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That Can Charge an Electric Car
Shorten sales cycle and increase ASP by offering your customers
the only solar inverter that can power their electric vehicle

Now Your Customers 
Can Take Their Solar 
on the Road
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When PV efficiency gets better, home solar buyers win. Introducing the all-new HIT®+ premium series. 

HIT®+ modules boost panel efficiency to over 20%, putting it among the elite few to achieve this 
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Next generation inverter designs for renewable energy demand reliable DC 

link capacitors with higher capacitance values, voltage, and current ratings.  

Available in new case sizes and ratings, Cornell Dubilier’s Type 947D power 

� lm capacitors o� er the highest bulk energy storage, ripple � ltering and life 

expectancy for wind and solar power inverter designs, as well as electric vehicle 

applications.  Select from hundreds of standard catalog listings, or connect with 

CDE engineers to develop special designs to your requirements.

For technical information, visit cde.com/solutions/inverters

DC link power fi lm capacitors

Type 947D
High Density, DC Link Capacitors

TYPE 947D POWER FILM CAPACITORS

85, 90, 100 & 116 mm CASE SIZES

CAPACITANCE VALUES TO 3600 µF

APPLIED VOLTAGE TO 1500 Vdc

RIPPLE CURRENT RATINGS >100 Arms
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Multiple HYDAC USA-based 
manufacturing facilities provide 
our customers the fl exibility to 
meet immediate needs and the 
ease to develop and implement 
solutions.

•  BN4HX Filter Element – Designed 
for heavy duty wind environment and 
long maintenance intervals

•  Filter Housings, NF (simplex) – 
A two-stage (course/fi ne fi ltration) 
design with integral bypass 
protection

•  GW Sensor – Placed in the 
fi lter housing for more precise 
measurement, it sends a signal if 
the element is suddenly retaining 
increased material

•  AS1000 Aqua Sensor – Reads 
humidity level in the gearbox and 
can set a parameter to send a signal 
when high

•  EY1356 Switch Sensor – A magnet 
collects material and closes the 
loop sending a warning signal of a 
possible issue

•  Split Housing Uptower Cooler 
(UTC Series) – Eliminates the need 
for a costly external crane, saving 
time and money

•  HYROFLEX Cable Clamps – Part 
of a system of various mounting 
supports for securing power cables 
in wind turbines. Two styles available 
half moon and star.

www.HYDAC-NA.com | www.HYDAC.com

WIND ENERGY SOLUTIONS
to keep your systems turning!

NF Filter 
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Aqua Sensor
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Aqua Sensor
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Clamping Solutions

With a strong nationwide presence and over 50,000 system installations, HYDAC stands out as a leader in 
the Wind market. Our dedicated Wind fi eld sales and service team is supported by a network of experienced 
engineers to meet any and all challenges, from new designs and solutions to upgrades and retrofi ts, HYDAC 
is your one stop solution!

Clamping Solutions

Split Housing 
Uptower Cooler
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The last few years have brought unprecedented wind 
growth and development to the United States. Project costs 
have continued to fall and stay low. In fact, after topping 
out at 7¢/kWh for power purchase agreements (PPAs) in 
2009, the national average price of wind PPAs has dropped 
to around 2¢/kWh, reports the DOE. However, even as the 
production tax credits phase-out (the PTC is scheduled 
to decrease annually until 2019 when the credit received 
reaches 40% giving those projects until 2023 to complete) 
the sector continues to advance and evolve in new ways.

• Expect more powerful turbines. The average utility-
scale wind turbine installed in 2017 was rated at 2.32 
MW, according to AWEA. However, new orders for 
wind include land-based turbines above 4 MW for the 
first time in the country. Manufacturers are also pushing 
the capacity of offshore turbines. For example in 2018, 
MHI Vestas launched its first-ever 10-MW wind turbine 
and GE introduced the 12-MW Haliade-X. 

• The future is floating. Researchers are evaluating 
floating wind structures, which allow siting offshore 
turbines in deeper water where fixed-foundations are 
unfeasible — and where roughly 60% of offshore wind 
resources are found in the U.S. America’s first floating 
offshore wind farm is expected in Northern California.

• Turbines are getting smarter. Digitally connected 
sensors and AI-driven software mean turbines 
can anticipate and react to changing conditions, 
predict component longevity, and communicate 
with remote data centers or the grid. Artificial 
intelligence will increasingly automate O&M 
operations over the next several years, boosting 
productivity and saving costs, suggests a “Making 
Renewables Smarter” report from DNV GL.

• Corporations are buying clean power. According 
to a market outlook report from Bloomberg 
NEF‘s, corporations purchased more than 7 GW 
of renewables in 2018 (60% of which was in the 
U.S.), surpassing the previous year’s record of 5.4 
GW. Currently, Facebook leads the market and 
has committed to 100% clean energy by 2020, 
recently signing for more than 3 GW of new wind 
and solar energy.

• Wind supports farmers. Wind energy is a drought-
resistant cash crop that farmers may rely on. Wind 
provides an advantage for farmers and ranchers 
who volunteer small portions of their land for turbine 
placement in exchange for lease payments that total 
some $267 million a year, says AWEA. 

Growth in wind power is expected to continue for the 
foreseeable future, so it’s best to avoid getting too 
comfortable with current advances — more are certainly 
on the way soon. “The wind is always blowing in the 
U.S. and the latest wind-turbine technology helps 
affordably and reliably put more of that natural resource 
to work,” said Kiernan in an AWEA Q3 release. That is 
encouraging news. 

“GREAT THINGS NEVER CAME FROM 
COMFORT ZONES,” stated a recent 
advertisement in a community newspaper. The 
statement could have referred to the wind-power 
industry. The American Wind Energy Association 
(AWEA) recently released its 2018 third-quarter 
report, noting that seven states are near doubling 
their capacity to generate electricity from the wind.

These include onshore projects under 
advanced development in Arkansas, Nebraska, 
New Mexico, South Dakota and Wyoming — and 
the coastal states of Maryland and Massachusetts, 
where offshore wind is set to scale up in a big 
way. Yes, the offshore wind industry is coming 
to America. Such progress only happens when 
policymakers, investors, and developers are striving 
for change outside of their comfort zones.  

U.S. wind farms represent 90,550-plus 
megawatts (MW) of electricity generating capacity, 
according to AWEA. According to the U.S. 
Department of Energy (DOE), the offshore wind 
project development pipeline includes more than 
25,000 MW of planned generating capacity, 
with 2,000 MW expected to begin commercial 
operation by 2023 or sooner. New York, New 
Jersey, and Massachusetts have made big 
commitments to offshore wind. California is 
anticipating floating wind and the West Coast’s 
first offshore auction (see page 26). 

What’s more is the far-reaching economic 
impact the offshore wind industry is expected to 

bring to the country. New analysis from business 
group E2 found that offshore wind could triple the 
number of wind jobs in five Atlantic coast states 
(think some 25,000 construction and operations 

jobs), substantially benefitting the U.S. 
economy. That’s in addition to the 

105,000-plus workers who already 
have wind-powered careers in one 
of each of the 50 states.

THE RISE OF

WIND POWER
MICHELLE FROESE
E D I T O R
Windpower Engineering & Development
@ForRenewables
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Top states for cumulative wind capacity through Q2 2018

Texas (23,262 MW)
Oklahoma (7,495 MW)
Iowa (7,312 MW)
California (5,686 MW)
Kansas (5,110 MW)

Top states in total new wind capacity in 2017

Texas (2,305 MW)
Oklahoma (851 MW)
Kansas (659 MW)
New Mexico (570 MW) 
Iowa (397 MW) 

Top states according to percentage of 
total wind generation

Iowa (36.9%)
Kansas (36%)
Oklahoma (31.9%)
South Dakota (30.1%)
North Dakota (26.8%)

Tops states for cumulative investment in  
wind energy as of 2017

Texas ($42 billion)
Iowa ($14.2 billion)
Oklahoma ($13.7 billion)
California ($12.6 billion)
Kansas ($9.4 billion) 

Top states for active wind research projects  
from the Department of Energy’s  
Wind Energy Technologies Office

Colorado (41)
New Mexico (14)
Washington (12)
Illinois (10) 
California (8) 
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CA

WA

TOP WIND 
   STATS

There’s a lot to consider when 
selecting a state in which to do 
wind business. Here’s a quick way 
to look at which states are excelling 
in the industry and in what ways. 
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Top states for number 
of wind turbines

Texas (12,750 turbines)
California (6,972 turbines)
Iowa (4,145 turbines)
Oklahoma (3,717 turbines)
Kansas (2,795 turbines)

Top states for approximate 
total wind jobs

Texas (25,000 jobs)
Oklahoma (9,000 jobs)
Iowa (8,000 jobs)
Colorado (6,000 jobs) 
Illinois (6,000 jobs)  
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IA
IL

TX

VA
NCOK

KSCO
NM

ND
SD

Information from AWEA, Department of Energy

MA

NJ

Top states for offshore 
wind project pipelines

Massachusetts 
New Jersey
New York 
North Carolina 
Virginia
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CASTROL OPTIGEAR SYNTHETIC CT 320 

THE LONGEST TRACK RECORD, 
LONGEST OIL LIFE AND 
LONGEST GUARANTEE.
•  Castrol has over 30 years of experience and knowledge in the wind industry.
•  Our Optigear CT 320 gear oil is running on its 10th year without intervention.
•  An industry leading guarantee gives you the confidence you’ve chosen the very best.

Discover why leading turbine manufacturers and energy companies opt for Castrol Optigear.

For more information go to castrol.com/windenergy  
or call 1-877-461-1600
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THE LAST DECADE HAS LED TO STRONG GROWTH IN 
THE WIND INDUSTRY. The overall capacity of wind turbines 
installed worldwide at the beginning of 2018 was 539 GW, 
according to the Global Wind Energy Council. This means that 
all of the turbines installed covered more than 5% of electricity 
demand worldwide. There is a clear demand for a clean, 
renewable energy source and reduced harmful emissions. 

Such successful wind development is possible, in part, to 
the continuous improvements and enhancements to turbine 
equipment and component design. Engineers have had to 
keep up with demands for increased wind-turbine sizes and 
power outputs, which have meant advances in operation and 
reliability of key turbine components, such as the gearbox.

Typical gearbox problems
Although there are several uses for gearboxes in wind turbines 
— including the yaw-drive gearboxes that position the nacelle 
relative to the wind direction and pitch drives that adjust the 
blade angle of attack — the main gearbox has garnered critical 
attention from engineers. It is designed to speed the slow, high-
torque rotation into a much faster rotation for the generator. 
And few of these machines make it past the 10-year mark.

Today’s geared turbine typically has a three-stage gearbox 
with a low-speed planetary stage and two parallel stages. 
Engineers use planetary gears to design gearboxes that are 
durable enough to withstand the harsh loading conditions and 
small enough to fit into a nacelle. 

Image: Global Wind Energy Council

HOW TO MAINTAIN 
WIND-TURBINE 
GEARBOX & OIL HEALTH

By Frank May, 
service engineer, 
GlobeCore GmbH

A well-lubricated gear-
box is critical to reliable 
wind-turbine operation. 
For ideal gearbox health, 
choose gear oil that offers 
anti-foam properties and 
is blended with a bal-
anced formulation.
Source: GlobalCore
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The harsh conditions typical of wind-farm operation 
certainly take a toll on a turbine and its components. Factors 
that may adversely affect the main gearbox include variations 
in wind speed and direction, temperature, vibration and 
the ingress of moisture. These factors make the gearbox a 
vulnerable component of a turbine’s drivetrain.

Problems that occur in gearboxes include surface damage 
such scuffing and micropitting. Cracks at the surface of gears may 
also lead to pitting or tooth-root breakage and possible bearing 
failure. Micropitting is a starting point for a chain of destructive 
events that, if left unchecked, may result in tooth breakage and 
the need to replace the gears. Along with the stress of a constantly 
changing load, micropitting is also caused by insufficient lubricant 
film thickness, incorrect lubricant viscosity and foaming.

The cost of gearbox maintenance and replacement — 
including the cost of turbine downtime for operations and 
maintenance (O&M) and repairs — are a significant part of wind 
farm’s operating losses. The condition of gearbox oil is one 
critical factor that may impact O&M costs.

A high-quality oil 
change service 
in wind-turbine 
gearboxes reduces 
asset downtime and 
typically takes less 
an hour. 
Source: GlobalCore

Registered and Certified  
to ISO_9001 and AS9100.

From economy commercial  
to aerospace approved, 
we’ve got it all!

Aurora Bearing Company
901 Aucutt Road
Montgomery IL. 60538

complete library of CAD drawings and 3D models available at:
w w w . a u r o r a b e a r i n g . c o m

Your 
Partner 
moving 
forward!

R

Rod Ends and 
Spherical 

Bearings designed 
and manufactured to 

Aurora’s exacting 
standards for quality 

and durability.

Whether you need a custom solution or one of our standard products, Deublin’s proven  
engineering expertise and market experience will help propel your most powerful ideas.

Visit WWW.DEUBLIN.COM to select and order your optimal solution today!

847-689-8600  |  cs@deublin.com  |  www.deublin.com

Be More Limitless.

03 TechnologyComponents REH19_Vs4kp.indd   16 12/19/18   1:08 PM



2019 RENEWABLE ENERGY GUIDEBOOKWINDPOWER

17WINDPOWER ENGINEERING & DEVELOPMENT — 2019 RENEWABLE ENERGY GUIDEBOOKwindpowerengineering.com

Gearbox oil health 
The main purpose of gearbox oil is to reduce friction. 
However, it also keeps the gearbox clean and protects the 
metal surfaces from corrosion. A higher quality oil or lubricant 
typically means a more reliable gearbox.

A lubricant is selected based on such factors as: 

•	 Viscosity:	the	oil’s	consistency	or	resistance	to	flow	
• Viscosity index: used to characterize the viscosity-

temperature behavior of lubricating oils, for example
• Pour point: the lowest temperature at which the oil will 

flow	under	given	conditions
•	 Additives:	protective	properties	such	as	anti-scuffing	and	

anti-foaming 
• Cost 

Synthetic oils have a reputation for improved performance over 
conventional mineral-based oils. For example, synthetics have a 
lower pour point than mineral oils, which let the gearbox operate 
more	efficiently	in	colder	ambient	temperatures.	Synthetic	oil	
also has higher a viscosity index — its viscosity changes less with 
temperature	fluctuations	compared	with	that	of	mineral	oil.	

Gearbox oil deterioration is associated with oxidation 
due to heat, contamination and additive exhaustion. Water is 
the most troublesome of the contaminants. While particulate 
matter	and	sludge	may	be	filtered	out,	it	is	difficult	to	remove	
water from the gearbox without a complete oil change.

GlobeCore offers 
CMM-G and CMM-GL 
units	that	drain	and	fill	
gearbox oil and clean 
the gearbox in wind 
turbines. These units 
facilitate quick servicing 
and can be used with 
wind turbines made by 
various manufacturers.

For most wind-turbine gearbox oils, the critical 
concentration of water is less than 500 ppm. When water 
content exceeds this limit, the lubricant degrades with additive 
sedimentation.	Water	also	causes	film	breakdown,	oil	oxidation	
and corrosion. The recommended purity of wind-turbine 
gearbox oil is at least 16/14/11, according to ISO 4406.

When to change the oil
The	oil	filter	in	the	gearbox	should	be	changed	after	the	
first	500	hours	of	operation.	After	one	year	of	operation,	an	
oil sample should be taken to determine its viscosity, water 
content, acid number, contamination with particulate matter, 
and additive exhaustion. After two years, some recommend 
a complete oil change, even if its quality approximates the 
standards.

Periodic analysis of the oil is ideal because even a high-
quality product is no guarantee of gearbox health. However, 
manually changing the oil is a challenging and time-consuming 
task. Workers lift and lower oil in special canisters using lifting 
devices (either elevators or ladders). This requires a team of 
three or four technicians and about eight hours of work time.

Time and labor costs can be reduced by using specialized 
oil-change equipment that facilitates quick servicing by using 
an integrated oil containment and transportation tanks. The 
gear should include an oil heater to reduce viscosity and speed 
oil	pumping,	and	flushing	oil	to	clean	the	gearbox.	It	should	
also mitigate the risk of oil spills for a safe environment. 
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NEW ADVANCES IN WIND-TURBINE 
COMPONENTS

B y  M i c h e l l e  F r o e s e , 
e d i t o r

A WIND TURBINE IS ONLY AS GOOD AS THE SUM OF 
ITS PARTS. However, choosing components that operate 
with minimal maintenance or repairs is a challenge at wind 
farms. Almost without exception, turbines operate under 
extreme conditions that put these powerful machines 
under considerable stress and wear.

Over time, operations and maintenance (O&M) costs 
can easily add up to 25% or more of the total levelized cost 
per kilowatt-hour produced over the lifetime of a turbine. 
One way to prolong component health is to choose quality 
maintenance products to compliment a rigorous O&M plan.

To this end, engineers and manufacturers are 
continually improving turbine components for greater 
durability and reliability. To get an idea of what’s new, 
here’s an update on recent developments for a few 
important turbine components.

Slip rings
A slip ring is used to transfer electric current from a 
stationary to a rotating unit. Wind turbines require 
reliable transmission of power and data signals from 
the nacelle to the control system for the rotary blades, 
and this is where a slip ring functions. The electrical 
connections from the top box to the hub pass through 
a slip ring, which allows the cabling to rotate. In some 
turbines, the center of the slip ring rotates while the 
outer portion is stationary. In other units, the outer 
portion rotates while the center is held stationary. 

Regardless of the design, it is important to 
consider the quality of the materials used, the annual 
maintenance required and the overall life expectancy 
when selecting slip rings for wind turbines. Although 
slip rings once had a reputation for power losses 
and limited capacity, that is no longer the case. A 
wide selection of circuitry is available depending on 
the power requirements, with many combinations of 
amperage and voltage (ac or dc). Advanced designs can 
transfer higher wattage with decreasing power loss. 

For example, supplier United Equipment Accessories’ 
(UEA) slip rings have handled over 55 kW for pitch 
control motor use with circuits rated over 100 amps and 
690 VAC. The company points out that wattage transfer 
capacity and power losses may be affected by various 
factors and recommends custom-designed slip rings 
in many turbine applications to ensure proper capacity 
and function. UEA also says material considerations are 
important for reducing O&M. For example, the use of 
solid silver rings rather than wearable plating better 
maintains communication circuit efficiency and reliability.

Brushes
Brushes are a small but important part of a wind turbine. 
A brush is an electrical conductor that works with slip rings 
and brush holders, protecting components from static 
electricity and lightning strikes. Worn or low-quality brushes 
can wear on a slip ring, causing it to degrade prematurely.

Although copper brushes are widely used in the 
wind industry, turbine manufacturers and operators are 

A slip ring from UEA is designed to withstand the 
harsh environments in wind turbines and uses solid 
brushes and rings stacked in a manner that saves space.
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reconsidering the use of silver brushes. Copper has typically been 
the metal of choice because it is fairly reliable and cost-effective. 

However, according to manufacturer BGB Technology, 
silver brushes are proving more effective for longevity and 
lifetime performance. In fact, silver brushes are typically used 
in offshore wind turbines because of their wider operating 
range, reliable conductivity and durability in harsh conditions. 
Wind operators who select silver brushes for offshore or 
onshore use may pay more now, but benefit from fewer repairs 
and brush changes long term.

Pitch control
Wind turbines are built with emergency pitch-control 
systems to protect the asset from damage during excessive 
wind speeds or a grid power loss. The pitch system is vital 
to safe operation, shifting a turbine’s blades out of the 
wind and slowing down the rotor to stop the turbine from 
spinning out of control.

According to industry data, however, pitch-control 
system failures account for nearly a quarter of all downtime 
in wind turbines. Unplanned maintenance costs relating to 
battery problems in pitch-control systems include voltage 
faults, degraded performance in cold and hot weather, and 
unexpected tower climbs to replace failed battery systems.

An alternative to battery-based systems is 
ultracapacitor-based energy storage for the pitch system. 
Ultracapacitors are high-powered devices that store charge 
electrostatically. In contrast, lead-acid batteries operate 
electrochemically with inherent disadvantages due to the 
nature of their chemical process. 

According to Maxwell Technologies, 
a global developer of power storage and 
delivery solutions, ultracapacitors offer much 
greater efficiency and reliability in emergency 
pitch controls and require no scheduled 
maintenance for 10 years or longer. This 
contributes to greater wind-turbine uptime 
and reduced O&M costs.

TOP: Silver may be more cost-
ly than copper alternatives, 
but silver brushes typically last 
two to three years longer. 
Source: BGB

LEFT: Maxwell Technologies’ 
ultracapacitor retrofit modules 
replace existing batteries for 
reliable and fail-safe pitch 
system performance.
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Bearings
Strong wind loads mean great demands are 
placed on a turbine’s gearbox and main-shaft 
bearings. Bearings that can provide the highest 
possible performance potential in a compact 
design are ideal for reducing the overall 
component size, weight, and manufacturing costs 
in wind turbines. Recently, tapered roller bearings 
have demonstrated desirable performance in a 
number of new wind-turbine applications when 
compared with a conventional spherical roller.

Spherical bearings are composed of 
raceways that are rounded (spherical) on the 
inside axially. In tapered bearings, which are 
smaller in size, the rings and the rollers are 
tapered in the shape of truncated cones to 
simultaneously support axial and radial loads. 

The Timken Company, a global manufacturer 
of bearings and related components, has found 
that tapered bearings offer an increased power 
density, thereby reducing the overall cost of 
energy. What’s more is they can bear both thrust 
and radial loads, providing high performance in 
harsh conditions and unpredictable changes in 
wind speed and direction.

However, Timken says that it is imperative 
that the specific demands of the application 
are first considered. This means there is no one 
correct bearing for all applications, onshore or 
offshore. For example, in extreme conditions 
— and particularly in offshore turbines — a 
bearing’s geometry, clearances and load 
capacity are typically custom-engineered to 
meet the specific operational conditions.

High performance from the gearbox 
and main-shaft bearings depends on ex-
acting clearances for a specific turbine’s 
design and desired power output. Slight 
over or under-sizing can lead to serious 
performance problems. The Timken 
Company says its engineered bearings 
feature precision tolerances, proprietary 
internal geometries and quality materials.
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Cables
Now that the U.S. offshore wind sector 
has one working wind farm and more 
projects in the pipeline, it is time to 
start thinking about subsea cables that 
transmit electricity to a mainland grid. 
Industry stats show that cable damage 
accounts for as much as 80% of insurance 
claims at offshore wind farms. 

Unlike onshore wind-farm 
installations, offshore cabling routes 
are also more difficult to access, let 
alone install or repair cable effectively. 
PMI Industries, which specializes in 
manufacturing and testing underwater 
cable hardware, says cable faults 
typically occur when subsea equipment 
is deployed from a vessel or retrieved 
from the water and fails due to the 

A PMI helical rod cable 
termination is installed 
in a testing machine to 
sample the termination’s 
dynamic tension 
capability and measure 
its maximum grip.
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extreme tension placed on the 
attached subsea cables. 

The stress and tension build 
at the equipment’s attachment 
point unless a proper underwater 
cable termination or grip is in 
place. PMI suggests using full-
strength, underwater helical cable 
terminations during deployment 
and retrieval of subsea equipment 
to prevent cable faults. With a 
helical termination, stresses that 
would occur at a localized point are 
instead dispersed over the length of 
the cable. 

One benefit of the company’s 
helical wire terminal system is that it 
installs anywhere along the length of 
a cable without access to the cable 
end. In addition, it needs zero tools 
or cable prep.

