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Leaping into 2024!

With the start of 2024, it’s interesting to look at all the wind projects 
that are in the works, especially here in the U.S.

The promise of a robust offshore wind development in the U.S. 
continues to grow in intensity, according to the Department of Energy. But a 
lot of wind energy is being developed onshore as well.

According to reports released last year by the DOE, wind power accounted 
for 22 percent of new electricity capacity installed in the United States in 
2022, second only to solar, representing $12 billion in capital investment, and 

employing more than 125,000 Americans.
Since the passage of President Biden’s Inflation Re-

duction Act, forecasts for land-based wind energy in-
stalled in 2026 have increased nearly 60 percent from 
about 11,500 MW to 18,000 MW, which is enough to 
power an additional 2 million homes, according to the 
reports.

Turning those goals into reality is going to take a 
lot of hard work and innovation. A lot of that type of 
work is reflected in this month’s issue.

Before turbines can be built and creating electricity, a lot of research has 
to go into where those turbines will stand and how much wind they may 
encounter in their lifetime.

To that end, our cover article looks at wind measurement. In the article, 
Aurélie Jeannin looks at how many wind farms continue to turn to Lidar for 
their wind-measurement systems.

Proper torque is essential to ensuring turbines function properly. In our 
second focus article, we present a technical deep dive into the measurements 
and modeling of friction torque of wind-turbine blade bearings. If you’re an 
engineer in the field, you should find the piece quite informative.

Safety is always a concern when it comes to multi-million-dollar turbines. 
In our Conversation feature, I had the opportunity to talk with Firetrace’s Jo-
seph DeBellis. He shares his insights on the importance of being transparent 
with data sharing related to fire incidents and other factors to consider when 
keeping technicians and assets safe.

I hope you enjoy those articles and much more as we enter the new year and 
continue to share the good news and fascinating stories of the wind industry. 
The good news just keeps getting better for this renewable energy source. 

Happy New Year, and, as always, thanks for reading!

Kenneth Carter, editor
Wind Systems magazine
editor@windsystemsmag.com
(800) 366-2185, ext. 204
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The American Clean Power Association recent-
ly released the following statement from ACP 
Chief Policy Officer Frank Macchiarola after 

the Bureau of Ocean Energy Management (BOEM) 
announced the Proposed Sale Notice for two Wind 
Energy Areas in the Central Atlantic and completed 
the Final Environmental Impact Statement (FEIS) for 
the Sunrise Wind project.

“We are pleased to see the Biden administration 
propose an offshore wind lease sale for two areas in 
the Central Atlantic Wind Energy Area,” Macchiarola 
said. “Developing these Central Atlantic leases will 
be crucial to helping the mid-Atlantic states meet 
their emissions reduction targets. We look forward 
to working with federal, state, and other stakehold-
ers as additional lease sales are considered in a sec-
ond round.”

“We appreciate the work of Sen. Chris Van Hollen 
and Maryland Governor Wes Moore to ensure that 
offshore wind energy takes hold in Maryland to help 
promote economic growth, enhance energy security, 
and protect the environment,” he said. “The commit-
ment of BOEM to hold an additional lease sale in 2025  
is an important step to building a robust offshore 
wind industry in the region.”

“BOEM has made significant progress in advanc-
ing offshore wind, and the approval of the FEIS for 
the Sunrise Wind project further demonstrates this 
commitment,” he said. “Once fully constructed, the 
Sunrise project will produce 924 MW that will power 
more than 320,000 homes with clean power.

“While we celebrate these milestones, ensuring 
a stable commercial framework through successful 
state offshore wind solicitations, inflation adjust-
ments and workable tax credit guidance is critically 
important for building a viable and abundant clean 
energy future.” 

One lease is 101,443 acres and is about 26.4 nau-
tical miles from Delaware Bay. The other lease is 
176,505 acres and is about 35 nautical miles from 
the mouth of the Chesapeake Bay. 

ACP approves of 
offshore lease sales 
moving forward
From American Clean Power
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Oceantic applauds South Fork Wind 
project’s success in bringing power to NY
The Oceantic Network, the leading 
organization working to advance off-
shore wind and other ocean renewable 
industries and their supply chains, 
celebrates the announcement by Ever-
source and Ørsted that its South Fork 
Wind project has delivered electricity 
to the New York grid. 

This marks the first commer-
cial-scale offshore wind project to de-
liver power to the U.S. grid and is set 
to power more than 70,000 homes once 
completed.

“Offshore wind electricity is flowing 
through New York power lines as a re-
sult of more than a decade of work to 
bring offshore wind online in the U.S.,” 
said Liz Burdock, founder and CEO of 
Oceantic Network. “The industry as 
a whole should be proud of the work 
done by many to get us where we are 
today – providing clean, renewable off-
shore wind energy at scale to commu-
nities and homes.

The Network applauds Eversource 
and Ørsted’s efforts to develop this 
project, which now serves as a proof 
point for offshore wind’s viability and 
benefits. We also congratulate the 
Long Island Power Authority, New York 
State Energy Research & Development 
Agency, and the countless communi-
ty members, advocates, labor unions, 
and government officials, who have 
worked tirelessly to make this project 
a reality.”

MORE INFO southforkwind.com   
 oceantic.org  

Gazelle Wind  
Power appoints  
new CFO
Gazelle Wind Power, the developer of a 
next generation floating offshore wind 
platform, has appointed clean-energy 
finance industry expert Álvaro Ortega 
as Chief Financial Officer (CFO). Ortega 
is the former vice president of finance 
at Avangrid Inc., a publicly traded com-

pany on the New York Stock Exchange 
and the U.S. subsidiary of global energy 
leader Iberdrola.

“Finding someone with a track re-
cord like Álvaro’s is rare. Due to his 
financial expertise and passion for re-
newable energy, his joining the team 
is a home run for Gazelle as we enter 
an exciting phase in our company’s 
development,” said Gazelle CEO and 
founder Jon Salazar. “As the financier 
of one of the first commercial-scale 

offshore wind projects in the U.S., his 
impressive resume and commitment 
to clean-energy development make 
him ideal for this position.”

As VP of finance at Avangrid, Ortega 
managed investor relations and trea-
sury for the company, which has an 
approximate $12.1 billion market capi-
talization. Before that, Ortega served as 
CFO of Vineyard Wind, where he played 
a central role in achieving the financial 
close and commencement of construc-
tion for the first commercial-scale off-
shore wind farm in the United States, 
the 800-MW Vineyard Wind 1.

“There were several factors that 
drew me to Gazelle, the first being 
Jon’s passion and the world-class Ga-
zelle team,” Ortega said. “Moreover, I 
believe the company is positioned to 

lead the industry because its technol-
ogy excels under the most extreme 
conditions while utilizing fewer re-
sources and less steel compared to its 
counterparts.” 

Additionally, it offers a simpler 
assembly process and maintenance, 
which further enables the competi-
tiveness and acceleration of offshore 
floating wind. This aligns with what 
the future of this industry demands.” 
Ortega has an MBA from Babson Uni-

versity, renowned for its entrepre-
neurship education. He holds a bach-
elor of science in Economics from the 
University of the Basque Country and 
a Certificate in Financing and Deploy-
ing Clean Energy from Yale University. 
Ortega will lead all financial aspects 
of Gazelle’s business as the company 
focuses on demonstrating its next gen-
eration design through a pilot plant in 
Agucadoura, with renewable energy 
developer WAM Horizon.

“In offshore development, the focus 
should not solely be on manufacturing 
the technology but also on making it 
affordable, especially during challeng-
ing times when supply chain costs have 
risen,” Ortega said.

MORE INFO www.gazellewindpower.com

The South Fork Wind project has delivered electricity to the New York grid. (Courtesy: South 
Fork Wind)

http://www.gazellewindpower.com
http://windsystemsmag.com
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Integrated Power 
acquires Wind 
Solutions LLC
IPS, a North American solution provid-
er for electromechanical equipment, 
rotating equipment, and power man-
agement systems, has acquired Wind 
Solutions LLC. The company, based in 
Sanford, North Carolina, specializes 
in repair upgrades, accessory com-
ponents, and patent-protected yaw 
system components. Wind Solutions 
works with owner-operators and utili-
ties across North America.

The acquisition strengthens IPS in-
novations in utility-scale renewable-en-
ergy power generation with in-house 
design, engineering, and modeling. 
Wind Solutions has built its business 
with innovation, intellectual property, 
and speed to market.

“We’re proud to join IPS and its 
North American network,” said CJ 
Winslow, Wind Solutions founder 
and president. “Our engineering and 
product development will strengthen 
IPS single-source capabilities for wind 
power and open new markets for our 
innovations.”

“IPS is excited to welcome CJ 
Winslow, Brad Baldwin, and their 
colleagues at Wind Solutions to IPS,” 
said John Zuleger, IPS President and 
CEO. “Wind Solutions has leveraged a 
strong intellectual property platform 
and a focus on wind customer needs to 
improve wind-turbine efficiency and 
reliability. This team brings valuable 
engineering and state-of-the-art tech-
nical talent that will help us build our 
service offering to wind customers 
across North America.”

Headquartered in Greenville, South 
Carolina, IPS has service centers, distri-

bution centers, and field service offices 
across North America, combining in-
dustry-specific experience with engi-
neering resources.

MORE INFO www.ips.us 

Ørsted, PGE contract 
DNV to certify  
Poland wind farm
DNV has been contracted by Ørsted and 
PGE to certify the Baltica 2 offshore 
wind farm in Poland. The project, in 
the Polish part of the Baltic Sea, is set 
to contribute significantly to Poland’s 
green-energy transition, accelerate the 
development of the local supply chain 
and spur economic activity for many 
years to come. 

DNV’s scope of work includes the 
delivery of certificates for the wind 

Integrated Power’s custom engineering department produces electrical control panels, power distribution products, medium- and low-voltage 
switchgear, enclosures, ISO container modifications, and electrical powerhouses. (Courtesy: Integrated Power Services) 

THE FUTURE OF WINDDIRECTION

http://www.ips.us
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farms related to design and fabrica-
tion/installation/commissioning in 
accordance with relevant Polish laws, 
regulations, and codes. The following 
assets are defined as relevant for cer-
tification: wind-turbine generators, 
foundations, offshore substation plat-
forms, inter-array cables, and offshore 
export cables. 

“Poland is planning impressively 
rapid growth in offshore wind,” said 
Kim Sandgaard-Mørk, Executive Vice 
President for Renewables Certification 
at DNV. “Bringing a proven technology 
to a new market with new stakeholders 
also brings new challenges. Certifica-
tion offers a proven, structured, and 
well trusted way to minimize and man-
age the risks of rolling out a technology 
in an emerging offshore wind market 
like Poland.”  

To better serve Poland and cus-
tomers moving into offshore wind in 
Poland, DNV is growing its local cer-
tification team in Gdynia and has re-
cently appointed Krystian Slodzinka 
as country manager for renewables 
certification Poland.  

“The official authorization is reflect-
ing the confidence that the Ministry 
has placed in our expertise and com-
mitment to support the safe and reli-

able growth of Poland’s offshore wind 
industry,” Slodzinka said. 

MORE INFO www.dnv.com

BOEM completes 
Sunrise Wind  
proposal review
The Bureau of Ocean Energy Manage-
ment (BOEM) has completed its en-
vironmental review of the proposed 
Sunrise Wind energy project, about 
16.4 nautical miles south of Martha’s 
Vineyard, Massachusetts, about 0.5 
nautical miles east of Montauk, New 
York, and 14.5 nautical miles from 
Block Island, Rhode Island. BOEM es-
timates the proposed 924-MW project 
will power more than 320,000 homes 
with renewable energy.   

“We carefully considered input from 
our government partners, key stake-
holders, and the public for the Final 
Environmental Impact Statement for 
Sunrise Wind,” said BOEM Director 
Elizabeth Klein. “This document rep-
resents a thorough and comprehensive 
analysis of the potential environmen-
tal impacts of the project and is anoth-
er milestone in achieving President 

Biden’s ambitious clean-energy goals.” 
Sunrise Wind LLC’s submitted plan 

includes up to 94 wind-turbine gener-
ators (WTGs) and their associated ex-
port cables. The onshore export cables, 
substation, and grid connection is in 
Holbrook, New York. The lease area 
covers about 86,823 acres. 

