all the project activities, 
the duration of each activity, depen-
dencies between activities, and the 
major milestones and endpoints. 

Critical chain method. Developed in 
1997 by Eli Goldratt, critical chain is 
a methodology for planning, execut-
ing and managing projects. Goldratt 
first introduced it in 1997 through his 
book Critical Chain, one of the seminal 
tomes on the theory of constraints. 
He developed this method in response 
to his understanding that poor per-
formance resulted in cost overruns, 
frequently missed deadlines and 
underdelivery of scope. 

Goldratt theorized that traditional 
tools used to manage projects did not 
effectively address the counterproduc-
tive human behaviors that are incentiv-
ized by embedding safety time into task 
durations as a buffer between tasks. 
These time buffers tend to encourage 
project participants, also known as 
resources, to push project actions off 
until the last moment before a dead-
line, sometimes making it impossible 
to recover from a delay or problem. 
Similarly, these buffers—also known 
as project safety buffers—discourage 
project participants from reporting 

QA Quality Assurance

Critical Chain Solar Project Management

100 kW rooftop PV installation

Project management

Design and engineer

Obtain permits

Procure materials

Structural installation

Install roof attachments

Assemble racking

Electrical installation

Install PV modules

Install dc wiring

Install ac system

Commission and inspect

Figure 1  Establishing a work break-
down is the first step in developing a 
Gantt chart. This example breaks down 
the project into three work packages: 
project management, structural installa-
tion and electrical installation.

https://solarprofessional.com/articles/operations-maintenance/managing-pv-installations-with-a-gantt-chart
https://solarprofessional.com/articles/operations-maintenance/managing-pv-installations-with-a-gantt-chart
https://solarprofessional.com/articles/operations-maintenance/managing-pv-installations-with-a-gantt-chart
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early delivery of tasks that could 
significantly shorten future dead-
lines. The result of these behaviors 
is that while delays are always 
passed on to affect the whole proj-
ect, benefits from early task com-
pletions are rarely realized. Rather 
than expect the same results for 
project resources, regardless of 
project size and scope, Goldratt 
saw an opportunity to extend 
existing project management frame-
works to capitalize on early  
task completion.

Why Use Critical Chain? 
Between 2009 and 2013, national-scale 
residential solar businesses, such 

as SolarCity, Sunrun, Sungevity and 
Vivint Solar, attempted to standard-
ize project delivery to support their 
growth ambitions. They developed and 
used project management software 
while predetermining acceptable site 
and project criteria. Unfortunately, 

solar projects—regardless of 
market sector—have more in 
common with custom home 
building or remodeling than with 
factory work in that each project 
is custom. 

Timelines for some solar 
project tasks—such as receiv-
ing permit or interconnection 
approval or addressing special 
site conditions—can add any-
where from a week to a year to 
a project schedule. Delays can 
easily compound or threaten the 
budget. So how do project devel-
opers balance project payment 

milestones and task delivery schedules 
to minimize risks?

This is where a project manage-
ment technique such as critical chain 
comes in. To illustrate, let us step 
through the mechanics of critical 
chain project management.

Site
evaluation

Close
sale

Receive
all customer
paperwork

Prepare rebate and
interconnection

paperwork

Receive utility
permission

Finalize
permit package

Figure 2  This example of a PERT 
chart shows the project task 
network associated with the early 
stages of a solar project. 

http://www.iotaengineering.com
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Mechanics of Critical Chain 
Unlike traditional project management 
methodologies that evaluate project 
progress in terms of individual tasks, 
critical chain manages projects to your 
resource limitations, such as avail-
ability of engineers to produce permit-
related documents, and substitutes 
individual task completion buffers with 
one large buffer at the end of the proj-
ect. When a project experiences a delay, 
project managers can focus on the 
specific activities that most impact the 
buffer and intervene accordingly. 

In this framework, the project 
management resources are people and 
their capacity limits for completing 
tasks. The role of the project manager 
is not to name tasks and line them 
up, but rather to understand resource 
capabilities and project completion 
requirements. Critical chain project 
management incorporates three types 
of buffers: an overall project buffer, 
feeding buffers and resource buffers. 

Project buffer. Project managers use 
the overall project buffer at the end of 
the project between the final task and 
the completion date to monitor proj-
ect timeliness, as shown in Figure 3  
(p. 16). Ideally, delays on the longest 
chain of dependent tasks will eat away 
at the buffer but leave the completion 
date unchanged. Unlike a traditionally 
managed project that has time buffers 
built in to each task, the total project 
buffer allocated in a critical chain will 
be smaller than the sum of all individ-
ual task buffer times of that tradition-
ally managed project.

Feeding buffer. Feeding paths are 
those tasks that are not on the criti-
cal chain. Delays from feeding paths 
can impact the project by delaying a 
subsequent task on the critical chain. 
To protect progress, project managers 
insert feeding buffers between the last 
task on a feeding path and the critical 
chain. The total duration of the feed-
ing buffer should be half the size of 
the sum of safety time taken out of the 
feeding path.  

Resource buffer. Project managers 
use resource buffers to account for 
the human elements of a project. This 
buffer addresses who is available to 
perform specific tasks, as well as any 
constraints they have in terms of skills, 
capabilities and tools. Resource con-
straints are the hardest project variable 
for project managers to change and 
are often what prevents completion of 
a project in the shortest possible time. 
Therefore, project managers must gen-
erally elevate resource management 
above other concerns and plan to take 
these constraints into account.  

Once project managers set these 
buffers, they can monitor project 
health and timeliness by watching 
the buffer consumption rate rather 
than individual task completion to 
keep everything moving forward on 
schedule. This keeps a project man-
ager from unnecessarily riding herd 
on feeding tasks that are running late 
but that will not significantly impact 
the critical chain.

Implementing Critical Chain
The following steps in critical chain proj-
ect management illustrate how to apply 
these procedures to solar projects.

Step 1: Plan and estimate. Start with 
a project plan or work breakdown 
structure that identifies all the tasks 
necessary for project completion. 
Work through the tasks backward, 
starting from a completion date, with 
each task starting as late as possible. 
Assign two durations to each task: 
The first date is your best guess at the 
duration, with a 50% probability of 
completion; the second date is your 
conservative estimate of the duration, 
with a 90% probability of completion. 

Step 2: Allocate resources. Assign 
resources to each task by deciding who 
will do what. To balance the demand 
for resources with the supply, employ 
resource leveling across the plan by ana-
lyzing previous projects to understand 
the production capabilities of installa-
tion technicians, designers, engineers, 

administrative staff and other project 
actors. Develop a project schedule using 
the most aggressively short durations 
possible. The critical chain improves on 
the critical path method because the 
critical chain is the longest sequence of 
tasks, with resource constraints applied, 
leading from the beginning to the end 
of the project. You can break out other 
tasks into the feeding paths leading 
into that critical chain. The difference 
between the 90% and 50% durations you 
determined earlier becomes the buffer 
at the end of the project.

Step 3: Start the relay race. Critical 
chain project execution is like a relay 
race. As the runner with the baton 
approaches the person responsible 
for the next leg of the race, that next 
person takes off and both runners run 
side by side until they reach the hand-
off point. Similarly, the goal of critical 
chain project management is to elimi-
nate waiting times between tasks by 
allowing the next person in the critical 
chain to see when the previous task is 
coming to completion and his or her 
task is about to start. Balancing the 
workload of resources is where the art 
and science of resource leveling comes 
in. Project execution is also a potential 
source of work culture conflicts. In 
project environments with many inter-
ruptions, resources are often under 
pressure to multitask. Critical chain 
discourages multitasking or any delay 
to the start of a task.

Step 4: Monitor progress. In a criti-
cal chain, individual tasks will always 
vary in duration from the 50% estimate. 
Pressuring resources to complete every 
task on time is an exercise in futility. 
There is no need for the perfect to be 
the enemy of the good. Instead, project 
managers and project actors should 
monitor the buffers agreed upon dur-
ing the planning stage. As long as the 
remaining buffers are adequate, every-
one is doing a good enough job of keep-
ing the project on schedule. Often, this 
“good enough” aspect of resource-based 
critical chain project management is the 

QA
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Figure 3  The critical chain project management method removes time buffers associated with individual tasks and replaces 
these with buffers at the end of the project and feeding paths, which incentivizes early completion of tasks. Project manag-
ers monitor the buffer consumption rate to track progress and timeliness along the critical path (in red). The resources in this 
example include a salesperson (R1), a project manager (R2), an engineer (R3) and a foreman (R4).

Task number Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Task 7 Task 8 Task 9 Task 10 Task 11 Task 12 Task  13

Successor — 1 2 2 2 5 4 3 7 8 6 11 12

50% duration (days) 1 1 1 1 2 1 2 1 1 1 1 2 1

Resource R1 R1 R2 R2, R3 R2 R2 R2 R2 R3, R4 R4 R4 R3, R4 R3

most difficult mental hurdle for project 
managers more familiar with task-based 
Gantt chart project management.

Organizations generally rely on 
software to efficiently plan, execute and 
track progress along the critical chain. 
Rather than tracking time elapsed from 
the start of a task to completion, criti-
cal chain software solutions include 
work queues and dashboards that 
monitor the rate of buffer consump-
tion. If the rate of buffer consumption 
is low, the project is on target. If the 
rate of consumption is trending higher, 
then project stakeholders need to take 

corrective actions or develop a recovery 
plan to recoup the lost buffer. These 
buffer-rate consumption data allow 
project managers to set the appropri-
ate project pace and conduct requisite 
resource-leveling activities. 

Critical chain is a powerful way to 
reinvent your approach to project man-
agement to deliver projects on scope, 
ahead of schedule and under budget. 
Note, however, that you will have to 
make some important organizational 
changes to switch your project manage-
ment methodology. To switch to critical 
chain project management, you must 

start by tracking project constraints 
and analyzing the effectiveness of your 
resources across a variety of tasks. You 
also need to evaluate the software you 
are using and take a fresh look at your 
planning process and project manage-
ment style. Most important, you have to 
ensure that your company culture pri-
oritizes resource dependencies along 
the critical chain, ignoring all distrac-
tions. Without these elements, it is easy 
to revert back to task-based project 
management styles.

 —Pamela Cargill / Chaolysti / Alameda, 
CA / chaolysti.com 
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T he ac collection system in 
commercial roof-mounted PV 
systems generally extends from 

the inverter ac output terminals to the 
low-voltage point of interconnection 
(POI). The exception is when the sys-
tem interconnects at medium-voltage 
levels, in which case the ac collection 
system ends at the low-voltage ter-
minals of the medium-voltage trans-
former. From a design perspective, the 
goal of ac circuit aggregation is to field 
an efficient system that is cost effec-
tive; meets building, fire and electrical 
codes; and satisfies the client. Project 
stakeholders must locate equipment 
optimally, route circuits efficiently and 
size conductors properly.

While ac aggregation on commer-
cial roof-mounted systems can seem 
challenging—or even aggravating—it 
is relatively simple if you break it down 
step-by-step. First, find the shortest 
path to route circuits from the invert-
ers to the ac combiner, keeping in 
mind the safety of all those who will 
have to access the roof after the PV 
system installation, and then from the 
ac combiner to the POI. Second, size 
conductors to meet NEC requirements 
and limit ac voltage drop. Third, iden-
tify the least-costly way to intercon-
nect the system, based on a careful 
examination of the service switch-
board rather than any assumptions 
about its internal configuration. Lastly, 
specify equipment that meets all site- 
and system-specific requirements. 