One other idea to reduce 
cable faults is to use an integrated 
protection system for offshore wind-
farm cables in wind turbines and 
substation platforms. Trelleborg’s 
Njordguard cable protection uses 
API 17L-certified Uraduct material, 
which is highly abrasion-resistant 
and can travel over the seabed 
floor without drag or snagging risks. 
Trelleborg says the extendable 
cable system fits monopile and 
J-tube applications, requires minimal 
assembly, and can be manufactured 
to meet any diameter cable. 

Most notably for offshore wind, 
the system improves safety because 
it installs, and can be removed and 
reused, without the use of divers 
or underwater remote-operating 
vehicles. 
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“IT’S NEARLY HERE. IT’S JUST AROUND THE CORNER!” 
shared American Wind Energy Association (AWEA) CEO Tom 
Kiernan at the opening session of 2018 AWEA Offshore Wind 
Conference in Washington, D.C., last October. He’s referring 
to the message relayed over the last few years that the 
offshore wind is coming to the United States. “That’s no longer 
just a message. This is an exciting, transformative time when 
offshore wind is happening now.” 

In his statement, Kiernan acknowledged the momentum 
of the sector as offshore auctions, project siting and 
development occurs. This includes port infrastructure and 
vessel prep for the new industry. 

“We’ve got 30 MW in the water right now,” he said, 
referring to the first commercial offshore wind project in the 
United States, the five-turbine Block Island Wind Farm off the 
coast of Rhode Island. “We expect 1,500 MW online by 2023 
and 8,000 MW in the water by 2028, which is leading to some 
40,000 jobs in our offshore wind industry.”

Although offshore wind energy is still in the early stages 
of development in the United States, policymakers and 
developers are working diligently to push the industry forward. 

According to the U.S. Department of Energy, more than 
two-dozen offshore wind projects with a generating capacity 
of over 25 GW are in the planning stages, mainly off the U.S. 
Northeast and mid-Atlantic coasts. 

“Fundamentally, we have a quality product…a strong 
offshore wind resource that kicks in when electricity is in high 
demand,” added Kiernan during his presentation. “Costs are also 
coming down as we’ve already seen in the onshore market.”

Liz Burdock agrees. She is the co-founder and executive 
director of the Business Network for Offshore Wind, a national 
non-profit organization dedicated to building the U.S. offshore 
wind supply chain. “The benefits of offshore wind are numerous. 
This includes jobs — and once we hit 8 to 10 GW in development, 
which will likely happen sooner than anticipated, may grow quickly 
in excess of the 96,000-mark. Benefits also include clean-energy 
production that’s near the load centers, a reduction of CO2 
emissions as well as many health and economic advantages.” 

Burdock says the benefits are near impossible to ignore. 
However, if the developing sector is to maintain its momentum 
and grow efficiently, the appropriate support structure is 
necessary. “One of the biggest challenges we face is supply-

OFFSHORE WIND 
POWER IS COMING 
TO AMERICA

According to the Department of 
Energy, the offshore wind project 
pipeline in the United States has 
reached a total of 25,464 MW of 
capacity across 13 states, including 
the 30-MW Block Island Wind Farm 
off the coast of Rhode Island.

By Michelle Froese, editor
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OFFSHORE SKILLS 

chain capacity,” says Burdock. This includes port infrastructure, 
transport vessels, and storage and manufacturing support. 

“Do we have enough U.S. businesses that can participate 
and deliver these projects on budget and on time?” she asks. 
That’s the one question we have to answer as the industry 
pushes forward. “The ports are vital,” she adds.

Over the past year, numerous advances took place to secure 
offshore projects in the country. Here are a few promising ones.

• New Jersey opened the nation’s largest single-state 
solicitation of offshore wind to date for 1,100 MW. This is 
the first step in meeting the state’s goal of 3,500 MW of 
offshore wind by 2030. 

• The Bureau of Ocean Energy Management (BOEM) held 
another offshore wind auction in December that included 
nearly 390,000 acres offshore Massachusetts. The auction 
was for three offshore wind lease areas, with winning bids 
totaling a record-breaking $405 million from Equinor, 
Mayflower Wind Energy (a joint venture between Royal 
Dutch Shell and EDP Renewables), and Vineyard Wind. 
According to the BOEM: “The auctioned Massachusetts 
lease areas could support approximately 4.1 GW of 
commercial wind generation.”

• California’s Redwood Coast Energy Authority, with support 
from a consortium of private companies, submitted a lease 
application to the BOEM for a 100 to 150-MW floating 
offshore wind farm, more than 20 miles off the coast of Eureka.

• New York set a goal of 2.4 GW of new offshore wind 
generation by 2030. The first phase of the state’s 

procurements includes obtaining about 800 MW of offshore 
wind in 2019, which would create thousands of new jobs. 
New York Governor Andrew Cuomo said: “Robust offshore 
wind development is not only critical to meeting our clean 
energy and carbon reduction goals, but this investment 
has the potential to create thousands of jobs and fuel a $6 
billion industry for New York as it combats climate change.”

• Connecticut announced that it will procure 200 MW of 
offshore wind power from what’s now Ørsted’s Revolution 
Wind project (since the company acquired Deepwater 
Wind, the original project owner). The wind farm will be 
built in the 256-square-mile federal Wind Energy Area 
between Block Island and Martha’s Vineyard. This is the 
same area Deepwater Wind also intended to build the 
90-MW, 15-turbine South Fork Wind Farm, a project that 
would deliver power to southeast Long Island.

• The Maryland Public Service Commission awarded ORECs 
or offshore wind renewable energy credits to U.S. Wind. 
The developer plans to build 268 MW of nameplate 
capacity of offshore wind off the coast of Ocean City, 
which will grid-connect into Delaware.

• A recent federal review of Ohio’s proposed Icebreaker 
Wind project in Lake Erie found zero significant 
environmental impacts, including no significant effect on 
migratory birds. The six-turbine, 20.7-MW demonstration 
project is the first proposed freshwater wind farm in North 
America, 8 to 10 miles off the coast of Cleveland. 

For a detailed list of the country’s offshore wind pipeline, visit 
offshorewindus.org/about-offshore-wind/usmarketoverview

THE UNIVERSITY OF DELAWARE has launched the first 
offshore wind skills training program in the United States: 
the Offshore Wind Skills Academy. According to the 
University, the Academy will focus on the skills necessary to 
build a domestic industry such as permitting, environmental 
assessments, and local suppliers and vessels.

“The northeast states in the U.S. have committed 
to 10,000 MW of offshore wind to be built in the next 10 
years,” said Willett Kempton, a new director of the Offshore 
Wind Skills Academy, in a recent press statement. “That is 
the equivalent of building an entire nuclear power complex 
each year for the next 10 years.” Meeting this demand will 
undoubtedly require significant effort by American companies 
interested in entering the offshore market and global wind 
companies learning about operating in the United States.

“We want to be part of the overall effort to train 
the professionals, managers, and new entrants to this 
industry,” added Kempton.

After introductory classes in early 2019, the Offshore 
Wind Skills Academy will offer classes in May and 
November each year, adding topics over time. Other 
courses under development will address engineering, 
financing and construction planning. 

Learn more at pcs.udel.edu/wind. 
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LOCATION, LOCATION, LOCATION!
CRITERIA FOR WIND FARM SITE SELECTION ARE 
NUMEROUS. FORTUNATELY, SO ARE RESOURCES B y  B a r b a r a  R o o k ,  c o n t r i b u t o r

COLD CLIMATE (CC) LOCATIONS offer the most productive, yet 
most challenging, development opportunities in the wind industry. 

According to The International Energy Agency Wind 
(IEA Wind) Task 19’s most recent Recommended Practices 
report, “lack of knowledge…and the lack of proven and 
economical technological solutions” at these locations have 
limited wind development in CC sites.

“Cold climates offer better wind energy,” explains 
Ville Lehtomaki, managing director at Finland’s Kjeller 
Vindteknikk Oy. Lehtomaki acts as the coordinator for IEA 
Wind Task 19. “The lower the temperature, the higher the 
air density — which equates to more energy in the wind,” 
he adds, noting that wind speed is the primary criteria in 
wind-farm site selection considerations.

On the other hand, CC projects involve higher risks and 
additional costs, stated Task 19’s annual report. One of those 
risks is ice throw, which Task 19 addresses in a new publication 
that was released at the end of 2018. Low-temperature 
working conditions and population density must also be 
considered. For example, countries such as Canada and 
Scandinavia where population density is low, typically offer 
lower safety risks, Lehtomaki explains.

No matter the type or location of a site, mapping 
all potential risks is the key to any successful wind-farm 
investment, says the Task 19 report. That means using 
existing icing and wind maps, predictive models and onsite 
measurements. Site assessment is the most important phase 
because other project decisions are based on those results. 

Extensive site measurement is 
among the best practices Task 19 
identified previously, including ice 
measurements for at least a year, 
which must account for year-over-year 
variability. These factors can impact 
site access and working conditions

A thorough risk assessment 
should also factor in the quality of 
the selected turbine, as well as the 
experience of the project installers, 
contractors and operators. Ideally, 
the risk assessment should inform the 
requirements for the wind turbines, 
equipment, manufacturing, installation 
and operation. 

Cold climates offer big potential for wind-
farm developers who are willing to conduct 
adequate siting and risk assessments. 
However, it is critical to choose the ideal 
turbine models for the region, equipped 
with ice-protection systems if necessary.
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In addition, a risk assessment must ensure that the 
selected turbines are only operated under the conditions 
for which they have been certified. Consider site-specific 
conditions when assessing if an ice-protection system may 
be required, and evaluate different ice protection systems 
for their site suitability

Other critical considerations in wind-farm site 
selection include site power supply; health, safety and 
environmental concerns; and low-temperature climate 

classifications, among others.

Site-selection resources
The U.S. Department of Energy’s WINDExchange offers 
tools for modeling, mapping and optimizing wind-power 
applications. That includes models for predicting financial 
and economic outcomes, understanding potential 
habitat implications and identifying legal considerations. 
WINDExchange also offers multiple wind-site analysis tools. 

For example, the Wind Prospector tool “helps 
developers view high-level siting issues with large-scale 
wind farms by providing easy access to GIS-based wind 
resource datasets and other data relevant to siting wind-
power projects,” according to the WINDExchange website.

Among other available maps is the Wind Power Icing 
Atlas (WIceAtlas) from Finland’s VTT Technical Research 
Center. Using historical icing weather condition data, 
WIceAtlas estimates the impact of icing on annual energy 
production. 

“This information is critical since there is a lack of 
international standards for estimating icing losses in any 
way,” notes VTT. The publicly available WIceAtlas also 
identifies ice throw risks, wind-turbine lifetime, and use of 
appropriate turbine models for the intended site.

In addition to consulting cold hard facts, Task 19 also 
recommends surveying nearby land and wind-farm owners 
about CC conditions in the area. The updated report 
focuses on available technologies for solving CC challenges.

“We want to gather all the available information 
and be a hub for all best practices,” says Lehtomaki. The 
updated 2019-2021 Work Plan is “extremely ambitious,” 
he adds. “And we’re going to be doing some very new 
things.” 

Cold climates offer better wind energy. The 
lower the temperature, the higher the air density 
— which equates to more energy in the wind.

An updated version of 
IEA Wind Task 19’s Rec-
ommended Practices 
report is available at 
community.ieawind.org
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COMPARING FALL-PROTECTION SYSTEMS? 
HERE’S WHAT YOU SHOULD KNOW

B y  M a r k  D e l  F r a n c o ,  c o n t r i b u t o r

The effectiveness of fall-protection 
gear, no matter how durable or reliable, 
is at risk when workers fail to use it prop-
erly. That’s why contractors or wind op-
erators should enlist a training program 
to ensure technicians working at height 
use equipment safely and correctly. 

IN AN IDEAL WORLD, every wind technician would be 
outfitted with a flexible fall-arrest system weighing less than five 
pounds. Such a system would easily attach to the tech’s harness 
without entanglements or encumbrances during climbs.  

“The issue with a fall-arrest system is that it hangs off of 
you,” explains Neal Gyngard, founder of TCGM, a network of 
wind-turbine technicians. “It needs to be integrated in a way 
that prevents it from getting hung up or hitting a worker’s legs 
and backside during a climb.”

Although safety gear has improved over the years and 
manufacturers continue to make advancements, there is 
no one-size-fits-all product on the market that suits each 
technician. “At the end of the day, the industry is working 
with the same basic concepts,” Gyngard says. “We’re still 
dealing with rope. How durable can we make rope? How 
flame-resistant can we make it?”

If you’re looking to make some improvements to your 
company’s fall-protection program, consider the following tips: 

• Watch your weight. The top complaint lodged by wind 
technicians is hauling excessive or needless weight 
when making repeated climbs, according to Gyngard. 
“Plain and simple, nobody wants to carry unnecessary 
weight in his or her gear or tool bags.”

• Know your equipment. This may sound obvious, 
Gyngard admits. However, a technician who is unfamiliar 
with his or her safety equipment during a fall arrest is a 
safety hazard. He adds that it is important to take safety 
equipment to the project site when possible and practice 
using it before the job begins. “Also, buy your team 
whatever gear they will actually use and let them practice 
with it often so it becomes easy and familiar to work with.” 
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• Experience controlled descent. This means letting techs 
practice repelling out of a turbine tower. “There is nothing 
like real-life training,” Gyngard advises. “Bite the bullet 
on liability and give techs the supervised emergency 
evacuation training that they need for safety.”  

• Consider costs. Further complicating matters is the 
economics and investment companies need to make in 
fall-protection systems. For example, is the wind operator 
or contracting company going to pay for the safety gear 
and necessary training? The most important part of any 
safety program is communication. Do the technicians know 
what to do during stressful situations? Are they familiar with 
their equipment? 

Safety is imperative. It is important to assess a worker’s skill level 
prior to climbs and provide adequate training before every job.  

A new approach
While the wind industry relies on its mainstays, Gyngard 
says that some new approaches to fall-arrest systems could 
hit the market soon. 

“I saw a backpack with a cable spool that looked 
interesting,” he says, adding that the Israeli company also sells 
the same product to the military and its special forces. 

Some manufacturers are experimenting with dynamic 
loads. An interesting approach, he notes, but one with 
limitations. “Controlled decent devices work well when the 
rope is vertical,” says Gyngard. “When the rope angle is 
changed, it becomes more difficult to descend.” 

PUTTING SAFETY FIRST
WHEN THE JOB REQUIRES WIND TECHS to work 
hundreds of feet above the ground, safety is the 
name of the game. Here’s a brief look at some of 
the fall-arrest systems and equipment typically used 
in the wind industry.

SKYLOTEC’s CLAW is a fall-arrest system with a 
simple-to-use design aimed at reducing the risk of 
accidents. Thanks to double-safety construction and 
an integrated locking mechanism, SKYLOTEC says 
the CLAW prevents installation errors. For example, 
an “UP” arrow indicates correct and a skull symbol 
indicates incorrect installation. If a climber slips or 
falls, the CLAW activates and locks onto the cable, 
arresting the fall within inches. 
skylotec.com

Tractel offers numerous fall-protection products 
such as BLOCFOR self-retracting lifelines and 
STOPFOR rope grabs. According to Tractel, the 
BLOCFOR allows workers exceptional freedom, 
without sacrificing safety. In the event of a fall, an 
automatic locking system secures the rope and 
worker. 
tractel.com

ENSA North America’s assisted-rescue and 
personal evacuation system (or APE, for short) 
provides an all-in-one rescue solution that is 
lightweight and economical. According to ENSA, 
the APE is positioned at or below the waistline, like 
a fanny pack, and is designed to integrate with the 
majority of fall-arrest harnesses currently on the 
market. What’s more is the APE provides a user with 
the ability to affect a self-rescue — or the rescue of 
a co-worker. 
ensa-northamerica.com

Tech Safety Lines, the Texas-based safety 
equipment provider sells their own branded leg 
lanyards and controlled descent kits, as well as 
products from other manufacturers, such as Petzl 
and DBI Sala. 
techsafetylines.com

The SKYLOTEC CLAW 
Vertical Fall-Arrest 
Sleeve fits a wide 
variety of solid core 
wire ropes and travels 
smoothly along the ver-
tical system, providing 
fall arrest if needed.
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A FEW YEARS AGO, sending wind technicians up-tower was 
the O&M option to conduct turbine tower and blade inspections. 
Advancements in drone technology or UAVs (unmanned aerial 
vehicles), however, have turned such labor-intensive maintenance 
efforts into a more precise, streamlined process. 

The global wind-turbine inspection drone market is expected 
to reach $6 billion in the next five years, according to Navigant 
Research — and for good reasons. Manual turbine inspections are 
a demanding, time-consuming task that typically takes a significant 
percentage of a wind developer’s annual operating costs. Drones 

DRONES    A SAFER OPTION FOR UP-TOWER BLADE INSPECTIONS
B y  M i c h e l l e  F r o e s e ,  e d i t o r

typically offer quicker, more accurate and cost-effective inspection 
work of wind turbines and blades than conventional methods.

What’s more — and ultimately most important — is the safety 
advantage offered by UAVs. “Choosing a drone for wind-turbine 
blade inspections is the safer choice,” says Ben Marchionna, head 
of global operations at SkySpecs, a U.S. robotics company. “It is 
far safer than a wind tech hanging off a rope at high altitude while 
in high winds and for extended periods of time, often day after 
day.” This type of manual inspection can take up to a full day for a 
single tower and months for a full fleet of turbines.

“On several occasions, we’ve identified critical damage 
by drone inspection that our customers were unaware of,” 
says Marchionna. “The repeatable, year-over-year data 
gained enables wind operator to determine the best and 
safest time to repair early damage.” 
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SkySpecs says it is the first and currently the only provider 
of completely automated blade inspections using a drone and 
highly intuitive software that allows for repeatability, high-quality 
data and images, and safer inspection. Turbine inspections can 
be done in as little as 15 minutes in many cases. 

“Automated drone inspections are key,” says Theresa 
Trevor, director of marketing with SkySpecs. She points out 
that steadying a drone near a turbine tower and blades is 
challenging in the unstable, windy conditions typical at most 
wind farms. “As a drone operator navigates around turbine 
blades, the wind speed and direction can change rapidly 
and unexpectedly because of how the turbine structure 
interacts with the wind. This makes manual flights exceedingly 
challenging and potentially dangerous.”

Where in-person manual inspections are subject to human 
error, automation is safer because a drone’s built-in sensors are 
far more sensitive and accurate than an operator working from 
the ground. “Autonomous inspection drones can maintain 
precise location, control, and image capture while safely 
navigating around turbine towers,” says Trevor. 

In addition, a well-executed automated flight relieves 
stress and prevents operator fatigue from looking up-

tower for long periods of time. Safety is a particularly 
critical feature at offshore wind sites, which are expected 
to develop in the United States over the next few years. 
Reports point to a predicted 2,000 MW of offshore wind in 
commercial operation by 2023, and more than 25,000 MW 
planned over the next decade or so.

In June of 2018, SkySpecs successfully completed an 
automated inspection of the world’s largest offshore wind 
turbine in the Irish Sea, at Ørsted‘s Burbo Bank Extension 
project. “Autonomous drone inspections are particularly 
valuable offshore, saving operators additional crew-transport 
fees and O&M techs unnecessary and extremely risky trips by 
sea,” says Trevor.

Optimizing field time is an additional key to a successful 
and cost-effective wind-farm inspection. At offshore sites, 
this goal is critical because of the potential limitations of the 
environment. “Variables such as distance from shore, the 
number of daylight hours and wave height play a major role in 
inspection success and should be accounted for prior to drone 
flight,” she shares.

Here are additional safety tips for choosing a drone 
inspection service.

Automated blade inspec-
tions are making 15-minute 
wind-turbine blade inspec-
tions possible in many cases. 
Using a drone and highly 
intuitive software allows for 
repeatability, high-quality 
data and safer inspections.
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• Only partner with an experienced, well-trained and 
certified drone operator. 

• Ensure the operator is compliant with local law and 
verify documentation accordingly. Each country has 
different and changing regulations with varying standards, 
constraints and approval processes. 

• A drone operator should also have a documented process 
for pre-flight checks in place.

• Avoid drone “hobbyists,” who typically lack wind 
experience and extensive drone flying skills. They may 
pose a greater risk to wind-turbine site operations.

• It is important to note that offshore wind-turbine 
inspections vary in comparison to onshore ones. There are 
far greater risks offshore that may result in asset damage, 
lost revenue, or serious accidents, so ensure the drone 
operator has offshore experience.

“Autonomous drones can quickly and accurately spot, measure 
and analyze critical damage to blades for necessary turbine 
repairs,” says Trevor. “Such benefits are further magnified when 
one considers that the technology has led to great improvements 
in project efficiency and, most importantly, safety.” 

AI-BASED DRONE INSPECTIONS
ADVANCES IN BATTERY TECHNOLOGY, 
operational algorithms, and data analytics 
are improving the business case for drone 
inspections of wind turbines. That means the 
drone must be equipped with a high-resolution 
camera for exceptional images and high-quality 
data processing.

To this end, artificial intelligence (AI) 
experts, Ardenna, and industrial inspection 
company, HUVRdata, have partnered to provide 
fully automated defect detection, reporting and 
analytics to the energy sector. The platform 
combines Ardenna’s AI-based automated defect 
detection software with HUVR’s Automation 
and Enterprise Industrial Asset Management 
Reporting and Analytic toolset to provide 
customers with industrial asset inspections.

The two companies outline three typical 
challenges asset owners face when integrating 
drones into their O&M workflows:

1. Incorporating data from multiple disparate sources 
in a way that meets IT security, scaling and access 
requirements.

2. Reducing data review time and minimizing human error.
3. Integrating the reporting and analytics within 

existing business systems.

The integration of Ardenna’s AI software aims to 
reduce such challenges, offering automated detection 
processing, diagnostic analytics, customer-defined 
inspection checklists and report formats. 
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B y  B a r b a r a  R o o k ,  c o n t r i b u t o r

HOW PREDICTIVE 
ANALYTICS TAKE THE 
GUESSWORK OUT OF DATA 

Project owners can address underperforming turbines 
and increase wind-farm operational productivity easier and 
quicker than ever before with advanced AI-based software 
that offers predictive analytics.

Thanks to significant advances in data science, wind operators 
are able to predict component failures before they occur. 
That data is meaningless, however, until a remote-monitoring 
center or wind technician in the field is able to decode it and 
take the appropriate action to fix the problem.

INCREASINGLY, PREDICTIVE ANALYTIC SOFTWARE takes 
much of the work and worry out of deciphering the massive 
amounts of data generated by wind turbines. The goal is to link 
real-time data to proactive decision-making without drowning in 
“an unmanageable ocean of data,” according to independent 
market research firm, New Energy Update. Ultimately, wind 
operators are trying to reduce their reliance on OEMs for 
operations analytics and take control of their data.

“Predictive analytics help owners establish a single source 
of independent truth across the organization,” explains Ryan 
Blitstein, VP of renewable energy at Uptake, an artificial 
intelligence (AI) and internet of things (IoT) software provider. 

Data delivered directly into the wind flow can predict a 
problem, sending alerts that allow proactive investigation 
and repairs. This “fix it before it breaks” strategy is 
preventing more extensive repairs down the road, thereby 
saving money and downtime. 

Uptake’s asset performance management system, 
Uptake APM, delivers actionable insights into the wind flow, 
says Blitstein. “So, if the data science engines predict that 
something is going to happen, it gets to the right person at 
the right time and before something goes wrong.”

Uptake recently released an updated version of Uptake 
APM. The software is based on the Asset Strategy Library, 

a comprehensive database of content on how industrial 
equipment fails. This data, with its extensive industrial machine 
data experience, helps wind companies predict more failures 
with greater accuracy, according to Uptake.

