
Leading with lidar:
Why remote sensing is the new standard in wind energy
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The wind energy industry has matured.
So has its technology.
Remote sensing has fought an uphill battle for 
acceptance in the wind industry. Not long ago, 
users of met masts viewed remote sensing 
lidars with skepticism — it was disruptive, 
required a different way of thinking about wind 
measurement, and didn’t seem to fit into the 
established framework for assessing wind farms.

But that was then.

Today, the lidar revolution has run its course, and the 
wind industry is embracing lidar solutions more than ever 
for onshore and offshore applications in both the wind 
development and operational phases. Like any disruptive 
technology, lidar has had to prove itself — but the results are 
in, and they are clear.

Lidar, like other remote sensing technologies before it, is 
providing wind developers, operators, and manufacturers 
with a multi-use tool whose flexibility is unmatched and 

whose wind data is equal to, or superior to, what met masts 
offer. Lidar units are mobile, small, and non-disruptive to 
landscapes and environments. They can be used temporarily 
and are easy to repurpose after their initial job is done. They 
provide exceptional value over long service lives.

This eBook explains the benefits of lidar, how Leosphere’s 
wind energy solutions leverage it, and why wind industry 
organizations of all types and sizes have chosen to lead with it.
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Toward a new standard:
The arrival of lidar
The technological need

Since the turn of the century, the average hub height of 
onshore wind turbines has rapidly increased as manufacturers 
have designed turbines with greater generating capacities. In 
2000, hub heights were typically 60m. By 2014, the average 
U.S. wind turbine hub height was 82m. Today, hub heights 
commonly exceed 120m.

This growth trend has exposed a weakness of met 
masts, which up until now has been the standard of wind 
measurement. Erecting a met mast of 80m or taller is a time- 
and resource-intensive project … yet, using shorter met masts 
requires a greater reliance on data extrapolation techniques 
that result in error and uncertainty.

Remote sensing strengths

Lidar offers many advantages over using met masts alone, 
which is why they are being so eagerly integrated into 
today’s surveying, planning, funding, construction, and 
operational practices. 

They include:

• Speed of deployment, especially with regard  
to permitting

• Setup and technician safety
• Cost, mobility, and reusability
• Accuracy, range, and depth of data
• Diverse applications over extended service lives

These benefits enable lidar to add distinct value throughout 
project development and operations — encompassing all four 
stages of the lifecycle of wind measurement: prospecting, 
assessment, monitoring, and optimization.

Protect your country, protect  
your partners

It isn’t just individual countries that are affected by natural 
disasters. As we have seen with recent hurricane, tsunami, 
and earthquake events, impacts can spread from one  
country to the next as economies, trade, travel, and other 
factors are disrupted.

Therefore, any investment you make in your own 
meteorological capacity will shield others around the globe 
from the secondary consequences of the next storm.

Wind
Information
Lifecycle

Prospect

Assess

Monitor

Optimize

Lidar and met masts

There are plenty of situations where met masts and 
lidar are natural partners. Typically, the lidar reduces 
uncertainty, while the met mast pleases the bank 
engineers who judge a project’s viability. This is likely to 
change, however, as lidars become even more trusted and 
their advantages become more apparent. 

For example, as wind farms continue to be placed in more 
complex geographies including offshore environments, 
lidar’s mobility, reliability, data accuracy, and ease of 
deployment will make it the only technology needed for 
many projects.

Reducing the vertical and spatial uncertainty 
factors and being able to measure at higher 
heights in general is a significant advantage 
for us, considering the higher hub heights of 
modern wind turbines.”

– Nicolás Briceño  |  Analyst  
   Wind & Solar Energy, Innergex

"
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1960s 1990s 2005/ 
2006 2013 20171980s 2001 2011 2014 2018 2019

Lidar first developed to 
map the surface of the 
moon

Leosphere, a pioneer in 
lidar development for the 
wind industry, launches 
the WindCube® lidar

NREL collaborates with 
Risø DTU in research 
effort that widely 
validates and approves 
remote sensing for 
resource assessment

The IEC publishes long-
awaited new edition of its 
standard for wind turbine 
power performance 
testing, providing guidance 
on the use of remote 
sensing

Leosphere provides 
new WindCube version 
and launches a new 
unit casing suitable for 
buoys and harsh marine 
environments