Equipment Placement 
The location of inverters and ac com-
biners in relation to the POI is the 
starting point for ac circuit aggrega-
tion, as equipment placement affects 
circuit routing. 

Inverters and ac combiner. In most 
cases, inverter placement is relatively 
inflexible as product selection or Code 

requirements tend to predetermine 
inverter grouping and placement. To 
satisfy the rapid-shutdown require-
ments in NEC Section 690.12, for exam-
ple, designers generally need to locate 
string inverters at or in close proximity 
to the associated PV source circuits. 
Microinverter placement is even more 
limited, as it is fixed by the location of 
the modules. 

Hence, ac combiner location 
often determines design flexibility 
with regard to equipment placement. 
Typically, you should start the design 
process by locating the ac combiner 
at the point where the ac circuit  
will leave the roof and head down  
to the POI.

Circuit routing. Most systems use 
conduit to route and protect ac circuit 
conductors, with a dedicated conduit 

feeding each inverter into the ac col-
lection panel. The conductors between 
the ac combiner and the POI are gen-
erally much larger than those for the 
inverter output circuit; some instal-
lations require multiple conduits and 
paralleled sets of conductors. Unless 
the project can use an existing conduit 
between the roof and POI, installers 
need to add a new conduit run down 
the outside of the building or through 
its interior to accommodate these 
large conductors.

Designers want to identify the 
shortest possible conduit path across 
the roof and down to the service 
equipment. When routing circuits 
across the roof, however, take care to 
run conduit in a way that minimizes 
obstructions to other rooftop equip-
ment such as air handlers. Technicians 

QA Quality Assurance

AC Aggregation on Commercial Rooftops

Inverter aggregation  Maine-based ReVision Energy installed this 193.6 kW canopy-
mounted solar array atop the Fore Street Parking Garage in Portland’s Old Port. The 
ac combiner at the bottom left aggregates seven SMA inverter ac output circuits 
ahead of the point of interconnection. 
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for other trades must be able to access 
any serviceable equipment. Also, avoid 
obstructing access pathways. If this 
is not possible, you may need to add 
walkway steps to allow first respond-
ers and tradespeople to move freely 
about the roof. 

Conductor Sizing
Though Code-mandated ampacity 
calculations determine minimum 
allowable conductor sizes within the 
ac collection system, designers must 
also keep ac voltage drop below  
1.5% or less to avoid inverter nui-
sance tripping. 

Code requirements. Designers must 
size conductors in the ac collection sys-
tem based on the inverter’s continuous 
output rating [690.8(A)(3)]. Article 310 
details the conductor ampacity calcu-
lations for general wiring. Electricians 

and engineers should be familiar with 
the adjustment factors and ampacity 
tables that cover ambient tempera-
ture, the number of current-carrying 
conductors per raceway and the 
conductor installation environment. 
Depending on the Code edition, con-
ductor height may also impact ampac-
ity calculations. 

Table 310.15(B)(3)(c) in NEC 
2014 specifies ambient temperature 
adjustments for raceways or cables 
based on distance above the roof. In 
this scenario, it is best to keep the 
conduit more than 3.5 inches above 
the roof by using standard rooftop 
conduit supports. Under NEC 2017, a 
temperature adder applies only where 
you install raceways and cables that 
are exposed to sunlight at a distance 
of less than 7/8 inch above the roof 
[310.15(B)(3)(c)]. 

AC voltage drop. Best practice is to 
limit the maximum voltage drop within 
the ac collection system to 1.5% or less 
to limit the opportunity for ac overvolt-
age errors. Though some inverter manu-
facturers recommend designing systems 
for an ac voltage drop of 1%, realizing 
this goal can be difficult or expensive in 
the field. Some designers push ac volt-
age drop as high as 2%, but anything 
higher is worrisome. The risks of opera-
tional headaches from nuisance tripping 
due to errors caused by high grid voltage 
outweigh any up-front cost savings. (See 
“Voltage Rise Considerations for Utility-
Interactive PV Systems,” SolarPro, June/
July 2012.)

Since troubleshooting ac overvolt-
age errors in the field is expensive, it is 
wise to take a conservative approach 
and keep ac voltage drop within 
acceptable limits by design. The goal 

www.solmetric.com
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Largest display with best array 
troubleshooong features
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is to specify conduc-
tors that are large 
enough to keep the 
ac voltage drop 
below 1.5% without 
incurring unneces-
sary costs associated 
with excessive size. 
When calculating 
the ac collection system conductor 
sizes based on a maximum voltage 
drop of 1.5%, apply a few restrictions: 
First, identify the inverter manufac-
turer’s maximum allowable size for the 
inverter output circuit conductor, and 
do not exceed this value. Second, limit 
the maximum size for the ac combiner 
output circuit conductor to 500 kcmil 
copper or 700 kcmil aluminum. 

If you cannot limit ac voltage drop 
to 1.5% based on these parameters, 
you need to expand your design crite-
ria. If ac voltage drop is greater than 
1.5% between all of the inverters and 
the POI, evaluate voltage drop using 
paralleled conductors between the  
ac combiner and the POI; this will 
reduce voltage drop universally. If 
only a few inverters see an excessive 
amount of voltage drop, look for ways 
to address these specific circuits. For 
example, adding a splice box outside 
an inverter can allow for the use of a 
larger inverter output circuit conduc-
tor back to the ac collection panel. 
However, this also adds labor and 
material costs.

Optimizing an ac collection system 
based on voltage drop is an iterative 
process. If you decide to use paralleled 
conductors for the ac combiner output 
circuit, you may need to reevaluate 
the inverter output circuit conductors. 
If the voltage drop to some invert-
ers is low, you may be able to reduce 
output conductor size, provided that 
you still meet the Code minimum 
requirements. To the extent that you 
can identify the right conductor size 
for each circuit, you can engineer the 
project for maximum value. 

System Interconnection
As detailed in Section 705.12, the  
Code allows for load-side or supply-side 
interconnections.

Load side. The rules in 705.12(B) gov-
ern interconnections on the load side 
of the service disconnecting means. 
Commercial services usually top out 
at 4,000 A. Depending on the size of 
the service and the utilization volt-
age, there may be sufficient backfeed 
capacity to interconnect a commercial-
scale PV system under the 120% allow-
ance [705.12(B)(2)(3)(b)]. In a 1,000 A 
switchboard with a 1,000 A overcurrent 
protection device (OCPD), for example, 
the 120% rule allows you to use a 200 A 
inverter interconnection breaker, which 
would allow for  a 133 kWac PV system 
in a 3-phase 480 V application.  

While switchboards all tend to look 
the same on the outside, they are highly 
customizable pieces of equipment.  
You cannot make any assumptions 
about what is going on under the cover, 
but must inspect each one individually. 
How is the distribution bus fed? Though 
end-fed and center-fed configurations 
are typical, you may encounter other 
configurations. Where is the utility  
section of the switchboard with the 
service drop conductors and the meter 
current transducers? Generally speak-
ing, you cannot open this sealed utility 
section of the switchboard or make  
an interconnection inside it. Are there 
any supply-side feeds? I have seen 
people mistake a supply-side fire pump 
feed for a main breaker, overlooking  
the fact that the switchboard did not 
have a main disconnect. Are there open 
spots where you can add a PV breaker, 

or is there an unused breaker for the  
PV interconnection?

In some cases a switchboard inspec-
tion will identify a simple way to make 
a supply-side connection, which allows 
for a much larger PV system than a 
load-side connection does. In addition 
to capacity limitations, there are other 
reasons why a load-side connection 
might not be the best option for a  
project. It may be difficult and expen-
sive to move a load breaker in order to 
locate the PV breaker at the opposite 
end of the busbar from the main OCPD. 
Meanwhile, interconnections at  
center-fed or multiple-ampacity bus-
bars incur additional engineering costs. 
These considerations may favor  
a supply-side connection.

Supply side. On the face of it, a 
supply-side connection seems like the 
easiest way to interconnect a PV sys-
tem. The Code language on the subject 
is brief. Though 705.12(A) provides 
little guidance, it also imposes few 
restrictions: “The sum of the ratings 
of all of the overcurrent devices con-
nected to power production sources 
shall not exceed the rating of the 
service.” All you need is room on the 
busbar to land the PV conductors, 
right? Not so fast—your first goal is to 
protect the switchboard. 

In April 2010, UL’s regulatory ser-
vices department published an article, 
“To Tap or Not to Tap?,” providing guid-
ance on this topic. You cannot attach 
tap conductors to unmarked holes in a 
busbar. Unless a switchboard has exist-
ing holes in the busbar marked “Tap” or 
the manufacturer’s installation instruc-
tions detail how to make a tap, the 
switchboard is not listed for that pur-
pose. In the absence of a manufacturer-
identified field tapping method, AHJs 
should treat taps as a modification of 
UL-listed equipment. 

The UL paper details a number of 
potential problems associated with  
the most common methods of mak-
ing a supply-side 

SOptimizing an ac collection system  

for a maximum voltage drop of 1.5% is  

an iterative process.
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connection. Drilling a hole in a busbar, 
for instance, reduces its cross-sec-
tional area, which is the basis for its 
current-carrying capacity. Removing 
busbar material could lead to elevated 
operating temperatures or weaken 
the busbar. Adding lugs at unlisted 
locations, such as existing holes or 
terminals, could reduce the air gap 
required to insulate energized compo-
nents, increasing the likelihood of an 
arc flash. 

It is up to the AHJ to determine 
the appropriate recourse when 
installers modify listed equipment in 
the field. The AHJ could accept the 
modification, reject it or require that 
UL’s field engineering staff evaluate 
it. While a field evaluation provides 
the highest level of assurance that the 
modified equipment will continue 
to operate safely, it is also costly and 
time-consuming. 

Utility coordination is another 
potential issue with supply-side con-
nections. To safely connect the PV 
system, you need the utility to discon-
nect the power. This is a scheduling 
issue, especially if the distribution 
feeder supplies multiple customers or 
the client has significant restrictions 
regarding loss of power.  

Equipment Specification  
The last ac aggregation step is to  
specify electrical equipment that 
meets project-specific design criteria. 

The primary focus is on the ac com-
biner panel and the PV system  
ac disconnect. 

AC combiner panel. The things 
requiring attention when specify-
ing the ac combiner panel are the 
ampacity requirements under normal 
operation, the available fault current 
from the POI and the busbar OCPD. 
In most cases, ac combiner panels are 
not sized according to the 120% rule 
but rather based on the sum of the 
load and supply breaker, excluding the 
busbar’s OCPD rating [705.12(B)(2)(c)]. 
Another important—and often over-
looked—consideration is the available 
fault current at the ac combiner in 
relation to its fault-current rating. This 
calculation rarely impacts equipment 
specification in rooftop applications 
because the length of the conductor 
between the ac combiner and the POI 
is generally quite long. If the utility  
service has a particularly large avail-
able fault current, however, and the 
circuit to the ac combiner is a short 
one with low voltage drop, take care 
to avoid specifying a panel and circuit 
breakers that the process of clearing a 
fault could damage.  

PV disconnect. To specify an ac dis-
connect for the PV system, select a dis-
connect with the appropriate voltage 
and current ratings. However, it is easy 
to overlook more-complex require-
ments. If the system interconnects at 
a circuit breaker on the load side of 

the service disconnect, for example, 
many designers specify an unfused ac 
disconnect. But what about the short-
circuit rating? Most unfused discon-
nects are rated only for 10 kAIC, and 
the available fault current from the 
main OCPD could exceed this value.