In response to comments from gov-
ernment partners, key stakeholders, 
and the public, and after considering 
project feasibility, BOEM developed a 
preferred alternative that includes few-
er turbines (84 WTGs) to accommodate 
geotechnical feasibility of the project, 
reduces impacts to benthic habitat 
and Atlantic cod, and meets the ener-
gy needs of New York, Massachusetts, 
and Rhode Island. 

Since the start of the Biden-Harris 
administration, the Department of the 
Interior has approved the nation’s first 
six commercial-scale offshore wind en-
ergy projects. BOEM has held four off-
shore wind-lease auctions, which have 
brought in almost $5.5 billion in high 
bids, including a record-breaking sale 
offshore New York and New Jersey and 
the first-ever sales offshore the Pacific 
and Gulf of Mexico coasts.  

MORE INFO www.boem.gov

The project, located in the Polish part of the Baltic Sea, will contribute to Poland’s green energy transition.  (Courtesy: DNV) 

http://www.dnv.com
http://www.boem.gov
http://windsystemsmag.com
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With the Corlacky Hill Wind 
Farm in northern Ireland, 
the RES Group reveals why 
Lidar is widely trusted for 
wind resource assessment.
By AURÉLIE JEANNIN

Our ability to harness the power of the wind 
plays a pivotal role in the transition to a greener 
and more sustainable future. Staring down the 
pressing challenges of our changing climate, 
environmental degradation, and the transition 
away from our reliance on depleted fossil fuels, 

wind power represents one of the most scalable and cost-ef-
fective renewable energy sources.

The development of new wind farms promises to deliver 
clean electricity to millions while creating jobs and boost-
ing local economies. However, realizing the full potential of 
wind energy hinges on accurately assessing wind resources 
during development.

As we strive to optimize the efficiency, reliability, and 
cost-effectiveness of wind-resource assessment, the debate 
between Lidar technology and traditional meteorological 
masts for wind measurement grows increasingly lopsided. 
While met masts have helped companies collect on-site wind 
data for decades, many developers now consider Lidar a vi-
able alternative to met masts for wind resource assessment 
and other applications due to the technology’s proven repeat-
ability and enhanced accuracy over recent years. 

With the wind industry actively evaluating the strengths 
and limitations of both approaches, projects such as the Cor-
lacky Hill Wind Farm help provide real-world evidence of 
Lidar’s capabilities in delivering finance-grade wind mea-
surements safely and cost-effectively. 

THE ESSENTIAL ROLE  
OF WIND-RESOURCE ASSESSMENT 
A crucial, early-stage process in developing any wind farm, 
wind resource assessment (WRA) provides the critical data 
about wind behavior needed to determine project feasibility, 
select appropriate equipment, situate turbines, and estimate 
energy production. Every wind farm is unique and presents 
distinct challenges, so the importance of WRA — underpin-
ning virtually every aspect of wind-energy development — 
cannot be overstated. 

Without accurate data on wind speeds, direction, and oth-
er weather parameters, determining whether a wind-energy 
project is even financially and technically viable is impossi-
ble. Accurate WRA data is critical to securing project financ-
ing since lenders and investors rely on the accuracy of these 
models to assess a project’s financial viability. But WRA is 
also essential for meeting power purchase agreements and 
regulatory requirements. 

http://windsystemsmag.com
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High-quality WRA data minimizes uncertainty around 
energy-production estimates, allowing developers and reg-
ulators to trust performance projections decades into the 
future after turbine commissioning. 

Given the substantial capital costs of wind-energy proj-
ects, the methods and technologies used to measure these 
wind resources massively affect project outcomes. Conse-
quently, the Lidar vs. met mast debate is increasingly rele-
vant as wind farms expand in scale and scope. 

MET MASTS VS. LIDAR FOR WIND RESOURCE 
ASSESSMENT AND CHARACTERIZATION
Towering structures equipped with anemometers and other 
meteorological instruments, met masts have traditionally 
played a crucial role in providing the industry with valuable 
insights and accurate point data. 

However, as Lidar technology matures, it emerges as a 
compelling alternative to traditional met masts for wind 
resource assessment and permanent wind monitoring. Li-
dar — light detection and ranging — uses laser pulses to 
sense wind conditions remotely, providing expanded cov-
erage and flexibility compared to fixed met towers. While 
some decision makers have only begun discovering the full 
potential of Lidar technology, others are fully integrating 
Lidar campaigns into their regular measurement practices. 

Between turbines growing taller and wind farms ex-
panding across diverse terrains and into offshore environ-
ments, met mast limitations are evident: the need for data 
extrapolation, long permitting processes, high equipment 
and maintenance costs, and significant safety hazards. And 
these increasingly apparent challenges are prompting play-
ers across the wind-energy industry to explore alternative 
technologies for wind measurement, setting the stage for 
Lidar technology to prove itself as an attractive alternative. 

CORLACKY HILL WIND FARM CASE STUDY
One such organization is the RES Group, a global player in 
the renewable energy sector for more than 30 years. 

Delivering more than 23 GW of renewable energy proj-
ects and supporting a large client base across 14 countries, 
RES has deployed about 2,000 wind-measurement systems, 
including 1,700 met masts. During this time, 2 percent of 
those met masts collapsed, presenting severe safety concerns. 
Striving to make WRA campaigns safer, cheaper, faster, and 
bankable, RES replaced met masts with accurate and reliable 
remote sensing Lidar technology as a standalone instrument 
for wind measurement at the Corlacky Hill Wind Farm site 
in Northern Ireland. 

RES used a Vaisala WindCube vertical profiling wind Li-
dar to conduct a 12-month measurement study at the 11-tur-
bine, 47-MW wind farm, owned by ERG, set in gently sloping, 
relatively benign terrain with minimal forestry.

The wind Lidar’s overall measurement uncertainty at 
hub height was 2.4 percent, based on the International Elec-
trochemical Commission recommendations for assessing 
uncertainty and weighted by site-specific wind-frequency 

distribution. Obtaining a p90/p50 value of about 90 percent, 
the project achieved market standard uncertainty levels and 
exceeded the expected market threshold. 

In light of the Corlacky Hill project, RES sees several dis-
tinct advantages of Lidar over met masts. 

MET MAST LIMITATIONS  
AND THE ADVANTAGES OF LIDAR
Met masts only measure wind at fixed points where sensors 
are installed on each tower. With today’s average turbine 
hub heights surpassing 100 meters, these free-standing tow-
ers often cannot directly measure wind parameters at de-
sired heights. Instead, data must be extrapolated from lower 
heights, adding uncertainty to the assessment. Additionally, 
as wind plants expand across larger areas and into increas-
ingly challenging terrain, multiple met towers are needed 
to capture spatial differences in wind flows across a site. 
Indeed, data from only one location may not comprehen-
sively understand the site’s potential, leading to suboptimal 
turbine placement and minimized energy generation. On 
the contrary, Lidar measures wind conditions at adjustable 
heights from 40 to 300-plus meters, enabling direct measure-
ment at existing or planned turbine hub heights, and it can 
be relocated easily from one location to another, offering the 
flexibility to assess various areas of a wind farm and better 
coverage across the entire project site.

By directly measuring at hub height rather than extrap-
olating up from lower met masts, Lidar minimizes bias and 
uncertainty around wind-speed estimates, as evidenced at 
Corlacky Hill, where the Lidar achieved 2.4 percent uncer-
tainty.

As Lidar technology matures, it emerges as a compelling alternative to 
traditional met masts for wind resource assessment and permanent 
wind monitoring. (Courtesy: Vaisala)
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The installation, permitting, and equipment costs associ-
ated with tall met masts are also substantial. Industry lead-
ers estimate that just buying and installing a 100-meter met 
mast costs up to $130,000, with no manufacturing, trans-
portation, construction, or permitting fees included. When 
some measurement campaigns run for one to three years, 
these costs and delays quickly add up. In contrast, Lidar units 
can typically be installed and begin collecting data in less 
than a day. Rapid deployment significantly reduces project 
lead times and accelerates the transition from site assess-
ment to energy generation. Additionally, Lidar is becoming 
more cost-effective and proves to be a reliable measurement 
device, eliminating the need for traditional met masts.

Making matters worse, the height of most met masts 
makes them a safety hazard. Not only do maintenance or 
inspection personnel have to climb them, putting people at 
risk of falls, but the structures are also susceptible to icing 
and snow damage, collapse, or lightning strikes. Collapses 
endanger the environment and surrounding areas, leading 
to costly replacements and potential project delays. With no 
exposed towers, Lidar eliminates safety hazards associated 
with the construction, maintenance, and operation of met 
masts.

Finally, Lidar helps lower costs, with the RES Group re-
alizing a 37-percent cost savings by using Lidar instead of 
additional met towers for the Corlacky Hill project. 

“Our current standalone remote sensing measurement 
strategy is borne out of the work undertaken at Corlacky 
Hill and another wind farm in northern Scotland,” said Iain 
Campbell, senior technical analyst and wind resource man-
ager at RES. “Not only does this strategy result in safer, bank-
able measurement campaigns, a 12-month standalone Lidar 
measurement campaign is also faster and cheaper than a 
traditional met mast measurement campaign.” 

LIDAR MOVING THE WIND INDUSTRY FORWARD
Wind energy’s growing scale and competitiveness drive rap-

id innovation in resource assessment technologies — and 
Lidar is leading the way. The demand for accurate measure-
ments in the face of ongoing industry evolution and expan-
sion reveals how pronounced the limitations of meteorolog-
ical masts are. 

Industry leaders such as RES are at the forefront of val-
idating Lidar’s capabilities through real-world case studies 
like Corlacky Hill that highlight Lidar’s advantages for pre-
construction WRA, including:
  Fast and safe setup in less than a day. 
  Precise hub height wind measurements across a broad 

area.
  Bankable data accuracy under 2.5 percent uncertainty. 
  37 percent cost savings compared to met towers. 
Corlacky Hill demonstrated that today’s advanced Lidar 

systems can deliver finance-grade wind resource assess-
ments more flexibly and cost-effectively than met masts 
alone. 

The wind industry is clearly embracing Lidar’s expand-
ing capabilities, signaling the remote sensing technology’s 
growing status as the new gold standard for wind measure-
ment.  
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WIND-TURBINE 
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Multiple double-row, four-point bearings of three different sizes 
are tested on four different test rigs, and the friction torque at 
different bending moments and axial loads of the bearings are 
measured, resulting in significant discrepancies in the torque 
of identically sized bearings.
By O. MENCK, K. BEHNKE, M. STAMMLER, A. BARTSCHAT, F. SCHLEICH, and M. GRASSMANN

The friction torque of rotor blade bearings is a required 
parameter for the design of pitch actuators and may 
provide information about continued degradation 
and impending failure of the bearing. The torque is 

heavily influenced by the operating conditions and external 
loads acting on the bearing. Test results for real-size bear-
ings under realistic loads are rare. This article presents test 
results of various double-row four-point bearings of three 
different diameters, ranging from 0.7 meters up to 5 meters. 
They are loaded with bending moments and axial loads, and 
their behavior at different speeds is compared. For the same 
bearing type, large differences are observed at zero load that 
decrease for higher loads. At lower contact pressures, the 
change from four-point into two-point contact is clearly vis-
ible and results in a temporary decrease of the torque. To 
monitor potential degradation of the bearing, an empirical 
model that can be fit to a particular bearing is proposed.

1 INTRODUCTION
Rotor blade bearings rotate (“pitch”) the blades of modern 
wind turbines along their longitudinal axis. This allows 
for braking of the turbine and is therefore a safety-critical 
function. Aside from the large movements required for brak-
ing, blades also pitch by small angles in order to control the 
power of the turbine, and manufacturers are increasingly 
utilizing this to reduce fatigue loads on the other compo-
nents [1]. Pitch movement is commonly facilitated with an 
electrical pitch drive or a hydraulic one. The friction torque 
of the bearing is a required parameter for the design of these 
actuators. As it is significantly influenced by the loads acting 
on the bearing, a friction torque model is needed to gauge 
the torque of the bearing in operation when the actuator 
design is carried out.

