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Background

= Heliostats in standby mode can
create adverse glare for pilots

= Concentrated flux in standby
locations can harm birds

Glare viewed from helicopter over lvanpah looking NW

Ryan Goerl, NRG

MacGillivray Warbler with “Grade 3” solar flux injury
found at lvanpah CSP Plant (Kagan et al., 2014)



Objectives ) b,

= Develop an easy-to-use tool that can evaluate glare and avian
flux hazards for different heliostat aiming strategies
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~ TIM 2.0 Data

otal heliostats: 59040
. # glaring heliostats: 0 53
« Corneal irradiance (W/cm#2): 0.000 %

Camera position and glare data '..' ._.' S P \ : .- Retinal irradiance (W/cmA2): 0.000  + - R
Position (west, north, up): 6171, -1771, 1640 ft RSt 3 X s “oli s i LHETR .' * Subtended glare angle (mrad): 0.00 : MOUSE: look around
Distance: 6628 ft -2y *fe ot Tty Te 7"+ tOcularimpact: none ESC: exit camera mode

Start polling Stop polling Position: West ft North ft Up ft
Tower and Field Site & Observer 1.0 Irradiance Avian Path Data Requests

Power tower height Field capacity Heli ivif ping Heliostat aiming method Glare opacity
459 ft 133 Mw 09 Pie : Ring/Annulus s 0.3

Tower west position Plant efficiency Heliostat reflective area # of groups Aim radius

0 ft 15 % 163.4 ftr2 24 82 ft

Tower llluminance Model (TIM)
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Tower llluminance Model ) S,

= |nteractive 3D simulation of irradiance from alternative
heliostat aiming strategies

= Customizable values to specify tower and heliostat field

= Real-time reporting of glare and avian flux hazards as a
function of location and time

Camera Controls

TIM 2.0 Data W: forward

S: backward
# total heliostats: 73984 A: left
# glaring heliostats: 0 D: right
. Corneal irradiance (W/cm”2): 0.000 X:up
Santeragosidorrapd Sl it % Retinal irradiance (W/cmA2): 0.000 * C: down
~Pcsition (east, vertical, north): -28, 121, -237 m ,:Subiended glare angle (mrad): 0.00 '-.,'k' » ;:‘ s raal : MOUSE: look around
Distance: 268 m * Ocular impact: none = -_“ O .'; ,’: " . - ESC: exit camera mode




TIM User Interface ) &=,

Camera position and glare data
Position (west, north, up): 0, -3280, 1640 ft
Distance: 3668 ft

Start polling Stop polling
Tower and Field Site & Observer 1.0 Irradiance Avian Path Data Requests
Power tower height Field capacity Heliostat reflectivity Grouping method Heliostat aiming method Glare opacity
459 ft 133 MW 0.9 Pie H Ring/Annulus H 0.5
Tower west position Plant efficiency Heliostat reflective area # of groups Aim radius
0 ft 15 % 163.4 ftr2 24 82 ft
Tower north position Inner radius of field Heliostat focal length Maximum aim radius
0 ft 500 ft 27]32 : ft 82 ft
Tower diameter Outer radius of field Beta Aim height
60 ft 3220 ft 0.025 rad 400 ft

Maximum aim height

400 ft

Aim ring direction

Clockwise H



Example: Circular Field Layout

A RO I LR Sl TIM 2.0 Data

.' *  # total heliostats: 59040

. #glaring heliostats: 0

. Corneal irradiance (W/cm”2): 0.000
. 2 2 . L 3 3 ' . " . * Retinal irradiance (W/cm”2): 0.000

Position (west, north, up): -4150, -2782, 3418 ft Tl S e - EEME e © . Subtended glare angle (mrad): 0.00

Distance: 6056 ft G <R & e S TG < Ocular impact: none

Camera position and glare data

« Tower centrally-located
« ~60,000 heliostats in radial layout
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Camera Controls