Most commercial services have 
an available fault current higher than 
10 kA. Since most designs mount the 
PV system ac disconnect close to the 
service switchboard, there is little 
conductor length to lower the fault 
current value before it gets to the 
disconnect. To remedy this problem, 
you can use a fused disconnect with a 
Class R fuse, or use components that 
are series rated as a system. In most 
cases, a Class R fuse provides a higher 
short-circuit rating than the average 
commercial service, but you need to 
verify that the manufacturer’s rating 
exceeds the fault current available 
from the utility. To deploy a series-
rated system, a Nationally Recognized 
Testing Laboratory must have evalu-
ated the combination of the discon-
nect model with the upstream circuit 
breaker model and, based on the com-
bination, assign a greater AIC rating  
to the disconnect. Since this setup 
does not provide the same level of pro-
tection as a Class R fuse, cross-check 
the series rating against the available 
fault current. 

—Marvin Hamon / Hamon Engineering / 
Alameda, CA / hamonengineering.com 
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Expansion joints  Pay attention to the impacts of thermal expansion and contraction when routing conduit over long distances 
across rooftops. Use expansion fittings as necessary to prevent buckling. (See “Raceway Selection and Installation for PV  
Systems: Part 1,” SolarPro, October/November 2013.)
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Design Optimization  
in Constrained Applications

A constraint does 
not simply determine 
the size of a system. 
Different constraints 
applied to the same 
system will lead to 
dramatically different 
design choices. 
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S
olar designers all want to make sure they are build-
ing an optimized design, or at least “the right” 
design. But not everyone thinks rigorously about 
what optimization means. The most basic version 
of an optimization exercise involves a variable that 

you change and an objective that you try to maximize: “If I 
change X, does Y improve?” A slightly deeper understanding 
of solar optimization acknowledges the importance of inputs 
such as module cost, electricity value and array location. 

Constraints are part of every system design. In fact, they 
are so commonplace that designers often factor them in with-
out explicitly calling them out. However, few engineers realize 
that the constraint drives design choices. The naïve concept 
of a constraint is that designers first determine the opti-
mal array—given the location, costs and so forth—and then 
look at constraints to understand how much of that system 
they can build. In practice, the constraints drive the optimal 
design, and if the constraints change, so does the design. 

Here I provide context for how to think about con- 
straints holistically. I then explain the most common  
constraints. Finally, I show that even with the same set of 
inputs, such as system costs and utility rates, changing  
the fundamental constraint can lead to a dramatic change in 
the optimal system design. 

APPROACHING CONSTRAINTS HOLISTICALLY 
Constraints might seem like an annoyance to avoid or mini-
mize, but they are intrinsic to real-world 
activities. If that seems counterintuitive, keep 
in mind that a system without constraints 
would be infinitely large! 

Often a constraint is so self-evident that 
you do not think about it explicitly. For exam-
ple, when building a system on a commercial 
rooftop, a designer will typically begin the 
engineering process with the whole roof in 
mind. The tenant almost always has the energy 
demand and the budget to justify building out 
the whole roof; therefore, it is only a question 
of how to best populate the available area. In 
this scenario, the designer takes for granted 
that the roof area, not the budget, will be the 
dominant constraint of the array. Similarly, 
for many residential applications, particularly 
as net metering is on the decline, a designer 
might instinctively orient the design process 
around the homeowner’s energy demand, 
making this the factor that drives many other 
decisions about the system. These are both 
examples of constraint thinking at work. 

Assess the hierarchy of constraints. As the 
optimization framework in Figure 1 illustrates, 

a fairly universal set of attributes commonly constrain a sys-
tem: the budget, the available roof or land area, and the energy 
demand. In different applications, these various constraints 
become more or less relevant. Typically one primary constraint 
drives a system design. You might think that a system is both 
space constrained and budget constrained, but in practice, 
one of those constraints imposes limits first. For example, the 
budget might constrain the system to be smaller than the roof-
top would allow. In that case, the financial budget is the actual 
bottleneck, even though there is technically also a space con-
straint. While one constraint might be the primary constraint 
for an array, all the constraints will exist at some level. No proj-
ect has infinite land. No financier has an infinite budget. And 
no off-taker has an infinite demand for energy. 

Identify the bottlenecks. An analogy can be helpful here: 
Any factory machine process has a bottleneck, a step in the 
process that sets the rate of production for the entire line. 
When you solve one bottleneck—say, by improving the 
machine’s speed or adding a second machine to share the 
load—the result is not that you get rid of all bottlenecks, but 
rather that the bottleneck shifts to the next-slowest step in 
the process. Since there will always be a bottleneck some-
where in the system, the goal of the optimization process is 
not to eliminate bottlenecks but rather to manage them.

Similarly, solar designers always have constraints. The goal 
is to understand and harness them in designing and deliver-
ing the system. One of the key lessons is that you should never 
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Figure 1  Whether solar project designers realize it or not, design constraints 
often drive system optimization activities. 
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starve the bottleneck (the constraint) of resources. In other 
words, the slowest machine in a manufacturing operation 
should never spend a moment waiting, since that machine 
will determine the maximum throughput of the factory. We 
can apply the same approach to constraints in solar design.

Focus optimization efforts on constraints. Identifying the 
bottleneck of the design process—the rate-limiting factor—
allows designers to focus their efforts on optimizing the array 
based on that primary constraint. In a space-constrained 
array, the designer seeks to maximize the energy yield per unit 
area. Where ac power is capped based on the interconnection 
capacity, the designer seeks to maximize financial benefits 
against that maximum power rating. You can begin to intuit 
why different design constraints, in the hands of a skilled sys-
tem engineer, lead to different design outcomes.

UNDERSTANDING THE MAJOR CONSTRAINTS 
A number of common constraints apply when designing 
solar arrays, including physical area, budget, energy demand 
and power injection back to the grid. 

Area. An area constraint is most common in commercial 
arrays, as those systems often have ample energy demand 
and a sufficient financial budget relative to their roof space. 
This constraint can also come up in residential arrays, espe-
cially if you restrict designs to south-facing roofs only, as 
well as in ground-mount designs.

The ultimate objective for this design constraint is to 
maximize energy yield per unit of area, which generally 
results in an economically optimal array. Specifically, this 
means maximizing the module fill within the available area, 

meaning that you want to maximize 
power density (kWp per unit of area) 
rather than specific yield (kWh per 
kWp). Since power density typically 
increases faster than specific yield 
decreases, maximizing this value tends 
to maximize energy density (kWh per 
unit of area). In a world of relatively 
inexpensive hardware, this approach 
produces a clear economic win. 

The variables that move the needle 
on power density are the tilt and spac-
ing of the modules. Specifically, opti-
mizing area-constrained applications 
tends to result in systems with lower 
tilt angles and tighter spacing between 
modules, especially with low-cost 
modules. This is why the industry has 
seen a huge push toward commercial 
mounting systems with 5° tilt angles or 
dual-tilt orientations. 

Budget. A budget constraint can hap-
pen in systems of all sizes. Assuming the project is a cash deal 
where the off-taker is the purchaser, available cash can be 
a determining factor in the size and design of an array. This 
constraint also applies if an incentive is capped in total dol-
lars or based on system capacity. For example, a local juris-
diction might offer a dollar-per-watt incentive up to a certain 
system size. For optimization purposes, this acts as a budget 
constraint because the marginal economics of a system larger 
than what is incentivized become much less appealing. 

Financing options such as power purchase agreements 
and loans are popular across the industry because they mit-
igate budget constraints. As long as the economic returns 
are adequate, many customers are able to access up-front 
financing. Property assessed clean energy (PACE) financing 
is a possible exception, as PACE funds are often capped at 
20% of the property value in commercial applications, which 
sometimes acts as a budgetary constraint for large commer-
cial rooftops. 

With a constrained cost, the financial return (revenue 
minus costs) for a system tracks closely with the total rev-
enue. The costs are tied to the system's dc nameplate value 
because the module costs, racking costs, electrical costs and 
installation labor are all directly related to the dc capacity 
rating. As a result, the objective that tends to matter most is 
maximizing the array’s specific yield: the revenue is tied to 
the energy (kWh) generated, while the costs, and therefore 
the capacity (kWp), are fixed. 

The design goals are similar in a capacity-constrained mar-
ket. If a developer can only obtain a certain quantity of modules 
per quarter, that developer will want to deploy them in a way 

Constraint-Based Design Optimization
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Area constrained  Solar Design Associates used a dual-tilt mounting system at 
Clark University’s Alumni and Student Engagement Center to maximize ground-
cover ratio, total system capacity and energy yield per unit of area.
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that derives as much finan- 
cial value as possible. This 
optimization exercise would 
mimic that for a budget- 
constrained application. 

Energy demand. This con-
straint is most common in 
residential arrays, where 
the homeowner uses only 
so much energy. It becomes 
particularly acute with net 
metering, since the designer 
must not only design to an 
annual energy budget, but 
also align the energy produc-
tion by month or even hour 
of the day. This type of opti-
mization exercise is all about 
system capacity. When there 
is only so much demand for 
energy, the size of the array is 
critical, especially since over-
production can waste energy. 

Two metrics matter here: 
energy usage and specific 
yield. First, the engineer 
must understand the usage demands, typically based on the 
off-taker’s energy bills. This can be complex based on when 
the customer’s bills are trued up, whether it is monthly, 
annually or every 15 minutes ( for demand charges). Next, 
the designer focuses on delivering that energy most effi-
ciently by maximizing specific yield. In residential applica-
tions, designers tend to have fewer tools at their disposal, 
as the roof area is often relatively constrained and the roof 
itself determines the tilt angle. 

In residential applications with energy-demand con-
straints, designers generally base their decisions on which 
roof surfaces to use and how close to get to shading obstruc-
tions. In commercial or ground-mount applications, opti-
mizing a system with energy-demand constraints often 
leads to wider row spacing and a higher tilt angle, as these 
options improve system yield and profitability.

Power injection to the grid. A power constraint is most 
common in utility-scale arrays, which inject the energy pro-
duced directly into the grid. In those situations, the grid 
operator often dictates the maximum instantaneous power 
the grid can handle at any time. As a result, there is a very 
clear power limit on what an array can produce, which the 
designer can achieve by simply matching the inverters’ rated 
output power to the grid’s requirements. 

Power-injection constraints can also arise when regu-
latory procedures change significantly based on system 

capacity. A jurisdiction might have an expedited permit or 
interconnection process for arrays up to 200 kWac, whereas 
larger systems are subject to a more demanding set of 
requirements. These policies can artificially limit system 
capacity. If the permitting process gets significantly more 
stringent above 200 kWac, you might decide to constrict the 
ac output power to 200 kW—even if the roof area would oth-
erwise support a 250 kWac system—just to keep the permit-
ting process simple and/or inexpensive. 

In this scenario, inverter ac power capacity is consid-
ered a fixed variable and dc system capacity becomes the 
key design variable. Since dc capacity determines system 
revenue and therefore profit, this variable drives financial 
performance. The designer incrementally increases the dc 
nameplate power while looking to maximize financial met-
rics. The marginal revenue of each group of modules drops 
successively, since the clipping losses get larger as the dc-
to-ac ratio increases. However, the designer can continue 
increasing array capacity as long as the marginal revenue 
covers the marginal cost of adding modules, racking and wir-
ing. Inverter power limiting is no longer a loss factor to mini-
mize, but instead is a necessary tradeoff to increase revenue 
and maximize the financial performance of the array. This 
optimization exercise tends to push the dc system capacity 
to 1.4–1.7 times that of the ac inverter capacity, depending 
on the array location.

