NRG Systems
Technology Advancements of Lidar
For Wind Resource Assessment
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The Advancement of Lidar for Wind Energy

Antroduction to NRG Systems
Amportance of Wind Resource Assessme
ABrief history of Lidar in Wind Energy
ADifferent technologies and Bankability
ALidar Applications -
AConclusion X




About NRG Systems

Founded in 1982

Pioneer in Wind Energy Measurement

Global HQ: Hinesburg, VT USA

100% Green

Now part of ESCO Technologies (NYSE: ESE)
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About NRG Systems

A 160+ Countries

A Over 4000 profitable wind farms
globally have been constructed on
data collected from NRG products
for site assessment




The Importance of Wind Resource Assessment (WRA)

By providing reliable data to investors and owners, a
properly executed wind resource assessment
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failure or success, saving millions in equity
Investments.
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Short History of Lidar
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What is Lidar?

How does it
work?

Let me test it
for a year.

What do | do
with the Data?

Its too
expensive!

Ilts Bankable!
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The Technologies

DNMGL Classification Stages
Stage 1: Not Bankable
Stage 2: Bankable with site validation (met mast)
Stage 3: Bankable on its own

RSD technology at DNV GL
DNV GL RSD-Roadmap: Stages and Milestones

MILESTONE 1

Successfully tested at
suitable test locations

MILESTONE 2
Extensive use at a range of sites
» High data capture levels

» Similar accuracy achieved
to as conventional data

Results published

= Numerous validations demonstrate
close agreement with conventional data

Quantification of precision and accuracy

= Commercially available = Increasingly used on ranges of = Device considered proven for

« Can routinely provide sites use
measurements of wind speed and = More operational experience
direction with height gained
= Limited validation with « Confidence in data increases,
conventional data sources or conditions where data is not
higher error bars than reliable are well understood

conventional data sources

Can be used qualitatively Can be used quantitatively to Can be used quantitatively
but not quantitatively support convent, measurements, with little or no
if subject to appropriate site site specific validation

specific validation

7 DNVGL® 2017 DNV-GL



The Technologieddoppler vs. Direct Detect

Doppler Vertical Profiler:
A Samples the atmosphere with short pulses of infrared light
A Pulses reflect off of atmospheric aerosols and collected back on the ground by the remote sensor

A Frequency of each pulse shifts as it collides with aerosols, due to the Doppler Effect.
A The magnitude of the shift in frequency is proportional to the line of sight velocity of the aerosols and, therefore,

the wind at the sampled location

Most widely used, Stage 3 Device, wide cone, most expensive



The Technologieddoppler vs. Direct Detect

Direct Detect Vertical Profiler:
A Sends outgoing light pulse, which reflects off of airborne aerosols
A The signal pattern of the returning light pulse indicates the density of the aerosols, and varies in time, yielding
unigue, recognizable signatures (kernels) as different aerosol patterns pass over the system.

A Once a kernel passes an additional beam, time and distance of flight are known, indicating wind speed and
direction.

Newer technology, Stage 2 device, narrow cone, lower cost