The friction torque is a resistance that acts against the 
direction of rotation. It is caused by friction of the rolling 
bodies with the raceway and, to a lesser extent, with the 
cage, as well as the friction of the seal. Rolling body to 
raceway friction is the greatest component of the friction 
torque, and it is therefore highly dependent on the load 
distribution within the bearing [2]. Bearings can experience 
a number of different damage modes. These include, but 
are not limited to, rolling contact fatigue of the raceways, 
wear of the raceways, destroyed rolling elements, and cage 
failure [3][4]. All of the aforementioned can affect the load 
distribution or change the friction torque in another man-
ner, e.g., by increasing raceway roughness or producing de-
bris in the bearing. Therefore, a large number of damage 
mechanisms can be detected externally by monitoring the 

friction torque of the bearing. A change of this character-
istic under comparable conditions indicates damage in the 
bearing. Rotor blade bearings, however, experience stochas-
tic operating conditions. Comparable load situations may 
thus be difficult to find, hence why a friction torque model 
can be of great help to gauge whether the bearing’s behavior 
has altered. There are a number of friction torque models to 
be found in the literature. An overview of relevant empir-
ical models is given in [5], who apply the results to a blade 
bearing subjected to a bending moment and compare the 
various models with test results.  Another measurement of 
blade bearing friction torque is given in [6], where a blade 
bearing is placed on a test rig and subjected to a combina-
tion of bending moment, radial force, and axial force.  The 
measured friction torque is then compared to an empirical 
model. Both publications suggest the models do not neces-
sarily reflect the torque of rotor blade bearings accurately. 
The two aforementioned publications are the only publica-
tions with measurements of blade bearing friction torque 
known to the authors. Other friction torque models can be 
found e.g. in [2] [7], where the authors construct a detailed 
contact model of bearings and predict bearing torque based 
on simulated contact stresses.

Friction torque measurements of large slewing bearings 
are expensive and elaborate procedures, particularly for 
measurements under realistic loads. Real-size blade bearings 
are large and test rigs that can apply loads in all degrees of 
freedom are rare. This article aims to supplement the exist-
ing literature with many additional measurements under 
various loads shown in Section 4 using the test setups shown 
in Section 2. We then propose a friction torque model that 
can be fit to individual bearings in Section 5, before finish-
ing the article with conclusions in Section 6.

2 TEST SETUP
The results presented in this article consist of test results 
collected over the span of several years. The measurements 
were taken in the context of various test campaigns. They 
contain results for bearings of three different sizes, tested on 
four different test rigs. Bearings of each size were subjected 
to both axial loads and bending moments.

All bearings investigated in this article are double-row, 
four-point bearings. This is currently the most common 
type of blade bearing [8]. All of the bearings tested are made 
of 42CrMo4 steel with balls made of 100Cr6 steel, which is 
a typical combination for blade bearings [9]. The bearings 
were made by three different manufacturers who common-
ly supply bearings to actual wind turbines, and they all use 

http://windsystemsmag.com


18  JANUARY 2024

the same commercial grease specifically recommended for 
blade bearings.

The three bearing sizes used for this article are listed in 
Table 1. The smallest ones are referred to as “0.7-meter bear-
ings” in the following. They are used for more fundamental 
tests and are much smaller than the blade bearings used 
in modern, multi-MW turbines. Nonetheless, the 0.7-meter 
bearings were manufactured using the same techniques also 
used for larger bearings, and their design was made to re-
semble actual blade bearings as closely as possible. Next in 
line are the “2-meter bearings.” These bearings were made 
for existing 3 MW onshore turbines. Two slightly different 
versions of this bearing were tested, with one having four 
more balls than the other but otherwise being of identical 
dimensions. This is because the two slightly different ver-
sions were built by two different manufacturers. Finally, the 
“5-meter bearings” are bearings created for the theoretical 
IWT7.5 reference turbine, a 7.5 MW nearshore turbine [1]; 
they are described in more detail in [10]. All bearings use 
different seals, with the smallest bearings having only one 
dust lip for the upper and lower seal while the other two 
bearings have two lips per seal.

Four different test rigs were used for the generation of the 
results in Section 4. The test rigs are shown in Figure 1. Two 
test rigs are hexapod designs that can apply loads in six de-
grees of freedom (DOF), while the other two are less complex 
in their design. The smallest of the test rigs is called “Bear-
ing Endurance and Acceptance Test rig 1.1” (“BEAT1.1”) and 
is shown in Figure 1a. It was used to generate test results for 
the 0.7-meter bearings. It is a hexapod design and  can thus 
apply loads in six DOF, but is particularly suited to the appli-
cation of high bending moments due to the orientation of the 
cylinders. This allows for an application of loads that closely 
resemble those on an actual blade bearing in a wind turbine. 

Bearings are installed in the center of the hexapod, con-
necting the bottom of the structure with the upper, actuated 
platform. Due to the closed-chain design of the hexapod, 
two bearings are required in order to rotate the blue-colored 
central element shown in Figure 1a. An electrical drive is 
used to turn the bearings. There are two test rigs shown 
for the 2-meter bearings. These are only able to load the 
bearings accurately in fewer DOF. The first of these is called 
“BEAT2.1”; it is shown in Figure 1b. It is the only open-chain 
test rig design included in this article and, consequently, 
the only one that merely uses one bearing for a test. The 
test rig consists of an actual hub of the wind turbine for 

which this bearing was used, and a significant part of its 
blade. Rotation of the bearing is achieved using an electrical 
drive. By applying a load to the blade, it is possible to apply a 
bending moment to the bearing. This procedure is explained 
in detail in [5], and the test results of the BEAT2.1 included 
here are identical to those in the aforementioned reference, 
with the only difference being they are not normalized in 
this article. The “BEAT2.2” shown in Figure 1c is made for 
the same size of bearings, but it can only apply compressive 
axial loads. Additionally, the bearings were sourced from a 
different manufacturer and, therefore, contain four fewer 
balls, as mentioned earlier. Finally, the “BEAT6.1” shown in 
Figure 1d is the largest and most versatile of all test infra-
structures used in this article. It employs a hexapod design 
like the BEAT1.1, but additionally uses elements that were 
designed to represent the stiffness behavior of the blade and 
hub of the IWT7.5 turbine, respectively. The bearings in the 
image are orange. The red structure above the upper and 
below the lower bearing represents the hub stiffness, and the 
white structure in the middle represents the blade stiffness. 
Therefore, this test rig design combines the upside of the 
BEAT2.1 — the representation of realistic stiffnesses of the 
surrounding structures of the bearings — with the BEAT1.1’s 
ability to load the test rig in all six DOF.

Torque measurements were conducted differently de-
pending on the test rig. The BEAT1.1 uses a calibrated torque 
meter off the shelf between the gearbox and electrical drive. 
Torque measurements Tmeas thus contain both the bearing 
torque Tb as well as the gearbox torque Tgb, but the results 
shown in this article have been corrected for the gearbox 
by use of an empirical function created by the authors,

where Vz is the rotational speed of the bearing and t is the 
measured temperature. The values c1 to c3 are empirical vari-
ables that were determined by moving the gearbox without 
any attached bearing. To validate the gearbox torque model 
above, the corrected torque Tb = Tmeas – Tgb,fit at zero load was 
then compared to the value given by the manufacturer in 
the bearing’s test certificates.

Both the BEAT2.1 and the BEAT2.2 use a custom–built 
torque meter that sits at the end of the gearbox and is thus 
unaffected by the gearbox torque, but may still be slightly 
affected by friction of the pinion against the bearing gears. 
The functionality is also described in [5]. Finally, the tests 

Name  Pitch Balls per  Ball  Contact  Seal lips  Corresponding
 diameter  row  diameter  angle   test rig

0.7m  0.673m  69  25.4mm  45°  One axial  BEAT1.1
2m  2.31m  102  65mm  40°  Two radial  BEAT2.1
2m  2.31m  98  65mm  40°  Two radial  BEAT2.2
5m  4.69m  147  80mm  45°  One axial, one radial  BEAT6.1

Table 1: Double-row, four-point bearing types used for this article.
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for the BEAT6.1 were carried out using a hydraulic actuator 
with a load cell installed at its end, so that only friction at the 
swivel head of the cylinder is measured on top of the actual 
bearing torque. The load cell measures a force that is then 
translated into a torque of the bearings. For all test rigs with 
two installed bearings, the measured torque was divided by 
two in order to obtain the torque of one average bearing.

3 FE MODELS
Finite element (FE) analyses were conducted to validate 
some of the behavior seen in the test results in Section 4. 
The FE models of the three different bearings are modeled 
according to the method published by Daidié [11]. This is a 
common method that reduces the computational effort sig-
nificantly by means of nonlinear spring elements, which 
represent the rolling bodies. Rigid beam elements connect 
the springs with rigid shell elements that lie on the surface 

of the raceway. The shell elements roughly represent the size 
of the contact ellipse at a characteristic contact pressure. A 
force-deflection curve, calculated according to Houpert [12], 
controls the behavior of the springs. Each spring represents 
one load-transmitting diagonal of a ball. Therefore, two 
spring elements represent one ball in a four-point contact 
ball bearing.

Blade bearings are typically manufactured with negative 
clearance, i.e., preload of the balls [9], to ensure every ball 
is in contact with the raceway under unloaded conditions. 
Due to the modeling approach used and the secure connec-
tion of the shell elements with the raceway, it is not possi-
ble to model a negative clearance directly. To consider the 
preload of the bearing, a temperature-dependent behavior 
of the beam elements is enabled. In the analysis, a defined 
temperature gradient makes the beam elements expand in 
a first load step. This results in a preload force in the non-

(a) “BEAT1.1,” for 0.7-meter bearings (in metallic) @Fraunhofer IWES/
Ulrich Perrey.

(c) “BEAT2.2,” for 2-meter bearings (in non-metallic gray, with gear 
teeth on outer ring) @Fraunhofer IWES/Karsten Behnke.

(b) “BEAT2.1,” for 2-meter bearings (at blade root) @Fraunhofer IWES/
Martina Buchholz.

(d) “BEAT6.1,” for 5-meter bearings (in orange) @Fraunhofer IWES/
Marcus Heine.

Figure 1: Test rigs used for the measurements.
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linear spring elements. The desired 
preload force can be calculated using 
the contact deformation and related 
contact pressure according to [12]. The 
5-meter bearing, for instance, has an 
average ball oversize of 75 µm. This is 
equivalent to a negative clearance of 
37.5 µm for one ball-raceway contact. 
The respective ball load of a contact 
deformation of 32.5 µm is hence used 
as the ball preload. Then, the tempera-
ture gradient in the FE model is set ac-
cordingly to match the calculated ball 
force. The external load is applied in a 
second load step.

Whereas the external loads are di-
rectly applied to the flange surfaces 
for the FE simulations with the 2-me-
ter and 5-meter bearings, the 0.7-meter 
bearing is initially implemented in a 
complete model of the BEAT1.1 test rig 
structure. The FE model of the BEAT1.1 
with implemented bearings is shown 
in Figure 2.

The loads are applied by six joint 
couplings between the foundation and 
the upper, actuated platform in order 
to represent the load application with the six hydraulic cyl-
inders of the test rig. Bolts at both the inner and outer rings 
of the bearing as well as frictional contacts between all inner 
cylindrical component flange surfaces ensure a realistic de-
formation behavior of the structure.

4 TEST RESULTS
Several bearings were tested on each test rig but the BEAT2.1, 
which only tested one. All bearings have been subjected to a 
bending moment and an axial force. Bending moments are 
the most significant type of load acting on blade bearings 
[13], since the blade acts as a lever. The bending moment 
causes an axial load distribution along the circumference 
of the bearing, with one side being compressed and the oth-
er one being under tension. Moreover, axial loads on blade 
bearings are typically larger than radial loads [13]. For these 
reasons, an axial load is also applied. The loads were chosen 
such that they caused a contact pressure of 2-2.5 GPa, since 
these are realistic values for blade bearings in regular oper-
ating conditions [14].

The bearings all performed an oscillating movement, 
moving forward by 60° (BEAT1.1, BEAT2.2, BEAT6.1) or 10° 
(BEAT2.1) from an initial position and then back again. Data 
was recorded with a frequency of 50-200 Hz, and the average 
absolute torque value during the movement, including the 
forward and backward movement, was taken. Spikes at the 
beginning and end of the movement were excluded.

Figures 3 and 4 show the test results for the 0.7-meter 
bearings. Figure 3a shows the torque under a moment load, 

with the bearing being subjected to positive and negative 
moments ranging from minus-125 kNm to 125 kNm. Results 
for axial loads ranging from minus-500 kN to 200 kN are dis-
played in Figure 3b. There are two scales given for the abscis-
sa, with one showing the global load acting on the bearing 
denoted Mb for the bending moment and Fax for the axial load. 
The scale below shows the maximum contact pressure that 
follows from a simplified model of these bearings with stiff 
rings, zero clearance, and two-point contact. This is intended 
to allow for better comparison of the results of differently 
sized bearings.