Constraint-Based Design Optimization

Table 1  This table illustrates how the optimal system design varies based on different design 
constraints. While each of the constraint-based designs improves the net present value (NPV) 
relative to the reference design, there are significant differences among them. 

Array characteristics Reference system

Design constraint

Area Budget Power injection

Tilt angle (°) 20 5 30 20

Row spacing (ft.) 2.4 0.5 8 2.4

Area (acres) 2.85 2.85 4.5 3.92

Array capacity (kWdc) 1,000 1,391 975 1,377

Inverter capacity (kWac) 810 1,125 810 810

DC loading 1.23 1.24 1.20 1.70

Performance metrics

Specific yield (kWh/kWp) 1,532 1,474 1,581 1,390

Energy production (MWh/year) 1,531 2,050 1,542 1,931

Revenue (NPV) $2,205,000 $2,952,000 $2,220,000 $2,780,000 

Cost of system $1,440,000 $1,900,000 $1,440,000 $1,799,000 

NPV of system $765,000 $1,052,000 $780,000 $981,000 

Profit 53.1% 55.4% 54.2% 54.5%

NPV improvement vs. reference — 38% 2% 28%
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CALCULATING THE OPTIMAL DESIGN 
To illustrate the importance of constraints on system design, 
I will start from a reference design with fixed cost and reve-
nue assumptions and show how different design constraints 
lead to different optimal system configurations. For the pur-
poses of this exercise, I am using the project’s net present 
value (NPV) as the optimization objective. The details of the 
reference design are as follows:

System capacity: 1 MWdc
Array area: 2.85 acres

Array tilt angle: 20°
Array azimuth: 180°

Interrow spacing: 2.4 feet 
Location: San Francisco

In the scenarios that follow, I fix one of three major design 
constraints at a time—area, budget or ac capacity—while 
leaving the other two variables unconstrained. As shown in 
Table 1 (p. 25), this exercise results in three distinctly differ-
ent designs.

Area-constrained scenario. Here I fix the array area based 
on that of the reference design while adjusting other variables 
to maximize NPV. The most profitable system design results 
from packing the modules closely together and reducing the 
tilt angle. These two variables go hand in hand: by dropping 
the tilt of the modules, you can reduce the row spacing with-
out incurring a significant amount of interrow shading. 

Optimizing the area-constrained array results in a 5° tilt 
angle and a row spacing of 0.5 feet. Note that the lower tilt in 
this design reduces the specific yield by 4% compared to the 
reference design, from 1,532 to 1,474 kWh/kWp. However, 
the reduced spacing increases the system capacity by 40%. 
Therefore, the overall energy production grows by 35%. The 
area-constrained design is even slightly more profitable. 
While the 4% lower productivity would typically translate to 
a lower profit margin, the larger array is able to amortize the 
fixed costs over a larger base. As a result, the ROI of the sys-
tem is slightly better than that of the reference design. 

 Budget-constrained scenario. Here I fix the budget while 
giving the system free rein in terms of array area. In this case, 
the design goal is to maximize specific yield. As detailed in 
Table 1, raising the tilt angle to 30° and spreading the inter-
row spacing out to 8 feet increases the specific yield by 3%, 
from 1,532 to 1,581 kWh/kWp. 

Of course, expanding the array area does not come with-
out costs. Since our budget is fixed, I have accounted for this 
by decreasing the array capacity to account for the costs 
associated with the additional land requirements (modeled 
at $500 per acre per year) as well as the longer wire runs. In 
spite of the fact that the array area nearly doubles over that of 

the reference case, optimizing for specific yield in the budget-
constrained scenario still results in 2% improvement in NPV.

Power-constrained scenario. Lastly, I constrain the system 
based on capacity, assuming that the maximum allowable 
power injection to the grid is 810 kWac, but do not constrain 
area or budget. In this case, dc system capacity has a signifi-
cant impact on the overall system economics, since a larger 
dc system has greater revenue potential. Maximizing NPV 
in this scenario results in a dc system capacity of 1.38 MWp, 
which is a 1.7:1 dc-to-ac ratio. 

This design approach results in a significant amount 
of inverter power limiting, with clipping losses of approxi-
mately 9.1%. Yet a dc loading of 1.7 optimizes the profit of 
the array by maximizing revenue with an eye toward con-
trolling costs. While locations with higher insolation result 
in a lower dc-to-ac ratio, the optimal inverter loading will 
still be considerably higher than that of the reference design.

 Cross-applying the results. Based on these scenarios, we see 
that applying three different design constraints to one loca-
tion, with one set of cost assumptions, leads to three very dif-
ferent optimal designs. It may seem like a counterintuitive 
or even flawed premise that a single set of cost and revenue 
assumptions can lead to different optimal designs just based 
on the primary design constraint, but we can test this premise 
by cross-applying the optimal designs. 

To illustrate, let us swap the area-constrained array with 
the budget-constrained array and evaluate how the designs 
perform when applied to a different set of design constraints. 
On the one hand, the area-constrained design results in tilt 
of 5° and spacing of 0.5 feet, effectively maximizing power 

Optimized for
area constraint

tilt 5º, spacing 0.5'
NPV = $1.05MM

Cross-applied in 
 different scenario

tilt 5º, spacing 0.5'
NPV = $0.62MM

Optimized for
budget constraint

tilt 30º, spacing 8'
NPV = $0.78MM

Cross-applied in
different scenario

tilt 30º, spacing 8'
NPV =  $0.29MM

De
si

gn
Bu

dg
et

Ar
ea

Budget Area
Constraint

Figure 2  This figure illustrates how NPV drops when you 
apply one set of constraint-based design assumptions in a 
scenario with a different set of constraints.

Constraint-Based Design Optimization
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density to increase revenue. On the other 
hand, the budget-constrained design results 
in a 30° tilt and an 8-foot-wide row spacing, 
effectively maximizing the specific yield of 
the array. Though the increase in profit is 
greatest in the area-constrained scenario, 
the budget-constrained design still gener-
ates more profit than the reference design. 

Figure 2 shows what happens if we swap 
the design choices between these two appli-
cations, which causes the economics of 
both arrays to fall greatly. Applying the area- 
constrained design (low tilt and tight spac-
ing) to the budget-constrained scenario 
results in an array with the same capacity 
as the reference design but a lower energy 
yield; as a result, the system NPV drops 40% 
to $620,000. Meanwhile, applying the budget-
constrained design (high tilt and wide spac-
ing) to the area-constrained scenario results 
in a 50% smaller array capacity; as a result, 
the NPV drops to under $300,000.  

OPTIMIZATION OBJECTIVES 
The selection of the design objective is important to any 
optimization process. In the previous examples, I maxi-
mized profit dollars by optimizing for NPV. Other common 
optimization objectives include profit margin, levelized cost 
of energy (LCOE) and initial cost. While these all seem like 
good objectives, choosing one over another can lead to a dif-
ferent design outcome.

To illustrate, let us consider the difference between opti-
mizing for profit dollars and for profit margin in the power-
constrained scenario above. As shown in Figure 3, optimizing 
for NPV results in a dc-to-ac ratio of 1.7:1, whereas optimizing 
for profit margin results in a dc-to-ac ratio of 1.4:1. Based on 
these results, we see that increasing the dc-to-ac ratio above 
that of the reference design (1.23) initially improves both 
profit margin and profit dollar. This is because increasing the 
dc loading initially improves both specific yield and profit-
ability. Above a dc loading value of 1.4, however, profit margin 
starts to decline and profit dollars accrue more slowly. This is 
because the specific yield and revenue associated with each 
new group of modules starts to fall due to inverter power lim-
iting. Because of these losses, it ceases to be profitable to add 
modules above a dc loading of 1.7.

The fact that different optimization objectives could lead 
to different designs is not self-evident. After all, when arrays 
underperform, all performance metrics generally suffer. For 
example, module or inverter failures or unexpected shad-
ing all reduce the array’s profitability and raise the system’s 
LCOE. This suggests that optimizing PV system designs 

based on one performance metric will optimize others as 
well. Figure 3 illustrates that this is not necessarily the case. 
In this example, the decision about whether to optimize 
based on profit margin or NPV will swing system capacity by 
more than 20%, from a dc loading of 1.4 to 1.7, respectively. 

Which of these objectives will serve you better? It depends. 
If money is constrained, then you want to spend each dollar as 
effectively as possible, in which case profit margin is a better 
objective to go for. If money is not so tight, you might prefer to 
spend a bit more and receive more profit dollars. 

If we take a step back, we can see that the design objec-
tives for PV power systems are far less complex than those 
in other industries. Consider the many objectives that engi-
neers must consider when designing a car: fuel efficiency, 
torque, acceleration, styling, driver visibility, weight, turn 
radius, length, cost, storage area, range, crash safety rating, 
reliability and so forth. For better or worse, electricity is a 
commodity. By definition, therefore, generating the lowest-
cost electricity is generally the singular focus of PV system 
design activities. This is true even when you are making 
more-nuanced design decisions, such as optimizing for reli-
ability or to streamline O&M activities. The solar industry’s 
primary optimization objective is to reduce LCOE, regard-
less of whether designers are optimizing based on initial or 
future costs.

Paul Grana / Folsom Labs / San Francisco, CA /  

paul.grana@folsomlabs.com / folsomlabs.com 
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Figure 3  This figure illustrates how the optimal system design can vary accord-
ing to your chosen optimization objective—in this case, profit margin versus NPV.
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W
hen solar designers think about 
optimizing a PV system, they typ-
ically think of ways they can mod-
ify various design parameters to 
save costs and increase energy 

production. While these are certainly worthy goals, 
optimization also includes having the ability to design 
and build projects with speed. Designers should not 
lose sight of opportunities to optimize projects by 
reducing costs and improving the client’s return 
on investment (ROI). However, optimization is also 
about reaching your company’s financial goals and 
getting more megawatts on the ground. Optimizing 
your company for profitability and continued growth 
is ultimately what will help the climate and create 
more solar jobs. 

While some of the suggestions presented here may 
seem counter to traditional thinking about project 
optimization, optimizing for speed can definitely have 
benefits at the project level. Accelerating system design 
and construction can reduce engineering and labor 
costs. Moreover, the sooner a PV system starts generat-
ing energy, the sooner the client starts saving money. 
Most important, a shorter project life cycle increases 
the number of projects a company can build with the 

same number of employees, reducing soft costs and 
overhead as well as enabling faster growth.

ESTABLISH GOALS AND PRIORITIES  
It is difficult to optimize a system design without hav-
ing clear goals and priorities. Does your client value 
ROI, reduced up-front costs, or long-term reliability 
and low maintenance costs? Of course, customers 
want all of these options, but clearly defining their 
project priorities will help you identify a preferred 
design approach. 

Company goals are also important. One solar con-
tractor might be focused on hitting annual profitability 
goals, while another is willing to cut margins to increase 
market share. These are not just issues for management 
or project estimators. These different company priorities 
affect design and construction decisions. 

When a company’s sales, engineering and con-
struction teams are all on the same page with regard 
to the priorities of both the customer and the com-
pany, it gives everyone involved the confidence neces-
sary to make decisions quickly. 

INVEST IN SITE EVALUATION 
One of the best ways to accelerate a project schedule 

All the focus and pressure to realize high yields 

and low costs on an individual project often blinds 

companies to the benefits of a fast execution and in 

some cases can really slow things down. 