Last year, the AI company worked with Iowa-based 
MidAmerican Energy Co. on a blade inspection and repair project. 

“We heard over and over again that software companies 
just don’t ‘get’ wind. So, we put a lot of time configuring our 
asset analytic products for the particular way wind sites work,” 
says Blitstein. Within two days of deploying the software 
at a pilot site, the Uptake data science model predicted a 
main bearing failure, preventing gearbox failure and saving 
MidAmerican $250,000.

“We’re allowing companies to be more proactive than 
reactive,” says Blitstein, leading to a more self-directed 
approach to managing operations and maintenance.

Likewise, Predict, a new addition to Greenbyte’s Breeze 
ANN Windfarm management system, detects small deviations 
so operators can avoid secondary failures, which could lead to 
more downtime and costly repairs. 

The Swedish renewable energy company is piloting Predict 
with several customers and plans to launch availability early in 
2019. In its year-long pilot, Greenbyte found that its system can 
predict faults as much as two to nine months in advance. 

Predict sees alarms as they happen instead of waiting for 
alerts from the vendor, according to Dr. Pramod Bangalore, 
Greenbyte’s head of research. In one example, Predict was able 
to alert an operator to a fault in the rotating union, which will be 
replaced. The system also saw the same pattern within the same 
wind farm and alerted the customer to a second, identical alarm.
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While Predict uses data from 
SCADA (supervisory control and 
data acquisition) systems, it sees 
faults that SCADA data might miss, 
says Bangalore. In one case study, a 
maintenance error caused temperatures 
to rise during peak performance times. 
Predict alerted the customer to the 
problem, which was then corrected. 

“The customer told us that 
these kinds of faults are difficult to 
detect from SCADA statuses,” he 
said. SCADA typically takes a long 
time to recognize a problem during 
high-power events. In addition, 
Predict can see faults in electric and 
hydraulic components, an advantage 
over vibration-based condition-
monitoring systems, he notes. 

Predict’s monitor portfolio 
includes a rating that identifies how 
certain the system is about a problem 
in a component. High certainty means 
follow-up is needed and low certainty 
means an alarm may have been 
triggered by changing conditions, and 
that no real threat exists.

These types of predictive analytics 
save wind-farm operators the headache 
of managing data themselves.

“Operators don’t have time 
to analyze data themselves,” 
says Bangalore. Predict was a 
response to a customer’s request 
to more effectively manage critical 
operational data.

Predictive analytics solve current 
problems operators face dealing with 

Greenbyte's Predict software 
mimics how the brain works. 
An artificial neural networks 
mathematical model learns 
the behavior of the system, 
stores it as experience 
information and then uses it to 
perform an assigned task.
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multiple, often incompatible data sets, including SCADA and 
vibration data. In addition, wind companies often manage 
turbines from multiple manufacturers, which may operate 
differently across a wind farm. Having a single view of all 
turbines eliminates the complexity of integrating point solutions.

“It’s about having the power and the knowledge to 
take greater ownership to drive changes on the ground,” 
adds Blitstein. 
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B y  M i c h e l l e  F r o e s e ,  e d i t o r

HOW THE INDUSTRIAL 
INTERNET OF THINGS IS 
BENEFITING WIND OPERATORS

The IIoT or industrial 
internet of things 
may be the biggest 
driver of operational 
productivity and growth 
in the foreseeable future. 
Management consulting 
firm Accenture estimates 
that the IIoT could add 
$14.2 trillion to the 
global economy by 
2030. 

IN A RECENT SURVEY OF INFORMATION 
TECHNOLOGY (IT) and operations executives from sectors 
such as manufacturing, utilities, energy and transportation, 
80% of respondents affirmed that the industrial internet 
of things (IIoT) can and will transform their companies and 
markets. 

Integrating existing plant IT with “intelligent” and 
connected physical assets is the foundation of the Industry 
4.0 movement. Increased automation to reduce operational 
risks and control costs is one reason IIoT makes sense for 
manufacturers and wind plant operators. However, a shift 
to “edge” (or asset) computing introduces a higher level of 
performance and production capabilities. 

Edge computing facilitates data processing at or near 
the source of data generation. For a wind-farm operator, this 
may look like a remote-control center connecting with and 
retrieving meaningful data from individual wind turbines on 
health and performance.

“Sensor and connectivity costs have come down 
significantly in recent years,” shares John Crupi, VP of IoT 
analytics at Greenwave Systems, an internet of things service 
and software company. “Additionally, computing power at the 
edge has increased while its costs have also dropped. This has 
led to major opportunities for edge-based analytics software 
to detect and respond to issues faster — greatly benefiting 
manufacturers and operators such as wind owners.”

With conventional IIoT, sensors collect and transfer 
data in batches to a data control center or the cloud 
for processing, but this model is changing. With edge 
computing, “smart” equipment performs analytics on most 
of the data collected in real-time or in collaboration with 
nearby gateways. Only the product of edge analytics — so 
small volumes of pertinent or high-value data — is relayed 
to the cloud for storage or further analysis. This greatly 
reduces costs and the magnitude of data transmitted and 
stored.
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For wind operators, the new IIoT model means obtaining 
specific and critical operational data faster and more reliability.

“Maintaining the operational efficiency of turbines 
is critical to wind farms because small component 
malfunctions may lead to significant problems that affect 

generational productivity 
and energy transmission,” 
says Crupi. “Equipment 
malfunctions are time-
intensive and costly to 
fix, but the IIoT can help 
deliver valuable insights into 
potential faults or failures in 
wind turbines.”

Predictive edge 
analytics forecast whether 
a machine is likely to 
function optimally, falter or 
fail based on accumulated 
asset operation metrics, the 
particular asset’s historical 
state and incoming real-time 
data. That type of digital 
“clairvoyance” translates 
into cost savings.

“Since it comes down 
to cost and performance, 
wind operators should 
expect condition monitoring 

to provide key health and performance insights, including 
the capability to detect anomalies that cause performance 
issues and unscheduled downtime,” he says.

Here are three tips for choosing an effective IIoT-based 
software system.

 
1. Review and compare the latest trends in edge-based 

monitoring systems. These systems are grounded 
in lower cost hardware, standards-based cellular 
communication and openness for extensibility and 
growth.

2. Treat the edge (at the wind turbine itself) as a new 
intelligent tier. New generation edge analytics systems 
push much of the processing to the asset for real-
time detection and action while using the cloud as an 
aggregator and coordinator.

3. Incorporate data scientists and wind technicians into 
the response. Use the edge as a dynamic system, which 
“learns” the behaviors of wind turbines and supports 
the ability to “inference” artificial intelligence (AI) 
models built on the cloud and deployed to the edge.
 

Greenwave’s AXON Predict detects 
potential failures days in advance, 
which alerts organizations to perform 
preventative maintenance on an asset 
before a breakdown in service occurs. 
By integrating edge analytics into 
wind-farm systems, operators can 
monitor issues in real-time to reduce 
generation disruptions, overall costs 
and optimize field-service operations. 
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“Today’s wind-farm operators can 
benefit from IIoT-connected software 
with advanced analytics, which 
essentially monitors and learns 
turbine behavior,” says Crupi. “Such 
systems can also make adjustments 
for enhanced asset performance 
analytics and greater data insights.”

A word of warning, however: 
“Security — or the lack of it — 
is a major risk. Many industrial 
systems were designed without 
considerations of connectivity,” he 
says. “Therefore, they must rely 
on extremely secure, perimeter-
based systems to protect assets 
from intrusions and attacks, which 
provide a high level of analytics.” 

Maintaining the operational efficiency 
of turbines is critical to wind 
farms because small component 
malfunctions may lead to significant 
problems that affect generational 
productivity and energy transmission.
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THE BODY’S IMMUNE SYSTEM is our best defense against 
viruses, infectious organisms and disease. It is a complex 
system that detects, fights and neutralizes pathogens in 
a manner that — when healthy — is quite impressive and 
effective. In fact, the remarkable structure and proficiency 
of our immunity are currently garnering attention from 
researchers who work outside biology and in the virtual world 
of machine learning and technology. 

“We’re committed to building the world’s first industrial 
immune system that detects, locates and neutralizes cyber 
threats just like the human immune system does with viruses 
that invade the body,” explained Justin John, technology 
director of controls and optimization for GE Global Research, 
in a recent press statement.

For example, when a cold or flu virus enters the body, part 
of what makes the immune system so effective is its ability to 
first recognize something is wrong and then react to it. In a 
similar way, GE machines can use sensors to detect a potential 
cyber threat. The researchers plan to combine advanced 
machine learning and control algorithms with rigorous physics-
based models to detect, locate and ultimately mitigate cyber 
viruses and attacks. 

MITIGATING RISKS 
FROM CYBER ATTACKS

HOW AN IMMUNE-
SYSTEM MODEL MAY 
NEUTRALIZE CYBER 
THREATS TO THE 
ELECTRIC GRID
B y  M i c h e l l e  F r o e s e ,  e d i t o r

This project is the result of a $12.6 million award 
from the U.S. Department of Energy. GE scientists plan to 
develop advanced cyber-protection and “immune-system” 
technologies that aim to halt attacks on critical power systems 
and assets — including wind farms.

In 2017, University of Tulsa researchers proved just how 
easy it was to hack into wind farms around the United States. 
The researchers managed to gain access to a wind farm’s 
control system and successfully install software that would 
transmit false signals to the system (read the article at:  
wired.com/story/wind-turbine-hack). 

That same year, the DOE publicized a report that found 
more than a half-dozen “capability gaps” in the power sector’s 
ability to respond to a cyber attack on the electric grid (including 
an electric cybersecurity workforce, expertise and supply chain). 

As part of the recent DOE-funded project with GE, and 
partners such as National Labs, $4.8 million is going toward 
field-tested, commercially viable cyber-protection systems 
that will enable wind farms to survive sophisticated attacks on 
the control systems of turbines. (GE Global is also working on 
safeguarding natural gas and quantum-computing systems 
against cyber attacks.)

The battle between virus and host is 
proving similar whether biological or 
virtual. GE Global researchers aim to build 
the world’s first industrial immune system 
that can detect, locate and neutralize 
cyber threats much like the human immune 
system fights viruses that infect the body.
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The research will use artificial intelligence (AI) and control 
algorithms to detect and defeat cyber viruses and attacks on 
power operations. 

“GE is doing this by combining the deep system insights 
of AI and digital twins with industrial controls,” said John. 
A digital twin refers to a digital replica or digital models of 
physical assets, processes or systems. For example, GE’s 
digital twins will ensure cyber threats are detected and 
precisely located. “What we’re creating is essentially an 
invisible presence or ‘digital ghost,’ which watches over and 
monitors every part of a power system and is capable of 
changing the operation of that system to allow it to safely 
operate through a cyber attack.” 

John noted that GE researchers have made substantial 
progress on an existing DOE cybersecurity program to protect 
electric power plants from cyber threats. “Industrial controls 
are the brain that automatically acts on the digital twin insights 
to then neutralize a given threat,” he added. 

In a recent press release, GE said that the introduction 
of such advancements in the onshore and emerging offshore 
market would result in a significantly more reliable and secure 
wind-power infrastructure. As part of its new research efforts, 
the new algorithms will be implemented and validated at a 
wind-turbine testing site.

Best practices for cybersecurity
For a wind-farm owner, safeguarding networks and control 
systems to eliminate unexpected outages and unplanned 
downtime are extremely important. The threat from cyber 
attacks is expected to rise as more networks connect and go 
online.

For example, a recent report from Navigant Research 
found that cyber threats are increasing as more devices 
connect through the IoT or internet of things. IoT lets wind-
farm operators monitor and regulate much of a turbine’s 
operations through remote access, which may result in time 
and cost savings. However, the IoT connection also opens up 
risks to cyber attacks.

These are a few best practices recommended by GE 
Power (a separate division of General Electric) for maintaining 
a continuously protected environment.

• Keep software and firmware up-to-date 
with timely patch updates.

• Hire an external cybersecurity company to 
perform site evaluations, threat modeling 
and penetration testing to evaluate 
systems.

• Engage an automate patch system for 
critical ICS — so that manual update 
schedules aren’t a barrier.

• Participate in security communities focused 
on business environments to stay current 
on trending attacks and best practices.

• Monitor critical systems for security-related 
events and anomalies.

• Transition from a reactive to a predictive 
security program.

• Educate operations and IT personnel on a 
regular basis on new attack mechanisms so 
that they can act as watchful eyes across 
physical and system landscapes.

The last tip means that every employee needs 
to be armed with the tools and proper protocol 
for maintaining the company’s security profile. 

GE Global Research has 
been awarded $12.6 million 
from the DOE in 2018 for 
quantum-level cybersecurity 
of critical power assets, 
including wind farms.
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WHAT BLOCKCHAIN TECHNOLOGY 
MEANS TO THE ENERGY SECTOR

B y  C a s s i e  B o w e ,  a s s o c i a t e  v i c e  p r e s i d e n t , 
E n e r g y  I m p a c t  P a r t n e r s

APPLICATIONS OF BLOCKCHAIN TECHNOLOGY have 
grown tremendously since a revolutionary Bitcoin white paper 
(which described the world’s first peer-to-peer and decentralized 
monetary system) was published in 2009, fueled by billions of 
dollars in private funding and a healthy dose of hype. 

April 2016 saw the first-ever blockchain in energy 
transaction. Since then, over 100 energy blockchain startups 
have opened their doors, supported by hundreds of millions 
of dollars of investment. Currently, startups in the space are 
focusing on a few use cases that may be well suited for energy. 
Here are a couple of those applications. 

Energy for consumers 
One typical application area for blockchain in energy startups 
is power trading and crediting. Interested companies 
apply blockchain technology to execute and settle energy 
transactions on a distributed or wholesale level. These 
transactions, typically unbundled from the actual energy 
transfer, create an accounting layer or virtual economic grid. 

Consumers can trade among their own devices and 
resources, with their neighbors and with the grid. This 
concept — real-time virtual energy trading — could be 
automated through smart contracts. Smart contracts are digital 
agreements that self-execute when conditions are met. 

The average American spends fewer than 10 minutes a 
year thinking about their electric bill, so automated trading 
through blockchain technology could be valuable. For 
example, residential customers could set their preferences for 
the price at which they would be willing to buy surplus power 
from, say, their neighbor’s solar system or a community wind 
farm, instead of the utility grid. They could set this and other 
preferences via an app, which would then be translated into 
smart contracts on the blockchain. 

The ultimate decision to execute an exchange would 
come from information from the customer preferences, price 
signals from the grid or power output from renewables. These 
transactions can maximize savings, optimize device usage or 
perform grid services. 

WHAT IS BLOCKCHAIN TECHNOLOGY?
BLOCKCHAIN IS A DATABASE TECHNOLOGY 
that processes and stores transaction data. 
Blockchain technology is good at tracking and 
accounting for assets. A large part of its appeal is 
the security it provides. 

People using blockchain technology download 
a ledger, which is a record of the transfer of assets. 
These “assets” can differ depending on the 
industry. For example, the assets can be Bitcoin 
in the cryptocurrency market or renewable energy 
credits in the power or utility markets. 

The ledger can be compared to a book. Each 
transaction is a page of the book, which is numbered 
in order. Everyone who has a copy of the book (or 
downloads this ledger) knows the order of the pages 
and sometimes the content of each page. This makes 
the ledger immutable, meaning it’s unable to be 
changed. Therefore, the ledger is secure. If someone 
tries to change the content of a “page,” everyone 
who has a copy of the ledger knows. 

RIGHT: Blockchain-based energy platform, 
Swytch is working with aggregated energy trading 
Energy2market GmbH (e2m) to power homes in 
Germany with renewable energy while rewarding 
users with tokens. The large-scale pilot program aims 
to distribute roughly 3.5 GW of wind, solar, wind, 
hydro and biogas power capacity, which is enough to 
power over 500,000 homes. As part of the large-scale 
pilot, Swytch is testing its first versions of the data 
flow, blockchain, dashboard, estimators and token 
allocation models, and other key parts of the platform.
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Power as a token
Another use case startups are proposing for blockchain in energy 
is using tokens to track electricity generating assets. Tokenizing 
electricity lets people share the ownership or output of renewable 
projects — and potentially increases liquidity in the renewable 
project finance market. 

For example, a community wind or solar project, where 
the project is sold to multiple remote customers, is one such 
model and has already been adopted in multiple states without 
blockchain. But blockchain could make this structure more 
widespread and enable borderless transactions.

There are other potential blockchain applications in 
energy, such as tracking electric vehicle charging, registering 
renewable assets and generation, and wholesale gas and 
power trading. The Energy Web Foundation, a non-profit 
organization focused on accelerating blockchain technology 
across the energy sector, has identified more than 200 
potential use of blockchain in energy. 

However, finding the right use case is just one of many 
potential roadblocks for energy blockchain startups.  

Cons to the coin
While there is potential for blockchain to help transform the 
energy sector, significant questions remain. The energy sector 
is highly regulated, which means many possible blockchain-in-
energy applications are currently prohibited or run the risk of 
becoming so later. 

In energy trading, for example, there’s a risk of being regulated 
as a utility for buying and selling power. Companies producing 
tokens also worry about Securities and Exchange Commission 
regulations. Most pilot projects to date have been implemented 
in places where regulators have allowed temporary “regulatory 
sandboxes,” or niche applications where it is currently legal. 

Ultimately, we are still in the early days of blockchain in 
energy. Many companies are still figuring out the details of their 
solution, let alone their business model and regulatory strategy. 
And the ability of a startup to retain value and exert pricing 
power with their business model has yet to play out as well. 
But if the blockchain industry can navigate regulatory hurdles, 
increase privacy, lower transaction costs and find scalable 
business models, blockchain will be an enabler of Grid 2.0. 
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THE LAST YEAR IN SOLAR HAD ALL THE 
INGREDIENTS FOR FAILURE. The uncertainty around 
tariffs on imported solar panels brought 2018 planned 
projects to a standstill. The industry predicted a deflated 
utility-scale market and installation job losses. To be sure, 
once the tariffs were announced in January, the market was 
hurt, but the damage was considerably less severe than 
expected. Installations did dip from 2017, but only in single-
digit percentages. Module prices eventually evened out, and 
the utility-scale market is back on the rise. 

A U.S. Solar Market Insight Report from Wood 
Mackenzie Power & Renewables and SEIA found that 
utility-scale solar project procurement soared in Q2 2018 
as component prices continued to decline. More large solar 
projects being announced is a sign the industry is back on 
the right path, the groups said.

“Once lower-than-expected module tariffs were 
announced in January 2018, developers and utilities began 
announcing new projects,” wrote Colin Smith, Wood 
Mackenzie senior analyst, in the report. “As we move toward 
2019, we expect to see continued procurement growth as 
developers look to secure projects they can bring online before 
the investment tax credit (ITC) steps down to 10% in 2022.”

Solar’s dominance is now being felt across all corners 
of the country. Most of the utility-scale projects announced 
this year will come online in 2020. By then, 28 states are 
expected to add at least 100 MW of solar annually, and 25 
states will have more than 1 GW of solar PV—compared to 
only two states with 1 GW in 2010. A utility-scale report from 
the Lawrence Berkeley National Laboratory found that two-
thirds of all states are currently home to one or more utility-
scale solar projects, and the utility-scale market will continue 
to lead U.S. solar growth for at least another six years.

Large U.S. corporations, like Walmart and IKEA, were 
on track to procure over 4 GW of utility-scale wind and solar 
capacity in 2018—breaking 2015’s all-time high by over 
750 MW. With more mega organizations getting on board 
with solar power, average citizens can see the difference 
renewables can make. A Global Strategy Group poll found 
that 76% of U.S. voters think their utility should deploy more 
solar. Nine out of 10 respondents also said their power 
company should not be able to stop them from using solar 
energy. The support behind solar in the United States is the 
strongest it’s ever been.

Regardless of the obstacles the solar industry may face 
in the coming years, one thing for sure is that it will survive. 
A recent DNV GL report expects solar PV to deliver 40% of 
global electricity generation by 2050. The only way to get 
there is one project at a time. SPW

THE SOLAR INDUSTRY IS

RESILIENT
KELLY PICKEREL
E D I T O R  I N  C H I E F
Solar Power World
@SolarKellyP
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CA

Top states for solar capacity through Q2 2018

California (22,777 MW)
North Carolina (4,491 MW)
Arizona (3,613 MW)
Nevada (2,658 MW)
Texas (2,624 MW)

Most cumulative solar watts per customer by  
utilities in 2017

Dominion Energy (North Carolina) (5,377 watts/customer)
City of Palo Alto Utilities (California) (4,748 watts/customer)
Pickwick Electric Cooperative (Tennessee) (2,791 watts/customer)
Kauai Island Utility Cooperative (Hawaii) (2,604 watts/customer)
Moreno Valley Utility (California) (2,053 watts/customer) 

Top states for solar jobs per capita in 2017  
(1 in 1,301 works in solar nationwide)

Arizona (1 in 837 works in solar)
North Carolina (1 in 1,348 works in solar)
Colorado (1 in 826 works in solar)
Connecticut (1 in 1,655 works in solar)
Washington, D.C. (1 in 537 works in solar)

Top states by percentage of solar jobs held  
by veterans in 2017 (8.6% nationwide)

North Dakota (18.4%)
South Dakota (16.8%)
Texas (14.1%)
Georgia (13.3%)
Utah (13.2%)

Top states by percentage of solar jobs held by 
women in 2017 (26.9% nationwide) 

Vermont (47.7%)
Louisiana (44%)
Montana (42.7%)
South Dakota (42.6%)
New Mexico (42.1%)
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Solar power generation 
is growing across the 
United States. Here’s a 
look at where solar is 
especially excelling.  

AZ NM

HI

NV
UT

MT

TOP SOLAR 
   STATS
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Information from SEIA, SEPA, The Solar Foundation, 
Wood Mackenzie Power & Renewables
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Top states for K-12 
schools using solar 
power in 2017

California (1,946 schools)
New Jersey (487 schools)
Arizona (378 schools)
Illinois (337 schools)
Massachusetts (261 schools)

Top states for total solar power 
generation by percentage in 
2017 (1.9% nationwide)

California (15.6%)
Nevada (11.1%)
Vermont (10.9%)
Hawaii (10.8%)
Massachusetts (7.8%)

Top metropolitan  
areas for number of 
 solar jobs in 2017

San Francisco, California (24,474)
Los Angeles, California (18,421)
New York, New York (12,038)
San Diego, California (10,893)
Boston, Massachusetts (9,824)

Solar jobs in 
2017

California (86,414)
Massachusetts (11,530)
New York (9,012)
Texas (8,873)
Florida (8,589)

NC

GALA
FL

IA IL
PA

TN

NY
VT

MN

NJ
DEDC

NM

TX

CO

ND

SD

Top states for 
solar job growth 
over 2016

Delaware (51.5% job growth)
Minnesota (48.2% job growth)
Iowa (44.6% job growth)
Utah (40% job growth)
Pennsylvania (25.7% job growth)

MA
CT
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THINK OF A HOME OR OFFICE COMPUTER. In addition 
to the desktop or laptop, there may be an external monitor, 
speakers and even a printer. That’s too many components to 
plug into a wall outlet, so most people purchase a power strip. 
But that power strip is more than just a convenient method of 
plugging a bunch of stuff into one outlet; it actually helps protect 
those electronics from the harmful effects of power surges. 

A power surge, also called a transient voltage, is a 
generally short increase in voltage that’s well above normal 
levels. For example, the standard voltage for a home or office 
is 120 V. Voltage can be thought of as electrical pressure. 
So just as too much water pressure will burst a garden hose, 
too high a voltage could damage electronics. These surges 
can come from natural sources, such as lightning, as well as 
internal or external equipment on the grid.