The results show a significant difference in torque at zero 
load for the bearings although they are of identical type and 
produced in the same batch. At Mb = 0 as well as Fax = 0, the 
bearing is essentially unloaded (more precisely, the lower 
bearing is unloaded; the upper one will experience slight ten-
sion due to the compensation of the weight of the blue steel 
tube between the two bearings). The friction torque varies 
by a factor of more than three between bearing IDs 172/173 
and 143/144. These differences correspond to the friction 
torque measured by the manufacturer and documented in 
the bearing’s acceptance test certificates, and bearings were 
sorted in pairs so these values resemble each other. The dif-
ferences thus likely stem from manufacturing fluctuations; 
that is to say, differences in external clearance: Due to qual-
ity fluctuations in the manufacturing process, the preload 
varies, and its actual value has a significant effect on the 
friction torque, as has been shown by Chen et al. [9]. Bearings 
are usually assembled by introducing a set of balls within a 

Figure 2: FE model of the BEAT1.1.

Figure 3: Friction torque measurements for the 0.7-meter bearing.
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defined diameter range and checking if the torque is within 
specifications, and the range of allowed torque is often broad 
since there is no requirement to reach an exact value. In this 
case, it was merely specified for the bearings to have negative 
clearance, without any initial torque range being specified. 
Differences in the torque between the bearing sets can be 
seen to decrease as an external load is applied, particularly 
for the high thrust loads in Figure 3b. This appears to vali-
date the theoretical results of Heras et al. [7], who modeled a 
bearing with manufacturing faults and concluded that their 
effect on the load distribution decreases as external loads 
increase. However, there are still major differences in the 
torque at high moments, even despite the high associated 
contact pressures (see Figure 3a).

Furthermore, it is noted that, at low loads between 0-1.5 
GPa, the torque drops when the absolute value of loads is in-
creased. This seems counterintuitive, as friction is typically 
assumed to be roughly proportional to the normal load. Two 
factors likely play a role here: The bearings have four-point 
contacts, and they are preloaded, as mentioned earlier. This 
means that, for zero load, the friction torque is given by the 
sum of four contacts per ball. As the load increases, the con-
tact eventually turns into a two-point contact [3], and it is 
likely the transition occurs at these low pressures and, there-

fore, causes the drop in friction torque. FE analyses were 
conducted to validate these theories. Using a ball oversize 
of 35 µm to reach negative clearance, the transition from 
four- to two-point contact occurred fully at Fax = minus-200 
kN and Fax = 180 kN for axial loads and at Mb = ±30 kNm for 
bending moments. These points correspond well to the local 
minima of the torque shown in Figure 3.

Speed influence of the torque is depicted in Figure 4 for 
a constant bending moment of Mb = 125 kNm. Speeds were 
chosen to represent actual operating speeds in a turbine. 
Generally, an increase in the torque at higher rotational 
velocities can be observed, but the exact influence of the 
speed on friction torque appears to change depending on 
the bearing. For bearing IDs 143/144, the influence is signifi-
cant, and the torque at a rotational velocity of 10°/s is over 60 
percent higher than at the low speed of 0.5°/s. For the other 
bearings, the increase between these two points is below 15 
percent. Similar behavior was also evident at other loads not 
included in this article.

The results for the 2-meter bearings are given in Figures 
5 and 6. Note that the axial and moment load cases have 
been obtained with two different test rigs as explained in 
Section 2. The impact of the bending moment on friction 
torque is given in Figure 5a for a single tested bearing at dif-
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ferent rotational velocities. The effect of the rotational speed 
is observed to be almost negligible, while the influence of 
the moment is significant. Unlike in the other plots shown 
in this article, there is no visible drop in the torque for an 
increased moment. This is likely due to the resolution of the 
measurement data: As seen in Figure 5a, the torque was only 
measured at 0 MNm and 2 MNm, corresponding to 0 GPa and 
1.9 GPa, respectively. The transition from four- to two-point 
contact likely occurred in between these two measurement 
points and is therefore not visible in the figure. Moreover, 
due to the design of the BEAT2.1, the blade had to be disas-
sembled for the 0 MNm measurement, and, therefore, the 
blade flange was not preloaded with bolts as it was for the 
other measurements. This may also have slightly decreased 
the torque at zero load. Finally, as seen in Figure 3, the axial 
load appears to cause a greater drop in torque, since all balls 
transition from four- to two-point contact at the same time 
with an axial load, whereas the transition is more gradual for 
a bending moment and may thus be less visible in the data.

This theory is further supported by the behavior of the 
bearings under an axial thrust load depicted in Figure 5b. 
Here, a clear drop in the torque is visible in the region be-
tween 0 GPa and 2 GPa contact pressure. Again, as already 

seen for the 0.7-meter bearings, the effect of manufacturing 
fluctuations appears to cause significant differences in the 
torques in an unloaded state of the bearing. These differenc-
es decrease for a high thrust load in a very similar manner 
to those of the 0.7-meter bearing, converging against each 
other and, thereby, further supporting the simulations of 
Heras et al. To validate whether the drop may be caused by 
a transition from four-point into two-point contact, FE sim-

  After the model has been validated, 
it could be used to track the bearing 
behavior and identify potential damage. 
This could be accomplished by taking 
repeated measurements of the friction 
torque during operation and by 
comparing these measured values to 
predicted ones from the model.  

TORQUEIN FOCUS



windsystemsmag.com  23

ulations were performed and showed a transition at a load 
of 2.6 MN for a ball oversize of 45 µm.

Bearing IDs 1/2 were tested with a disassembled upper 
seal on one of the bearings, and the results are compared 
to the bearings with a complete set of seals. The effect of 
the seal on friction torque appears to be roughly constant, 
particularly at higher loads.

Additionally, all bearings were tested at different rota-
tional velocities on the BEAT2.2 test rig. The results for a 
thrust load of Fax = minus-4.25 MN are given in Figure 6. As 
already seen with the 0.7-meter bearings, the effect of the 
speed on friction torque appears to depend on the particular 
set of bearings that were tested. Furthermore, a slight in-
crease in the torque is observed at higher rotational speeds, 
ranging from 20 percent to 30 percent depending on the 

bearings. As above, bearings IDs 1/2 were also tested with one 
disassembled seal, and the offset is again roughly, though 
not exactly, constant over all speed levels.

Finally, test results for two sets of 5-meter bearings on the 
BEAT6.1 test rig are given in Figure 7. These data were ob-
tained for a rotational speed of 3°/s only, again for a bending 
moment and an axial load. Bearing IDs 1/2 use a rotationally 
symmetric steel tube to connect the bearings, while IDs 3/4 
use a hybrid construction of glass-fiber reinforced plastic and 
steel described in [3] that reflects the stiffness behavior of 
the blade. The results for the bending moment are given in 
Figure 7a. For bearing IDs 1/2, an almost linear increase for 
the positive moment is observed similar to the result for the 

2-meter bearings, and again there is no 
visible drop in the torque at low loads, 
likely due to the low resolution of data 
points with respect to the contact pres-
sure. For bearing IDs 3/4, an increase in 
the torque is observed at Mb = ±5 MNm 
for a contact pressure of 1.5 GPa. This 
behavior is in principle similar to that 
seen with some of the 2-m bearings in 
Figure 5b.

For the axial force, the behavior of 
both sets of bearings is comparable to 
that of the 0.7-meter and 2-meter bear-
ings. The torque visibly drops after 1.7 
GPa to 1.9 GPa. As above, this is likely 

due to a transition from four-point into two-point contact, 
and FE simulations have been performed with balls over-
sized by 75 µm that demonstrated the transition at an axial 
load of 9.8 MN. Compared with the earlier results, it is highly 
likely that, for higher contact pressure, the torque would 
increase again in an approximately linear fashion.

For both the moment and the axial load, the torques of 
both sets of the 5-meter bearings appear to converge against 
each other at the highest tested load. Furthermore, the upper 
seal of bearing IDs 1 and 2 was disassembled, and the differ-
ence in torque is almost constant over all load levels tested.

5 FRICTION TORQUE CURVE FIT
The previous section suggests individual bearings can show 
significantly different behavior under otherwise identical 
conditions, particularly at low loads. This means common 
models such as those in [5] cannot predict the behavior of 
blade bearings accurately, since none of them takes into 
account the differences that cause these individual effects. 
Moreover, pitch bearings rarely operate under long steady 
movements, but rather have varying loads and speeds, 
meaning the influence of these factors must be determined. 
We therefore propose an empirical approach to model the 
friction torque of a particular bearing. This can be fit to a 
bearing using measurement data taken from operation or a 
test. Using the fit, and by continuously monitoring the bear-
ing during operation, it is then possible to perceive changes 
in the bearing’s behavior. As explained in Section 1, these 

Figure 4: 0.7-meter bearings at different speeds at a constant bending 
moment.

Figure 5: Friction torque measurements for the 2-meter bearing. 

Figure 6: 2 m bearings for different speeds at a constant axial load.
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changes indicate degradation occur-
ring within the bearing and may thus 
be used to forecast a required exchange 
of the bearing during future mainte-
nance operations.

In order to generate data for the 
model, a full factorial test plan was 
devised. This was used for each of the 
0.7-meter bearing sets. The resulting 
moment Mres was changed from 0 kNm 
to 125 kNm in steps of 25 kNm, and the 
angle a of the resulting moment was 
changed from minus-45° to 45° in steps of 22.5°. Rotational 
speed Vz was varied from 0.5°/s to 10°/s in steps of 2.375°/s and 
the axial force Fz varied between 0, 25, and 50 kN. Combining 
all these steps into a full factorial design results in 391 data 
points for which the torque was recorded and analyzed as 
described in the previous section.

The model for friction torque Tfit is then proposed as

where the constants c1 to c9 have to be determined for each 
individual bearing (or set of two, as is the case for most test 
rigs in this article). The terms in the right brackets of Equa-
tion 2 represent the load-dependent behavior of the bearing. 
As the moment Mres increases, the torque goes up; merely in 
the beginning, there is a local maximum for which the term 
c7e

–c8Mres has been included that drops off to 0 for large Mres. 
Similarly, an increase in the axial force Fz generally leads to 
an increase in torque; here, too, an exponential term could 
be included to consider the drop off in the beginning but 
has not been used here due to the small range of axial loads 
covered in the test plan. The terms in the left brackets are 
intended to include effects from the lubricant, which may 
be expressed in terms of the speed Vz, and an effect of the 
direction of the resulting moment a, which in the results 
produced by the authors had some influence because the test 
assembly is not perfectly rotationally symmetric. Using this 
model and deriving a value of c8 through “trial and error” 
methods, the rest of the equation can be expanded to obtain 
an equation that is linear in all terms and can thus be easily 
solved. Solving it for bearings 162 and 163 as well as 172 and 
173 of Figures 3 and 4 gives the results displayed in Figure 8. 
The effect of the e-function term at low moments is clearly 
visible, particularly for the bearings 172 and 173, and the 
torque can correctly be seen to increase for higher speeds. 
However, although the result is better than using available 
models (cf. [5]), the fit could still be improved further. The 
root-mean-square error is 13.77 Nm for bearing IDs 162/162 
and 18.23 Nm for IDs 172/173.

As mentioned earlier, after the model has been validated, 
it could be used to track the bearing behavior and identify 
potential damage. This could be accomplished by taking re-
peated measurements of the friction torque during operation 
and by comparing these measured values to predicted ones 
from the model. Once the difference between the measured 

and the predicted values exceeds a predefined threshold, a 
possible damage could be detected. Such a threshold could 
be defined in the beginning of turbine operation, when the 
bearing is known to be intact and deviations from the model 
are therefore known not to be critical.

6 CONCLUSIONS
Multiple double-row four-point bearings of three different 
sizes were tested on four different test rigs and the friction 
torque at different bending moments and axial loads of the 
bearings measured. The results showed significant discrep-
ancies in the torque of identically sized bearings.