Optimizing for Speed 
in Commercial Rooftop Applications
By Randy Batchelor, PE
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and reduce risks is to invest in a thorough site investiga-
tion, in some cases even prior to signing the contract. Site 
investigation is not an area where you should be looking 
to save money. While there are significant costs associated 
with more-detailed site evaluation activities—such as a 
professional survey, electrical evaluation, structural review 
or underground utility locating service—that initial invest-
ment provides a hefty return when you avoid expensive mis-
takes or wasting time on a system redesign. 

Every project should have a detailed schedule outlined 
in project management software with clear dependencies. 
This schedule should account for and accommodate site 
investigation and design activities. If the project manag-
ers who typically control the schedule focus too narrowly 
on construction activities, a Gantt chart may not have ade-
quate detail early in the schedule. Projects often get hung up 
when issues come up during site investigation. You can keep 
things moving forward by having a Gannt chart that shows 
early-stage project dependencies, as this can identify areas 
where you can accelerate the schedule. 

SET REALISTIC EXPECTATIONS 
Solar contractors must set realistic expectations, both 
within the company and with outside stakeholders. This 
is perhaps most evident in the desire to maximize system 
capacity during the design process. As project capacity 
increases, the cost per installed watt generally goes down 
due to the dilution of fixed costs that are independent of sys-
tem size. Moreover, the client wants to save as much money 
as possible, while the contractor wants to increase revenue. 
These factors greatly incentivize installation contractors to 
put as many watts on the roof as they can to win the deal and 
theoretically make more money. 

Since roof area—rather than ampacity limits or load—
often limits commercial rooftop system capacity, it is 
tempting to cram the maximum number of modules onto 
the rooftop. That leaves very little wiggle room for locat-
ing rooftop electrical equipment, establishing fire path-
ways and setbacks, or adjusting the array to account for 
unforeseen obstructions. If the sales team does not pro-
vide enough contingency space in the 

Vendor Product lines Locations Phone Website

Advanced Racking Blouckmount 2 Roanoke, VA; Toronto, ON 540.491.4091 advancedracking.com

Aerocompact Aerocompact S, Aerocompact+ Matthews, NC 800.578.0474 aerocompact.com/us

DynoRaxx Evolution FR Buffalo, NY 866.620.2410 dynoraxx.com

Ecolibrium Solar EcoFoot, Eco-X Athens, OH 740.249.1877 ecolibriumsolar.com

Everest Solar Systems D-Dome R2 System Oceanside, CA 760.301.5300 everest-solarsystems.com 

GameChange Solar Grid-Lite Roof System New York; Brimfield, MA 212.388.5160 gamechangesolar.com

KB Racking AeroRack, AnchorRack, EkonoRack Los Angeles; Toronto, ON 888.661.3204 kbracking.com 

Opsun Systems SunRail Whitby, ON 581.981.9996 opsun.com

Orion Solar Racking Orion’s Belt Commercial  Commerce, CA 310.409.4616 orionsolarracking.com 

PanelClaw Polar Bear III North Andover, MA 978.688.4900 panelclaw.com

Patriot Solar Group Aurora Albion, MI 517.629.9292 patriotsolargroup.com

Polar Racking PR2, PRG New York; Toronto, ON 844.860.6722 polarracking.com 

Preformed Line Products Power Xpress, BPRM, Power Max Cleveland; Albuquerque, NM 800.260.3792 preformed.com

RBI Solar RS-TL, GM-GS Cincinnati 513.242.2051 rbisolar.com

Schletter Group Fix-EZ, Fix Grid, Windsafe, FixZ Shelby, NC; Windsor, ON 888.608.0234 schletter.us

S:Flex LEICHTmount, S:Flex 12 Greenwood Village, CO 303.522.3974 sflex.com

SolarCity (Zep Solar) ZS Peak San Mateo, CA 888.765.2489 solarcity.com

Sollega FastRack 510 San Francisco 415.648.1299 sollega.com 

SunLink Precision RMS, Precision-Modular RMS Mill Valley, San Leandro, CA 415.925.9650 sunlink.com

SunPower Helix Roof San Jose, CA 800.786.7693 us.sunpower.com

Unirac RMDT, RM5, RM10 Albuquerque, NM 505.242.6411 unirac.com

Zilla Cobra Broomfield, CO 720.880.6700 zillarac.com

Low-Slope Mounting System Vendors

Table 1  This table provides an overview of commercial mounting systems available in North America, either directly from the 
vendors or via their distribution partners. 
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preliminary design, then problems can arise when some-
thing does not work exactly as laid out in the proposal—a 
common occurrence. You risk not only spending more time 
and resources correcting the issue and resetting customer 
expectations, but also incurring unanticipated costs as you 
try to satisfy those unrealistic expectations.

Such expectations can undermine project optimization 
goals in several ways. To meet inflated kWh targets, the 
design team may have to utilize roof areas where the solar 
resource is suboptimal due to shading, locate modules in 
roof areas subject to higher wind loads that require addi-
tional ballast materials or roof attachments, or add a small 
subarray on another roof area or even a different building. 
While each of these design responses will increase produc-
tion, the cost per kWh will also increase. 

Similarly, if the initial proposal overestimates project 
ROI or underestimates costs, the sales team will set unre-
alistic expectations internally in terms of project profit-
ability and margins. Management may then apply pressure 
on the project team to drive down costs. As a result, the 
project team has to spend a great deal of time analyzing 
alternative design options, which can slow the project and 
increase soft costs. 

STANDARDIZE PRODUCTS AND PROCEDURES 
Standardizing your company’s offerings on a small set of 
products and vendors should be a no-brainer. To provide 
vendors with the volume commitments necessary to drive 
down unit costs as much as possible, every solar company 
should work with a select few partners for modules, invert-
ers and racking. Having a standard set of products also 
allows everyone to learn how to efficiently design and install 
projects utilizing those products. (See Table 1, “Low-Slope 
Mounting System Vendors,” on page 30 for an overview of 
commercial mounting system product lines.)

To work faster and reduce errors, each solar contractor 
should be working toward standardizing its drawing tem-
plates, sheet notes, details, specifications, contracts and 
scope-of-work documents. It is also beneficial to standardize 
basic design parameters such as tilt angle and row spacing 
for similar projects. The sales team can standardize on the 
amount of roof area held for contingency. Companies may 
even want to establish standard practices for equipment loca-
tions and ac collection strategies, or for when to upsize con-
ductors. Though standardization is not a substitute for design 
optimization, it is important to optimize the system design as 
much as possible before sending out proposals.
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CREATE VALUE ENGINEERING GUIDELINES
Pair standardizations with clear guidelines for determining 
when it makes sense to spend time and resources on value 
engineering activities, as well as metrics for evaluating differ-
ent design options. As a guideline for the project team, consider 
putting a value on project time as a means of determining when 
to invest in value engineering. Placing a value on time, and mak-
ing sure the project team understands how to use that number 
as a guideline for devoting resources to value engineering, is a 
simple way to align the project team with company goals.

For instance, imagine that a project manager hears of a 
new wire management system that she thinks can save $4,000 
in material and labor for a 1 MW project. After a quick review, 
the design engineer determines that it will take one engineer 
about 4 days to establish whether the solution is viable and to 
integrate it into project specifications and details. If the value 
of the electricity generated by the PV system is $600 per day 
and the burdened cost of an engineer is $800 per day, then the 
cost to integrate the new wire management system into the 
project is $5,600  ($1,400 per day times 4 days). This review 
suggests that even though the new hardware option could 
reduce project hard costs, it is not a wise investment, as the 
savings ($4,000) are less than the costs ($5,400). 

The team also needs easy-to-follow and relatively accurate 
metrics and rules of thumb for estimating cost savings for 
design alternatives. Make sure the design team has access to 
simplified per-unit cost estimates—for equipment, conduit, 
wire and labor—and knows how to use them quickly. These 
metrics can help prevent the dreaded “analysis paralysis.”

DO YOUR DUE DILIGENCE
It is critical to meet with permitting officials early. Never 
assume that it is better to ask for forgiveness later than to 
seek permission in advance, or that a new AHJ might not 
have the same concerns you have encountered in other 
jurisdictions. Do not hesitate to ask questions of building or 
fire officials, even if you are afraid of drawing their attention 
to a disputed code interpretation. It is far better to get their 
opinion early on than to have them find something they do 
not like late in the game. 

This is especially true when dealing with fire offi-
cials on commercial roof-mounted PV projects. In spite 
of the best efforts of industry stakeholders, including the 
Solar America Board for Codes and Standards (solarabcs.
org), a number of areas in the fire codes remain open to 
interpretation, such as whether to apply commercial or 

http://www.standingseamroofanchor.com
http://www.solarabcs.org
http://www.solarabcs.org
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residential setbacks to a sloped roof at an apartment com-
plex. Moreover, fire officials have every right to ask for 
something that goes above and beyond minimum code 
requirements if they believe it will improve safety. Some 
fire officials object to pathways that dead-end, even if the 
pathways terminate at skylights or mechanical equipment. 
Others insist on straight pathways, even where the design 
requires a jog to keep the access path over a structural 
member. You can expedite project timelines by clarifying 
these types of issues before starting on a design. 

STREAMLINE CONSTRUCTION 
To help the construction crew get in a flow and move fast, 
use simple repetitive patterns in the array layout and string 
wiring. While you may be able to better utilize a roof area 
with oddly shaped arrays or reduce wire costs with unique 
string-wiring practices, it will come at the cost of additional 
field labor. 

It is also important to consider roof access, work coor-
dination, staging and layout. On the one hand, a mount-
ing system with a 5° tilt may allow you to pack more kW 
on a roof; on the other, it could slow the project down if 

the installers cannot even 
walk between the rows. Fall 
protection is another con-
sideration. The fire codes 
allow 4-foot setbacks on 
small commercial flat roofs 
that are less than 250 feet in 
length in either direction. 
If the roof does not have  
a parapet, however, OSHA 
guidelines require a warn-
ing line located 6 feet from 
the roof edge and fall pro-
tection (harnesses, ropes 
and anchors) for anyone 
working beyond this perim-
eter. The extra labor costs 
required to meet these 
OSHA requirements may 
not justify placing modules 
and electrical equipment 
beyond the perimeter of the 
warning line. 

FOSTER OPEN 
COMMUNICATIONS
Clear and transparent com-
munications are the most 
effective way to foster an 

atmosphere of shared goals. It is especially important to be 
clear, open and honest with project team members when 
things are not going as expected. Strong relationships built 
on trust help you not only get the information you need 
to save money on projects, but also get it fast. This is true 
whether you are trying to obtain cost estimates from a sub-
contractor to evaluate value engineering options or spend-
ing approval from management to gather valuable site 
investigation data. 

By building trust, clarifying priorities, and providing 
the right guidelines and resources to the project team, you 
can accelerate project schedules without increasing costs 
or risk. Reducing design and construction timelines while 
putting less pressure on the project team to reduce costs or 
increase yields after contract signing also better aligns the 
activities of the project team with the goals of the company 
and the client.

Optimizing for Speed

K. Randy Batchelor, PE / Sol Rebel Power Systems / Alameda, CA /  

randybatchelor@solrebel.com / solrebel.com 
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Building blocks All else being equal, designers can expedite installation activities by using 
simple repetitive patterns within the array. In the event that a roof does not lend itself to stan-
dardization, the sales teams should increase labor costs accordingly.

http://www.solrebel.com
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I
ndustry conferences and 
events are an excellent way to 
keep current with technology 
and market trends, share ideas 
and best practices, attend 

trainings and workshops, main-
tain credentials, or increase market 
influence and exposure. But do you 
want to do a deep dive on special-
ized topics, gain a high-level per-
spective on national issues or focus 
on your regional market? Given the 
ever-increasing list of events, solar 
professionals need to plan in advance to make the best use 
of their time and money. 

