Protecting Solar Collector Fields from VMSM-A
sudden Wind Ramps Using Scanning LIDAR
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How to prevent damages
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= [Measure wind speeds >10 km
= (Capture spatial and temporal wind coherence
= Trackevolving wind structures in real time
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PPl = Plan Position Indicator — 360° azimuth an&fixed elevation anglé

The Doppler shift is proportional to the radial wind speed

The stow strategy dilemma Scanning Wind LIDAR Solution
Early stowing protects equipment by reducing Provides precise, long-distance wind Weibull distribution of 3 locations
structural loads measurements T ' v
But stowing too often lowers energy production Detects wind ramps before they reach the site
and profitability Enables smarter, timely stow decisions
Operators must balance protection with Helps solar operators manage risk without
performance compromising efficiency

Probability

« Sudden changesin Wind Speed associated with
sustained change in wind regime
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Severe damages :
l

. « Large parts of the
* Spans large spatial areas olant
N - linked to cold fronts or downburst gust fronts S
W . Transient wind ramps distinguishable from . Costly damages Wind S’Oeed
ambient turbule'noce . Limited segments of Plant operation wind speed: Heliostat design wind speed:
« Wot tied to specific weather systems the plant 3 w/o lidar w/ lidar

« Detected across multiple LIDAR scans

« Irregqular variations around the mean wind speed
« Can become dangerous during strong convective
activity

« Risk increases with rising mean wind speed
\

V\// lidar V\//O”dar

Limited impact

m) \Vith wind lidars, sudden wind ramps can be
detected to prevent solar collectors from wind of
speeds high above the operational wind speed of

WM b W i the plant. A resulting reduction of the collector
JMWWWMM MMM MW WWWWWN MWWWWM design wind speed frome.g. 20 to 14

Anemometer data : Horizontal wind speed timeseries
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m/s corresponds to reducing the maximum

WMWWWMMW assumed loads on the drive mechanism by half. This

design optimization can reduce collector field
m Estimated performance statistics investment cost by 10-20%.

How many Wind ramps in a year and how well can the LIDAR detect them

mp \Vith wind nowcasting by lidars, the maximum

True positives ratio  100%  100%  100%  98%  88% wind speed at which the plant stays operating can
Type False positives ratio =0 0% 150, 189, 50%, !oe increased without mcreaseq risk of damage. This
True positives ratio  100% 100% 059 859 809% increases the plant's energy gain by several percent.
TYPE2 ;s positives ratio 8% 5%  20%  25%  30%
True positve ratio = nb of LIDAR true positve events/ nb of true hazardous events » Additionally, the insurance cost can be reduced

False positve ratio = nb of LIDAR False positve events/ nb of all LIDAR alert events because of the overall reduced risk of wind damage
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