Small sodar units first 
commercialized

Sodar first used to 
characterize wake effects 
behind wind turbines

Sodar first used to 
measure wind speed 
profiles at an offshore 
wind farm in Denmark

Leosphere provides the 
wind industry the most 
robust suite of commercial 
lidars for a variety of 
needs: ground- and 
nacelle-based, offshore, 
and scanning

Remote sensing units 
deployed extensively as 
part of a $2.5 million U.S. 
Department of Energy 
project to improve wind 
energy forecasting in 
complex terrain

Vaisala, a global leader in 
environmental and industrial 
measurement, acquires 
Leosphere SAS

Remote sensing:  
Milestones to date
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The cost benefits are a big factor; it’s much more 
economical to get wind speed data [with remote 
sensing rather than met masts] and a thousand 
times easier."

– Nathan Lehman  |  Energy Analyst  
   Apex Clean Energy

"Lidar in the real world

With thousands of real-world deployments completed, lidar users have a solid understanding of its most distinguishing 
benefits — some of which go beyond the data it provides.

   Lidar benefits at a glance

    Data validated over thousands of deployments and large-scale studies

    No dependence on extrapolated wind flow models; free of hub height limits

    Limited permitting, easy and fast deployment

    Little or no on-site construction required

    Low profile, sturdy; withstands extreme weather

    Reduces time needed to assess sites for suitability

    Deployable in remote, offshore, or complex terrain

    Capital asset that can be redeployed at no extra cost at multiple sites

    Economical to operate and maintain
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We’re pushing for remote sensing 
devices to provide investors with 
more confidence. The lidar device 
delivers cheaper, faster, and safer 
resource assessment campaigns.”

— Philippe Pontbriand  |  Energy Resources   
    Director, RES Americas, Inc.

"
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Lidar applications in wind energy 

Project development

Quantifying the wind resources at a given site is critical 
to determining its financial and practical viability. Initial 
site prospecting data informs site selection, while a full 
resource assessment forms the basis for annual energy 
production (AEP) estimates investors require.

Historically, prospecting has involved construction of one 
or more met masts of at least 50m in height, equipped 
with a range of calibrated anemometers, wind sensors, a 
data logger, and other equipment. 

However, where and how to install met masts depends 
on construction accessibility, landowner permissions, 
planning regulations, and other problematic factors wholly 
independent of the technology. In fact, permitting for met 
towers often takes many months and, depending on the 
market, requires approval from regional bodies, such as 
the Federal Aviation Administration (FAA), the Air Force (in 
the U.S.), and other civil aviation authorities worldwide.

With the advance of lidar, site assessment can be 
undertaken more swiftly and more accurately. The mobility 
and ease of deployment of lidar devices means they can 
be on-site within hours, and they can be used across many 
types of terrain and in all climates. Developers can easily 
access multiple sites and conduct a cross-comparison, 
and lidar units’ mobility means that they can also better 
account for spatial variation across the site and reduce 
uncertainty in wind flow modeling. 

Applications of lidar in 
project development

• Provide quality data and bankable due diligence in almost any 
terrain and weather conditions

• Reduce the need for data extrapolation and increase 
measurement certainty

• Optimize turbine layout and design

• Inform turbine choice, optimizing important cost and risk factors 

Remote sensing data certainly contributes to 
decision-making. It increases certainty, which 
in turn increases leverage, which in turn 
increases equity returns.”

– Liam Smith  |  Investment Principal  
   Actis

"

1995199019851980

80m met tower

60m met tower

2000 2012+



© Vaisala 2020

Wind farm operations

Lidar is an outstanding tool for optimizing energy production 
and returns at existing wind farms. It provides excellent 
flexibility because it can be moved from one project to 
another or deployed at multiple locations within operating 
wind farms. Turbine-mounted lidar units, which can be 
moved and repurposed indefinitely, provide data directly at 
hub level and across the entire rotor sweep — something that 
is difficult or impossible using other means.

The range of data they provide also leads to a greater 
understanding of how other characteristics, such as 
atmospheric stability and veer, will affect the performance of 
turbines over time.