 This is likely due to manufacturing fluctuations that 
cause a difference in negative clearance between the oth-
erwise identical bearings, and similar behavior has been 
shown by Chen et al. [9]. The effect of this discrepancy dimin-
ishes as external loads increase, which supports simulations 
performed by Heras et al. [7], who observed that manufactur-
ing errors have a decreasing effect on the internal load distri-
bution for increased external loads. At low contact pressures 
under 2 GPa, a drop in the torque was observed for increased 
external loads. This is likely due to a transition from four-
point into two-point contact, and FE simulations have been 
performed to validate this hypothesis for all bearing sizes. 
Furthermore, it was noted that rotational speed appears to 
have an effect on the torque that varies between bearings 

Figure 8: Curve fit of the friction torque of some 0.7-meter bearings.

Figure 7: Friction torque measurements for the 5-meter bearing. 

TORQUEIN FOCUS
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and that is relatively small, but not negligible for most of 
the tested bearings.

In order to model the friction torque, an empirical equa-
tion was suggested. This allows for curve fitting of the torque 
under various load combinations and can be tailored to a par-
ticular bearing or a set thereof installed on a test rig. Using the 
model, it is possible to track continued degradation, though 
the model still leaves room for further improvement. 
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Why is it essential to be transparent with data sharing 
related to fire incidents?
As the market continues to grow and expand, you see a lot 
of, not only new players coming in from the manufacturing 
side, but also different developers, owners, and operators. 
And the projects themselves across the world are getting 
larger and larger and more complex.

As these landscapes continue to shift and continue to 
grow, it’s important, we feel, that information needs to be 
very clear across the board, and sharing related informa-
tion when it comes to risks, particularly fire risks, we feel is 
extremely important — not only for OEMs, but also for the 
owners and operators to understand some of the risks while 
establishing these large projects. 

For us, it’s a matter of having the industry as a whole on 
the same page and understanding if there are any high-risk 
elements associated with their projects. These elements can 
range from permitting, to high-risk components, to even 
project location. It’s important to share information across 
the renewable energy industry to help sustain our growth.

In this case scenario, everybody’s operating on a level 
playing field. We’re then all able to understand the risks, 
challenges, and best practices across the board. 

On top of that, folks aren’t assuming that the risk respon-
sibility belongs to a different party. Sometimes, in terms of 
some of the owners and operators, there is an assumption 
that either a fire risk or an additional risk has been complete-
ly engineered out, or they assume that if there is any sort of 
fire risk, that the insurance company will completely take 
care of it should a problem occur.

There’s a lot of miscommunication that happens some-
times. And that’s to be expected, like I said, with a landscape 
this big. We feel that communication and data sharing is 
vital to continue to grow and to grow safely.

What are the safety pros and cons of having 60 
percent of the current wind-turbine market originating 
from Asian manufacturers?
With respect to Asian based manufacturers owning 60 per-
cent of the current wind-turbine market, we feel it’s a great 
thing to see that wind and renewable energy is being adopt-
ed across the globe. Certainly, it opens up different competi-
tion within the market, different avenues, and also different 
options for developers and owners across the world, which is 
fantastic. However, with those additional systems, different 
and newer technologies that are essentially penetrating the 
market globally and continuing to grow, you find end users 
with multiple different platforms in their fleet.  Sometimes, 
here domestically, not everyone is completely familiar with 
the technology, platform, or potential risk areas associated 
with the asset. There are plenty of pros with having Asian 
manufacturers continue to grow within the global market in 
the sense that, again, it opens up additional supply chain op-
portunities, as well as different options for owner-operators.

As far as the cons, some folks may not be totally familiar 
with those platforms; they may not know the different tech-
nologies; they might be used to what they’ve used in the past. 
As they continue to grow, it’s important for people to fully 
realize and understand what’s involved within their specific 
platform -- mainly, if there are any high-risk components or 
anything that could affect performance and output, so that 
they could well prepare.

 How can new OEMs thoroughly investigate and 
mitigate those accompanying risks?
Usually for owners and operators, with respect to fire safe-
ty, we recommend having a fire-risk assessment. And they 
could do that onsite, and that’s something that NFPA also 
recommends and has guidelines for.

“It is important for OEMs to really 
investigate possible issues and find out 
what the high-risk components might be, 
because different systems may be riskier 
than others.”

Joseph DeBellis
Senior Global Sales Manager    Firetrace

CONVERSATION
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On the OEM side, a lot of it is really understanding some 
of those historical data points, and if there are any potential 
thermal events or possible thermal issues within any of the 
components within the turbine.  We would then recommend 
doing some root-cause analysis to understand exactly where 
that fire risk or that fire occurred from. Many OEMs are 
consistently being proactive when it comes to mitigating 
risk, which is fantastic. It is important for OEMs to really in-
vestigate possible issues and find out what the high-risk com-
ponents might be, because different systems may be riskier 
than others; it’s also important to fully communicate that 
and understand how they could mitigate that on their end.

With so many turbines being built in remote areas, 
how can OEMs decrease the risk of that catastrophic loss 
from happening in those areas?
That really comes down to the proper fire protection. On 
the OEM side, having additional safety measures along with 
fire suppression systems installed within their turbines or 
their platforms can make all of the difference. With the time 
constraints and budget constraints, things of that nature, 
as they’re developing and manufacturing these platforms, 
they’re under a timeline to make sure they’re delivering to 
their customers. While, historically, fire suppression was 
considered more of an “add-on” during production, there 

are quite a few OEMs out there that are really being proac-
tive and installing fire suppression and addressing fire risks 
within their components on the factory level, which is an 
excellent approach.

To really reduce that risk, you have to take a look at the 
high-risk components — the converter cabinets, capacitor 
cabinets, transformer rooms, areas that we found in the in-
dustry to be potential areas of concern in terms of fire — and 
really address those more proactively on the factory level as 
opposed to waiting for an incident to occur and then having 
to address an entire fleet out there that may not have fire 
protection installed.

 How do designs and operational procedures of the 
newer turbines raise the risk profile of those wind 
projects?
Well, as the industry continues to grow, the OEMs and man-
ufacturers are designing newer, bigger, better turbines to 
penetrate the market.  Sometimes, being new technology or 
layouts, we’re not often fully realizing the risks that could 
come along with that. 

A lot of that comes down to the data sharing. We may 
not have enough information just yet on some of the newer 
platforms to really signal if there are additional fire risks or 
less fire risks. That eventually comes with time. 

http://windsystemsmag.com
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Why is it important to be clear on just who holds 
responsibility for these health and safety risks?
That’s where things get a little bit muddy. As an owner-op-
erator, some folks may assume that the risk is either engi-
neered out or the responsibility will come from the OEM to 
completely engineer out the fire risk or take care of the fire 
risk with fire-suppression technology. 

Those who are under that assumption may not fully re-
alize that there are any and are going to continue on until 
they have a thermal or fire event, then they realize that 
maybe one of the risks hasn’t been completely engineered 
out. Sometimes, in addition, we have folks that determine 
or are under the impression that the insurance companies 
will completely take care of any sort of issue with a fire or 
things of that nature.

We see a lot of passing the buck sometimes, where there 
is a misunderstanding of where the responsibility lies. OEMs 
are developing their state-of-the-art turbines, and they’re 
selling it to the end users, but with that, the responsibility 
transfers over to the end users. 

The end users may not fully understand that though and 
think the responsibility still lies with the OEM or with the 
insurance provider.

Insurance providers also have their own approach to 
asset protection where only certain components or certain 
scenarios are covered under their policies and protection. 
There are a lot of muddying waters where folks need to be 
very clear on where the ownership and responsibility lays 
concerning the fire risks and different components.

What kinds of proactive approaches are OEMs taking 
to mitigate health and safety risks?
If you take a look at a lot of the large OEMs out there that are 
leading the market and have a large market share, the major-
ity of them are being proactive. Their No. 1 concern is safety, 
and not only with their turbines and their technology, but 
also with technicians and making sure that maintenance is 
safe and secure and easy to do. A lot of them are taking that 
proactive approach. Many OEMs are working to engineer out 
problems if they can, but they’re also adding in supplemen-
tal security and safety internally at the factory level. We see 
a lot more of that happening, which is great.

Going back to fire risk, OEMs are installing fire suppres-
sion systems on those high-risk components in the factory 
level and then selling those to the end user. That’s a proactive 
approach, and it really speaks to the maturing level of the 
market trying to be safe and secure, not only for the environ-
ment, but for personnel, for technicians, and just in terms 
of the technology itself.

Why is having access to wind-turbine data and that 
historical performance essential for owner-operators to 
successfully mitigate those risks?
It comes down to the marketplace having all the knowledge 
and all the data at their disposal so they can make the best de-
cisions. On our side, with Firetrace, our main objective is safe-
ty and security for people, livelihoods, and the environment.  
With that, comes the responsibility of protecting assets.

Having the historical data means that an owner-opera-
tor that has a fleet that may be aging can determine and 
identify turbines that may have not already been outfitted 
with fire suppression systems and understand which com-
ponents may be high risk. It can let them see what they need 
to fully protect within their assets to ensure a long lifespan. 
As their fleets get older and start aging, we know that risk 
continues to increase. Having that background data of which 
components may need to get protected immediately, how to 
do that, and what the best route would be, is vital to not only 
maintain a level of safety, but also to continue to grow with-
out issues and to expand as we see what the market is doing.

For us, it’s a matter of sharing that information, not only 
amongst ourselves, but with our partners and peers, so ev-
erybody understands what the best practices are to help us 
sustain growth and protect the industry.  

 Is there anything else that you’d like to mention that 
we didn’t talk about?
On our side, our main goal is not to drive anybody in a cer-
tain direction, but it’s a matter of bringing awareness. We’d 
like to be used as a resource for folks out there in terms 
of fire protection, fire risks, things of that nature. We are 
industry experts on that side of things, but for us, it’s about 
safety; it’s about protecting lives and protecting assets. 

MORE INFO www.firetrace.com
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 CONSTRUCTION

DNV launches joint 
industry project 
Concrete FLOW
DNV, the independent energy expert 
and assurance provider, recently 
launched a new Joint Industry Project 
(JIP) called Concrete FLOW that will 
optimize requirements for concrete 
floaters specifically tailored for float-
ing offshore wind farms. 

 At the kick-off meeting, 14 key 
partners committed to redefining 
global standards for the production of 
concrete floaters in the offshore wind 
industry. The collaborative results are 
earmarked for incorporation into fu-
ture DNV service documents.

 Concrete FLOW aims to drive inno-
vation by uniting key industry players.

“This initiative symbolizes a collab-
orative effort to set new standards and 
challenge existing ones, laying the 
groundwork for the future of floating 
wind,” said Kim Sandgaard-Mørk, ex-
ecutive vice president for renewables 
certification at DNV. 

 Concrete floaters pose special chal-
lenges, such as leak proofness, which 
govern the design of the floater. Bal-
ancing controlled cracking of concrete 
structures to maintain floatability and 
ensure long-term durability is crucial. 
DNV sees concrete floaters as a cost-ef-
fective and environmentally friendly 
alternative to steel floaters, particular-
ly for larger turbines. 

Notably, Concrete FLOW is the first 
JIP dedicated to concrete floaters for 

floating offshore wind. Its objective is 
to customize standard requirements 
for industrial production to enable se-
rial production. The goal is to reduce 
costs and streamline the manufactur-
ing process.

 The project encompasses concrete 
structures, geotechnics, and floating 
technologies and welcomes additional 
partners. 

 “While the DNV-ST-0119 stan-
dard includes design provisions for 
concrete floaters, some requirements 
draw from oil and gas experience and 
others from bottom fixed wind farms; 
they need refinement and optimiza-
tion to be used specifically for float-
ing offshore wind developments,” said 
Stefan Baars, renewables certification 
head of section for concrete structures 
& geotechnics at DNV. 

NEWS ABOUT INNOVATION, MAINTENANCE, 
CONSTRUCTION AND MANUFACTURING 

The joint industry project encompasses concrete structures, geotechnics, and floating technologies and welcomes additional partners. (Courtesy: 
DNV) 

TAILWINDS
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Christian Landau 
is Pemamek’s new 
director of the 
heavy equipment 
segment. (Courtesy: 
Pemamek) 

The team anticipates conducting ac-
tivities over one and half to two years, 
gathering more support offers to solid-
ify the JIP’s scope and impact.

 MORE INFO www.dnv.com

 CONSTRUCTION

Pemamek names 
heavy equipment 
director
Pemamek recently appointed Chris-
tian Landau as the new Director of 
the Heavy Equipment segment. Heavy 

Equipment is one 
of Pemamek’s six 
business sectors. 