Here, I provide an overview of 21 conferences and events, in 
nine different states plus the District of Columbia and Mexico, 
of interest to solar professionals. The focus is on business-to-
business events rather than on consumer-facing events. In 
addition to covering large national conferences with multiple 
technical tracks, I include specialty events that focus on top-
ics such as finance, asset management, product reliability, con-
tinuing education, grid evolution and production modeling. I 

present the following profiles alpha-
betically, broadly categorized as 
either national or regional events. The 
companion table (p. 43) provides a 
chronological overview of the events. 

National Events
DistribuTECH Conference  
& Exhibition
Where San Antonio  
When January 23–25

DistribuTECH is an annual electric power transmission and 
distribution event that covers technologies used to move 
electricity from the power plant all the way to the point 
of consumption. According to event organizer PennWell, 
DistribuTECH draws roughly 13,500 individuals, includ-
ing professionals representing renewable energy indus-
tries and more than 325 utilities. The conference presents 
15 technical tracks, covering topics such as distributed 
renewable generation, energy storage and microgrids, dis-
tribution automation, advanced metering and smart cities. 

By David Brearley

Looking for opportunities  
to network or develop  

professionally?  
This overview of  

national and regional  
solar and energy storage  
conferences and events  

is here to help. 
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The exhibitor list for the expo includes 
more than 500 companies with prod-
ucts and services related to electric-
ity generation, plant automation and 
control, demand response, transmis-
sion and distribution system opera-
tion and reliability, cybersecurity, and 
renewables integration. Collocated 
events include a symposium hosted by 
the Smart Energy Consumer Collabor- 
ative and a SunShot-sponsored poster 
session featuring students from  
the Grid Engineering for Acceler- 
ated Renewable Energy Deployment 
(GEARED) network. — distributech.com

Energy Storage North America 
Where: Pasadena, CA  
When: November 6–8
Energy Storage North America 
(ESNA) is an annual conference and 
expo dedicated to grid-connected 
energy storage. According to event 
organizers Strategen Consulting 
and Messe Düsseldorf North America, the event draws more 
than 2,000 developers, end users, utility representatives 
and policy makers. The first day of the event includes site 
tours, workshops and the opening reception. More than 100 
exhibitors will showcase storage technologies, systems and 
services in the expo hall over the next two days. Attendees 
can also check out keynote addresses, breakout sessions, an 
awards ceremony and reception, and a closing reception. 
Breakout sessions in previous years have covered energy 
storage case studies and lessons learned, market challenges 
and opportunities, grid transformation, and insights from 
pioneering utilities and independent power producers. The 
half-day preconference workshops cover topics such as best 
practices in procurement, introduction to technologies and 
economics, and energy storage modeling. — esnaexpo.com 

Grid Edge Innovation Summit
Where: San Francisco When: June 20–21
The Grid Edge Innovation Summit explores issues, opportu-
nities and trends related to tomorrow’s distributed energy 
system. Its organizer, Greentech Media (GTM), uses the term 
grid edge to describe the many software, hardware and busi-
ness innovations that enable the deployment of smart, inter-
connected infrastructure at or near the end-use customer. 
The conference agenda in previous years has included topics 
such as innovation in grid infrastructure, the evolving role of 
the electric utility, buildings as energy assets and financing 
grid-edge deployments. According to GTM, the conference 

draws over 1,000 attendees from hundreds of companies, 
including 3M, Apple, BMW, Duke Energy, Google, National 
Grid, Nest, NRG Energy, Oncor, PG&E, Siemens, Tesla, the  
US Department of Energy and Whole Foods. In previous 
years, GTM has broken the event into two separate tracks,  
one with a consumer focus and another with a corporate 
focus, with more than 100 speakers participating in the 
event. Highlights from the exhibit hall include the Grid Edge 
Awards ceremony. — greentechmedia.com/events

Grid Evolution Summit 
Where: Washington, DC When: July 9–12
Tired of “electricity of the future” conferences where all 
you do is sit back and listen to speakers? Event organizer 
Smart Electric Power Alliance (SEPA) envisions the Grid 
Evolution Summit as a national town hall meeting in which 
attendees take an active role in round-table discussions on 
hot industry topics. What does the utility customer of the 
future look like? How can technology providers help facili-
tate grid modernization? What is the role of regulators 
in future grid scenarios? At Grid Evolution Summit, mul-
tiple stakeholder groups—utilities, independent system  
operators, technology providers, industry consultants, 
government entities and NGOs—will all come together to 
work through these important issues. Attendees can shape 
the conversation, broaden industry relationships, and con-
nect with business leaders and policy makers. 
— sepapower.org/events
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Collocated events  Many conferences include collocated events. Intersolar North 
America, for example, is collocated with Electrical Energy Storage North America.

http://www.distributech.com
http://www.esnaexpo.com
http://www.greentechmedia.com/events
http://www.sepapower.org/events
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Intersolar North America
Where: San Francisco  
When: July 10–12
With events on four continents, the 
Germany-based Intersolar has a legiti-
mate claim to being the world’s lead-
ing solar exhibition and conference 
organization. Entering its 10th year, 
Intersolar North America is one of the 
top national conferences focused on 
the solar industry. According to orga-
nizers, the 2017 event, which is collo-
cated with Electrical Energy Storage 
(EES) North America, drew more than 
15,000 attendees and more than 500 
exhibitors. Since roughly one-third 
of the exhibitors are cross-listed with  
EES, Intersolar has a noticeable energy 
storage emphasis, tracking global  
trends. Exhibitors include module 
companies, power electronics vendors, 
electrical suppliers, mounting system 
manufacturers, BOS companies, moni-
toring and software platforms, and 
energy storage providers. The event is 
collocated at the Moscone Center with 
SEMICON West. Highlights away from 
the exhibition hall include the legend-
ary Solar Battle of the Bands and other 
events sponsored by CalSEIA, the state 
chapter of the Solar Energy Industries 
Association (SEIA). — intersolar.us 

NABCEP Continuing Education 
Conference 
Where: Niagara Falls, NY  
When: March 19–22
The NABCEP Continuing Education 
Conference is primarily geared toward 
NABCEP-certified professionals who 
need continuing education credits 
to maintain their certification. All 
NABCEP certificants must complete 
at least 18 hours of relevant train-
ing every 3 years. While dozens of 
registered training providers offer 
continuing education opportunities 
throughout the year, NABCEP’s annual 
Continuing Education Conference can 
provide all 18 hours over a single 3-day 
period. Noncertified professionals, 

 A  N a t i o n a l  To w n  M e e t i n g

 A  N a t i o n a l  To w n  M e e t i n g #GridSummit
Register at SEPAPower.org

 WASHINGTON, DC

The community that’s 
changing the electric  

power industry...

... and the education 
that’s driving smart 
electricity forward

50+
UTILITIES

SPEAKERS &
THOUGHT LEADERS

20+
STATE
REGULATORY BODIES

THE MOST IMPORTANT 
ELECTRIC INDUSTRY TOPICS:

Grid 
innovation

Consumer 
engagement

Information 
technology

Asset 
deployment

Utility 
business 
models

50+
HOURS OF
EDUCATION 38+

OPPORTUNITIES

HOURS OF
NETWORKING

70+

Retail & wholesale 
market design

Rates and 
regulations

22%
MANAGER

ATTENDEE  
JOB LEVEL: 

21%
SENIOR
MANAGEMENT

19%
ADMINISTRATIVE

31%
DIRECTOR

7%
C-SUITEEnergy

Storage

Solar

Demand 
Response

Grid 
Management

Electric 
Vehicles

Advanced 
Metering

Microgrids

200+
UNIQUE
COMPANIES

Shape the conversation  Smart Electric Power Alliance’s Grid Evolution Summit is 
unique in that it is modeled on a town hall meeting. Participants will actively engage 
in round-table discussions about grid modernization and transformation to better 
facilitate renewables integration.

2018 Solar Industry Conferences and Events

http://www.intersolar.us


 solarprofessional.com  |  S O L A R PR O                 39

meanwhile, can earn up to 18 hours of education to meet 
the eligibility requirements to sit for a NABCEP exam. A 
typical conference schedule features more than 55 differ-
ent 1.5- or 2-hour technical sessions, covering topics such 
as rapid-shutdown requirements, 1,500-volt system designs, 
PV systems and the NEC, lithium battery energy storage, 
Code-compliant interconnections and roof penetration 
water-proofing. During breaks, attendees can network with 
peers or explore the exhibit hall, which draws roughly 50 
companies. This is a highly targeted event that often sells 
out in advance, with a maximum capacity of approximately 
500 attendees. — nabcep.org 

NREL PV Reliability Workshops
Where: Lakewood, CO When: February 27–March 1
The PV Reliability Workshop (PVRW) is so highly targeted 
and specialized that you must be a presenter to register 
for the event. The National Renewable Energy Laboratory 
(NREL) hosts the event near its research campus in 
Lakewood, Colorado, and plans the agenda in partnership 
with Sandia National Laboratories and Brookhaven National 
Laboratory. The focus of the event is on sharing information 
that can improve module reliability, which not only reduces 

the levelized cost of solar energy but also promotes investor 
confidence. All participating organizations must submit an 
abstract and contribute to the workshop. — pvrw.nrel.gov

PVPMC and Systems Symposium Workshop
Where: Albuquerque, NM When: May 1–3
The PV Performance Modeling Collaborative (PVPMC) and 
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Measuring, modeling and monitoring  For a deep dive on 
the “three M’s,” check out the 10th PVPMC and Systems 
Symposium Workshop in Albuquerque, NM (May 1–3).
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Systems Symposium Workshop focuses on the three M’s of 
PV modules and systems: measurement, modeling and moni-
toring. Sandia National Laboratories organizes this event 
together with CFV Solar Laboratory. The specialized nature 
of the workshop draws experts from around the world who 
share research on a variety of topics and discuss the implica-
tions of these findings. The previous program, from the Harbin 
Institute of Technology in China, included roughly 60 pre-
sentations of 20 minutes each, covering topics such as solar 
resource data and forecasting, modeling software updates, 
modeling methods and case studies, monitoring for degrada-
tion and soiling studies. The Electric Power Research Institute 
is dedicating a third day to grid integration and grid modeling 
topics, a new event. Other highlights include a workshop din-
ner in Albuquerque’s historic Old Town and tours of the CFV 
Solar Laboratory. Look for a dedicated website to go live in 
January with a call for abstracts. — pvpmc.sandia.gov 

Solar Asset Management North America
Where: San Francisco When: March 13–14
Solar Asset Management focuses on the operational phase 
of solar power plants and portfolios. Netherlands-based 
Solarplaza organizes the event, which is now in its 5th 
year. The annual conference draws more than 40 sponsors, 
90 speakers and 500 attendees from leading solar services 
providers, asset and portfolio managers, independent 
power producers, utilities and investors active in the North 
American market. The agenda covers a variety of technical 
and financial topics, ranging from performance optimiza-
tion to secondary markets and refinancing. If your company 

specializes in asset management, this 
is an excellent event to attend in terms 
of content and networking opportuni-
ties. Other program highlights include 
off-site PV power plant visits to gain 
hands-on knowledge and insights. 
— solarassetmanagement.us 