LIGHTNING AND OVERVOLTAGES: 
WHY SOLAR SYSTEMS NEED SURGE PROTECTION

SOLAR ARRAYS, LIKE ALL ELECTRONIC DEVICES, ARE PRONE TO 
SURGES IN VOLTAGE THAT CAN HARM COMPONENTS AND INCREASE 
DOWNTIME. SURGE PROTECTION DEVICES CAN HELP KEEP SYSTEMS 
RUNNING AND PROFITABLE.

B y  K a t h i e  Z i p p ,  c o n t r i b u t i n g  e d i t o r

A surge protector helps prevent damage to electronics 
by diverting the extra electricity from the “hot” power line 
into a grounding wire. In most common surge protectors, 
this is achieved through a metal oxide varistor (MOV), a 
piece of metal oxide joined to the power and grounding 
lines by two semiconductors. 

Solar needs surge protection 
Solar arrays are also electronic devices and so are subject to 
the same potential for damage from surges. Solar panels are 
especially prone to lightning strikes due to their large surface 
area and placement in exposed locations, such as on rooftops 
or ground-mounted in open spaces. 

“Coincidentally, California, where the solar industry has 
enjoyed its most rapid scale-up, has one of the lowest risks 
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for lightning in the United States,” 
said Dan Sylawa, senior business 
development manager of renewable 
energy at Phoenix Contact, which 
provides surge protection devices 
(SPDs). “As solar power installations 
have moved beyond the California 
market, the potential impact of 
lightning-induced array failures 
has increased. This has been most 
evident as array installations have 
moved into the Southeastern United 
States, one of the most lightning-
prone areas of the country.” 

Solar contractors aren’t always 
aware if they’re building in a 
lightning-prone area. ALLTEC, which 
also provides SPDs, incorporates 
data from the U.S. Lightning 
Detection Network in a free tool that 
allows solar contractors to assess the 
lightning risk of their projects.

Lightning is about 50,000°F—
five times hotter than the sun—so it’s 
not surprising it can be detrimental to 
solar equipment. 

“If the solar panels are struck 
directly, lightning can burn holes 
in the equipment or even cause 
explosions, and the entire system is 
destroyed,” said Ethan Pace, SPD 
product manager at ALLTEC.

TECHNOLOGY & COMPONENTS SOLARPOWER
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NFI-1306-V90
90º oriented clip intended to secure two 

USE-2 wires or a single PV wire to standard 
module frame.

NFI-1701
Brand New rail mounted clip for use 
with Enphase IQ microinverters

DCS-1306
Designed to secure two USE-2 wires or a 
single PV wire to standard  module frame.

NFI-1307-V90
90º oriented clip intended to  secure one or 
two PV wires to standard module frame.

NFI-1463
Clip designed to secure a single Enphase 

trunk cable to module frame.

DCX-2452A
Designed to secure two Enphase trunk 
cables on to most rail/racking systems.

For FREE product samples, please reach out to Vin Marino
vin@ninefasteners.com or 800.539.3939

DCS-1307
Designed to secure two PV wires, up to 

.30” diameter, to module frame.
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But the effects of lighting and other overvoltages aren’t 
always so strikingly apparent. Sylawa said that the secondary 
effects of these events can not only affect major components 
such as modules and inverters, but also monitoring systems, 
tracker controls and weather stations.

“Secondary effects are often the least recognized risks and 
frequently perceived as infant mortality failures or manufacturing 
defects,” he said. “Loss of a PV module will only mean loss of a 
string, while loss of central inverter will mean loss of the power 
generation for a large section of the plant.”

Installing surge protection devices
Because all electrical equipment is susceptible to surges, SPDs 
are available for all solar array components. The industrial 
versions of these devices also use metal oxide varistors 
(MOV) in combination with other sophisticated equipment to 
conduct surge overvoltages to grounding. Therefore, SPDs are 
generally installed after a stable grounding system is in place. 

“Think of an electrical single-line diagram of your 
installation and cascade SPDs from the utility service to the 
array equipment,” Pace said. “Locate robust protection on 
main entrances to protect against large surge transients and 
smaller units down critical paths to the equipment end-point.”

A SPD network should be installed throughout the solar 
array’s AC and DC power distribution to protect critical 
circuits. SPDs should be installed on both the DC inputs and 
AC outputs of the system’s inverter(s) and be deployed with 
reference to ground on both 
the positive and negative DC 
lines. AC protection should 
be deployed on each power 
conductor to the ground. 
Combiner circuits should also be 
protected, as should all control 
circuits and even tracking and 
monitoring systems to prevent 
interference and data loss.

When it comes to 
commercial and utility-scale 
systems, Sylawa suggests using 
the 10-m rule. For installations 
with DC cable lengths under 
10 m (33 ft), DC solar surge 

protection should be installed at a 
convenient point such as at inverters, 
combiner boxes or closer to the solar 
modules. For installations with DC 
cabling over 10 m, surge protection 
should be installed at both the inverter 
and module ends of the cables. 

Residential solar systems with microinverters have very 
short DC cabling, but longer AC cables. An SPD installed at the 
combiner box can protect the home from array surges. An SPD on 
the main panel can protect the home from array surges as well, in 
addition to those from utility power and other internal equipment.

As solar power installations have moved beyond 
the California market, the potential impact of 
lightning-induced array failures has increased.

2019 RENEWABLE ENERGY GUIDEBOOK
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In any size system, SPDs should be installed by a 
licensed electrician in accordance with manufacturer 
recommendations and installation and electrical codes to 
maximize safety and effectiveness.

Additional steps, such as adding lightning air 
terminals, can be taken to further protect a solar array 
specifically from lighting.

“People have to determine what their acceptable 
risk is,” said Jim Grasty, engineering manager for systems 
and services at ALLTEC. “If there’s a continuity of service 
requirement, then you need lightning protection. If there 

isn’t, some may elect not to take it.”

 
 
 
 

If the solar panels are struck directly, lightning 
can burn holes in the equipment or even cause 
explosions, and the entire system is destroyed.

Even the most robust surge protection scheme has its 
limitations. For example, SPDs can’t prevent physical damage 
from direct lightning strikes. 

“This is the best modern science can do,” Grasty said. 

Considering costs
While surge protection technology has been around for some 
time, it has yet to find a permanent presence in the U.S. solar 
industry. Grasty attributes this to cost. 

“We realize solar developers have to be very aware of 
costs and want to cut initial capital as much as possible, but 
all they’re doing is transferring the cost to the maintenance 

budget,” he said. “Who’s going 
to have to pay for it kind of 
flows downhill.” 

He sees more chance 
for successful SPD adoption 
in the residential and small 
commercial markets because 
the owner-operator is the one 

making the purchase. It’s also a lot less expensive to equip 
a home with surge protection than a large solar array, even 
though surge protection has a more discernable ROI for utility 
projects. 

“If they’re getting a certain amount of damage per year 
and then put in the surge suppression and that amount drops 
to zero, they can see that payback immediately,” he said. 

Montana Busch, president and CEO of Georgia-based 
solar contractor Alternative Energy Southeast, feels the cost 
pressures of adding surge protection in the competitive 
residential solar industry. 

“We normally recommend it to the extra-cautious 
customer or those who want to make sure they have all their 
bases covered,” he said. “However, the tax credit does help 
cover it. I think it’s smart for installers to research if they’re in a 
lightning-prone area and at least make the recommendation.”

But Sylawa sees surge protection as critical to ensuring 
solar’s bankability.  

“Solar arrays are expected to operate with a known failure 
rate during 25 years or more,” he said. “Random failures due 
to surges and transients lower the financial return. Loss of 
reliability reduces the value of solar power generation to grid 
operators. I believe the financial and reliability risks due to 
surges and transients are underrecognized here in the U.S. 
market, even though in the global market comprehensive solar 
array surge protection is commonly employed.” 

LARGE SCALE INSTALLATION LABORLARGE SCALE INSTALLATION LABOR
Our EPC divison provides experienced project management and labor to 

General Contractors, Project Developers & Investors for large scale solar project 
installations in Northeast regions; NY, NJ, CT, VT, NH, PA, DE, MD, VA & ME.

TURN-KEY SOLAR INSTALLATIONTURN-KEY SOLAR INSTALLATION
Rooftop • Solar Farms • Landfills 

Services include Design, Engineering, Permitting, 
Procurement, Project management and commissioning. 

Looking for a New York Solar Contractor?Looking for a New York Solar Contractor?
Renewable Edge installs turn-key rooftops & 

utility scale solar farms.  Over 40MW installed in 2018

www.renewableedge.com
Contact: David Schaffer  Tel: (914) 366-7382
Email: dave@renewableedge.com
520 White Plains Rd., Suite 500, Tarrytown, NY 10591
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WHY WIRE 
MANAGEMENT IS 
IMPORTANT TO SOLAR 
PROJECT RELIABILITY, 
SAFETY AND LIFE

INSTALLERS DON’T ALWAYS 
TAKE TIME TO PLAN FOR PROPER 
WIRE MANAGEMENT, BUT WITH 
BETTER PROJECT PERFORMANCE 
AND OTHER BENEFITS, SUCH 
FORESIGHT CAN PAY OFF.

B y  K a t h i e  Z i p p , 
c o n t r i b u t i n g  e d i t o r

THOUGH WIRE MANAGEMENT IS OFTEN OVERLOOKED, 
it’s an important part of PV array installation and longevity. 
Proper wire management minimizes maintenance, optimizes 
safety and enables longer-lasting systems. 

“Wiring has no standard warranties and is likely the 
first component of the system to have problems or fail 
completely. When this happens, it’s generally the solar 
provider’s responsibility to fix the issue,” said Andrew 
Wickham, marketing manager at SnapNrack. “Poor wire 
management could lead to service calls every couple of 
years, each costing hundreds of dollars.”

There are many potential issues that could arise when wires 
and cables aren’t secured. These components are subject to 

extreme temperatures and often direct sunlight, wind, snow and 
rain. Sharp panel and mounting system edges can score cables, 
and rough roof shingles can abrade insulation with continual 
rubbing. Rodents and other animals enjoy living under the shade 
of solar panels and munching on dangling wires. Such damage 
not only jeopardizes the system’s reliability, but also its safety. 

“One underrated conversation when discussing PV system 
safety is wire management,” said Sarah Parsons, Wiley product 
manager at Burndy. “Proper wire management is vital to the 
health of the PV system. Damaged wire insulation can lead to 
ground faults, system downtime and fire.” 

But these problems can be nearly eliminated with 
proper wire management.
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What is wire management?
Wire management involves properly routing, supporting and 
protecting PV system wires and cables.

The only current wire management standard for the solar 
industry is NEC 110.12 (mechanical execution of work), which 
states, “Electrical equipment shall be installed in a neat and 
workmanlike manner.” 

“This is very subjective and does not hold installers 
accountable to any specific work requirements,” Parsons said. 
“With no real industry standard for wire management, it’s 
difficult to police subpar installation practices and products.”

Still, wire management is about being neat and using 
common sense, such as ensuring wires are tucked away so 
rodents and other creatures don’t have access. Wires should 
be run in a manner that avoids damage to their insulation and 
conductor, avoiding sharp edges, rough surfaces, moving parts 
of racking systems, direct sunlight and overly tight bends.

“PV wires are not unbreakable and do have limitations 
when it comes to elasticity,” Parsons said. “Not observing 
the specified bending radius of cables can cause internal 

damage to the fragile copper/aluminum strands within. Not 
securing the wires in proper intervals puts excessive stress on 
connection points, the junction box and connectors, as seen in 
NEC 690.31 C2. Additionally, over-tightening cable ties puts 
pressure on wires, cutting their protective insulation.” 

Wire organization and identification is another important 
aspect of wire management. Using wires with colored insulation 

is required by the NEC and helps identify circuit conductors. 
“Properly organizing wiring refers to grouping, routing 

and labeling wires in a manner that can make for easy 
identification of different circuits for future maintenance and 
emergency personnel,” said Stuart Fox, VP of technical sales 
at CivicSolar, in a blog post. “Labeling strings and DC and AC 
circuits within junction boxes is another good practice allowing 
for better troubleshooting by future maintenance personnel.” 

Wire management products
Proper wire support means securing wiring along PV modules 
and racking equipment, or in conduit trays. Accomplishing this 
task requires choosing appropriate components like stainless-

steel wire clips, UV-stabilized composite 
wire clips and UV-stabilized wire ties.

Stainless steel wire clips are available in 
many forms to meet a variety of needs. Fox 
said that these clips are designed to fasten 
to module frames or mounting rails. They 
can clamp single or multiple PV wire(s), or 
USE-2 or TC-ER cables. Some manufacturers 
provide 90° clips when the clipped surface 
length is perpendicular to the cable route. 

UV-stabilized composite cable clips, 
from inverter and racking companies such as 
Enphase, IronRidge, Unirac and SnapNrack 
also attach to the mounting rail and support 
a variety of wire types and quantities. 

When clips and cable ties are not 
able to provide sufficient support, Fox 
recommends using conduit and cable 
trays. Also, array-edge screens like those 
from SolaTrim and SnapNrack protect 
wiring from animals. 

Using appropriately sized and listed 
solutions is also crucial to system longevity. 

Using generically-rated materials that are not UV or corrosion-
resistant can lead to breakdown. Products should be listed as 
required by NEC 690.31 and to UL standards.

SnapNrack’s Wickham sees an industry need for 
integrated wire-management solutions.

“By integrating wire management into the solar racking 
system, not only are wires and cables protected from 

One underrated conversation 
when discussing PV system 
safety is wire management.

03 Components-Inverters REH19_Vs3km.indd   58 12/19/18   1:42 PM



2019 RENEWABLE ENERGY GUIDEBOOKSOLARPOWER

59SOLAR POWER WORLD — 2019 RENEWABLE ENERGY GUIDEBOOKsolarpowerworldonline.com

damage throughout the life of the system, but the system 
owner is pleased by the finished aesthetics,” he said. 

The SnapNrack Series 100 and Ultra Rail pitched-roof 
systems provide two separate channels large enough to 
neatly route PV conductor wires and AC trunk lines. Junction 
boxes snap into rail channels without additional roof 
penetrations to conceal and protect electrical connections.

Utility-scale solar wire management
Utility-scale solar projects require extra consideration when it 
comes to wire management. 

“With utility-scale projects, there is more wire, there 
are often more elements and, with a tracker, there is 
obviously a lot more movement,” said Nick Korth, product 
marketing manager at HellermannTyton. “With all that 
movement, special care must be taken to make sure the 
wires are safe from harm.” 

To account for movement, understanding 
thermocycling is critical. 

#1 in Cable Management 
for Solar Installations

800-308-6788 | www.snaketray.com | Made in the USA

SIGNIFICANTLY REDUCES INSTALLATION TIME AND LOWERS CONSTRUCTION COST! 

RooftopFixed Tilt Arrays Utility Grade Systems

CALL TO DISCUSS YOUR NEXT PROJECT

Carries
6.72 MW

We design the right solutions for leading solar companies throughout the world!
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“Early in the morning in some parts of the country, 
the temperature can easily be 50° to 60° cooler than 
at midday,” Korth said. “The structure can move, and 
so too will the clips or ties. The result can range from a 
brittle cable tie breaking because it is not suitable for 
outdoor environments, to cable damage and a fault due to 
sharp edges on a cheap metal clip, to connectors slowly 
separating because they are held in place too tightly.”

Utility projects also operate at much higher voltages than 
residential installations. 

“Today’s solar arrays are operating at voltages in 
excess of 1,500 V and amperages greater than 500 A,” said 
Roger Jette, president and founder of Snake Tray, a cable 
management manufacturer. “Therefore, an individual who 
is walking around on wet grass in a field of thousands of 
rails can be at risk. Installers must adhere to NEC safety 
procedures in such environments.”

While trenching is still an effective method for creating 
a physical barrier from electrical charges, Jette is seeing 
more systems built with increasingly sophisticated cable 
management. For example, his company’s Solar Snake Max 
cable containment system allows for code-compliant cable 
separation without trenching. Instead, it mounts to vertical 
pilings or poles. 

Other considerations
Proper installation is critical when it come to the effectiveness 
of wire management systems. 

“All wire management systems are subject to improper 
installation,” Korth said. “It is imperative to understand the 
installation crew’s capabilities and the care they will give to the 
smallest details of securing wire safely.”

When choosing a particular material or type of wire 
management component, Korth said that metal tends to 
be more forgiving to install but less forgiving to the cable if 
installed improperly. 

“Plastic wire management runs the opposite, requiring 
more care to install but ultimately gentler on cable insulation,” 
he said. “Careful consideration needs to be taken when 
choosing plastic or metal materials.” HellermannTyton has 
published a white paper with more information on pros and 
cons of metal and plastic wire-management components.

Korth also sees wire-management standardization advancing. 
“The more standardized the industry gets when it comes 

to these large systems, the more costs can be driven out and 
the fewer parts needed on the spec,” he said. “We can then 
standardize how wires are being routed and protected. Until 
then, wire management strategies will continue to change 
platform to platform.” 

By integrating wire 
management into 
the solar racking 
system, not only are 
wires and cables 
protected from 
damage throughout 
the life of the system, 
but the system owner 
is pleased by the 
finished aesthetics.
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IN INVERTER 
MANUFACTURING, 
ONLY THE FORWARD-
THINKING SURVIVE
By Jason Higginson, senior director of marketing for APsystems

SOLAR WASN’T ALWAYS A VIABLE TECHNOLOGY for 
meeting our ever-increasing demands for electricity. Thirty 
years ago, meeting the electricity needs of the United 
States with solar power would have required enough PV 
modules to cover the state of Ohio. Today, that number 
is down 75% to 10,000 square miles—about the size of 
Massachusetts. Still a ridiculous figure for sure, but thanks 
to advancements in solar PV technology, every year it 
continues to shrink and it’s intriguing to think that perhaps 
one day just a few square miles of solar panels dispersed 
throughout the country might cover all our energy needs.

Everything has changed. More efficient PV modules 
have dramatically improved the viability and potential of 
solar as a mainstay of power generation, and the growth 
of the energy storage industry is allowing homeowners, 
businesses and utilities to better store and utilize the energy 
they’re creating through renewable technology.

But no solar technology has changed as dramatically 
as the inverter. Not only do inverters need to convert the 
DC energy from the panels to AC power, they must also 
be intelligent, smart-grid compliant and offer multiple 
communication and monitoring features, including Wi-Fi, 
cellular, Zigbee and powerline communication. They must also 
comply with a bewildering number of codes and regulations, 
and frequently communicate an equally exceptional amount 
of system data points, providing for an unprecedented level of 
system monitoring and analysis.
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More is being demanded of solar inverters than ever 
before. The pressure and need to create a brilliant, cutting-
edge piece of equipment at a competitively mandated 
lower price point every year is an incredible challenge for 
inverter manufacturers. It’s not for the faint of heart, yet many 
manufacturers are thriving in this complicated, demanding 
crucible of a niche. So how are they doing it? And how do they 
continue to push the envelope on inverter advancements?

Design advancements
Improvements in semiconductor technology and circuit 
topology have enabled system temperature reduction 
and more efficient power conversion, allowing for greater 
density, smaller inverter footprints and the advancement of 
microinverters and other MLPE technologies.

Conversion efficiency was the battle of the ’90s and 
’00s. Most inverter manufacturers these days offer products 
that convert at 95 to 99% efficiency. 
Indeed, energy efficiency does 
continue to improve at minor 
increments, but the real challenges 
lie in the current market and 
consumer demands, as well as the 
path ahead.

A smart grid needs a smarter 
inverter
Smart grid, Rule 21 interconnection 
compliance that requires inverters 
to actively support the stability 
of grid frequency and voltage, as 
well as the amended standards 
as each phase progresses, has 
inverter manufacturers constantly 
working on standards compliance 
upgrades, developing solutions 
they can implement into their 
unique technologies and keep 
them ahead of the curve.

Keeping up with these changes 
is the real conundrum. It is no longer 
possible for inverter manufacturers 
to design and build a product 
to meet today’s requirements—it has to meet 
tomorrow’s needs as well.

Some manufacturers, like Seattle-based 
APsystems, use an FPGA (Field-Programmable 
Gate Array) circuit topology which allows 
it to make remote firmware changes 
to keep up with frequent regulatory 

and grid changes. While there are grandfather clauses for 
some installed and outmoded systems, most system owners 
would understandably prefer not to be saddled with an 
outdated inverter quickly made obsolete and unserviceable 
by changes in the fast-moving industry.

Intelligent monitoring is key
Solar owners are no longer content with simply viewing 
their system production online. The monitoring and analysis 
platforms provided by inverter manufacturers have, by 
demand, evolved into reporting systems that rival some 
network operation centers in the level of detail available. Users 
and installers want to see a wide array of data points, including 
panel-by-panel energy production, energy consumption, 
frequency, voltage, amps, watts, notifications, alarms, even 
local temperature and weather, as well as historical data over 
time on all these points.
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Solar monitoring systems continue to become more 
integrated with home automation where users not only 
have this microscopic detail of their systems, but can 
also approach their home’s energy needs from a holistic 
standpoint. Combined with energy storage, these highly 
intelligent integrated systems help homeowners stay more 
informed and better manage their energy production and 
consumption.

More intelligent monitoring systems allow for better 
troubleshooting on the part of the system installer, 
manufacturer and homeowners themselves. These solutions 
make getting to the root problem substantially easier; 
unlike years past when truck rolls and field replacements 
were the unequivocal fix to every mysterious problem.

The level of detail available today means technicians 
can more often than not determine what the problem is, 
where in the array the problem is occurring, how often it is 
occurring and the events causing it to occur, such as a cable 
issue or grid fluctuations. Technicians can often fix these 
issues remotely by adjusting system parameters, sending 
out software updates, and, if a truck rolls is deemed 
necessary, they can give the field technicians detailed 
instructions on what needs to be done and how, saving 
them significant time on site.

Data is king
With a smart grid, and an even smarter inverter, the 
considerable number of aforementioned data points now 
need to be communicated back through the gateway and to 
the monitoring platform in the cloud. This means a steady 
stream of data is constantly flowing from the inverter to the 
internet—adding remote firmware upgrades to this creates 
a demanding bidirectional data flow and, for MLPE systems, 
traditional powerline communication isn’t going to cut it.

Some manufacturers have switched to high-speed 
wireless options like Zigbee, creating a local 2.4-GHz mesh 
network for fast and reliable data communication back to 
the gateway, and a hardline Ethernet cable to the router to 
minimize data interruption.

The grid and home will only continue to get smarter, 
and inverters will continue to advance to keep up. Solar 
inverter manufacturers juggle a staggering number of feature 
demands and technical requirements that are then magnified 
by the different countries and regions they do business in. 
The successful manufacturers are the ones that develop an 
adaptable design architecture that allows them to flexibly 
make frequent changes, stay keenly observant to market 
demands and regulatory changes, and keep a steady eye on 
the horizon. 
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HOW TO MEET NEC 2017 RAPID 
SHUTDOWN REQUIREMENTS B y  K e l l y  P i c k e r e l ,  e d i t o r  i n  c h i e f

THE SECTION 690.12 UPDATE TO THE 2017 NATIONAL 
ELECTRICAL CODE (NEC) calls for module-level rapid 
shutdown of solar systems instead of NEC 2014’s array-level 
shutdown requirement. Starting Jan. 1, 2019 when NEC 2017 
goes into effect in certain jurisdictions, all conductors within an 
array’s 1-ft boundary have to be reduced to 80 V or less within 
30 seconds of rapid shutdown initiation.