In his new 
role, Landau will 
be responsible 
for the segment’s 
strategy, develop-
ing partnerships, 
and identifying 
market trends 
and customer 
needs. This role 
is crucial in ex-
panding Pema-
mek’s global role 

as a complete provider of robotic weld-
ing solutions.

Landau brings significant experi-
ence in machine and overall solution 
sales, with a career spanning 22 years 
in sales and marketing leadership roles 
at Carl Cloos Schweisstechnik. For the 
past two years, Landau has worked as 
the sales director at Graebener.

“We warmly welcome Christian to 
his new role, where he will contribute 
to the success and global growth of 
PEMA robotic welding solutions,” said 
Jaakko Heikonen, vice chairman of the 
Pemamek Board. “Christian has strong 
experience in solution sales within 
robotics in the international environ-
ment, which has led to success in his 
previous roles, most recently at Grae-
bener and, before that, at Cloos. Heavy 

equipment is one of our fastest-grow-
ing business sectors, and there is great 
potential for Pemamek in this field. 
That’s why we are extremely pleased 
with this appointment.”

MORE INFO www.pemamek.com
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GZA completes 
consulting  
for wind terminal
GZA GeoEnvironmental, Inc., a 
multi-disciplinary firm providing ge-
otechnical, environmental, ecological, 
water, and construction management 
services, has completed a full suite of 
geotechnical, marine, and coastal con-
sulting services in support of design 
and permitting Crowley Wind Services’ 
Salem Offshore Wind Terminal. Design 
and permitting are now well underway 
with a goal of breaking ground in the 
first quarter of 2024. The construction 
timetable will be developed over the 
coming months and is anticipated to 
take 24-30 months.

The terminal, on the 42-acre site of 
a former coal- and oil-fired power plant 
on Salem Harbor in Massachusetts, will 
provide new heavy-lift deployment and 
logistics services for offshore wind op-
erations, including staging and par-
tial assembly of offshore wind-turbine 
components, berthing and moorage 
of wind-turbine installment vessels 
(WTIVs) for loadout operations as well 
as heavy transportation vessels (HTVs) 
for inbound deliveries.

Working as a subcontractor to AE-
COM, the lead design consultant, GZA 
successfully managed and executed a 
phased approach for geotechnical site 
investigations consisting of land bor-
ings, water borings, cone penetrome-
ter test (CPT) soundings, test pits, and 
geophysical surveying and mapping. 
GZA worked with several local labo-
ratories to complete an extensive soil 
and rock laboratory testing program 
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and produce a subsurface profile and 
Geotechnical Data Report.     

GZA also provided marine and 
coastal consulting services to AECOM 
during the design phase, including reg-
ulatory compliance review for coastal 
resilience design, metocean analyses, 
and development of wave and flood 
loading models that were used to de-
sign the new waterfront infrastructure.   

“GZA has had decades of experience 
working at the Salem Harbor site, in-
cluding performing geotechnical and 
related engineering services for the re-
placement of the coal power plant with 
a cleaner-running natural gas generat-
ing station,” said Patrick Sheehan, GZA 
president and CEO. “GZA’s proud and 
honored to have completed our scope 
of services for the next transformation 
of the site as a Crowley Wind Services 
terminal that will play a critical role 
in support of the development of clean, 
renewable offshore wind for New En-
gland, and add to our broad portfolio of 

offshore wind projects in New England 
and beyond.” 

MORE INFO www.gza.com   
 www.salemoffshorewind.com 
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Collett completes 
Drumlins wind farm  
in Ireland
Collett Transport has delivered 88 
wind turbine components for Drum-
lins Park wind farm project in Ireland. 

Working on behalf of GE, Collett 
played a pivotal role in transporting 
blade and tower section components 
for eight GE 158RD turbines. Each tur-
bine included 11 components: three 
blades, three blade tips, and five tower 
sections for a total of 88 components 
delivered.

Drumlins Park Wind Farm, one 
mile south of Newbliss in County 
Monaghan, is under construction by 
Energia Renewables, part of Energia 
Group, which owns and operates 16 
wind-farm sites across Ireland, gen-
erating more than 350 MW of green 
electricity.

Prior to starting the deliveries, Col-
lett undertook a test run to identify po-
tential challenges along the transpor-
tation route. This approach identified 
essential modifications, including tree 
pruning and adjustments to street fur-
niture, ensuring a safe delivery process.

Throughout the project, Collett de-
ployed a dedicated team of eight pro-
fessionals, including a project manager 
overseeing all deliveries, three truck 
drivers, three escort vehicle drivers, 
and a tow truck driver.

In collaboration with Collett, Ed-
win Sunderland at Exceptional Load 
Services Ltd played a crucial role in se-
curing necessary permits and liaising 

Crowley Wind Services’ goal is to break ground on the Salem Offshore Wind Tunnel by the first quarter of 2024. (Courtesy: GZA)

THE BUSINESS OF WINDTAILWINDS
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with local authorities, including coor-
dinating with Garda escorts.

Collett employed its specialized 
fleet of trailers, using super wing car-
riers for the transportation of 65-me-
ter-long blades, flattop trailers for the 
additional 15-meter-long blade tip and 
tower clamp trailers for various tower 
sections. The longest tower sections 
measured 28-meter-long and the heavi-
est weighed 62 metric tons.

All components were loaded at 
Belview Port in Waterford and strate-
gically transported during night-time 
deliveries to minimize traffic conges-
tion. Covering a distance of 199 miles, 
the journey took nine hours.

The Drumlins Wind Farm, expect-
ed to be operational in 2024, is an-
ticipated to generate up to 49 MW of 
renewable energy. This output is pro-
jected to meet the electricity demands 
of about 34,000 Irish households and 
offset 58,000 metric tons of CO2 annu-
ally, reinforcing the commitment to a 
greener and more sustainable future.

MORE INFO www.collett.co.uk

   CONSTRUCTION

Vestas, DTEK sign 
MOU on Ukraine’s 
largest wind project
Vestas and DTEK recently signed 
a memorandum of understanding 
(MOU) to collaborate on the build out 
of the second phase of the Tyligulska 
wind project in the southern part of 
Ukraine. The agreement outlines the 
conditions and desire to build the 384-
MW second phase of the Tyligulska 
wind project. The first phase of Tyligul-
ska wind project comprised of 114 MW 
and was successfully commissioned in 
the spring of 2023. 

“We are very pleased to be expand-
ing our partnership with DTEK again 
and build the Tyligulska project to sup-
port the reconstruction of Ukraine’s 
energy sector and show that Ukraine 
is open for business,” said Henrik An-
dersen, CEO of Vestas. “The project 
is becoming a reality under extraor-
dinary circumstances, and we look 

The Drumlins Wind Farm is expected to generate up to 49MW of renewable energy.  (Courtesy: 
Collett Transport) 
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forward to working with DTEK on the 
final steps towards financial closure. 
Infrastructure projects of this size in 
Ukraine currently require additional 
risk guarantees, and we believe sup-
porting a project as ambitious as this 
can re-emphasize the EU’s support to 
Ukraine. I want to recognize the vision-
ary leadership of DTEK — thank you 
for the trust you have shown in Vestas.”

“We are delighted to once again be 
working with Vestas at Tyligulska on 
this ground-breaking project, and I 
would like to thank Henrik Andersen 
and the team at Vestas for their unwav-
ering support as well as the European 
Commission and governments of Den-
mark and Ukraine for their inspiring 
leadership,” said DTEK CEO Maxim 
Timchenko. “(The) memorandum of 
understanding is a declaration of con-
fidence in DTEK and Ukraine, and a sig-
nal that we and our partners will not 
wait for the end of the war to invest 
in a greener future. Today, we are busy 
restoring not only what the occupier is 

destroying, but also building a new en-
ergy system. The Tyligulska wind farm 
will significantly increase the stability 
of our energy system, help strengthen 
the country’s energy security, and en-
able Ukraine to become a decarboniza-
tion leader that can act as an energy 
hub for Europe.”

Together, the first and second 
phases of the wind project will have a 
capacity of 498 MW with a total of 83 
V162-6.2 MW wind turbines in 6.0 MW 
operating mode, making it the largest 
wind-energy project in the country. 
The cooperation between Vestas and 
DTEK on this project goes back to 2021 
when the second phase of the Tyliguls-
ka project was first announced. When 
the war broke out, the wind project 
was put on hold. With the signing of 
the MOU, the two parties reconfirm 
their joint commitment and resilience 
to continue to build out the renewable 
energy sector in Ukraine.  

If and when the agreement trans-
lates into a firm and unconditional or-

der, Vestas will disclose this in accor-
dance with the company’s disclosure 
policy.

MORE INFO www.vestas.com

 CONSTRUCTION

ACWA breaks ground 
on green-hydrogen 
project in Uzbekistan
Saudi-listed ACWA Power, one of the 
world’s largest private water desalina-
tion companies, leader in energy tran-
sition, and first mover into green hy-
drogen, has broken ground on the first 
phase of a 3,000 metric-ton-per-year 
green-hydrogen project in Uzbekistan. 

The project was inaugurated by 
Shavkat Mirziyoyev, president of Uz-
bekistan; and His Excellency Khalid 
Al Falih, Minister of Investment, Sau-
di Arabia. The event was attended by 

Uzbekistan and ACWA Power officials at the project groundbreaking. (Courtesy: ACWA Power)
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the Prime Minister Abdulla Nigma-
tovich Aripov, the Ministry of Finance, 
governor of Syrdarya region, and Uz-
transgaz chairman; and Mohammad 
Abunayyan, founder and chairman of 
ACWA Power.

“We are honored that the leader-
ship of Uzbekistan has bestowed their 
trust in our capabilities to develop the 
country’s first green hydrogen proj-
ect,” Abunayyan said. “This marks a 
significant milestone in the history of 
Uzbekistan’s energy revolution, and 
ACWA Power is honored to be leading 
the charge. I would like to extend my 
gratitude to all those who have contrib-
uted to the success of these projects 
and reaffirm our enduring commit-
ment to continue our collaboration 
and investment in Uzbekistan’s bright, 
sustainable future.” 

The project will be developed in two 
phases: The first phase, a 3,000-met-
ric-ton green ammonia pilot project, is 
already underway following the sign-
ing of the hydrogen purchase and pow-
er purchase agreements in May 2023. 
Once the second phase is complete, 2.4 
GW of wind energy will power the pro-
duction of 500,000 metric tons of green 
ammonia per year. 

When completed in full, this will 
be ACWA Power’s second utility-scale 
green-hydrogen project after the NEOM 
Green Hydrogen Project in Saudi Arabia, 
which is a joint venture between ACWA 
Power, NEOM, and Air Products. Uzbeki-
stan is ACWA Power’s second-largest 
market in terms of investments, un-
derscoring the company’s long-stand-
ing commitment to the country with 
a portfolio including 12 projects, 11 of 
which are fully-renewable.

MORE INFO www.acwapower.com

  INNOVATION

Nuvvon teams up  
with Rutgers  
on energy storage
Nuvvon, innovators in alternative sol-
id-state battery materials, is partner-

ing with Rutgers EcoComplex-Clean 
Energy Innovative Center and its Win-
dIgnite Offshore Wind Supply Chain 
Accelerator Program to advance renew-
able energy storage and sustainable de-
velopment. Through the partnership, 
Rutgers will focus on developing and 
commercializing Nuvvon’s solutions in 

energy storage that contribute to the 
development of a sustainable Offshore 
Wind (OSW) supply chain and address 
environmental challenges. 

Nuvvon’s energy battery materials 
and batteries are ideally suited for en-
ergy storage applications due to cheap-
er cost per unit energy compared to 
current technology lithium-ion batter-
ies. These batteries also can pack more 
energy into a given volume or weight. 
Unlike liquid electrolyte batteries, 
Nuvvon technology is fire resistant for 
safe use close to buildings, simplifying 
the supporting local grid network.

“Nuvvon is determined to be in the 
vanguard of this energy revolution in 
its home state of New Jersey, providing 
batteries and battery materials to sup-
port wind and solar energy generation,” 
said Jonathan Lex, Nuvvon Inc.’s chief 
operating officer. “We identify with 
Rutgers’ aims for energy justice with 
fair access for all to cheaper energy.”