Applications of lidar in wind  
farm operations

In recent years, Leosphere has drastically improved 
operations in complex terrain using flow complexity 
recognition (FCR) algorithms, dozens of validation studies, 
and detailed customer reviews. More and more users 
are deploying WindCube lidars in complex terrain, with 
and without FCR, due to their easy deployment and fast 
measurement.

Vaisala, too, has studied the performance of lidars in real-
world complex terrain environments. In one study, bias using 
remote sensors was satisfactorily reduced to 0.3 percent. 
(Met towers were used as controls for the study, though they 
were found to be unnecessary for data collection.)

This and other experience has shown us several key lessons:

• Complex terrain bias can be resolved with the right processing, 
like with FCR and model-based corrections.

• Since the initial study, these results have been validated at 
many complex sites.

• Remote sensing is no longer a second-rate solution for 
complex terrain; it is simply a different solution — one that 
brings numerous side benefits as well.

Reducing the vertical and spatial uncertainty 
factors and being able to measure at higher 
heights in general is a significant advantage 
for us, considering the higher hub heights of 
modern wind turbines.”

– Nicolás Briceño  |  Analyst  
   Wind & Solar Energy, Innergex

"

Power curve testing, nacelle alignment, wind 
blockage, and wake studies 

Nacelle instrument verification (yaw 
misalignment and transfer function)

Permanent monitoring of site conditions

Meeting grid operator reporting requirements

A complex terrain question

There is a surprising lack of industry 
agreement on what constitutes complex 
terrain. Until recently, what counts as 
complex terrain was sometimes judged 
by generations-old line drawings in the 
European Wind Atlas and similar sources.
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Leosphere and 
Vaisala:
Partners for 
industry-leading 
wind energy 
solutions
In 2018, Leosphere became part of the Vaisala family. 
Its legendary range of lidar solutions rounded out our 
solution portfolio, enabling us to scale and provide 
global services like never before.

Today, Leosphere offers the industry's most robust 
and trusted family of wind energy solutions for 
developers, operators, consultants/technical advisors, 
and manufacturers. Built with the industry’s leading 
sensor technologies, these solutions are supported 
by Vaisala’s 80+ years of experience in weather and 
environmental solutions.  

Together, we provide ongoing innovation and 
unmatched customer support — both critical to this 
complex and ever-changing wind industry. 

Our wind energy portfolio is best summarized with 
the following key solutions. Reach out to us anytime 
for comprehensive information. 
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The industry-standard 
vertical profiler

3D scanning for reliable, 
detailed spacial wind data

Actionable, at-a-glance data 
analysis and reporting

Easily deployable  
turbine-mounted lidar
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Conclusion:
Lidar is leading
Lidar offers the wind energy industry a generational leap 
in technology and business outcomes. As you read this 
paragraph, the technology is being used all over the world, 
in every wind energy-producing country and region — from 
Europe to North America, South America, and Asia.

This is in part because we now have the necessary guidelines 
and standards that create global confidence, knowledge 
sharing, and standardization of lidar as an important and 
expected part of most standard wind energy processes. This 
wasn’t the case a few years ago, but things have changed. 

We now have the necessary guidelines and standards that create global confidence, knowledge 
sharing, and standardization of lidar as an important and expected part of most standard wind 
energy processes. This wasn’t the case a few years ago, but things have changed.

Put simply, lidar’s quality and quantity of data have redefined 
wind energy and the flexibility available to developers, 
operators, and others. In the near future, lidars will be used 
more and more, slowly and steadily replacing met masts or 
co-locating with them to become standard equipment in the 
largest and most demanding onshore and offshore projects.



Why Leosphere and Vaisala?
Leosphere WindCube lidars are the most widely used 
solutions in wind energy. Trusted by developers, operators, 
manufacturers, service providers, and many more stakeholders, 
they provide the reliable data and business outcomes 
companies need to thrive. Thousands of WindCube units are in 
service around the globe with some of the world’s largest wind 
energy clients, as well as plenty of smaller, emerging ones.

Support and services you can count on

Wind energy isn’t just about technology. It’s about having 
the backing of a global partner that can directly support your 
business end-to-end, with complementary services, robust 
customer service, and consultation. Today, WindCube lidar 
technology is also backed by 80 years of experience and 
worldwide services.

Our innovation story, like the wind energy story, continues.

www.windcubelidar.com
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