Solar Power Finance &  
Investment Summit 
Where: San Diego, CA  
When: March 20–22
The Solar Power Finance & Investment 
Summit is a gathering place for indus-
try deal makers, permitting senior-
level solar and financial executives 
to mingle in an intimate setting. 
According to event organizer Infocast, 
the summit provides deal makers 
with an opportunity to meet, share 
plans for the upcoming year and capi-
talize on prospects that may lead to 

successful deals. Attendees can stay abreast of the solar 
financing landscape and gain insights into industry devel-
opments, strategic opportunities and efforts to overcome 
challenges. The agenda includes a 2-day multitrack summit 
preceded by either a presummit solar-plus-storage work-
shop or an executive briefing. Panel discussions cover topics 
such as tax equity trends, financing outlook, risk manage-
ment, and sourcing sponsor equity and development capi-
tal. The summit venue is the Omni La Costa Resort & Spa. 
— infocastinc.com/event 

Solar Power International 
Where: Anaheim, CA When: September 24–27
Solar Power International (SPI) is the largest solar trade 
show in North America. Solar Power Events, a partnership 
between SEIA and SEPA, presents the 4-day event, which is 
now in its 15th year. According to the event presenter, SPI 
2017 drew upward of 20,000 industry professionals and 750 
exhibitors, including manufacturers, service providers and 
other vendors. Though solar remains the focus, the event is 
collocated with Energy Storage International, Hydrogen + 
Fuel Cells North America and the Smart Energy Microgrid 
Marketplace. In addition to offering an expansive exhibition 
hall, the event features multitrack educational sessions, a 
technical symposium, trainings, poster sessions and pre- 
and postconference workshops. Other highlights include 
networking receptions, a block party and several special 
events, such as the Run with the Sun 5K. Be sure to sign up 
early for the Professional Women in Solar Lunch, as this sells 
out every year. — solarpowerinternational.com

Solar Power International  The longest-running business-to-business solar con-
ference in North American returns to Anaheim in late September 2018.
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Solar Summit 
Where: San Diego, CA  
When: April 30–May 2
The Solar Summit covers 
themes such as innovations 
in solar, grid transforma-
tion, the evolution of project 
finance and emerging mar-
kets. Now in its 11th year, this 
GTM event draws 500-plus 
attendees, more than a third 
of whom are in senior man-
agement positions. Speakers 
include top industry execu-
tives and thought leaders.  
The GTM Research team 
brings its unique blend of 
market research and eco-
nomic analysis to the table to 
facilitate a deep dive into complex topics. The event is col-
located with the S3 Solar Software Summit, a full-day event 
presented in partnership with Folsom Labs and dedicated 
to the solar software ecosystem. — greentechmedia.com/events

US Energy Storage Summit
Where: TBD 
When: late 2018
Another GTM event, the US Energy 
Storage Summit takes a close look 
into the emerging domestic energy 
storage market. The event draws more 
than 600 professionals representing 
utilities, financiers, regulators, tech-
nology innovators and storage practi-
tioners for 2 full days of data-intensive 
presentations, analyst-led panel ses-
sions with industry leaders and high- 
level networking opportunities. 
The agenda in previous years has 
explored market opportunities on 
both sides of the meter, emerg-
ing technologies, business models, 
financing strategies, utility policies 

and market design. Look for GTM Research to release  
the latest edition of its US Energy Storage Monitor at the 
event, which typically takes place late in the calendar year. 
— greentechmedia.com/events
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Codes and standards  The California Solar 
Power Expo is collocated with SEIA’s Codes & 
Standards Symposium.
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Regional Events
California Solar Power Expo
Where: San Diego, CA When: March 27–28
The largest regional event presented by Solar Power 
Events, the California Solar Power Expo focuses on 
the solar and storage supply chain in North America’s 
largest solar market. The event brings together more 
than 70 exhibitors and 1,500 industry professionals. It 
features a combination of business and educational 
opportunities, including workshops, exhibitor-led  
trainings and networking events. In spite of the state-
level focus, the California Solar Power Expo has impli-
cations for a national audience. Collocated at the 
event is SEIA’s Codes & Standards Symposium, which 
provides attendees with an opportunity to keep cur-
rent with the ongoing development of electrical, mechanical, 
structural, and safety  codes and standards. Symposium reg-
istrants receive a complimentary expo pass, which provides 
access to the show floor and the technical training theaters. 
— events.solar/expo 

Midwest Solar Expo
Where: Minneapolis When: April 30–May 2
The Midwest Solar Expo is an annual conference that brings 
together hundreds of executives and stakeholders along the 
solar industry value chain to advance Midwest markets. The 
3-day event is now in its 5th year and features educational, 
training and networking opportunities. Participants include 
solar and energy storage manufacturers, distributors, install-
ers, financiers, developers, EPCs, policy makers, professional 
services providers and nonprofits. Collocated at this event 
is the Smart Energy Symposium, a 1-day speaker series that 
explores the nexus between the smart grid ecosystem and the 
infrastructure of cities, as it relates to communications, trans-
portation and resiliency. Other highlights include the Startup 
Showcase, an Innovation Theater, and a solar farm trip. 
— midwestsolarexpo.com

Oregon Solar Energy Conference
Where: Portland, OR When: May 1–3
The long-running Oregon Solar Energy Conference is one 
of the most robust of the regional conferences. Presented by 
OSEIA, the Oregon state SEIA chapter, the event draws more 
than 30 exhibitors and 450 attendees. Participants include 
local installers, government entities, major corporations and 
nonprofits. The conference features exhibitor-led technical 
presentations, with a heavy emphasis on utility-scale solar and 
energy storage systems. The Solar Contractor Day is one of the 
event highlights. Presented in partnership with the Energy 
Trust of Oregon, this 1-day event allows local contractors to 

invest in the technical and business skills they need to remain 
competitive. In 2017, the business development and technical 
training tracks covered topics such as effectively managing 
complexity and growth, National Electrical Code change and 
installation best practices. — oregonsolarenergyconference.com 

Solar Goes Corporate
Where: Boston When: April 27
SEIA’s Solar Goes Corporate event is a get-together for leaders of 
the corporate, finance, legal and solar sectors to share insights 
and best practices. The focus of the event is on how businesses, 
service providers and project developers can work together 
successfully when procuring, deploying and investing in solar. 
Topics of discussion include developments in corporate solar, 
policy changes and financial opportunities, and improving ser-
vice provider partnerships with corporate end users. Panels 
will address the needs of small- and middle-market companies 
new to solar as well as those of experienced Fortune 500 com-
panies. Early arrivers can attend the networking reception on 
the evening of April 26. Look for a second Solar Goes Corporate 
event on the West Coast later in the year. — events.solar

Solar Summit Mexico
Where: Mexico City When: February 13–14
Presented by GTM, Solar Summit Mexico is a 2-day event that 
will explore Latin America’s emergence as one of the leading 
regions for solar development in recent years. Mexico in par-
ticular has taken a leading role in the dynamic energy transi-
tion that is under way, setting the stage for unprecedented 
solar market growth. Thanks to abundant solar resources, 
high power prices, falling technology costs and a need for 
resource diversification, GTM Research expects Mexico to 
join the ranks of  global solar development leaders in com-
ing years. The conference agenda includes topics such as 
the Mexican PV market on the global stage, large-scale solar 

Solar fundraisers  Want to have fun while supporting those who 
support you? Put these solar fundraisers and celebrations on your 
2018 calendar: Vote Solar’s Equinox celebration in San Francisco (in 
the spring). The Solar Foundation’s annual Summer Solstice event on 
June 21 in Washington and Vote Solar’s Equinox East party in New 
York City (in the fall). 
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http://events.solar/expo
http://www.midwestsolarexpo.com
http://www.oregonsolarenergyconference.com
http://events.solar
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development in Mexico, distributed generation opportuni-
ties in Mexico, financing solar in Mexico and the evolution of 
solar policy in Mexico. — greentechmedia.com/events

Solar Power Northeast
Where: Boston When: February 5–6
Formerly known as PV America, Solar Power Northeast will 
bring 70 exhibitors and 1,500 solar and storage professionals 
together in Boston. The 2-day Solar Power Events–produced 
conference features multiple technical tracks such as energy 
storage, operations and maintenance, business and technol-
ogy, policy and regulation, and more. Tickets for the network-
ing reception are sold separately. — events.solar/northeast

Solar Power Southeast
Where: Atlanta When: May 15–16
Also produced by Solar Power Events, Solar Power 
Southeast had a sold-out exhibit hall in 2017, pulling 40 
exhibitors and more than 600 attendees. Attendance has 
grown every year since the inaugural event in 2015, paral-
leling the growth of the regional solar market. Like those of 
other regional events, the agenda is tailored to companies 
doing business in the area or those that would like to do 
so. The schedule covers everything from state policy and 

regional business opportunities to solar-plus-storage and 
electric vehicles. Previous years have featured a full-day 
preconference workshop as well as after-hours networking 
events. — events.solar/southeast 

Solar Power Texas
Where: Austin, TX When: June 5–6
Another Solar Power Events–produced conference, Solar 
Power Texas serves the state of Texas, which famously operates 
its own independent electrical grid. In 2017, Solar Power Texas 
drew 400 attendees and had a sold-out exhibit hall. The pro-
gram centers on trends and policies that impact the growing 
solar and storage markets in Texas. Proceeds from the event—
and all others that Solar Power Events produces—benefit SEIA’s 
and SEPA’s year-round research, education, communications 
and outreach activities. Last year, Solar Power Texas featured 
a full-day preconference workshop as well as an after-hours 
networking event at Stubb’s Barbecue. The Hyatt Regency Lost 
Pines Resort & Spa is the host site. — events.solar/texas

David Brearley / SolarPro / Ashland, OR /  

david.brearley@solarprofessional.com / solarprofessional.com 
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2018 Solar and Energy Storage Conferences and Events 
Event Website Location Date

DistribuTECH Conference & Exhibition distributech.com San Antonio January 23–25

Solar Power Northeast events.solar/northeast Boston February 5–6

Solar Summit Mexico greentechmedia.com/events Mexico City February 13–14

NREL PV Reliability Workshops pvrw.nrel.gov Lakewood, CO February 27–March 1

Solar Asset Management North America solarassetmanagement.us San Francisco March 13–14

NABCEP Continuing Education Conference nabcep.org Niagara Falls, NY March 19–22

Solar Power Finance & Investment Summit infocastinc.com/event San Diego, CA March 20–22

California Solar Power Expo events.solar/expo San Diego, CA March 27–28

Solar Goes Corporate events.solar Boston April 27

Midwest Solar Expo midwestsolarexpo.com Minneapolis April 30–May 2

Solar Summit greentechmedia.com/events San Diego, CA April 30–May 2

PVPMC and Systems Symposium Workshop pvpmc.sandia.gov Albuquerque, NM May 1–3

Oregon Solar Energy Conference oregonsolarenergyconference.com Portland, OR May 1–3

Solar Power Southeast events.solar/southeast Atlanta May 15–16

Solar Power Texas events.solar/texas Austin, TX June 5–6

Grid Edge Innovation Summit greentechmedia.com/events San Francisco June 20–21

Grid Evolution Summit sepapower.org/events Washington July 9–12

Intersolar North America intersolar.us San Francisco July 10–12

Solar Power International solarpowerinternational.com Anaheim, CA September 24–27

Energy Storage North America esnaexpo.com Pasadena, CA November 6–8

US Energy Storage Summit greentechmedia.com/events TBD TBD (late 2018)

http://www.greentechmedia.com/events
http://events.solar/northeast
http://events.solar/southeast
http://events.solar/texas
http://www.greentechmedia.com/events
http://www.greentechmedia.com/events
http://www.greentechmedia.com/events
http://www.greentechmedia.com/events
http://events.solar/northeast
http://events.solar/expo
http://www.midwestsolarexpo.com
http://www.oregonsolarenergyconference.com
http://events.solar
http://events.solar/southeast
http://events.solar/texas
http://www.distributech.com
http://pvrw.nrel.gov
http://www.solarassetmanagement.us
http://www.nabcep.org
http://www.infocastinc.com/event
http://pvpmc.sandia.gov
http://www.sepapower.org/events
http://www.intersolar.us
http://www.solarpowerinternational.com
http://www.esnaexpo.com
http://solarprofessional.com
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GRID Alternatives (GRID), working 
closely with the Colorado Energy 

Office and Poudre Valley Rural Electric 
Association (PVREA), developed a 
1.95 MWdc community solar project 
on the southwest side of Fort Collins, 
Colorado. The project is the eighth 
community solar project installed as 
part of a statewide initiative to dem-
onstrate scalable models for electric 
cooperatives to broaden the reach of 
solar energy and reduce energy costs for 
low-income households.