“Energy storage is essential in effi-
cient utilization of renewable energy,” 
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said Serpil Guran, director of Rutgers 
EcoComplex. “The collaboration will 
help drive innovation in renewable 
energy storage where Nuvvon Inc. can 
play an essential role.”

The need to properly value the high 
performance of battery storage sys-
tems, including their accurate and fast 
frequency response, is one aspect of a 
broader need for wholesale electricity 
market reform in the face of rapidly 
evolving power systems.

MORE INFO www.nuvvon.com

   INNOVATION

Appleyard Lees data: 
Wind innovation 
addresses challenges
Emerging innovation in wind pow-
er is addressing the need to improve 
existing technology while tackling 

the challenges of the new – including 
AI – according to the latest patent data 
analysis from intellectual property 
firm Appleyard Lees. The company’s 
newly-launched Inside Green Innovation: 
Progress Report Third Edition   — which 
analyzes patent filings related to tech-
nologies developed to address several 
key environmental issues facing the 
world — reveals a change in wind di-
rection for technologies underpinning 
the renewable energy source.

While traditional wind-turbine 
innovation as reflected by new patent 
applications has plateaued in recent 
years, there’s been a notable spike in 
innovation for floating wind turbines, 
though there is also evidence of new 
developments in remote maintenance 
for existing turbine technology.

 “It’s clear that demand for wind-en-
ergy generation is growing, as is the 
amount of energy produced by wind-re-
lated technologies,” said Adam Tindall, 
Appleyard Lees partner and patent at-
torney. “And as artificial intelligence 

and machine learning are starting to 
feature in almost every aspect of life, 
the wind-energy sector is no different.” 

 The Global Wind Energy Council’s 
Global Wind Energy Report 2023 not-
ed that total installed global capacity 
will reach 1 TW this year; the report 
projects this to reach 2 TW by the end 
of 2030, showing the evident increase 
in demand for wind energy. And, in the 
U.K., electricity generation from wind 
power increased by 715 percent from 
2009 to 2021, with turnover from wind 
energy exceeding £6 billion. 

 Floating wind turbines have seen 
a steep rise in new patent applica-
tions, increasing from 1,061 in 2016 
to 1,125 in 2021. However, despite a re-
cord-breaking year in 2021 for offshore 
wind energy, with 21.1 GW of capacity 
commissioned, only 57 MW came from 
floating wind technology, suggesting 
scope for further investment in inno-
vation. 

 In the field of remote and automatic 
repair and monitoring of existing wind 
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turbines, patent applications have seen 
peaks and troughs in the past decade 
but remained constant from 2020-2021. 
The need for safer working practices, 
both at height and in poor weather 
conditions, has encouraged innovation 
in, for example, drones and robots to 
replace direct human activity on tur-
bines.

And the march of the machines is 
visible also in rising patent filings for 
AI-related technologies in wind power, 
including automatic blade adjustment, 
power distribution and construction 
methods. 

“The comparatively low baseline 
of patent applications in both float-
ing wind turbine and remote main-
tenance technologies suggests there 
are innovation and associated patent 
opportunities to harness in the area of 
wind power,” said Paul Beynon, patent 
attorney and senior associate. Compa-
nies active in wind-power innovation 
include GE, Siemens Gamesa, and Ves-

tas – collectively accounting for most 
patent filings from 2018-2021. LM 
Wind Power, a company that supplied 
its first turbine blades to the Orkney Is-
lands’ Windmatic turbine in the 1970s, 
filed its first wind energy patent in the 
past five years. 

The Inside Green Innovation: Progress 
Report — Third Edition’s focus on wind 
energy was chosen because of its prom-
inence in the global green innovation 
conversation, as referenced in the 
OECD’s and United Nations’ 17 Sustain-
able Development Goals and the World 
Intellectual Property Organization 
(WIPO) Green Innovation Database, a 
global innovation catalogue that con-
nects needs for solving environmental 
or climate change problems with sus-
tainable solutions.

MORE INFO appleyardlees.foleon.com/  
 igipr3/inside-green-  
 innovation-progress-  
 report-third-edition

  INNOVATION

DistGen adopts  
turbine health 
platform Windscope
DistGen, an onshore wind energy in-
dependent power producer (IPP) based 
in the U.K., has adopted Windscope’s 
hardware-free platform designed to 
maximize wind turbine health and 
availability.

By bringing an advanced operations 
and maintenance (O&M) approach to 
its small-scale, distributed wind port-
folio, DistGen has underscored its 
commitment to revolutionizing the 
onshore wind industry by making the 
most of older assets, propelling the 
transition from centralized fossil fuel 
generation to decentralized, sustain-
able energy solutions.

DistGen operates as a small dis-
tributed operator, managing a fleet of 

Distgen’s refurbished community-scale Vestas wind turbine in Brayton Mill, Cumbria. (Courtesy: DistGen) 
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community-owned wind turbines. For 
these assets, maintaining operational 
availability and an efficient O&M strat-
egy is essential in terms of clean elec-
tricity generated and financial returns.

Windscope’s software platform 
adds a new dimension to DistGen’s op-
erations, integrating with a number of 
technologies in-house, and allowing 
the operations team to take advantage 
of predictive maintenance approaches 
more commonly deployed for large-
scale wind portfolios. The platform 
will enable DistGen to optimize its 
wind-turbine health and availability 
through real-time monitoring, condi-
tion-based maintenance, and data-driv-
en insights.

“A key aspect of our mission is the re-
furbishment and operation of wind tur-
bines that have surpassed their initial 
operational life,” said Darran Potter, 
operations director at DistGen. “This 
approach not only proves to be finan-
cially prudent but also significantly 
reduces the carbon footprint associat-

ed with manufacturing new turbines. 
There is little room for error in this 
industry — Windscope’s versatile plat-
form allows us to leave even less room 
for error by efficiently managing our 
distributed portfolio, ensuring the lon-
gevity and reliability of our turbines.”

“Windscope is thrilled to provide 
DistGen with the advanced tools they 
need in their mission to democratize 
the ownership of generating assets and 
contribute to the growth of distributed 
renewable generation,” said Joe Don-
nelly, Windscope CEO. “Our technolo-
gy is designed to empower operators of 
all sizes, and this partnership exempli-
fies how tools such as advanced turbine 
performance metrics and AI powered 
fault diagnosis can be applied to en-
hance the performance and extend 
the lifetime of onshore wind assets. AI 
powered monitoring, data integration, 
and predictive maintenance, imple-
mented correctly, provides significant 
return on investment for megawatt to 
multi gigawatt-scale portfolios.”

Windscope’s scalable platform can 
be deployed by asset managers across 
large and technologically diverse port-
folios; DistGen’s adoption of this tool 
sets the stage for a more resilient, sus-
tainable, and locally impactful future 
in the onshore wind energy sector.

MORE INFO www.distgen.co

  INNOVATION

Weidmuller USA 
expands PCB  
product portfolio 
Weidmuller USA, a leading provider 
of smart industrial automation and 
connectivity products and solutions 
headquartered in Richmond, Virgin-
ia, recently introduced its new OMN-
IMATE 4.0 PCB Terminal Blocks in the 
MTS 5 product series. These innovative 
terminal blocks mark an expansion of 
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the company’s PCB product portfolio.
Featuring Weidmuller’s SNAP IN 

technology, the OMNIMATE 4.0 Ter-
minal Blocks provide the most effi-
cient wiring and signal transmission 
in many industrial sectors. 

With this new technology, a wide 
variety of conductors can be connected 
quickly without the need for tools and 
wire-end ferrules, making OMNIMATE 
ideal for the full spectrum of automat-
ed processes. 

Some industry-leading features 
of the new OMNIMATE 4.0 Terminal 
Blocks include:
  Pitch 5.00mm, vertical and hori-

zontal orientations in 2 through 12 po-
sitions. An optical and acoustic safety 
indicator shows when wiring is com-
plete. 
  Easy handling of the push-in but-

tons when rewiring is necessary.
  All parts are received wire-ready 

with open clamping point.
  Ready-to-Robot optimization for 

fully automated wiring processes.
  Options for Screw, Push-In, and 

SNAP IN connectivity, offering custom-
ers a wider range of choices for the con-
nection technology that works best for 
them.

“Customers can now connect their 

devices more efficiently because the 
OMNIMATE terminal blocks are fast, 
flexible and reliable,” said John Froust-
et, director, Device & Field Connectiv-
ity Division Americas, Weidmuller 
USA. “Due to OMNIMATE’s modular 
design and digitalized configuration 
through the web configurator, there 
are infinite design possibilities to meet 
the automation and connectivity needs 
of any business.” 

MORE INFO www.weidmuller.com

 MAINTENANCE

Emerson app 
optimizes valve 
maintenance
Emerson recently announced the Plan-
tweb Insight Valve Health Application, 
a software tool that combines Fisher 
control valve expertise with advanced 
analytic algorithms. The new app 
makes it possible for users to visual-
ize an entire connected fleet of valves, 
while prioritizing actions based on the 
health index of each valve. This helps 
plant personnel optimize valve repair 
activities, resulting in faster and bet-
ter maintenance decisions, leading to 
reduced downtime.  

Most process plants and facilities 
have hundreds of control valves in-
stalled and operating in various ap-
plications. These valves have multiple 
parts that must frequently move in 
concert to regulate flows of process 
media, with some of these parts com-
ing into constant, direct contact with 
the media. 

These operating conditions create 
wear and tear, requiring maintenance 
personnel to track the condition of 
each valve. This is typically done by ex-
amining each valve individually, either 
locally or remotely, a time-consuming 
endeavor that requires a high level of 
expertise to ascertain valve health and 
follow-up action.

Plantweb Insight uses custom data analytics to provide timely plantwide health indicators for 
improved safety, maintenance, and performance. (Courtesy: Emerson) 

The OMNIMATE 4.0 Terminal Blocks provide the most efficient wiring and signal transmission 
in many industrial sectors. (Courtesy: Weidmuller USA)

THE BUSINESS OF WINDTAILWINDS

http://www.weidmuller.com


windsystemsmag.com  41

The Plantweb Insight Valve Health 
Application speeds and simplifies 
this control valve monitoring task by 
providing a user-friendly interface, 
with easy-to-understand and intuitive 
graphics. The app includes Emerson’s 
Valve Health Index, which shows plant 
personnel the level of health for each 
valve. The Valve Health Index allows 
users to enter information regarding 
their plant’s processes, including criti-
cality of the valve and financial impact 
if the valve were to fail, making the in-
dex more informative. 

The app allows users to prioritize 
repair and maintenance activities 
with five different indicators — repair 
urgency status, valve health index, fi-
nancial impact, criticality, and NE107 
alert status — to meet specific needs. 
The app includes explanations, rec-
ommendations, and suggested time to 
take action. This last indicator is new 
to the market and is one of the app’s 
exclusive features.

“Plants and facilities harnessing all 
the functionalities of the Plantweb 
Insight Valve Health Application will 
experience reduced analysis time, 
faster troubleshooting, and improved 
prioritization of maintenance actions,” 

said Jaime Alvarado Millan, software 
product manager for f low controls 
with Emerson’s final control business. 

“The result will be fewer man-hours re-
quired for repairs and maintenance, in-
creased uptime, and fewer unplanned 
shutdowns. These and other benefits 
will increase productivity, lower costs, 
and improve profitability.” 

 MORE INFO www.emerson.com/valve-
healthapp

 MAINTENANCE

Guardian shipping  
new climbing  
system
Guardian recently announced its new 
C7 Cable Climbing Sleeve and Cable 
Climbing System is available in the U.S. 
and other regions, following OSHA/
ANSI regulatory standards. 

The C7 Cable Climbing Sleeve is a 
patent-pending fall arresting sleeve 
designed to be up to 25 percent lighter 
and to provide unrivaled climbabil-
ity. With its true, easy, one-handed 

operation, users can attach, detach, 
and re-attach the sleeve in seconds. 
It offers uninterrupted ascent and is 
engineered to mitigate nuisance lock-
ups on descent after long days at height. 
It’s designed with a double-action gate 
opening mechanism that ensures the 
sleeve will stay securely attached to the 
cable. The C7 Cable Climbing Sleeve’s 
built-in energy absorber and anti-panic 
locking cam ensures safe arresting per-
formance in the event of a slip or fall.