Smart modules, microinverters and other module-level 
power electronics (MLPEs) assist solar systems with module-
level rapid shutdown. Here are the products that can bring solar 
projects installed after Jan. 1, 2019 to compliance with NEC 
2017 module-level rapid shutdown.

Optimizers, smart modules and flexible MLPEs
Whether a panel comes pre-attached with optimizers or 
other MLPEs as a smart module or installers have to attach 
them in the field, these DC devices can be module-level 
rapid shutdown-compliant.

When rapid shutdown is required on systems with 
these DC products, the AC breaker is flipped, and the 
loss of power causes the module-level electronics to turn 
off and suspend voltage output.

The LG NeON R smart module solution, which consists 
of SolarEdge inverters, SolarEdge power optimizers and LG 
modules, is one example of a smart module in compliance 
with NEC 2017 rapid shutdown requirements. When the 
system loses AC power, the inverters turn off and the power 
optimizers start to safely draw down power.

Tigo is a seasoned power optimizer manufacturer, but 
the company’s solutions have evolved past just optimizing 
individual solar panels. The company’s TS4 platform offers 
many more module-level options, such as monitoring or fire 
safety. These flexible MLPE (Flex MLPE) products take the 
place of standard bypass diodes in the junction box and 
allow all types of modules—like Trina Solar’s TrinaSwitch—
to meet module-level shutdown compliance without 
additional external boxes. Many inverters are also UL-listed 
to work with Tigo’s TS4 to be in compliance with NEC 2017.

SMA is one of those inverter companies. The SMA 
Sunny Boy inverters communicate with Tigo’s Cloud 
Connect Advanced (CCA) universal dataloggers to talk to 
the optimizers in the case of an emergency.

“The PV system rapid shutdown initiator is the main AC 
service breaker,” said Mike Mahon, solar academy trainer 
at SMA America. “The loss of communication at the TS4 
devices in conjunction with the cessation of output power 
of the PV inverter triggers the TS4 devices to isolate their 
modules from the series string.”

When the AC circuit breaker is disconnected within 
a Tigo system, the loss of power from the grid causes the 
inverter and the CCA to turn off. When these two things 
shut off, the TS4 devices automatically enter rapid shutdown 
mode so output voltage and power turn off completely.

The TS4 line from Tigo
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With all DC-based MLPEs assisting with rapid 
shutdown, the AC breaker is the only switch to flip. No 
extra button is needed to confirm that voltage is shut down 
for first responders or others wanting to turn off an array.

Microinverters and AC modules
Rapid shutdown occurs similarly for microinverters and 
optimizers: The AC breaker is the only switch to flip for the 
solar system to shut down.

“When the main breaker is shut off, all microinverters 
immediately shut off and all conductors and wiring are de-
energized,” said Surya Potharaju, senior director of product 
management at microinverter manufacturer Enphase 
Energy. “Put another way, the UL 1741 inverter compliance 
requires that inverters cease operation whenever the utility 
parameters fall out range. Shutting off the main breaker 
places the utility voltage and frequency out of range.”

Microinverters ship rapid-shutdown-compliant and no 
additional components are needed. The same can be said 
about AC modules with microinverters already attached.

Product compliance
Having module-level devices like optimizers, microinverters 
and flexible MLPEs means nothing to the rapid shutdown 
conversation if they cannot communicate with the string 
inverter or main AC connection.

The SunSpec Alliance, a trade group formulating 
standards to enable plug-and-play systems, established 
the SunSpec Communication Signal for Rapid Shutdown 
Interoperability Specification that defines a communication 
protocol for module-level rapid shutdown. When modules, 
MLPEs and inverters achieve this specification, it is a 
guarantee to solar installers that the products will interact 
with each other to achieve shutdown when initiated.

Fronius was the first inverter company to announce 
its Symo Advanced inverter complied with the SunSpec 
guidelines for rapid shutdown communication over 
power lines. As long as the modules and/or MLPEs in 
the solar system are also SunSpec-certified, then the 
Fronius Symo Advanced inverter can assist with module-
level rapid shutdown.

SMA and Tigo released a module-level rapid 
shutdown unit that is also SunSpec-certified. Tigo’s TS4-F 
(Fire Safety) device is purely a shutdown device and does 
not offer other optimizing features. SMA plans to bring all 
its U.S. string inverters in full compliance with the SunSpec 
rapid shutdown specification before Jan. 1, 2019.

ABB also has some of its products SunSpec-certified, 
and many other manufacturers are working to meet 
requirements before NEC 2017 goes into effect. 

LG’s NeON 2 ACe module with 
Enphase microinverter (above) and 
the Fronius Symo Advanced inverter 
(below)
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THE DESIGN OF A SOLAR ARRAY ON A SHINGLED OR 
TILED PITCHED ROOF is influenced by whether the system 
will be attached to the roof’s rafters or decking, and there isn’t 
exactly a straight answer on which is best. It really depends 
on the entire building’s structural support and the mounting 
system. The go-to option, said S-5! CEO Rob Haddock, is to 
attach to the rafters.

“When attaching to almost any roof that is supported by 
wood rafters or trusses, and then covered with plywood or OSB 
deck, the easiest and safest approach is to attach rail or racking 
anchorages to the truss/rafter, but attach to every one, not 
every second or third one, thus distributing loads evenly over 
all trusses,” he said. “Of course, there are other considerations 
that could save a lot of money and potential failures.”

A roof surface transfers loads onto a building’s structure. 
Positive loads push down on the roof (snow loads) and negative 
loads pull up (wind loads). When a solar system is mounted to 
a roof, more components are added to the load chain. Positive 
and negative loads are now carried through the solar system 
and mounting components to the building structure. Attaching 
solar to the rafters eliminates a few middle steps of load 
transfers and gets right to the core building components. But, 
that isn’t to say deck-attached systems are an inferior choice.

“Attachment [only] to the deck is convenient for many 
reasons, not the least of which is that we don’t have to find the 
truss for our attachment,” Haddock said. “When attaching to 
a truss or rafter, not only do we have to find something that 
we cannot see, but we have to find the center of it to run a lag 
into, we have to predrill it so that it doesn’t split, and so on. 
When we attach to deck only, we don’t have to do any of that, 
but we do have to be sure that the attachment is adequate to 
withstand the point loads that we are introducing to it.”

Mounting manufacturer Preformed Line Products leaves 
the option of rafter- or deck-attached systems up to the 
installer, although global market manager John Markiewicz 
prefers using the deck.

“It’s better to offer whatever the customer prefers, and they 
can choose,” he said. “But direct-to-decking has so many more 
benefits: simplified layout, getting around roof obstructions, 
hitting the module where it needs to be mounted.”

RAFTER OR DECKING: 
WHERE SHOULD YOU MOUNT A SOLAR ARRAY?

B y  K e l l y  P i c k e r e l ,  e d i t o r  i n  c h i e f
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PLP product manager Dustin Graef further explained the 
benefits of deck-attached systems.

“When attaching to rafters, you have the possibility of 
splintering the rafters. You also don’t know for sure if you 
are in the rafter,” he said. “It can end up shifting the entire 
system in either direction if you have to hit that rafter. With our 
POWER DISK [rail-less system], you can put it anywhere you 
want. If you have an obstruction like a vent, you move it over a 
foot and it doesn’t affect the layout of the array.”

Fifteen years ago, PLP released its Easy Foot mounting 
bracket that could be installed on the decking or the rafters. 
Markiewicz said when PLP developed the rail-less POWER 
DISK system, the company again went with the “mount 
anywhere” option.

“When we came out with the rail-less, we decided to use 
the same concept that has been proven for 15 years that lets 
you attach anywhere,” he said. “People are worried about 
the strength of the decking, but we have not experienced any 
issues with the Easy Foot for 15 years.”

IMPROVED DESIGN. 
EASIER TO INSTALL. 

PV KIT 2.0 ADVANTAGES

S-5!® has introduced a new and improved PV Kit, boasting lower installation time and cost for PV 
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efficient installation. A single tool drives the top bolt, eliminating several installation steps. The PV Kit 2.0 
features more aggressive bonding teeth for better grounding. Fewer lugs/ground wires required.

Top: PV Kit™ 2.0 with EdgeGrab

Bottom: PV Kit™ with MidGrab
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flush, clean finish
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• UL 2703 Listed (Pending)

The Right Way!™ | www.s-5.com | 888-825-3432
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Ecolibrium Solar is firmly on the other side. The 
company’s EcoX rail-less system is primarily attached 
to the rafters, but it does have the option for deck 
mounting. Jonah Coles, Ecolibrium’s product solutions 
manager, said the company suggests rafter attachment 
for the most secure connections and resistance to wind 
and snow loads. Coles said rafter-attached systems 
connect directly to the building’s structure, whereas 
deck-attached systems rely on the decking’s connection 
to the structure, and that could be unknown.

“Rafter connections are generally more efficient from a design 
approval perspective,” he said. “Taking conservative assumptions, 
it is relatively straightforward to check that a rafter attachment 
will support the load of solar on a roof. It is more challenging to 
confirm that the decking on a given site has the needed strength 
for a deck-mounted array.”

Ecolibirium offers secure deck-mounting options when the 
decking thickness, material, condition and connection to the structure 
can be easily verified, often only on new building construction.

“Typically, a rafter-attachment is stronger than a deck-
attachment which means that fewer attachments are required,” 
Coles said. “Our EcoX base is about three-times stronger when 
attached to a rafter, compared to attachment to OSB decking.”

Whether deck- or rafter-attached, sealing roof penetrations is 
still important. Flashing materials are the same in either situation, 
but the type of fasteners or screws differ. PLP includes 1 1/2-in. 
deck screws for deck-attached systems and 2 1/2-in. lag screws 
for rafter-attached systems.

“When racking companies sell their mounting feet they don’t 
necessarily include their fastener,” 
Markiewicz said. “We provide a 
specialty screw for direct-to-decking. 
We didn’t leave it to chance. For 
rafter-attached systems, we do also 
include the right fastener.”

Attaching a solar array 
to the rafters is the most 
straightforward, trusted option, 
but attaching to the decking 
isn’t wrong. It just takes a little 
more engineering to ensure a 
successful installation.

“In either case (truss/rafter or 
deck-only), the attachment and 
transfer of point load through 
the load chain and into the 
structure is a very critical step 
that should never be overlooked. 
It should not be guessed at, but 
tested and engineered to prove 
adequacy,” Haddock said.

Of course, if one wants to 
avoid this debate entirely, install 
solar on a metal roof. When 
using the correct engineered 
components, a solar array is 
attached to either the seams 
(standing-seam metal roof) or ribs 
(face-attached metal roof)–never to 
the rafters and rarely to the deck. 
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AVOIDING THE COSTLY 
CONSEQUENCES OF 
FROST HEAVE ON SOLAR 
GROUND-MOUNTS

B y  H i t e s h  P a t e l ,  m a n a g e r 
o f  p r o j e c t  e n g i n e e r i n g , 
P C L  C o n s t r u c t i o n

SOLAR ENERGY IS NOW A PROVEN, reliable and competitive 
energy solution and has gained viability in colder environments 
due to government policies, incentives and Renewable Portfolio 
Standards set by states on utilities. Solar PV systems are typically 
designed for a 20- to 25-year lifespan and provide an energy 
source at a set competitive rate for its lifetime. However, solar 
projects can be susceptible to environmental conditions such 
as frost heave, which inflict significant maintenance costs and 
drastically shorten the facility’s lifespan.

Frost heave is a geotechnical phenomenon that occurs 
when water freezes in subsurface soils and creates ice lenses 
that shift and move upward. If the frozen layer is well-bonded 
to the solar rack foundations, the upward movement of the 
soil may also move the foundation. The rate of frost heave is 
not uniform and can occur at more than 1 in. per day when 
extreme conditions exist, depending on local frost depth and 
the presence of subsurface water. When frost heave occurs, 
it impacts the foundations and racking systems resulting in 
structural deflections with costly consequences including 
cracked modules, and damaged conductor and grounding. 
These components all require extensive replacement and 
repairs to bring the system back into operation, which is not 
affordable to any project owner.

Lessons learned
Companies like PCL Construction that work in frigid climates 
like the Great Lakes Region of North America are all too 
familiar with the frost heave phenomenon. Unfortunately, 
there are several projects across North America that continue 
to experience technical, economical and schedule impacts 
caused by frost heave. Significant stresses can develop due 
to imposed frost heave conditions, causing racking system 
structures and connection failures as well as PV module 
failures due to broken glass, microfractures and seal failures, 
and mechanical damage to electrical terminations and cable 
trenches underneath the frozen soil.

However, these impacts can be avoided if project teams 
implement a cold weather mitigation strategy from the start of 
the initial design phase.

The use of particular types of foundation methods can 
prevent the adverse effects of frost heave and help EPC 
companies avoid costly repairs and lost revenue. Previous 
experience with ground-mount PV foundations in cold climates 
has demonstrated that bearing-type footings, such as helical 
piles and concrete spread footings, perform well in frost-
susceptible soils when local recommendations are followed. 
Allowable deflections and differential movement limits are 
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provided by the racking manufacturer or the project’s contract 
documents. Owners concerned about frost heave for their 
projects should consider hiring a local firm that is experienced 
with the issue to perform a geotechnical study to optimize 
parameters for foundations and help ensure the project 
achieves useful operation throughout the project lifecycle.

Protection and testing strategies
Projects with a target lifespan over 20 years require additional 
measures to prevent the effects of frost heave, which can be 
exacerbated by corroded steel piles. Galvanizing the steel’s 
surface is a common method to protect against corrosion 
and frost heave, as corroded steel tends to have higher frost 
adhesion values. All racking attached to the fixed piles must 
have adequate ground clearance to allow movement of the 
ground without catching braces or other components that 
can then be damaged or cause damage elsewhere. Local 
weather reports or the National Weather Service can provide 
soil temperature depth maps to determine anticipated frost 
depth, which varies based on soil type, water content, snow 
and vegetation cover on the surface.

A pile verification program is progressively more important 
in areas where frost heave is prevalent, as it can impact the final 
design. EPC companies should implement a design verification 
testing program to test and verify the pile capacity and optimize 
the pile size and embedment depth to account for frost heave 
loading conditions. Foundations with a wider width below the 
frost line may help the pile resist frost uplift. Using probing as 
part of the program can help EPC companies identify areas of 
potential concerns, such as soft or obstructed areas.

It’s imperative to install foundations under a quality 
control program that includes visual inspection, torque 
measuring and production proof testing that tests 100% 
of the anticipated frost load and deflections. By testing 
foundations before installation, teams can correct issues early 
in construction. If the team notices excessive deflections, 
additional proof testing is needed to specify the problem 
area. Pile remediation can be performed to include deeper 
embedment with longer piles or spliced piles, larger or 
multiple helix piles or insulation. Examining each case 
individually will determine the best remediation type as 
conditions can vary dramatically between sites.

EPC companies should also account for the stress frost heave 
has on the equipment concrete pad and ancillary equipment, 
including the transformer medium-voltage terminations. 
Excessive ground movement can be mitigated by allowing for 
additional loops in the cable and installing horizontal runs in the 
PVC conduits. The additional cable will prevent the termination 
devices from experiencing direct stress which in turn will 
prevent any electrical fault or shock hazards. Conduits installed 
underground should be equipped with expansion coupling 
in horizontal runs so it can absorb the frost heave horizontal 
movement in the soil. Combiner box output and inverter 
direct-current recombiner box connections can be protected by 
expansion couplings in vertical conduit runs. Conduits installed 
as a means of mechanical protection to fix electrical enclosures 
should have expansion joints based on ground heaving 
conditions at the time of installation. Cable terminations subject 
to movement by frost heave should have slack between the 
termination and the top of the heaving cable trench.

If not appropriately designed, cable trench heaving and 
combiner box foundation pile movement can cause damage 
to wire strings as well. The heaving can cause stress in the 
string wiring and DC feeder running back to the inverter. 
Proper slack and support to these cables should be allowed to 
alleviate the movement stress on them. Inverter connections 
in DC and AC termination box should be protected in the 
event of frost heave by applying these preventative measures. 
The combiner box and its foundation, trench design, frost 
penetration depth, vertical cable stub up and conduit 
protections should be reviewed as a system in summer 
and winter months to ensure differential movements are 
understood and the system performs as required.

When a pile moves, it creates stress on all aspects of the 
solar PV system, from electrical infrastructure to foundations. If 
owners want their projects to meet their target energy outputs 
for the project’s contracted life cycle, they should utilize an EPC 
company that understands frost heave and its potentially serious 
ramifications. EPC companies deploying solar energy solutions in 
ice-prone areas must develop a solution to prevent frost heave, 
and ensure the processes are in place to guarantee success. 
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A LOOK AT THE DIFFERENT TYPES OF FLASHING
B y  K e l l y  P i c k e r e l ,  e d i t o r  i n  c h i e f

WITHOUT FLASHING, a residential roof with solar might 
become a leaky mess. When holes are made in a roof—for vent 
pipes or solar mounts—flashing is the material used to stop 
water from leaking into the roof. The most common type of 
flashing is made of aluminum, but there have been advances in 
this area of the roofing market, as SolarRoofHook‘s marketing 
director Samantha Dalton explained during a Solar Power World 
webinar. Below you’ll find more information on the main types 
of flashing used on asphalt shingle roofs.

Aluminum Flashing
Aluminum flashing is the 
most recognized flashing 
type. A large square-ish 
size of aluminum redirects 
water runoff away from the 
roof penetration. Aluminum 
flashing is installed by lifting 
the shingles and inserting 
the flashing underneath. It 
secures to the roof by the 

weight of the roofing material or by nails.
“Aluminum flashing has been in the industry so long, that 

many people have used it since they began installing solar,” 
Dalton said. “Aluminum flashing is malleable and lightweight, 
[and] is also a low-cost flashing option.”

One drawback of the popular aluminum flashing method 
is that shingle nails have to be removed, leaving more holes 
in the roof. And if the flashing has to be nailed down, that 
makes even more holes. Although lightweight, the large size 
of aluminum flashing pieces can be bulky to ship and handle.

Galvanized Flashing
Galvanized flashing uses 
galvanized steel, making it 
more rigid than aluminum 
flashing. Galvanized flashing 
also redirects water runoff away 
from roof penetrations and is 
installed under roof shingles.

“Because of its rigidity, 
galvanized flashing improved 
upon the issue aluminum flashing 
imposed in high wind areas. It 

won’t bend or misshape in the wind,” Dalton said. “Installers 
won’t have to worry about keeping it secure at all times while 
handling it on the roof in order to keep it from blowing away.”

Galvanized has similar problems to aluminum flashing—
more penetrations—and is heavier to transport up onto the 
roof. It’s also more expensive than aluminum flashing.

Rubber Flashing
Rubber/EPDM flashing 
works alongside a piece 
of aluminum flashing. 
A rubber bushing 
is inserted into the 
opening of an aluminum 
flashing where the roof 
penetration is made. The 
rubber helps seal the 
mount from water leaks. 
Rubber flashing is still 

installed under shingles and is nailed to the roof.
“Rubber bushed flashing provides a truly watertight 

seal and does not depend on redirecting water to keep the 
penetration from leaking,” Dalton said. “However, it still has 
many of the same downsides as aluminum and galvanized 
flashing. Rubber bushed flashing is one of the most expensive 
flashing options in the industry. The flashing is still bulky. Extra 
penetrations are still made in the roof.”

Elevated Flashing
Elevated flashing is made 
of aluminum but features 
a raised section above 
the roof penetration, 
preventing water from 
running directly over the 
hole. Shingles are still 
lifted, and the flashing is 
nailed to the roof.

“Elevated flashing is 
more water resistant than 

traditional aluminum flashing. The raised area provides an 
extra defense against allowing leaks,” Dalton said.

Like rubber flashing, elevated flashing is more expensive 
because of the improved modifications.
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Microflashing
Microflashing, which SolarRoofHook 
uses with its QuickBOLT product, is 
much smaller than traditional flashing, 
at 3 to 4 in. in diameter. A stainless-
steel compression washer with EPDM 
on the bottom is placed directly over 
the shingle and a bolt is driven into 
the roof. Solar mounts then connect 
to that exposed bolt. No shingles are 
lifted or removed, and the smaller size 
is easy to ship and assemble.

“Because it compresses and 
chemically bonds with the roof, 
Microflashing is able to create a 100% 
leak-proof seal,” Dalton said. “Because 
Microflashing is not a big, bulky piece 
of aluminum, the traditionalists of the 
industry have been hesitant in the past to 
accept it as a flashing system. However, 
not only is Microflashing a viable flashing 
method, it is the most innovative and 
reliable flashing method available.”

Microflashing is the newest 
type of flashing to enter the roofing 
market, and it upends the thought of 
traditional flashing options.

No matter what flashing type is 
chosen for a solar project, it’s important 
to ensure the installation adheres 
to all appropriate building codes. 
Often, flashing must be applied in 
accordance with the asphalt shingle 
manufacturer’s printed instructions, 
following best practices from various 
roofing associations. Choosing the 
right flashing is an important step, 
but making sure it’s installed correctly 
ensures a waterproof solar project. 
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TO IMPROVE SOLAR 
TRACKERS, FIRST LOOK AT 
PROVEN FIXED-TILT STRATEGIES B y  Yu r y  R e z n i k o v ,  s a l e s  a n d  m a r k e t i n g 

a t  A x s u s ,  a  d i v i s i o n  o f  M a g n a  

BUILT TO WITHSTAND THE COMBINATION OF 
POWERFUL WIND, SNOW, SEISMIC AND DEAD LOAD, 
fixed-tilt and tracking ground-mount systems must be 
engineered to deal with two separate but equally powerful 
forces: bending and torsion.

 Bending occurs when external loads are applied 
perpendicularly to the horizontal length of the mounting 
system. Torsional forces occur when a vortex forms above the 
leading edge of the mounting system, creating significant 
movement about the center chord, building up at even 
relatively low wind speeds.

Fixed-tilt systems effectively mitigate bending forces through 
c-channels, which can be perfectly optimized to handle the loads 

of any given project through changes in profile and gauge. These 
systems have an even greater advantage when it comes to torsion. 
With a strut at every post, rotational forces can be transmitted into 
the strut, then the post and ultimately the ground. The torsional 
forces don’t accumulate along the length of the structure.

In the case of tracker systems, dealing with bending and 
torsion is more difficult and complex. Typical tracker designs 
have relied on torque tubes to serve dual duty and handle both 
types of forces. As with fixed-tilt systems, trackers are engineered 
so that bending forces are transmitted through the posts. The 
torsional forces, however, accumulate along the length of the 
torque tube resulting in large forces at the center of the row—
typically at the point of the slew drive or actuator.
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As the torsional moments add up along the length of 
the row, the row lengths become limited as there is minimal 
support at each row end. This limitation creates design 
constraints and does not allow designers to fully optimize 
site layouts without compromising on cost by either creating 
a lot of variations in the torque tube sizes or standardizing 
the size but inherently having waste material. With more and 
more tracker projects being deployed in increasingly varied 
environments, manufacturers are re-evaluating traditional 
tracker design and looking beyond the torque tube approach 
for more effective and efficient ways to lower costs, mitigate 
dynamic torsional forces and create a more optimized project.

Common approaches to dealing with dynamic forces
 The general industry term “dynamic forces” is really two separate 
items. The first is the “resonant vibration” and the second is 
“aeroelastic instability.” The resonant vibration effect shows up in 
bending, swaying and torsional modes. Torsional effects are not 
present in fixed-tilt systems, but are a concern on trackers through 

the posts that allow the torque tubes to rotate freely with the only 
backstop in the middle of the row at the motor.