Coyote Ridge will serve a variety 
of off-takers, with 1.2 MW of the plant’s 
capacity dedicated to low-income 
households, affordable housing provid-
ers and nonprofit organizations through 
PVREA’s community solar subscription 
program. Individual subscribers expect 

to save 30% or more on their monthly 
electricity costs. 

Under GRID’s community participa-
tion and workforce development model, 
job trainees, volunteers from the commu-
nity and employees from the utility came 
together to work alongside GRID staff in 
the construction of the PVREA project. 
Even with this diverse crew, the entire 
installation took just under 60 days.

The project is sited on a former 
landfill provided by Larimer County, 
adjacent to transmission lines, and 
has two terraced planes, calling for an 
upper and lower array. Solar FlexRack’s 
engineering team was on-site during 
foundation and tracker construction 
and responded quickly to resolve issues 
with the site’s rocky substrate and to 
streamline tracker installation.

Projects System Profiles 

GRID Alternatives
Coyote Ridge Community Solar Project
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Overview
DESIGNER: James Willett, design 

engineer, GRID Alternatives,  

gridalternatives.org

ELECTRICAL ENGINEERING: 
Andrew Humphrey Engineering,  

andrewhumphreyengineering.com

INSTALLATION LEAD:  
GRID Alternatives 

AC SUBCONTRACTOR:  
Circuitus Energy Solutions,  

circuitusenergysolutions.com

DATE COMMISSIONED:  
September 2017

INSTALLATION TIME FRAME: 
60 days

LOCATION: Fort Collins, CO, 40.5°N

SOLAR RESOURCE:  
5.36 kWh/m2/day

ASHRAE DESIGN TEMPS:  
89.6°F 2% average high, -9.4°F 

extreme minimum

ARRAY CAPACITY: 1.95 MWdc

ANNUAL AC PRODUCTION:  
3,380 MWh

http://www.gridalternatives.org
http://www.andrewhumphreyengineering.com
http://www.circuitusenergysolutions.com
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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

Typically, installers would trench 
for wiring; however, to reduce time 
and costs, the project transitioned to 
suspended cabling. Streamlined proj-
ect management and tight coordina-
tion enabled GRID’s team to install 
over 6,000 modules in just 2.5 weeks.

PVREA’s Coyote Ridge Commun- 
ity Solar Project had a hard stop for 
project completion. To take advantage 
of specific wholesale rates and reap 
the financial benefits that made the 
project viable, the team needed to 
complete the contract by the end of 
September. Through effective and flex-
ible management, GRID completed 
the project as agreed.

“The milestone community solar farm is 

paving the way for other affordable and 

scalable projects of its kind to come to 

fruition across Colorado and hopefully 

across the US.” 
—Chuck Watkins, Executive 
Director, GRID Alternatives

Equipment Specifications
MODULES: 6,102 Talesun TP672P, 

320 W STC, -0/+3%, 8.63 Imp, 37.1 

Vmp, 9.16 Isc, 45.5 Voc 

INVERTERS: 3-phase 480 Vac ser-

vice, 25 Yaskawa–Solectria Solar PVI 

60TL, 60 kW rated output, 950 Vdc 

maximum input, 540 Vdc–850 Vdc 

MPPT range

ARRAY: 18 modules per source  

circuit (5,760 W, 8.63 Imp, 667.8 Vmp, 

9.16 Isc, 819 Voc), 13 or 14 source cir-

cuits per inverter (for 13 source circuits: 

74.88 kW, 112 Imp, 667.8 Vmp, 119 

Isc, 819 Voc), 1.95 MWdc array total

ARRAY INSTALLATION: Solar 

FlexRack TDP single-axis tracking 

system, ±45° tracker rotation range, 

178° array azimuth

SUBPANELS: Two 800 A, one 600 A, 

one 400 A, each with 100 A breakers 

SYSTEM MONITORING: Locus 

Energy LGate 360 with Locus NOC 

data acquisition software platform

mailto:projects@solarprofessional.com
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Yaskawa-Solectria Solar BC

Company  Page Company  Page

‘Over the next 10 years “solar panel installer” will be one 
of  the fastest growing jobs in the US.’ 

-The US Bureau of  Labor Statistics

Building the clean energy workforce since 1990.

Advance your solar skills and network 
with the solar industry!

YEAR ROUND TRAINING:  
We offer industry-leading 
professional training for solar 
PV, solar thermal, and small 
wind systems. Both online and 
in-person! 
MidwestRenew.org

THE 29TH  ENERGY FAIR: 
Earn NABCEP CECs, learn
the latest in solar products, and 
network with the Midwest industry! 
June 15-17, 2018 in Custer, WI. 
TheEnergyFair.org

http://www.midwestrenew.org
http://www.theenergyfair.org
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The Elizabeth Mine Solar Project 
is part of a complex Superfund 

effort to clean up an abandoned cop-
per mine located between the towns of 
Strafford and Thetford, Vermont. After 
150 years of mining activity, the site 
left behind an old, unstable tailing dam 
that threatened downstream structures 
and up to 20 miles of Ompompanoosuc 
River tributaries with anoxic tailing, 
along with waste piles that leached 
acid-mine drainage into ground and 
surface water. 

Greenwood Energy, codeveloper and 
now owner of the solar installation, hired 
Conti Solar to install the 7 MWdc proj-
ect. Conti Solar’s extensive experience 

in working on Superfund projects influ-
enced Greenwood Energy in selecting it 
as the installation partner. These types 
of projects generally have strict require-
ments and call for frequent reporting 
and collaboration with government and 
regional organizations. Elizabeth Mine 
was no exception. 

A critical condition of the 
Elizabeth Mine solar site was that the 
team would construct the project on 
top of an unbreachable environmental 
(geosynthetic) cap. This prerequisite 
limited options for the solar system 
foundation. Conti Solar called on the 
Solar FlexRack engineering team to 
dial in a ballasted racking system that 

Overview
DESIGNER: Steven Lawrence, engineer-

ing manager, Conti Solar, contisolar.com

LEAD INSTALLERS: Alec Droussiotis, 

project engineer, Sean Harrington, 

regional manager, Conti Solar 

DATE COMMISSIONED: August 2017

INSTALLATION TIME FRAME: 120 days

LOCATION: Elizabeth Mine, Mine Road, 

between Strafford and Thetford, VT, 

43.5°N

SOLAR RESOURCE: 4 kWh/m2/day 

ASHRAE DESIGN TEMPS: 89.2°F 2% 

average high, -17.4°F extreme minimum  

ARRAY CAPACITY: 6.9993 MWdc

ANNUAL AC PRODUCTION: 9,100 MWh

Greenwood Energy
Elizabeth Mine Solar Project
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Projects

met the loading perspective for the  
site requirements. 

Loading restraints applied across 
the operation, calling for minimal 
ground disturbance. The site is located 
in a remote area with challenging access 
for large trucks, going from the highway 
to single-lane winding roads. Over the 
course of the project, more than 1,000 
trucks traveled into and out of the area. 
Conti Solar set mitigation plans in place 
to protect the roads with a survey of 
access road conditions prior to project 
initiation. Trucks entering and exiting 
the site could not go off road and had 
to stay within weight requirements of 
7 psi–8 psi. Final checks of the access 
routes’ road conditions after completion 
of work showed no damage to city roads 
or the highway. A third party carefully 
monitored the site for compliance dur-
ing construction, and Environmental 
Protection Agency officials made 
monthly visits to the site.

The Power Electronics inverters 
came on a prebuilt concrete skid con-
taining the integrated fused recom-
biner, close-coupled transformer, 
convenience power transformer and 
racking for the DAS equipment. The 
project’s interconnection required 
10 miles of upgraded fiber optic line, 
an upgraded regional substation and 
4 miles of upgraded utility lines. As 
an additional part of the reliability 

improvement, Green Mountain Power, 
the local utility, also upgraded 3-phase 
power lines throughout Stafford. These 
changes benefited the local community 
with an improved electrical system 
offering greater reliability. Today the 
reclaimed land around the Elizabeth 
Mine houses a renewable energy plant 
that generates clean solar electricity.

“The precast foundations and intelligent 

design of the Solar FlexRack fixed-tilt 

racking made installation faster than with 

others in the past. Schedules in solar 

installations are compressed, so having 

both qualified people on our team and our 

extensive Superfund project experience 

made for a smooth operation.” 

—Sean Harrington, Conti Solar

Equipment Specifications
MODULES: 19,998 Hyundai HiS-

S350RI, 350 W STC, -0/+3%, 9 Imp, 

38.7 Vmp, 9.6 Isc, 47.1 Voc 

INVERTERS: Power Electronics skid-

mounted inverters, three FS1801CU 

with 1,799 kW maximum output, one 

FS1201CU with 1,200 kW maximum 

output, one FS2000CU with 1,999 kW 

maximum output, 566 Vdc–900 Vdc 

MPPT range

ARRAY: 18 modules per source circuit 

(6,300 W, 9 Imp, 696.6 Vmp, 12 Isc, 

983 Voc); 17–23 strings per combiner 

(for 23-string combiner: 144.9 kW, 153 

Imp, 696.6 Vmp, 204 Isc, 983.8 Voc); 

400, 266 or 445 strings per inverter; 

6.9993 MWdc array total

ARRAY INSTALLATION: Ballasted 

ground mount, Solar FlexRack B3P-X 

fixed tilt racking, 180° array azimuth, 

21° array tilt

SOURCE CIRCUIT COMBINERS:  

50 SolarBOS CSK350C-24A-15-4XF 

AFCI, 15 A fuses

ARRAY RECOMBINERS: Power  

Electronics integrated NEC 2014– 

compliant recombiner per inverter,  

300 A and 350 A fuses

SYSTEM MONITORING: AlsoEnergy 

CH-E0-03
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http://en.longi-solar.com


Introducing Solectria XGI
The Next Generation of Inverters

Yaskawa Solectria Solar presents the latest innovation 
in inverter technology with the XGI Inverter Series. The 
XGI 1000 Commercial String Inverter and XGI 1500 
Utility-Scale Inverter set a new standard for quality 
and reliability in the PV industry. Backed by Yaskawa’s 
quality standards, the XGI Inverters are built to last with 
each component tested and verified to last well beyond 
25 years.  

•	Made in the USA with global components
•	 Lowest total installed cost
•	 Lowest O&M cost
•	 Advanced grid features
•	Remote diagnostics and upgrades

Contact the Yaskawa Solectria Solar team today to 
learn how the XGI Inverter Series’ unrivaled quality 
can help meet your project needs.

Yaskawa Solectria Solar     1-978-683-9700     solectria.com

http://www.solectria.com
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