The Cable Climbing System offers 
users easy installation with superior 
energy-absorbing properties, making 
it an ideal personal fall arrest system 
(PFAS) solution for vertical applications. 
Its patent-pending mounting clamps 
reduce needed installation hardware 
by up to 25 percent, offering easier 
installation and reducing the risk of 
dropped objects at height. The system 
also features a patent-pending energy 
absorbing component that provides 
superior arresting forces in the event 
of a fall.

“We designed the system and C7 
Cable Climbing Sleeve with the end 
user as our primary focus,” said Kevin 
Fitzpatrick, Guardian’s senior product 
manager. “We wanted workers to not 

Guardian’s cable climbing system is available in galvanized steel. (Courtesy: Guardian) 
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only maintain a safe climbing experi-
ence but also do so with ease. When 
used together, the Cable Climbing 
Sleeve and System makes climbing eas-
ier and quicker for a better all-around 
experience.” 

The C7 Cable Climbing Sleeve and 
Cable Climbing System are qualified 
to ANSI Z359.16 and OSHA 1910.26 & 
1926.1053 when used together. The 
Cable Climbing System is available in 
galvanized steel utilizing a 3/8”, 1x7 
strand, galvanized steel solid core 
cable.

MORE INFO guardianfall.com

 MANUFACTURING

Vestas gets  
order for  
Germany project 
Vestas has received a firm order from 
SAB WindTeam GmbH for the Bocken-
em project in Lower Saxony, Germany.  

The order consists of seven V162-6.2 
MW wind turbines and includes sup-
ply, delivery, and commissioning of the 
turbines. Upon completion, Vestas will 

service the turbines under a 25-year Ac-
tive Output Management 5000 (AOM 
5000) service agreement designed to 
ensure optimized performance of the 
assets.

“We are pleased to build upon our 
strong track record to successfully ex-
ecute projects with SAB; this project is 
another great example of the collabo-
ration between SAB and Vestas,” said 
Sulai Fahimi, vice president sales Cen-
tral Europe in Vestas. 

“We would like to thank the whole 
SAB team for their trust in Vestas and 
our products, and we are looking for-
ward to the upcoming projects in the 
joint pipeline.”

“The Bockenem wind farm is the 
next project in our intensified collab-
oration with Vestas,” said Lars Niebuhr, 
one of SAB WindTeam ś managing di-
rectors. “The project is a very import-
ant milestone in our presence in Lower 
Saxony and emphasizes our commit-
ment as a reliable partner for all local 
stakeholders involved.”

Turbine delivery is expected to be-
gin in the third quarter of 2024 with 
commissioning scheduled for comple-
tion in the second quarter of 2025.   

MORE INFO www.vestas.com

 MANUFACTURING

Vestas wins  
108-MW order  
in South Africa
Independent power producer Red 
Rocket has placed a 108-MW order for 
the Witberg Wind Farm, to be in West-
ern Cape, South Africa. The contract in-
cludes the supply and installation of 24 
V136-4.5 MW wind turbines, as well as 
a 15-year Active Output Management 
5000 (AOM 5000) agreement.

“Red Rocket recently affirmed its po-
sition as a leading Independent Power 
Producer in South Africa by success-
fully achieving financial close for the 
Witberg Wind Farm, located in the 
Western Cape with a 108-MW name-
plate capacity,” said Matteo Brambilla, 
CEO Red Rocket. 

“This project will be the largest pri-
vate wind farm constructed in South 
Africa to date, and it will contribute 
significantly to South Africa’s energy 
landscape. 

The private off-taker for this ven-
ture is Sibanye Stillwater. For this his-
toric project, we are partnering with 
Vestas and believe that renewable en-
ergy, such as wind power, is the key to 
a sustainable and greener future for 
the region.” 

“I would like to thank Red Rocket 
for their trust in Vestas’ 4-MW plat-
form,” said Vestas Managing Director 
Novani Ganess-Johnson. “We are glad 
to see how the versatility of our port-
folio continues to contribute to the 
country’s energy transition. We are 
convinced that wind power can play 
a paramount role in achieving a more 
reliable, affordable, and sustainable 
energy mix in South Africa.”  

Turbine delivery is expected by the 
second half of 2024 and commission-
ing is planned for the first quarter of 
2025.

Vestas leads the South African 
wind-power market with more than 
1.4 GW of installed and under construc-
tion capacity.  

MORE INFO www.vestas.com
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The Germany order includes seven V162-6.2 MW wind turbines. (Courtesy: Vestas)  
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PROTECTING 
YOUR DRONE: 
YOUR MOST USEFUL  
TOOL NEEDS MORE  
THAN A SIMPLE TOOLBOX

Wind turbines are 
often spaced out 
on vast areas of 
land, necessitating 
transport of workers 
and equipment 
between sites 
multiple times 
in a day for 
most inspectors. 
(Courtesy: Custom 
Case Group)

CROSSWINDS
THE FUTURE OF WIND
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Since drones are becoming one of the most useful tools in construction 
and further inspection of wind turbines, it becomes necessary to look at 
how drones can affect the industry and why custom casing is necessary 
for best use of this new technology.
By TIM JENNINGS

A few years ago, a company developed a huge drone 
that could carry a 12- to 15-pound, high-resolution 
camera. The team that created this drone expected 
that it would be used for aerial shots in the movie 

industry, but they were surprised to see that this technology 
was even more appealing to another industry: inspection.

The unique perspective and quality imagery these drones 
could help provide made them a useful tool, particularly 
in the wind-power industry where they could survey large 
plots of land and inspect the tops of wind turbines without 
a climber. With the savings this provides, wind-farm oper-
ators and others in similar fields quickly latched on, moti-
vating the company to pivot away from Hollywood to focus 
its marketing and development on the inspection industry.

Drones offer a remarkable new technology that has nu-
merous benefits for the wind-power industry. As its presence 
continues to grow, so does the conversation around best use 
policies for this new tool. Custom casing offers a solution for 
both storage and transport, ensuring both protection and 
organization for long-term use.

USEFULNESS OF DRONES
Though the inspection industry was not the original in-
tended audience for this highly capable drone, the useful-
ness of this and other similar products that can also carry 
high-resolution cameras quickly became apparent in early 
development and ongoing inspection of wind farms. This is 
particularly helpful for wind farms that are often developed 
in large, remote, difficult-to-access areas that would take an 
extensive amount of time to survey on foot.

During construction and operation, drones continue 
to provide major benefits to wind farms. Turbines can be 
hundreds of feet tall, and sending an inspector to climb 
up and look for potential issues with the blades is both a 
time-consuming and potentially dangerous process. With 
high-resolution cameras and impressive technology such 
as thermal imaging, drones can capture everything an in-
spector would need to see without them having to leave the 
ground. A drone can reach the necessary elevation in a mat-
ter of seconds to send back input to an inspector watching 
the feed for analysis, allowing more turbines to be examined 
more quickly and safely.

This increase in efficiency can also result in major cost 
savings. A study of drones in offshore wind farms published 
in 2021 found that “replacing rope-access inspection with 
drones reduces costs by up to 70 percent and decreases 
revenue lost due to down-time by up to 90 percent.” Direct 
revenue losses of using rope access instead of drones were 
broken down by category, with consumables accounting for 

2 percent, workforce accounting for 19 percent, transporta-
tion accounting for 21 percent, and downtime accounting 
for the majority with 59 percent of the overall losses [1]. A 
drone’s impact on downtime comes from the shorter amount 
of time required per inspection. Blades are stopped for a 
much briefer period than with the ascent, inspection, and 
descent required for a worker to do the job. In addition to 
improving efficiency during inspection, the drone’s speed al-
lows blades to be inspected more often, thus catching issues 
that require maintenance sooner and allowing intervention 
before major work is required.

PROTECTION
As demand for drones and the bird’s-eye view they offer con-
tinues to grow in the wind-systems industry, so does the 
need for protective custom casing. Anyone who works on 
or near turbines can attest that it is not a comfortable work 
environment. Farms can be located in deserts, windy plains, 
or even out in the ocean. Drones are tough, but consistent 
exposure to these elements will inevitably cause wear and 
tear. The savings from using a drone for inspection quickly 

 Custom cases like these fully envelop the drone and its accessories 
in protective foam to ensure it is not damaged between flights. 
(Courtesy: Custom Case Group)
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diminish if operators are constantly having to repair or re-
place the machine.

Many users will take measures to avoid the more obvious 
hazards to a drone, such as only flying in good weather and 
taking courses to improve their dexterity and avoid crash-
ing. However, transportation of the drone between sites or 
even between turbines can also present dangers. Accessing 
turbines often requires traveling off the beaten path, which 
can lead to bumpy roads, water hazards, and other factors 
that can damage an unprotected drone.

To ensure protection, drone users can turn to custom cas-
ing. Instead of an empty space or flimsy, generic separators 
and “pick-and-pluck” liners, custom cases are fitted with 
foam that has been cut by either high pressure water jets 
or CNC routing drill bits to encapsulate the specific pieces 
with 360 degrees of coverage, even for oddly shaped items 
such as drones and their accessories. This locks in the pieces 
to guarantee stability in any conditions. Along with added 
equipment preservation inside the case, many custom op-
tions offer outer shells that are waterproof, dustproof, crush-
proof, and shock-resistant, perfect for the rugged conditions 
of working on wind turbines. No matter what is happening 
to the case, the drone and its instrumentation are protected, 
preserving this valuable piece of equipment for continued 
functionality.

ORGANIZATION
In addition to protecting the drone and any other equipment, 
a custom case can help keep everything organized. Inspec-
tion is a highly mobile operation, and using drones to do it 
requires constantly setting up, using, repacking and moving 
various elements across job sites, which can quickly make 
accounting for equipment a challenge.

This is compounded by all the small pieces required 
for effective drone usage. With the isolated nature of wind 
farms, having spare parts on hand is another important step 
to minimizing drone down time. If a repair is needed while 
on the job, finding a retailer or online store that can provide 
the replacement part is a time-consuming endeavor. Keep-
ing an inventory of commonly needed components can cut 
hours or even days out of the lost time due to drone repair, 
but keeping track of these small components between in-
spection sites can be a problem.

Batteries cause a similar problem. The average drone bat-
tery is good for about 20 minutes of flight on a full charge. 
If inspectors are planning to use a drone for a full day of 
work in remote locations, they will need to carry several 
batteries with them to ensure the flights can get done. Not 
only does this add to the list of equipment to account for, but 
keeping track of which batteries are dead or charged can be 
frustrating when using generic casing with no separation 
between components.

A custom case allows the user to shape foam around 
an inventory of parts and batteries with the most efficient 
configuration possible, maximizing use of the space and 
offering a visible reminder that something may be missing 

when a piece is not in its spot. Users can also arrange the 
batteries so the charged ones do not get confused with the 
dead ones while remaining confident that batteries will 
not shift during transportation and disorganize the system. 
Many options are available through a custom case distrib-
utor that can accommodate typical gear requirements and 
protect the entire drone system in one case. 

MANUFACTURERS
Custom cases can also be useful for drone manufacturers. 
Many case solution providers work directly with the man-
ufacturers to develop cases to be included with the initial 
purchase. This partnership offers several benefits to both 
the manufacturer and end user.

No one knows a product better than its manufacturer, 
which includes understanding which accessories and fea-
tures are best for different applications. By working with a 
case provider, the drone company can develop a drone pack-
age for fulfilling specific jobs, which can be all delivered in 
one custom case.

Working directly with the case provider also gives the 
drone manufacturer more control over the cases. In addition 
to customizing the interior, the exterior can be color-coded 
and branded with company logos for a professional look that 
promotes both the drone and the company.

This custom case includes spaces for batteries and spare parts, 
simplifying organization and transport. (Courtesy: Custom Case Group)
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THE FUTURE
Drones are clearly here to stay, undoubtedly 
continuing to provide a useful tool for survey-
ing and inspecting in the wind-power indus-
try. Whether an inspector is a veteran user or 
a complete novice, casing built specifically for 
the equipment can solve many protection and 
organization issues, preserving the best use of 
this incredible technology. 
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aging Solutions, a branch of Custom Case Group. 
He can be reached at timj@goeps.com. For more 
information on Custom Case Group, go to www.
customcasegroup.com. 

REFERENCES 
[ 1 ] Estimating the impact of drone-based inspection on 

the Levelised Cost of electricity for offshore wind 
farms - ScienceDirect.

To achieve the same vantage point as a drone, 
inspectors need to climb daunting ladders to access the 
blades, a time-consuming and potentially dangerous 
process. (Courtesy: Custom Case Group)
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