The amount of additional force present due to torsional 
dynamics depends on two factors. The first is the natural 
frequency of the system. The second factor is the dampening 
of the system. The higher the frequency or dampening, the 
less pronounced the effect.

The solutions to minimize resonant vibration are fairly 
straightforward. A manufacturer can add material to increase 
the natural frequency or add friction and/or dampeners to 
increase the dampening effect. Both of these are expensive 
with significant failure risk. However, even if a manufacturer 
minimizes the effect of the resonant vibration, the additional 
loads and the capacity of the system will increase by 20 to 50%.

 Aeroelastic instability or torsional galloping is different 
from resonant vibration and occurs when the wind vortices 
create a torsional load at the ends of the tracker row (where the 
torsional stiffness of the torque tube is reduced) that alternate 
between the upper and lower surface of the module. The 
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torque tube acts as a spring and can potentially be a runaway 
reaction that completely destroys the structure. The solution 
here is to stow the tracker at a different tilt angle around 20° to 
minimize this effect. Doing so, however, will increase the loads 
on the tracker and will require additional materials to increase 
capacity of the structure as seen in the chart above.

Trackers have historically used several common design 
strategies to deal with the instability resulting from the 
vortices forming on and shedding from the leading edge as 
it twists up and down:

• Array Design – To mitigate torsional loads, row lengths 
have been limited to approximately 90 modules, and 
arrays have required a large center foundation. Though 
effective, these designs require additional material and 
installation costs.

• Stow Strategy – Moving a tracker’s position to stow as 
wind speeds increase can mitigate torsional loads on 
the structure. While this approach effectively minimizes 
dynamic loads, it also simultaneously increases other 
forces. Effectively managing loads in stow position 
requires more material, which translates into higher costs.

• Module Mounting – Tracker manufacturers have turned to 
design approaches such as short module mounting rails 
on torque tubes to reduce bending and torsional forces 
on the tracker structure. Similarly, a different stow strategy 
increases forces on modules especially with short rails. 
However, these approaches simultaneously potentially 
increase loads on the modules and the associated risk of 
module degradation due to cell microcracking.

Dynamic force design advances
The good news is that by mimicking fixed-tilt systems, 
the latest tracker designs are introducing new ways to 
manage both bending and torsional forces. This design 
approach optimizes separate components to deal with each 
type of load and eliminates additive row-length forces by 
distributing loads at each post.

The introduction of locking dampers and sophisticated gear 
mechanisms/bearings at multiple points along the row length, 
for example, approximates the function of a kicker and reduces 
(but doesn’t eliminate) the amount of torsion that the torque tube 
must handle. An even more advanced solution is to do away with 
the torque tube altogether in favor of proven fixed-tilt structural 
elements that can be paired with responsive drive technology.

Advantages of a tracking system without torque tubes
• Dynamic Forces – When torsional forces are distributed 

along the row, excessive center-row loads and unsupported 
row ends are eliminated and associated material costs are 
reduced. Row lengths can also be extended.

• Stow Strategy – When torsional forces are distributed, the 
tracker can be stowed at 0°, which reduces loads and is 
the optimal position for minimizing bending force stress 
on the structure.

• Dampeners – Dampeners are no longer required, saving 
money from installation through long-term O&M.

• Module Integrity – When trackers are stowed at 0° and 
mounting rails can be longer, there is less pulling and 
pushing on the modules, reducing the risk of microcracking 
and prolonging the longevity of the modules.
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Axsus single-axis trackers demonstrate how adopting proven fixed-tilt 
strategies can successfully mitigate both bending and torsional loads 
for a more enduring and cost-effective tracker project solution.

To best manage bending loads, Axsus trackers use c-channels that 
vary in gauge depending on the loads of a unique project site.

In place of torque tubes, Axsus trackers employ drive units at every 
post that lock and function like a kicker. These drive units are in turn 
connected by a steel wire drive shaft—which effectively performs the 
action of row rotation at a much lower material cost. The system can 
be stowed at 0° and requires no dampers. Rows can be longer and row 
gaps can be smaller. These design advances translate into material costs 
that are 25% lower than leading trackers, as well as significant savings in 
shipping and transport with only two trucks required per megawatt.

Installation is also made simpler with lightweight roll formed sections 
that do not require heavy or specialized equipment like that used for 
unwieldy torque tubes and large foundations.

The solar industry is all about collaboration, and the tracking 
market will continue to grow by using tips learned in fixed-tilt 
mounting. 
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BIFACIAL MODULES ARE 
ENTERING THE MAINSTREAM B y  K e l l y  P i c k e r e l ,  e d i t o r  i n  c h i e f

BIFACIAL MODULES OFFER MANY ADVANTAGES 
OVER TRADITIONAL SOLAR PANELS. Power can be 
produced from both sides of a bifacial module, increasing 
total energy generation. They’re often more durable 
because both sides are UV resistant, and potential-induced 
degradation (PID) concerns are reduced when the bifacial 
module is frameless. Balance of system (BOS) costs are also 
reduced when more power can be generated from bifacial 
modules in a smaller array footprint.

Some companies with bifacial modules currently on 
the market include LG, LONGi, Lumos Solar, Prism Solar, 
Silfab, Sunpreme, Trina Solar and Yingli Solar. As more 
manufacturers begin production, bifacial modules look to 
be a niche product entering the mainstream.

What is a bifacial module?
Bifacial modules produce solar power from both sides of 
the panel. Whereas traditional opaque-backsheeted panels 
are monofacial, bifacial modules expose both the front and 
backside of the solar cells. When bifacial modules are installed 
on a highly reflective surface (like a white TPO roof or on 
the ground with light-colored stones), some bifacial module 
manufacturers claim up to a 30% increase in production just 
from the extra power generated from the rear.

Bifacial modules come in many designs. Some are framed 
while others are frameless. Some are dual-glass, and others 
use clear backsheets. Most use monocrystalline cells, but there 
are polycrystalline designs. The one thing that is constant is 
that power is produced from both sides. There are frameless, 
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dual-glass modules that expose the backside of cells but are 
not bifacial. True bifacial modules have contacts/busbars on 
both the front and back sides of their cells.

How are bifacial modules installed?
The way a bifacial module is mounted depends on its type. 
A framed bifacial module might be easier to install than 
frameless, just because traditional mounting and racking 
systems are already adapted to framed models. Most bifacial 
module manufacturers provide their own clamps to mount 
their specific brand, taking away any installation hesitations.

For frameless bifacial modules, the module clamps will 
often feature rubber guards to protect the glass, and special 
care must be taken to prevent overtightening bolts and 
damaging the glass.

The higher a bifacial module is tilted, the more power 
it produces from its bifacial properties. Bifacial modules 
mounted flush to a rooftop block any reflected light from 
reaching the backside of the cells. That’s why bifacial modules 
perform better on flat commercial rooftops and ground-
mounted arrays, because there 
is more room for tilt and 
bouncing reflected light to 
the rear of the modules.

The mounting system 
itself can affect the 
performance of the bifacial 
modules. Racking systems 
with support rails usually 
covered by a monofacial 
module’s backsheet will shade 
back rows of bifacial cells. 
Junction boxes on bifacial 
panels have become smaller 
or separated into multiple 
units positioned along the 
panel’s edge to prevent 
shading, too. Mounting and 
racking systems specially 
formatted for bifacial 
installations take out the 
question of backside shading.

What is the outlook for 
bifacial modules?
Last year, Vincent Ambrose, Canadian Solar’s general manager 
for North America, told Solar Power World that bifacial 
modules were really going to take off in the next few years.

“The challenge with bifacial has always been 
the unpredictability of the power output because it’s 

dependent upon the substrate behind the modules—a 
white commercial roof, a dark comp shingle, grass, 
gravel,” he said “It’s hard to model what the module is 
going to produce. The financing community is coming 
around on bifacial and the cost structure is coming down. 
We’ll be hearing more about that technology in the 
coming two or three years.”

Chinese panel manufacturer LONGi Solar believes we’re 
entering a new era of PV, one where high-efficiency modules 
are supreme. Bifacial technology supports the concept of 
using quality materials for high-energy yields.

“Bifacial modules are the future of the industry,” 
said Hongbin Fang, technical director of LONGi Solar. “It 
inherited all the advantages of mono PERC modules: high 
power density resulting in significant BOS savings, high 
energy yield with better low light performance and lower 
temperature coefficient. In addition, bifacial PERC modules 
also harvest energy from the rear side, demonstrating 
higher energy yield. We think bifacial PERC modules are the 
best approach to realize lower LCOE.” 
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THE DIFFERENCE BETWEEN 
N-TYPE AND P-TYPE SOLAR CELLS B y  K e l l y  P i c k e r e l , 

e d i t o r  i n  c h i e f

THE AVERAGE SOLAR BUYER PROBABLY ISN’T PAYING 
ATTENTION to whether solar panels are made with p-type 
or n-type solar cells. There are more important things to worry 
about, like power output and aesthetics. But in case anyone 
was wondering what those letters mean and how they may 
affect solar panel buying in the future, here’s a crash course on 
the science behind solar cells.

First, a conventional crystalline silicon (c-Si) solar cell is 
a silicon wafer doped with various chemicals to encourage 
power production. The main difference between p-type and 
n-type solar cells is the number of electrons. A p-type cell 
usually dopes its silicon wafer with boron, which has one less 
electron than silicon (making the cell positively charged). An 
n-type cell is doped with phosphorus, which has one more 
electron than silicon (making the cell negatively charged).

Although the first solar cell invented by Bell Labs 
in 1954 was n-type, the p-type structure became more 
dominant due to demand for solar technologies in 
space. P-type cells proved to be more resistant to space 
radiation and degradation. Since so much research was 
thrown into space-related solar technology, it was only 
natural that p-type cell dominance trickled down to the 
residential solar market.

But more solar manufacturers are adopting n-type 
structures because of their additional benefits. For 
one, since n-type cells use phosphorus instead of 
boron, they are immune to boron-oxygen defects, 
which cause decreased efficiency and purity in p-type 
structures. N-type cells are in turn more efficient and 
are not affected by light-induced degradation (LID).

The market share 
of p-type and n-type 
solar cell designs. 
Credit: ITRPV
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The International Technology 
Roadmap for Photovoltaic (ITRPV) 
predicts that the market share of 
p-type mono-c-Si will hold around 
30% through 2028, while n-type 
mono-c-Si will increase to about 
28% from barely 5% in 2017. This 
correlates to the industry demand 
for more high-efficiency modules, 
so solar buyers can expect more 
n-type designs entering the 
mainstream.

The R&D behind both cell 
types is strong. While n-type solar 
cells may be more efficient at a 
surface-level, outputs on both types 
can be similar. Some examples to 
compare:

In June 2018, REC released 
its N-Peak panel, a 60-cell n-type 
mono-c-Si module with half-cut 
cells rated at 330 W. In April 2018, 
LONGi reached a record with its 60-
cell p-type PERC mono-c-Si module 
with half-cut cells rated at 360 W.

In May 2017, Trina Solar hit 
24.13% efficiency with its n-type 
mono-c-Si solar cell. This May 2018, 
JinkoSolar hit a record-breaking 
23.95% efficiency with its p-type 
mono-c-Si solar cell. 

• AXIpower POLY up to 330 Watt

• AXIpremium MONO up to 360 Watt

• AXIblackpremium MONO ALL BLACK up to 300 Watt

High Performance Solar Modules

15

AXITEC, LLC, 1819 Underwood BLVD, Suite 5, Delran, New Jersey 08075, 
Phone 856-393-7800, info@axitecsolar.com
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IF THERE’S ONE PRODUCT THAT HAD THE OPPORTUNITY 
TO BENEFIT FROM THE TARIFFS on crystalline silicon solar 
panels, it’s the thin-film module. Crystalline silicon’s (c-Si) 
slimmer cousin, thin-film is exempt from the 30% solar panel 
tariff because the U.S. government found that imported c-Si 
modules—not thin-film—were causing harm to domestic panel 
manufacturing. That’s no surprise as c-Si holds between 90 and 
95% of the global production market share.

Thin-film panel manufacturer First Solar—exempt from 
the tariffs—is expanding its Vietnam manufacturing plant 
and will build a new 1.2-GW facility in Ohio to meet utility-
scale demand. The expected 500 U.S. jobs will assist with 
production of the company’s new Series 6 module, which is 
sized and powered to be competitive with traditional c-Si. Is it 
finally thin-film’s time to shine?

Since thin-film has found most of its success thus far 
in either large utility-scale projects or small pocket-sized 
calculators, it will take a major preference shift and production 
upgrade for the specialized modules to take off. 

Types of thin-film solar
A thin-film solar panel is made of thin films of semiconductors 
deposited on glass, plastic or metal. The films are incredibly 
thin, often 20 times thinner than c-Si wafers. This makes thin-
film solar panels flexible and lightweight. If the thin-film cells 
are encased in plastic, the product could be flexible enough to 
mold to a roof’s shape; when glass is used, thin-film panels are 
more rigid and heavier. 

There are three common thin-film divisions: amorphous 
silicon (a-Si), cadmium telluride (CdTe), and copper indium 
gallium selenide (CIGS) or gallium-free CIS. 

a-Si is the oldest thin-film technology. It uses chemical 
vapor deposition to place a thin layer of silicon onto the 
glass, plastic or metal base. It is nontoxic, absorbs a wide 
range of the light spectrum and performs well in low light 
but loses efficiency quickly. Pocket and desk calculators use 
a-Si cells, and PowerFilm produces low-watt, portable solar 
products using the technology. The highest efficiency on 
record for a-Si is 13.6%. 

CdTe is the most common thin-film solar technology, 
largely because of First Solar’s utility-scale dominance. In 
First Solar’s case, cadmium and tellurium (a rare metal) are 
deposited on glass. In 2016, First Solar hit a CdTe world-
record cell efficiency of 22.1%, although its modules average 
17%. The Series 6 module should produce 420 W, and its 
smaller Series 4 modules peaked at about 100 W.

CIS and CIGS modules are usually produced using 
co-evaporation or co-deposition. Copper, indium, selenide 
and (sometimes) gallium are deposited onto the substrate at 
different temperatures to mix together. Solar Frontier has a 
22.9% CIS cell efficiency record, while its full modules average 
lower and peak at 180 W. MiaSolé’s flexible CIGS thin-film 
modules average 16.5% efficiency and may peak at 250 W. 

Comparatively, a typical 60-cell c-Si module averages 
a power output between 250 and 350 W with an efficiency 
more near 18 or 19%, with high-efficiency brands performing 
even better. One would need more thin-film modules and 

A MARKET UPDATE 
ON THIN-FILM SOLAR 

B y  K e l l y  P i c k e r e l ,  e d i t o r  i n  c h i e f
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more area to produce the same power as a smaller group 
of c-Si. Crystalline silicon modules are just more consistently 
dependable for the majority of solar markets, and that’s why 
they are the dominant panel choice.

Thin-film market plans
No single thin-film brand appears to be making a grab for 
c-Si’s market share in the United States. First Solar is expanding 
its CdTe manufacturing but that’s because it has found that 
utility-scale sweet spot and is dominating globally. Most CIGS 
and CIS manufacturers market themselves as niche products.

 MiaSolé semi-rigid CIGS modules were initially designed 
for commercial rooftops, but the company has since branched 
out into emerging markets like transportation and commercial 
trucks. When it comes to traditional solar applications, 
MiaSolé’s best play is its light weight.

“We’ve been going after niche markets. We’re looking for 
projects that silicon can’t go on. Anything where there can’t be 
penetration on rooftops, we’d be a good market,” said Peter 
Park, product manager with MiaSolé. “We don’t really view 
that we’re going after the same market as silicon. We’re going 
after what silicon can’t do.”

CIGS manufacturer Sunflare also works with nontraditional 
solar markets like transportation, marine and modular/
tiny home applications. The company has been working to 

improve the manufacturing process at its plants in Sweden and 
China to increase thin-film adoption. 

“With our new proprietary CIGS manufacturing process, 
Sunflare has eliminated the issues of the past. Even though 
CIGS has been around, Sunflare is at the beginning of this 

technology life cycle,” said Elizabeth Sanderson, 

Sunflare chief marketing officer. “We expect there to be 
significant improvements, just as you’ve seen in the lifecycle 
of silicon. Over time, we expect increases in performance, 
especially in areas where CIGS has always had an advantage, 
such as low light capture and better temperature coefficients.”

Sunflare CIGS cells are placed on a stainless steel 
substrate that is encapsulated between polymer sheets. 
Each Sunflare cell is manufactured individually, so the 
company can produce a range of module sizes, although 

it does make a traditional size for 
the commercial roofing market 
equivalent to a 60-cell c-Si module. 

“Sunflare performs best on 
commercial roofs where weight and 
multiple penetrations are a major 
issue,” Sanderson said. “Sunflare 
is 86% lighter than traditional 
commercial roofing installations. 
There is no need for racking or 
heavy ballast. To reduce shading 
issues, we’ve integrated bypass 
diodes at every cell. Therefore, 
shading doesn’t affect our modules 
like traditional solar.”

We’ve been going after niche 
markets. We’re looking for 
projects that silicon can’t go 
on. Anything where there can’t 
be penetration on rooftops, 
we’d be a good market.
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Thin-film’s better resistance to shading is its strongest 
case for the residential market. Solar Frontier has found 
utility-scale success with its CIS thin-film, but it also heavily 
markets its anti-glare black modules to the residential 
space, especially in its home country of Japan. But if a 
homeowner has a roof clear of obtrusions and shade, c-Si 
will produce more energy with fewer panels.

The economies-of-scale argument will continue to 
exist for thin-film as companies try to improve output 
and efficiency. Park said that MiaSolé is pushing its 
manufacturing capacity (from plants in California and China) 
to 1 GW, and that will bring costs down and allow the CIGS 
modules to become more competitive with c-Si. But for 
now, the company—along with many of its competitors—is 
aligning itself with “lifestyle” markets.

“Our new motto is ‘mobile energy now,’” Park said. 
“When you’re anywhere that’s on-the-go, we provide that 
energy. As things get more innovative, you’re going to 
see more solar on cars and different devices. Despite the 
rollercoaster of solar, many companies have gone away but 
we’re still a key player in the market. We’re not going away. 
Thin-film has a place in this world.” 

We expect there to be 
significant improvements, 
just as you’ve seen in the 
lifecycle of silicon.
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WHY AIRPORTS ARE PERFECT MICROGRID 
AND RESILIENT POWER CANDIDATES

B y  D a v i d  J .  S m i t h ,  d i r e c t o r  o f  e n e r g y 
s e r v i c e s  f o r  B u r n s  E n g i n e e r i n g

AT 12:55 P.M. ON DECEMBER 17, 2017, an electrical 
substation fire caused a major power outage at Hartsfield-
Jackson Atlanta International (ATL), the world’s busiest airport. 
Over the next few days, as operations returned to normal on 
the ground, and as the National Airspace System recovered 
from thousands of canceled or diverted flights, airport 
directors and managers around the country were looking in 
the mirror and asking themselves, “Could that happen to us?”

The unsettling, but honest answer was often, “Yes.”
While ATL’s outage might be considered a rare event, recent 

outages at other major U.S. and European airports suggest 
otherwise. Amsterdam’s Schiphol airport — Europe’s third 
busiest — was temporarily closed in April when a large power 
outage hit all operations. McCarran International Airport in Las 
Vegas, Nevada, experienced an outage in mid-June resulting 
in a ground stop, delayed flights, and baggage and screening 
system shutdowns. Hamburg Airport, one of Germany’s busiest, 
lost power in early June and was forced to close, leading to flight 
cancellations that affected 30,000 passengers.

The consequences of these and other outages have 
airports examining the potential of a catastrophic power 
failure and what measures, plans and strategies might 

serve to mitigate that risk. Airports are hardly alone in 
their introspection and concern. Faced with more frequent 
extreme weather, cybersecurity and terrorism concerns, 
and an aging electric grid, other essential infrastructure 
and mission critical facilities are exploring and increasingly 
implementing energy resilience solutions like microgrids.

Microgrids are local energy networks that can separate 
from the larger electrical grid during power outages resulting 
from major storm events or grid emergencies, and provide 
power to crucial public services and infrastructure such as 
hospitals, military bases, first responders, water treatment 
facilities and essential transportation systems. Microgrids 
incorporate smart technologies, diverse power generation 
and storage systems to provide a degree of power continuity 
that exceeds what simple backup generators can offer. 
Microgrids also enhance power quality and add the ability to 
interact with the macro-grid in ways that can generate energy 
savings and, in some cases, create new revenue streams. In 
many instances, clients can have resilience with a payback, 
and since microgrids often incorporate low- and no-carbon 
energy generation technologies, they can also yield significant 
environmental benefits.
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Airports are regional 
economic engines and 
high-energy users and are 
great examples of mission-
critical facilities that can 
benefit from microgrids. 
Some airports exploring 
the feasibility of on-site 
generation and resilient 
microgrids include San 
Diego, Pittsburgh, Denver, 
Los Angeles and Atlanta’s 
Hartsfield-Jackson.

Burns, a specialized 
engineering firm 
headquartered in 
Philadelphia, recently 
helped Denver International 
assess a microgrid as part of 
a larger energy master plan 
and a look into potential 
zero net carbon strategies. 
Pittsburgh is in the midst of 
procuring on-site generation 
with the potential to be 
sized and configured as 
a resilient microgrid, with 
Burns helping to manage 
the RFP process. In both 
cases, these airports are 
seeking to leverage their 
strengths. Pittsburgh has 
active natural gas wells on 
airport property, so one 
option is to utilize low-cost 
natural gas to power engine 
generators and combined 
heat and power systems 
as the core technologies 
of their microgrid. Denver 
International has the 
advantage of being located 
on 54 sq. miles of land, 
so incorporating a large 
solar farm with utility-
scale battery storage into 

BATTERIES: LIKE LIVING THINGS

I n f o g r a p h i c  b y  S a f t

03 Panels-Storage REH19_Vs3km.indd   88 12/19/18   1:52 PM



2019 RENEWABLE ENERGY GUIDEBOOKSOLARPOWER

89SOLAR POWER WORLD — 2019 RENEWABLE ENERGY GUIDEBOOKsolarpowerworldonline.com

a potential microgrid, together with reciprocating engine 
technology, could provide both resilience and significant 
carbon reductions.

Some airports have identified and explored strategies 
to mitigate single point of failure (SPOF) risk. For example, 
Burns is working with a major airport where the fuel farm 
receives power from a chronically-overloaded utility 
substation, leaving the airport vulnerable to a major 
substation failure. Based on the company’s evaluation, it 
determined that a microgrid tied to the fuel farm substation 
would significantly reduce SPOF risk, decrease overloading 
of the local utility’s substation and save the airport money.

The challenge of ensuring adequate electric supply 
is growing. With air travel expected to double over the 
next 20 years, many airports foresee future power supply 
constraints as they build new terminals and increase electric 

load. Due to its location, San Francisco International Airport 
has limited options to bring in additional electric feeders 
and is exploring how on-site generation may help meet 
the expected need. Los Angeles International Airport, in 
addition to enduring outages and power quality problems 
for close to two decades, anticipates load growth to almost 
double in the next 10 to 15 years, from 60 MW to more 
than 100 MW. It too is considering on-site generation and 
energy storage as part of an overall strategy to improve 
power quality and resilience.

Electrical service and infrastructure at airports can be very 
site-specific, as can the power reliability, resilience and supply 
issues they face. Over time however, microgrids that combine 
on-site generation, energy storage and smart, responsive 
energy loads will prove to be an increasingly viable means to 
address the growing challenges at any airport. 
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3 STEPS FOR 
DEVELOPERS 
TO SUCCEED IN 
SOLAR+STORAGE

B y  D a n  N o r d l o h , 
e x e c u t i v e  v i c e  p r e s i d e n t 
o f  E n S y n c  E n e r g y

THE SOLAR ECOSYSTEM IS A RAPIDLY CHANGING 
SPACE. Until recently, the role of solar developers was akin 
to a train station operator anticipating train station traffic 
at a small-town stop. The inputs and drivers of standalone 
solar were simpler. However, the integration of storage and 
other distributed energy resources into the energy landscape 
is transforming the solar developer’s role into something 
more like orchestrating train traffic at Grand Central Station 
in New York City, with many more trains and other forms of 
transportation arriving and leaving the hub.

To capitalize on these burgeoning markets, solar 
developers need to include more multi-dimensional thinking 
into their projects. Research is crucial for analyzing the new 
inputs and outputs and assessing the viability of solar+storage 
projects. This article offers three steps for the planning stages 
of integrating storage into solar solutions across market 
analysis, technical design and financial performance.

Understand the markets
Solar+storage developers need good energy policy awareness 
to map out potential value streams and find strong target 
customers. This market research fuels evaluations on how 
much revenue the projects will generate. EPCs and developers 
should devote resources to understanding these programs to 
hone in on ideal markets for solar+storage projects.

Developers should start at a high level and understand 
what incentives are available from the federal government and 
then at the state level. For example, the National Renewable 

Energy Laboratory offers a brief breakdown of how the 
federal solar Investment Tax Credit can apply to solar+storage 
projects. Other resources dive deeper into geographies, 
including the Department of Energy-funded DSIRE’s database 
of incentives and policies for renewables and energy efficiency 
that is searchable by state.

The next step is understanding utility territories. Utilities 
are developing cutting-edge programs and solar+storage 
projects may interact with available applications. 
Solar+storage developers will need to understand simpler 
inputs like rate structures, demand charges, export limitations 
and energy shifting, along with more complex inputs like time-
of-use rates, backup power, demand response and other utility 
incentive participation options.

In Hawaii, EnSync Energy and its local partners have 
boosted market policy research by regularly participating in 
the public utilities commission’s policy processes and directly 
engaging with the utility. With a higher level of insight, 
companies can even future-proof a project by factoring a 
soon-to-be-developed incentive program, like a new demand 
response program, into its modeling. For more hands-on 
support, states with supportive policies often provide free 
technical support. For example, New York Battery & Energy 
Storage Technology Consortium (NY-BEST) offers developers 
free policy education and modeling support.

Equipped with key market inputs, a strong target 
customer will begin to emerge. The next step is to move into 
technical modeling and design characteristics.
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Match the project design to the market
Here developers build project designs to perform best in a 
given market, which requires a flexible model that can handle 
rapid iterations. The solar+storage design process considers 
the size and shape of the customer load; various technology 
setups that toggle the amount of photovoltaics, the size of 
the battery and what is exported to the grid; and the system’s 
performance. Enabling specific energy applications is a critical 
part of design considerations. For example, this could include 
sizing the battery with enough capacity to not only serve the 
customer load and reduce demand charges but also offer grid 
support to qualify for demand response incentives.

Many 
incentive programs 
require the use 
of a battery, 
which means 
participating in 
multiple programs 
can create multiple 
demands on the 
same battery. This 
kind of situation 
requires building 
an optimization to 
decide the most 
valuable use-case 
in the event of a 
trade-off.

For example, 
a solar+storage 
system aimed at 
reducing demand 
charges requires 
a certain portion 
of the battery 
capacity. However, if that system is also enrolled in a demand 
response program, there may be a time when a demand response 
event calls on the battery to discharge while a peak usage time 
is also coming down the pike. Without a prioritization in place, 
the demand response call could deplete the battery to the point 
where it would not have capacity to shave the customer’s peak 
load, ultimately incurring a costly peak demand charge.

It may make more sense to emphasize one program over 
another or take a hybrid optimization approach. Understanding 
how it all works together in a technical sense fuels the financial 
modeling needed to demonstrate how to maximize value.

Speak to the achievable financial value
The financial output, though listed here last, drives both 
the market understanding and project design, as the 
system logic is continually optimized throughout the project 
development process.

The financial model connects the value creation and 
the cost to arrive at a cost-benefit analysis, expressed as 
return on investment, simple payback or internal rate of 
return. With each design configuration, assess how different 
levels of photovoltaics and storage interplay with costs and 
incentives and determine whether the resulting value is 
more or less relative to the increased investment. Identify 

the design that 
maximizes value 
within tax credit 
constraints and 
other benefit 
criteria, which 
circles back to 
the first step of 
“understand the 
markets.”

Tightly 
integrating 
financial 
performance 
into the entire 
process gives 
developers 
a greater 
assurance on the 
project’s ability 
to perform. 
Successful 
financial 
modeling allows 

a developer to go to the bank and show: “these are the 
value streams and here’s why.” With newer markets like 
solar+storage, this is particularly important for investors or 
lenders to be willing to put money behind projects.

By incorporating these three steps within project 
planning—understand the markets, match the project to 
the market and speak to the value streams—solar+storage 
developers can be confident they are developing a system 
that will generate reliable, affordable power and build their 
reputation among the new wave of customers hungry for 
solar+storage. 
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REDUCING THE RISK OF UNFAVORABLE 
RETURNS ON UTILITY-SCALE SOLAR

B y  B r a d  F o r t h ,  e x e c u t i v e 
c h a i r m a n  o f  A r r a y 
Te c h n o l o g i e s 

COMPETITIVE PRICES, ON-TIME DELIVERY, QUICK 
INSTALLATION--it’s all too easy to make assumptions about 
what utility-scale solar investors may want. However, what’s 
commonly overlooked or discounted by many outside the 
investment community is what’s most important and highly 
sought after from those within it: a low-risk investment with 
steady and predictable cash flows for 20 to 30 years.

Over the last decade the utility-scale market of the solar 
PV industry has greatly improved its competitiveness as an 
energy generation source. It has been exciting to watch the 
cost of electricity produced from PV power plants become 
competitive with a range of traditional energy sources.

Investing in utility-scale solar
For an investor to take interest in a solar project, risk must be 
reduced to an absolute minimum. A solar array must generate 
electricity at a predictable operational cost structure in order 
to deliver long-term, reliable returns.

The PV industry has made great strides in delivering 
certainty for the investment community. The ever-increasing 
number of institutional investors that are now backing PV 
projects is a fruit of these labors, but there is still a way to go.

Testing and due diligence
Many project developers turn to independent engineers and 
quality assurance providers to carry out the required due 
diligence when it comes to key PV power plant components. 
This is particularly true in regards to solar modules. Testing 
laboratories and regimes are quite sophisticated, with the 
ability to expose modules to extreme operating conditions 
and simulate their likely performance over their operating life.

Module failures are well documented and, in some cases, 
like with potential induced degradation (PID), documented in 
great detail. Unfortunately, this isn’t the case with the range of 
components often lumped together under the tag "balance of 
systems.” This includes components such as electrical cabling, 
connectors, and tracking systems, and it is a crucial oversight.

Taking a closer look at trackers
Tracker deployment is growing rapidly. GTM Research 
forecasts implementation as high as 80 to 90% in key PV 
markets including the United States, Latin America, Middle 
East, and Australia as soon as this year.

This makes it all the more worrying the risks posed by 
component failure in tracker systems are not well understood, 
analyzed or priced. What’s more concerning is the lack of 
understanding of the impact tracker failures or faulty operation 

on a project’s bottom line and Net Present Value (NPV). Given 
this, independent analyst TÜV Rheinland recently conducted 
the first-of-its kind investigation on tracker reliability. The 
resulting “Risk and Economic Analysis on Two Tracker 
Architectures” report looked at the most popular tracker 
architectures, centralized and decentralized, investigating each 
according to its individual component and system reliability.

Assessing risk and economic impact
The report found the centralized architecture had vastly lower 
scheduled and unscheduled O&M costs when compared to 
the decentralized architecture studied.
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According to the study, the lower O&M costs of the centralized 
architecture translated into $6.4 million over 30 years for a 100-MW 
facility. Other findings showed the centralized tracking architecture 
loses 39% less energy due to component failures compared to the 
alternative architecture; has a 6.7% lower levelized cost of energy 
(LCOE); and nearly 4.6% higher net present value (NPV).

The bottom line
Breaking down the O&M costs in more detail, the report found 
unscheduled O&M costs to be the most damaging to a PV 
project’s bottom line. This should give cause for investors to take 
a close look at all components when investing in utility-scale 
solar. Notwithstanading the fundamental differences between 
tracker architectures, many solar plant financial models incorrectly 
assume identical O&M expenses. Financial returns on solar PV 
power plants can be significantly impacted by erroneous O&M 
modeling assumptions.

As the PV industry enters the next stage of its evolution, there is 
good reason to believe all the risks of a solar array will be assessed in 
greater detail. More scrutiny may uncover potentially underperforming 
components and high O&M costs before an investment is made. For 
investors, this can’t happen quick enough, after all, it’s what they really 
want: predictable cash flows with minimum risk. 

VISIT THE NEW

energystoragenetworks.com
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HOW SOLAR 
ASSET 
MANAGERS CAN 
USE MONITORING 
SOFTWARE TO 
MAXIMIZE ROI

B y  J o e  G r i m e s , 
b u s i n e s s 
d e v e l o p m e n t 
f o r  Tr i m a r k 
A s s o c i a t e s

THE OWNERSHIP LANDSCAPE FOR NON-RESIDENTIAL 
SOLAR MARKETS has become increasingly complex amid 
regulatory uncertainty. Asset owners have secured access to 
capital and are continuing to invest in growing solar portfolios 
despite forecasts of slow-downs in specific solar markets. As 
legacy projects with favorable PPA or interconnect agreements 
become eligible for sale–for example, after the expiration of ITC 
recapture periods in the United States–solar asset owners have 
more options available to build their portfolios quickly. Ownership 
is continuing to consolidate across the top industry players, 
with half of U.S. installed base being managed by ten of these 
heavyweights. This shift has created challenges for asset owners 
looking to maximize returns on different groups of projects 
with unique design characteristics, geographic constraints and 
sometimes evolving commercial terms. On-site monitoring 
solutions are responding to this need with streamlined, reliable 
data for a clear lens into financial performance across sites.

The PV performance path
The monitoring and control systems installed on most solar 
projects have long been asset owners’ prime tools to identify 
operating problems and maximize system output from each 
installation. As incentive rate structures and energy storage 
deployments gain more prevalence in the market, asset 
owners have more choices than ever before for unlocking new 
value streams. To complicate planning, influential factors like 
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PPA rates and peak demand fees are subject to change with 
the market, so any cost-benefit analysis needs to be dynamic.

Analyzing accurate performance data against estimates of 
expected system output is a real-time avenue for navigating 
the complex landscape of revenue optimization. With both 
interest rates and investment risk at a low, many non-utility 
asset owners in the U.S. are applying more highly leveraged 
capital structures to maximize investment returns. This 
dynamic raises the stakes when it comes to operational 
missteps and amplifies the importance of transparent, accurate 
production and financial information.

For the unique challenges of consolidated portfolios, 
asset owners need to implement processes that minimize 
O&M costs across sites and ensure that projects are 
performing consistently despite their unique traits. As a first 
step, updating the monitoring and control systems provides a 
consistent baseline to inform internal protocols that minimize 
system downtime. Many of the monitoring technologies 
installed on older generation sites lack the functionality 
required to get the most out of site performance in the 
evolving world of portfolio growth. These sites are driving a 
wave of monitoring system retrofits, focusing asset owners 
on the strategic benefits of consolidating monitoring, control 
and reporting into one or a small group of solution providers. 
Asset owners can “future-proof” their assets by investing in 
enhanced control capabilities ranging from remote on/off 
options for reclosers and inverters to more complex functions 
like managing the quantity and characteristics of power 
delivered to the grid base.

Monitoring and control in the age of data
Historically, the market for monitoring solutions was 
dominated by vendors offering integrated data acquisition and 
software systems. These traditional providers have been slow 
to move beyond operational reporting functions. Software-
as-a-service (SAAS)-only vendors have emerged and grown 
rapidly to fulfill the advancing needs for business intelligence, 
reporting and analytics for asset owners. Hardware-agnostic 
monitoring platforms are gaining a foothold but still generally 
require a data feed from the installed data acquisition or 
SCADA systems in order to operate. Many software-only 
vendors are not equipped to resolve hardware issues or make 
necessary upgrades to the systems that are installed on-site. 
Frustrations can mount for asset owners as they layer on yet 
another vendor, requiring cooperation between suppliers 
to get the aggregated information they need to effectively 
manage their portfolios.

As a result, developers may opt for integrated data 
acquisition and control solution providers who have invested 
big-data software and analytics that complement their 

expertise in managing PV assets. Wood Mackenzie Power 
& Renewables and SOLICHAMBA predict that the industry’s 
top monitoring players will continue to rely on the traditional 
business model of deploying both hardware and software 
through at least 2022.

Financial modeling: recording ROI
As portfolios continue to consolidate, asset owners are 
seeking monitoring solutions that focus on financial 
management and asset record-keeping to accurately 
understand site performance. Financial models are generally 
built on the operational data gathered from the site, but new 
financial management functions can rely on a much smaller 
(and more often more uniform) data set to simplify the process 
of getting an entire portfolio’s data into a single system.

Through robust record-keeping, asset owners can increase 
and secure future site value by creating a unified ledger of 
activity and performance. Employing centralized, transparent 
data tools can streamline compliance histories across 
portfolios and assure a more attractive investment when the 
asset is ready to sell.

Practicalities & pitfalls of portfolio consolidation
While portfolios continue to grow, thorny issues tend to 
become compounded for asset owners when sites are acquired 
from multiple vendors that have diverse monitoring systems 
already installed.  Monitoring and control technologies 
designed by leading providers often handle the recording and 
processing of data points differently. In a transition, this can 
produce inconsistent data resolution if not initially anticipated 
in a consolidation work plan. The reconciliation of differences 
in reported data can be time consuming and expensive, 
extending implementation schedules for asset owners, 
especially when a single site produces hundreds or thousands 
of data points. If historical data is not ingested and stored by 
the new monitoring solution provider and correctly processed, 
important trend analysis may have holes and discontinuities 
that detract from its worth.

Communications arrangements and protocols vary 
among monitoring and control system providers. If the 
communication of data is not transitioned effectively, there 
can be interruptions in data transmission or worse–data losses 
for asset owners. The management of the monitoring and 
control system consolidation process is critical and needs to 
be closely coordinated between the monitoring solutions 
provider and the customer. Successful portfolio consolidation 
requires a cross-functional sensitivity to the applications of 
the information and uses of the monitoring platform, which 
can inform purchasing decisions. To maximize future portfolio 
value, the data aggregation and reporting element needs to 
be an important piece of the ownership equation. 
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3 QUESTIONS TO 
ASK BEFORE BUYING 
A DRONE FOR YOUR 
SOLAR BUSINESS B y  K e l l y  P i c k e r e l ,  e d i t o r  i n  c h i e f

WHEN THERE'S A LITTLE EXTRA SPENDING CASH, solar 
companies may consider technology upgrades. If a drone is at 
the top of your wish list this year, there are a few questions you 
should ask yourself first.

What do I want to use a drone for?
Using a drone to take completed project photos or videos 
for marketing materials is a relatively easy task for solar 
contractors to take on. Drones can also be useful for site 
assessment or thermal imaging for O&M, and there are many 
hardware and software developers that provide add-ons 
for solar use (like Scanifly and Raptor Maps). Enthusiastic 
contractors can pick up these tasks with training.

When the data you’re looking for ends up being too much 
for you and your team to handle, drone service companies 
(like Drone Dispatch and Measure) have the expertise to 
step in. Measure has a nationwide team of drone pilots to 
assist with services like site assessment, shade analysis, O&M 
inspections, site reports and other data organization. Drone 
service companies can be especially helpful when working on 
a large portfolio of ground-mounts.

Power generation company AES Corp. recently tapped 
Measure to be its drone service provider for energy sites 
across 17 countries. Measure’s solar solution manager Kristen 
Avila said AES attempted to start its own internal drone 

program but soon realized working with an outside company 
with data support made more sense. Using drones for site 
inspections and O&M checks is expected to save AES 30,000 
hours of hazardous work each year.

“We’re platform agnostic. We’re not selling a software 
device or hardware for drones,” Avila said. “We’re providing a 
fleet of services tailored to specific customer needs.”

Once you establish your drone desire and scope of work, 
then you can decide if purchasing an unmanned aerial vehicle 
(UAV) or hiring a third-party service works best for your company.

What licensing do I need?
All commercial drones heavier than 55 lbs must be registered 
with the Federal Aviation Administration (FAA). And all drone 
operators using a UAV for commercial purposes—and just 
taking photos of completed solar projects falls under this 
category—must have a Part 107 qualification provided by 
the FAA. This requires you to have a remote pilot airman 
certificate, which is akin to an automobile driving test and 
administered by the FAA. Check the FAA website for testing 
locations and certification timeframes.

There are also basic rules you must follow: not flying 
above 400 ft or within 5 miles of an airport (without airport 
permission), keeping your drone within sight, only flying 
during daylight and adhering to a 100-mph speed limit, 

Credit: Measure
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among other requirements. All regulations are addressed 
during your drone registration and certification exam.

What level of skill do I need?
Basic drone operation can be picked up with practice, but 
Measure lead pilot Tony Zimlich said large-scale use is more 
complicated than just getting the hang of a remote controller.

“As we’ve seen from more experience, there are so many 
variables involved with flying these sites,” Zimlich said. “If you 
don’t have knowledgeable pilots to assess terrain, weather [or] 
airspace, then you could really get yourself into trouble.”

Measure has strict operating procedures, and most of its 
pilots are either retired or former military members or civilian 
pilots with 
commercial 
licenses. At 
each site, 
pilots follow 
checklists 
to ensure 
successful and 
safe drone 
operation.

“We tend 
to impress 
clients with 
our on-site 
operations,” 
Zimlich said. 
“They don’t really know what to 
expect when a drone company 
shows up, but when they see the 
procedures we have in place, it 
may shift their thinking toward 
having the professionals do this 
instead of a hobbyist.”

Drone service companies have 
more resources for training and 
data gathering, but you can still 
do this on your own with the right 
gumption. Measure has programs in place to pass on its 
knowledge to interested teams.

“We do have a resource where we could help a solar 
company develop their own in-house team,” Avila said. 
“Employees would be trained by Measure’s pilots. We would 
help provide all the drone equipment they would need to 
complete their inspections. We support the backend data 
processing requirements of that in-house team.”

Drones are becoming more commonplace in the solar 
industry. You just have to decide if you want to be the pilot or 
take advantage of the established skills of an outside company. 

SOLARPOWER
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USE PERSONAL STORIES TO SELL MORE SOLAR
B y  L i i s a  A n d r e a s s e n ,  b u s i n e s s  w r i t e r , 
W r i t e  A w a yPOTENTIAL SOLAR CUSTOMERS ARE OFTEN 

INUNDATED with lots of information about their many 
options for solar contractors. They’re presented with facts and 
stats they may or may not understand. One of the best ways 
to communicate a message that delivers real results is through 
the time-tested art of storytelling. Personal anecdotes and 
stories are messaging that everyone can relate to. They inspire 
confidence and make technical details easier to digest.

The bottom line is that consumers want to know how a 
given solar option can make their lives and businesses better, 
healthier and more affordable. So marketers need to meet 
them with those answers at the ready.

Let’s take a look at what two large national solar 
companies are doing to get the word out.

Sunrun recently launched a series of ads that promote 
neighborly competition. The ads spotlight a suburbanite who 
realizes how much money he is saving after installing Sunrun 
solar panels on his roof. He finds that he “smells like money” as 
one less fortunate neighbor gets a whiff through the hedges.

While saving 20% on your electric bill is the main 
message, the story is delivered with humor and not only 
informs, but entertains.

Vivint Solar’s marketing message is to redefine the home 
experience and make solar energy a key part of it. A video on 
its website showcases an interview with a mother of four who 
explains how easy going solar was while her kids play in the yard. 
She says, “Putting solar panels on our home makes me feel like 
we’re doing our part to help the environment and it also helps 
for the future of my children.” The video takes the homeowner 

through a series of images that show how others are enjoying 
these benefits in their home and how other consumers can too.

Build a customized marketing plan
Catherine Campbell, president of Bright Planning, an 
Asheville, North Carolina-based marketing agency, suggests 
starting by asking a team the following questions:

Who are you talking to and where are you right now—
online and offline?

How can you dispel myths and fears around solar without 
sacrificing the facts using content marketing?

What are your competitors doing and where are the 
opportunities for you to do something completely different?

Where is your unique advantage in marketing—video, 
interactive content, advertising in a new market or something else?

After answering those questions, start a marketing 
campaign with a story.

“Your audience wants ‘identity alignment,’” Campbell 
says. “They need a short and clear story with a character who 
reflects exactly who they are and what they’re going through. 
You want them to say, ‘Yes, that’s me!’ while reading your web 
page or watching your video.”

05 Business REH19_Vs3km.indd   98 12/19/18   1:59 PM



2019 RENEWABLE ENERGY GUIDEBOOKSOLARPOWER

99SOLAR POWER WORLD — 2019 RENEWABLE ENERGY GUIDEBOOKsolarpowerworldonline.com

For example, a family-owned solar provider for new homes 
should craft stories featuring a young couple investing in solar 
for their first home and navigating that investment, or showcase 
the family with grown kids that want to pass their solar-powered 
home (and its energy savings) to the next generation.

For large-scale commercial solar enterprises, the audience 
needs anecdotes, visual examples and stories about how 
others were successful in working with a solar company. Write 
stories about the CEO who wanted to make sure the business 
reflected its sustainable values, or the CFO who knew that solar 
investments would reduce overhead costs in the long run.

Companies could write about the farmer who stabilized 
his or her income with a solar farm and can now provide 
for their family regardless of annual crop performance, thus 
reducing stress and sleepless nights.

“Each story needs to have an emotional impact and 
a clear character, and ultimately needs to align with the 
audience’s core values,” Campbell said.

Simply writing about numbers—money savings, tax incentives, 

etc.—won’t stir up an emotional response for prospective 
customers. Using firsthand stories of customer successes is a much 
more productive marketing tactic in the solar industry.

“Everyone gets tangled up in the numbers, scientific 
details and up-front costs. This is where your prospects will 
start to drop off,” Campbell said.

In order to convert potential customers into paying 
customers, companies should prioritize visuals that 
demonstrate the power and reward of solar: videos, live 
demonstrations at events, easy-to-understand infographics, 
thermal imaging photos and side-by-side cost comparisons.

“Get creative,” Campbell says. “If you’re a home installer, 
invite your target audience to a quarterly open house and allow 
people to see how the company works. Ask your project manager 
to attend the open house, too. He or she can be ready to do 
some initial intake and schedule estimate visits then and there.”

Don’t be afraid to tap some new ideas and make solar 
relatable, emotional and real. Customers and prospects will 
see the difference. 
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HISTORY OF SOLAR PV

While mirrors and other 
reflective surfaces have 
been concentrating 
solar rays to light fires 
for centuries, and 
south-facing sunrooms 
and bathhouses take 
advantage of the sun's 
natural heating qualities, 
it isn't until 1839 that 
the photovoltaic effect is 
discovered and using the 
sun to generate electricity 
is first considered.

French scientist 
Edmond Becquerel was 
experimenting with 
electrolytic cells when 
electricity was generated 
when exposed to light. 
Becquerel was just 19 
when he placed silver 
chloride in an acidic 
solution and generated 
voltage and current.

London professor 
William Grylls Adams 
and his student Richard 
Evans Day witness the 
photovoltaic effect when 
they expose selenium 
to light and produce an 
electrical current. They 
are unable to convert 
enough sunlight to power 
electrical equipment with 
their selenium solar cells, 
but it proved that solid 
materials could produce 
electricity without moving 
parts and just using 
the sun. The idea for a 
photovoltaic cell is born.

American inventor 
Charles Fritts creates 
the first working selenium 
cell. He coats selenium 
with a thin layer of gold 
and this first functioning 
solar cell has a conversion 
efficiency of 1%. Fritts' 
solar cells are used on the 
world's first rooftop solar 
array in New York City in 
1884. But the cells' high 
material cost prevents 
widescale adoption.

Gifted mind Albert 
Einstein finally brings 
theory explanation to 
photoelectricity. In the 
paper “Concerning an 
Heuristic Point of View 
Toward the Emission 
and Transformation of 
Light,” Einstein describes 
that light contained 
packets of energy he 
called "light quanta." 
Quanta today are known 
as photons. Einstein's 
theory helped explain 
how photons, when 
properly connected in a 
circuit, could generate 
electricity. He went on 
to win the Nobel Prize in 
Physics in 1921 for "his 
services to Theoretical 
Physics, and especially for 
his discovery of the law of 
the photoelectric effect."

Concentrated solar 
power and solar thermal 
energy applications had 
been in use for a while, 
but purely photovoltaic 
solar isn't born until U.S. 
scientists at Bell Labs 
developed the silicon 
PV cell. This is the first 
time enough of the sun's 
energy is converted to 
run electrical equipment. 
Bell Labs scientists Daryl 
Chapin, Calvin Fuller and 
Gerald Pearson achieved 
6% efficiency with this 
first silicon cell, and soon 
early solar panels were 
used to power satellites 
orbiting the earth. In 
1958, the Vanguard I was 
launched with six solar 
cells producing about 1 
W of power.

1839 1876 1883 1905 1954

1883

B y  K e l l y  P i c k e r e l ,  e d i t o r  i n  c h i e f
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IN MANY WAYS, the solar PV industry still feels very new, 
especially to the general public. Fly-by-night companies 
aren't doing us any favors establishing trust in the 
longevity of solar either. 

So here's the truth: the concept of solar energy 
has been around for a long, long time, and technology 
advances happening right now will ensure it sticks 
around for an even longer time. It's sometimes easy to 

forget about the path solar PV has been on while we're 
in the trenches each day, trying to reiterate to a hesitant 
public that solar power adoption is a good, secure and 
necessary thing. 

The science is there, the proof is there, the longevity 
is happening right now. Here's a look back at solar's 
journey to arm you with some facts to educate the public 
and prove solar's lasting power. 

Research labs continue 
to improve the efficiency 
of silicon solar cells, but 
commercialization is 
slow to catch on. Sharp 
begins to successfully 
mass-produce solar cells 
in 1963, which brings 
solar practicality down 
from space shuttles and 
satellites to the general 
public.

The 1973 oil crisis 
leads people to invest in 
solar research. Dr. Elliot 
Berman, with funding 
from Exxon, designs a 
cheaper solar panel, 
bringing the price down 
from $100 per watt to 
$20 per watt. Berman 
found that using silicon 
from multiple crystals was 
cheaper than using just 
one crystal, but efficiency 
was lost. Still today, 
poly/multicrystalline 
solar panels are cheaper 
but less efficient than 
monocrystalline. 

The Solar Energy 
Industries Association 
(SEIA) first forms, 
working to promote, 
develop and implement 
the use of solar energy 
in the United States. The 
first order of business was 
to establish a cohesive, 
profitable industry to 
even represent. 

The U.S. Department 
of Energy launches the 
Solar Energy Research 
Institute, which later 
becomes known as the 
National Renewable 
Energy Laboratory 
(NREL). The government-
owned lab receives 
(fluctuating) funding 
from Congress each year, 
which is to be applied 
toward research and 
development projects.

ARCO Solar becomes 
the first panel 
manufacturer to hit 1 
MW of yearly production. 
Two years later, the solar 
company installs the first 
megawatt-scale solar 
project in California. 
Through a series of 
acquisition over decades, 
ARCO eventually 
becomes SolarWorld.
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ARCO Solar releases the 
world’s first commercial 
thin-film power module 
(made of amorphous 
silicon). Six years later, 
the University of South 
Florida hits 15.9% 
efficiency with cadmium 
telluride thin-film (the 
solar makeup First Solar 
uses today is around 22% 
efficient).

Pacific Gas & Electric 
becomes the first 
U.S. utility to support 
“distributed systems” 
with a 500-kW PV array in 
Kerman, California.

Inventor and scientist 
Subhendu Guha invents 
the first flexible thin-film 
product labeled as a solar 
shingle for BIPV use. 

Worldwide solar PV 
installations surpass 1 GW. 
The United States alone 
hits 1 GW in 2008 and 
surpasses 25 GW in 2015. 

First Solar’s 
production plant in 
Perrysburg, Ohio, opens 
as the world’s largest 
PV manufacturing plant 
with an estimated annual 
production capacity of 
100 MW, although the 
company only reaches 25 
MW each year until 2005.

BP and BP Solar open 
the first “BP Connect” 
store in Indianapolis, a 
full-service fueling station 
with a solar canopy 
over the pumps. The 
canopy uses BP Solar’s 
translucent thin-film 
modules, and helps usher 
in the practicality of solar 
carports and canopies. 

Powerlight 
Corporation (which was 
acquired by SunPower in 
2006) installs a 1.18-MW 
system on the roof of the 
Santa Rita Jail in Dublin, 
California—the largest 
rooftop solar system in 
the United States and 
the fourth largest in the 
world. The system was 
predicted to supply 30% 
of the jail’s daytime needs 
and save the county 
$400,000 in the first year 
of operation. 

1986 1993 1998 2000 2001

2000
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The North American 
Board of Certified 
Energy Practitioners 
(NABCEP) formerly 
establishes as a non-profit 
corporation to support 
solar accreditation and 
certification programs. 
The first NABCEP 
Solar PV Installation 
Professional exam 
was administered the 
following year. 

The Solar Power 
Conference and Expo 
(later to be called Solar 
Power International) holds 
its inaugural event in San 
Francisco.

The Energy Policy Act 
of 2005 creates a 30% 
federal investment tax 
credit (ITC) for residential 
and commercial solar 
energy systems. The 
credit is extended in 
2006, 2008 and 2015.

Nanosolar ships the first 
commercialized CIGS 
thin-film modules. The 
company estimated it 
was the world’s lowest-
cost solar panel at the 
time at $0.99/W. 

Enphase releases the first 
commercially successful 
microinverter for the 
solar industry.
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The popularity of 
Zep Solar’s grooved 
solar panel frame 
leads the way for rail-
less mounting systems. 
SolarCity acquires Zep 
Solar in 2013 to force the 
innovative installation 
technique in-house. 

The Department of 
Energy’s SunShot 
Initiative sets a goal for 
solar energy to become 
market-competitive 
with traditional forms 
of electricity by 2020. 
The goal sets targets 
at 10-cents/kWh for 
residential, 8-cents/kWh for 
commercial and 6-cents/
kWh for utility-scale PV.

The U.S. residential 
solar market installs 
over 2 GW in one year 
for the first time. The 
total U.S. installed 
market surpasses 20 GW.

Google launches 
Project Sunroof, which 
uses Google Earth 
imagery to analyze 
roofs and local weather 
patterns to create 
quick solar plans for 
homeowners. This tool is 
an easy first introduction 
to the solar potential 
across the country. 

In April 2016, the United 
States installs its one-
millionth solar PV array. 
We’re expected to reach 
2 million by 2018.

The United States 
installs 14,625 MW of 
solar PV over the year, a 
95% increase over 2015’s 
then record-breaking 
7,493 MW. Solar is also 
ranked as the No. 1 
source of new electric 
generating capacity 
additions on an annual 
basis—for the first time 
ever. A new megawatt 
of solar PV came online 
every 36 minutes in 2016.

The installed cost of 
solar falls to record lows 
in 2017. Total installed 
system cost declines in 
Q1 to $2.80/Wdc for 
residential, $1.85/Wdc 
for commercial, $1.03/
Wdc for fixed-tilt utility 
and $1.11/Wdc for 
single-axis tracking utility, 
a 6% to 29% decrease 
from the previous year, 
depending on market. 
The LCOE for fixed-tilt 
utility falls to between 5.0 
and 6.6-cents/kWh and 
4.4 and 6.1-cents/kWh 
for single-axis tracking 
utility—meeting the 
SunShot utility-scale goal 
three years early.

2010 2015 2016 20172011

2011
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NEW TOOLKIT BRIDGES 
INDUSTRY GAPS FOR 
A STRONGER SOLAR 
WORKFORCE

B y  M e g a n  H o w e s , 
p r o g r a m  c o o r d i n a t o r  f o r 
T h e  S o l a r  F o u n d a t i o n

ACCELERATED INDUSTRY EXPANSION has nearly tripled 
U.S. solar employment since 2010, according to The Solar 
Foundation’s latest “National Solar Jobs Census.” Today, 
over a quarter million Americans work in solar jobs, and 
job growth is expected to continue in many strong and 
emerging regional markets.

The Solar Training Network is led by The Solar Foundation 
and funded by the U.S. Department of Energy. Through 
original research, solar-focused career fairs, regional employer-
instructor summits and an online interactive directory, the Solar 
Training Network improves understanding of the solar jobs 
landscape and lays the groundwork for a better qualified and 
more diverse solar workforce.

Tools and resources for workforce development and work-
based learning
The Solar Training Network released a new solutions-driven 
toolkit for the industry. Centered around themes of workforce 
development and work-based learning, this resource provides 

actionable solutions for industry members to better align 
education with evolving workforce needs to support stronger 
regional talent pipelines. Illustrated by a broad assortment 
of case studies and informed by industry best practices, 
the toolkit outlines steps to leverage existing networks and 
public resources as solar continues to lead job creation in the 
American energy sector.

Many employers cite a lack of experience and solar-specific 
credentials as a barrier to hiring. As solar has emerged as a 
mainstream energy source, job descriptions increasingly reflect 

Credit: GRID Alternatives
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a desire for seasoned installers, though jobs have been created 
so quickly that many candidates have little or no practical solar 
experience. When companies can’t effectively locate and hire 
qualified workers, those unfilled positions restrict growth and 
cause lost opportunities that hurt bottom lines.

To ensure that new industry resources and 
recommendations best reflect stakeholder interests and 
concerns, the Solar Training Network team conducted 
numerous interviews and convened a national meeting of 
training providers, small business owners, industry association 
representatives and workforce development professionals from 
geographically diverse solar markets.

Throughout these conversations, it became clear that 
improving communication among regional networks, integrating 
solar into the existing workforce development system and 
building relationships with external stakeholders are essential 
steps to managing growth at a pivotal time for the industry.

Work-based learning for a job-ready solar workforce
The ability to put theoretical knowledge into practice is a key 
part of job readiness in any industry. When it comes to entry-
level solar workers, many employers see the most value in 
hands-on experience and safety training rather than formal, 
semester-long courses. Standardized certifications such as 
NABCEP are of great value to workers looking to build out their 
credentials for career advancement, but employers and trainers 
alike have expressed that theoretical knowledge only goes so 
far. Instead, practical experience and eagerness to learn new 
skills on the job are strong assets when entering the workforce.

Work-based learning in the form of apprenticeships, 
internships or co-ops is an excellent avenue for students to 
learn the basics and hone technical and problem-solving skills 
with guidance from a mentor, making for better-qualified 
trainees who can confidently and immediately meet workforce 
needs. It also provides a way to invest in incumbent talent and 
improve employee retention as workers look for new skills and 
advancement opportunities.

The work-based learning component of the toolkit outlines 
steps and best practices for employers to make proactive 
investments in training, and overcome real or perceived logistical, 
regulatory or financial challenges to implement effective work-
based learning models. Key pieces of this section include 
steps for establishing effective trainer-employer partnerships, 
an overview of public funding available through the Workforce 
Investment Opportunity Act for on-the-job training and an 
implementation guide to put these tools into practice.

Workforce development: broadening the conversation
Rapid expansion of the solar jobs market has challenged the 
solar workforce to keep pace with demand. The workforce 

development system can 
help the solar industry 
to support dedicated 
workforce pipelines 
for improved talent 
attraction and retention. 
While a large part of the 
talent shortage occurs in 
the installation sector, a 
variety of roles such as 
solar marketing, sales 
and system design lie 
off the beaten path of 

STEM careers. Communicating diverse career pathways and 
the full picture of what a ‘solar job’ can look like is a key step in 
broadening awareness and interest in solar careers.

Credit: NREL

Credit: The Solar Foundation
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This toolkit defines low-cost opportunities for employers 
to streamline training and hiring practices and increase public 
awareness of diverse solar career opportunities. It suggests ways 
for employers to engage with the public education system to 
reach near-future job seekers through high-school job shadowing, 
integrating solar into K-12 science curriculums and more.

The workforce development toolkit also explores 
avenues to improve workforce diversity and establish 
regional cross-sector partnerships. For example, reaching 
out to adjacent industries like electrical and construction 
trades improves access to a wider pool of talent with 
transferable skills. Using the toolkit’s action plan, small solar 

businesses can effectively engage community organizations 
such as American Job Centers to access recruitment and 
hiring support to small businesses, and understand how to 
leverage an array of other underutilized public resources for 
training and recruitment.

Many installation jobs don’t require a college degree. 
With relatively low barriers to entry and opportunities for 
advancement, an entry-level solar job can become a bright 
and powerful career. Every day on rooftops and in laboratories, 
offices and classrooms around the country, communities are 
investing in solar to create local jobs, advance sustainable 
energy and catalyze a brighter future for all. 
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WINDPOWER

CONNECTORS:

GEARBOXES:GENERATORS:

SURFACE 
MODIFICATIONS/
COATINGS:

BEARINGS:

Canfield Industries 
8510 Foxwood Ct
Youngstown, OH 44514
United States
www.canfieldconnector.com

HYDAC 
2260 Southland Drive 
Bethlehem, Pennsylvania 18017 
United States
www.hydac-na.com

Cornell Dubilier Electronics 
140 Technology Place 
Liberty, SC 29657 
United States
www.cde.com

Ming Tai Industrial Co., Ltd. 
No. 250, Sing Jhong Road 
Tamsui, New Taipei City 251 
Taiwan
www.powerspring.com.tw

Ming Tai Industrial Co., Ltd. 
No. 250, Sing Jhong Road 
Tamsui, New Taipei City 251 
Taiwan
www.powerspring.com.tw

Specialty Coating Systems  
7645 Woodland Dr
Indianapolis, IN 46278
United States
scscoatings.com

The Timken Company   
4500 Mt. Pleasant St. NW
North Canton, Ohio 44720
United States
timken.com

Aurora Bearing Company   
901 Aucutt
Montgomery, Illinois 60538
United States
www.aurorabearing.com

The Timken Company   
4500 Mt. Pleasant St. NW
North Canton, Ohio 44720
United States
timken.com

The Timken Company   
4500 Mt. Pleasant St. NW
North Canton, Ohio 44720
United States
timken.com
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CONSTRUCTION:

CABLES:

BLADES:

OPERATIONS & 
MAINTENANCE

MONITORING SYSTEMS:

LUBRICATION:

TRAINING:

SLIP RINGS:
HYDAC 
2260 Southland Drive 
Bethlehem, Pennsylvania 18017 
United States
www.hydac-na.com

HYDAC 
2260 Southland Drive 
Bethlehem, Pennsylvania 18017 
United States
www.hydac-na.com

Blattner Energy, Inc. 
392 County Road 50
Avon, MN 56310
United States
www.blattnerenergy.com

HELUKABEL USA
1201 Wesemann Drive 
West Dundee, Illinois 60118 
United States
www.helukabel.com

Abaris Training Resources Inc
5401 Longley Lane, Suite 49
Reno, NV 89511
United States
www.abaris.com

Abaris Training Resources Inc
5401 Longley Lane, Suite 49
Reno, NV 89511
United States
www.abaris.com

Deublin Company
2050 Norman Drive West 
Waukegan, IL 60085 
United States
www.deublin.com

Ming Tai Industrial Co., Ltd. 
No. 250, Sing Jhong Road 
Tamsui, New Taipei City 251 
Taiwan
www.powerspring.com.tw

Wanzek Construction
2028 2nd Ave NW
West Fargo, ND, 58078
United States
www.wanzek.com 
701-282-6171

Wanzek Construction
2028 2nd Ave NW
West Fargo, ND, 58078
United States
www.wanzek.com 
701-282-6171

Dexmet Corporation 
22 Barnes Industrial Road South
Wallingford, CT 06492
United States
www.dexmet.com
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CONNECTORS: DISTRIBUTION:

OPERATIONS & 
MAINTENANCE:

PANELS:

BOLTING:

RACKING:

Canfield Industries 
8510 Foxwood Ct
Youngstown, OH 44514
United States
www.canfieldconnector.com

Arrow Solar 
2211 South Defiance Street 
Archbold, OH 43502 
United States
www.arrowsolarmfg.com

Arrow Solar 
2211 South Defiance Street 
Archbold, OH 43502 
United States
www.arrowsolarmfg.com

Baja Carports
223 Foster Street
Martinez, CA  94553
United States
www.bajacarports.com

SolarRoofHook
5830 Las Positas Road
Livermore, CA 94551
United States
www.solarroofhook.com

Preformed Line Products  
660 Beta Drive
Mayfield Village, OH 44143
United States
www.preformed.com 

S-5!
8750 Walker Rd. 
Colorado Springs, CO 80908 
United States
www.s-5.com

S-5!
8750 Walker Rd. 
Colorado Springs, CO 80908 
United States
www.s-5.com

RBI Solar
6715 Steger Drive
Cincinnati OH 45237
United States
rbisolar.com

SolarEdge Technologies Inc.
47505 Seabridge Drive
Fremont, CA  94538
United States
www.solaredge.com/us/

Norbar Torque Tools, Inc.
36400 Biltmore Place 
Willoughby, OH 44094 
United States
www.norbar.com

Norbar Torque Tools, Inc.
36400 Biltmore Place 
Willoughby, OH 44094 
United States
www.norbar.com

Phoenix Contact 
586 Fulling Mill Road
Middletown, PA 17057
United States
www.phoenixcontact.com/
usa_home 

Dexmet Corporation 
22 Barnes Industrial Road South
Wallingford, CT 06492
United States
www.dexmet.com

Nine Fasteners
233A South Street 
Hopkinton, MA 01748 
United States
www.ninefasteners.com/
index.html

Hanwha Q CELLS America Inc.
300 Spectrum Center Drive
Suite 1250
Irvine, CA 92618
United States
www.q-cells.com/na
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TRACKERS:

FASTENERS:

Arrow Solar 
2211 South Defiance Street 
Archbold, OH 43502 
United States
www.arrowsolarmfg.com

Rotor Clip Company, Inc.
187 Davidson Avenue 
Somerset, NJ 08873 
United States
www.rotorclip.com

Canfield Industries 
8510 Foxwood Ct
Youngstown, OH 44514
United States
www.canfieldconnector.com

RBI Solar
6715 Steger Drive
Cincinnati OH 45237
United States
rbisolar.com

Snake Tray
291 Skip Ln
Bay Shore, NY 11706-1206
United States
www.snaketray.com

Nine Fasteners
233A South Street 
Hopkinton, MA 01748 
United States
www.ninefasteners.com/
index.html
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CONSTRUCTION:

COMBINER BOXES:

CABLES:

MONITORING:

INSTALLATION:

FLASHING:
INSURANCE:

Baja Carports
223 Foster Street
Martinez, CA  94553
United States
www.bajacarports.com

Baja Carports
223 Foster Street
Martinez, CA  94553
United States
www.bajacarports.com

SolarRoofHook
5830 Las Positas Road
Livermore, CA 94551
United States
www.solarroofhook.com

ProSight Specialty Insurance
412 Mount Kemble Ave 
Suite 300C 
Morristown, NJ 07960
United States
www.prosightspecialty.com

RBI Solar
6715 Steger Drive
Cincinnati OH 45237
United States
rbisolar.com

Norbar Torque Tools, Inc.
36400 Biltmore Place 
Willoughby, OH 44094 
United States
www.norbar.com

SURFACE 
MODIFICATIONS/
COATINGS:

Specialty Coating Systems  
7645 Woodland Dr
Indianapolis, IN 46278
United States
scscoatings.com

Wanzek Construction
2028 2nd Ave NW
West Fargo, ND, 58078
United States
www.wanzek.com 
701-282-6171

Snake Tray
291 Skip Ln
Bay Shore, NY 11706-1206
United States
www.snaketray.com

Renewable Edge LLC
520 White Plains Rd Suite 500 
Tarrytown, New York 10591 
United States
www.renewableedge.com

Renewable Edge LLC
520 White Plains Rd Suite 500 
Tarrytown, New York 10591 
United States
www.renewableedge.com

Snake Tray
291 Skip Ln
Bay Shore, NY 11706-1206
United States
www.snaketray.com

Blattner Energy, Inc. 
392 County Road 50
Avon, MN 56310
United States
www.blattnerenergy.com

INVERTERS:

SOFTWARE:

EnergyBin
32 Seventh Avenue NE 
Rochester, MN 55906 
United States
energybin.com

Fronius USA  
6797 Fronius Drive
Portage, IN 46368
United States
www.fronius.com/en-us/usa/
photovoltaics 

SolarEdge Technologies Inc.
47505 Seabridge Drive
Fremont, CA  94538
United States
www.solaredge.com/us/

Yaskawa Solectria Solar
360 Merrimack Street 
Building 9, Floor 2 
Lawrence, MA 01843 
United States
www.solectria.com

Cornell Dubilier Electronics 
140 Technology Place 
Liberty, SC 29657 
United States
www.cde.com

Phoenix Contact 
586 Fulling Mill Road
Middletown, PA 17057
United States
www.phoenixcontact.com/usa_home 

Phoenix Contact 
586 Fulling Mill Road
Middletown, PA 17057
United States
www.phoenixcontact.com/usa_home 

Yaskawa Solectria Solar
360 Merrimack Street 
Building 9, Floor 2 
Lawrence, MA 01843 
United States
www.solectria.com

Yaskawa Solectria Solar
360 Merrimack Street , Building 9, Floor 2 
Lawrence, MA 01843 
United States
www.solectria.com

HELUKABEL USA
1201 Wesemann Drive 
West Dundee, Illinois 60118 
United States
www.helukabel.com
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A world leading mono-crystalline solar module manufacturer for achieving best LCOE (levelized 
cost of electricity) solutions.

LONGi Solar is a world leading manufacturer of high-efficiency mono-crystalline solar cells and modules. The Company, 
wholly owned by the LONGi Group (SH601012), has focused on p-mono for 18 years and is today the largest supplier of 
mono-crystalline wafers in the world, with total assets above $5.2 billion (2017). It has plans to reach 45 GW mono-crystalline 
wafer production capacity by 2020.  

Enabled and powered by advanced technology and long-standing experience in mono-crystalline silicon, LONGi Solar 
shipped approximately 4.6GW of products in 2017, which is a 100% growth rate in three consecutive years. The Company has 
its headquarters in Xi' an, China and branches in Japan, Europe, North America, India, Malaysia, Australia and Africa.

With a strong focus on the R&D, production and sales & marketing of mono-crystalline silicon products, LONGi Solar is 
committed to providing better LCOE solutions and promoting the worldwide adoption of mono-crystalline technology.

About LONGi Solar

facebook.com/LONGiSolar twitter.com/longi_solar en.longi-solar.com
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