W: forward

S: backward

A: left

D: right

X:up

C: down

MOUSE: look around
ESC: exit camera mode



Example: Rectangular Field Layout

a1t T

TIM 2.0 Data

# total heliostats: 53049
# glaring heliostats: 5

A G
Gamera position and glare data Corneal irradiance (W/cmA2): 0.002

Retinal irradiance (W/cm#2): 0.987
Position (west, north, up): 5019, -5177, 3057 ft Subtended glare angle (mrad): 4.10
Distance: 7834 ft Ocular impact: yellow

 Polar/directional field
« Heliostats in grid layout
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Camera Controls

W: forward

S: backward

A: left

D: right

X: up

C: down

MOUSE: look around
ESC: exit camera mode
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TIM = 3D Field Navigator

= Use keyboard buttons to “fly” through heliostat field
= Glare data updates based on user location

Position (west, north, up): -2624, -1181, 160 ft
Distance: 2885 ft

Start polling Stop polling

i

Subtended glare angle (mrad): 0.00
Ocular impact: none

Position: West ft
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2 & ® l s * !
=2 = - Camera Controls
= =} 4
} . | | w W forward
= ] @ ™ 200ata ;
- S: backward
. # total heliostats: 59040 A: left
- . . # glaring heliostats: 0 D: right
Corneal irradiance (W/cm/2):'0.000 X: up
CTISrn PRSI Gl Gt Retinal iradiance (W/cmA2): 0.000 C:.down

MOUSE: look around
ESC: exit camera mode
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Glare Analyses

= Determines irradiance
and glare impact from
heliostats

= Analytical model for
speed and qualitative
results

= Sub-second results for
>50,000 heliostat
reflections
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TIM Avian-Flux Hazard Simulation (&=

= Simulates bird traveling through airspace above heliostats
= User specifies start and end points

NN
TIM 2.0 Data NS
By iy
0 e, # total hesostats: 215296 :‘\\., o Al
5 # glaring hatiostats: e, e, Sl Yo * O right
T Comeal imadiandce (WicmA2): 0.000%, *s,_ "%, e, "*u_*s,

DSTSERCIRIN OO *a a1 S R S e M LR e i Y, 22 Retinal iradiance W/cmA2): 0.000
Position [east, verticyl, north): -1303, 234, 221m* , * "« * « " * S o Subtended glare angle (mrad): 0.00
Distance: 1343 m Ocular impact: none
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TIM Avian-Flux Simulation

= TIM calculates irradiance and bird feather temperatures along

path

= Solves energy balance

Feather Temperature (Left->Right)

TecPlot_BL_6-21_12PM_60 meter flux plane.dat
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Conclusions ) i

= Tower llluminance Model (TIM) provides interactive real-time
analyses of irradiance, glare, and avian flux hazards for
different heliostat aiming strategies
= |rradiance based on validated analytical models of heliostat beams
= Glare hazard based on empirical data of ocular impact
= Avian flux hazards based on bird feather temperature

= TIM can be used to evaluate alternative heliostat standby
aiming strategies to minimize glare and avian-flux hazards

= Validation with Soltrace currently being performed
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Camera position and glare data

Position (west, north, up): -2624, -1181, 160 ft
Distance: 2885 ft
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o L = o ~ & - e - Cisnéea Clistrolé
. n TIM 2.0 Data " Waforverd
. . S! backward
# total heliostats: 59040 | | A: left
# glaring heliostats: 0 D: right
. Corneal irradiance (W/cmA2): 0.000 X: up
Retinal irradiance (W/cm#2): 0.000 C: down

Subtended glare angle (mrad): 0.00
Ocular impact: none

ESC: exit camera mode

Clifford K. Ho
ckho@sandia.gov
(505) 844-2384




BACKUP SLIDES
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Up-Aiming Strategy ) S,

= Up-Aiming can eliminate glare and avian flux hazards, but it
increases heliostat travel time to receiver
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TIM Alternative Aiming
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33 W: forward
; <. . . TIM2.0Data
. 2 % ISR _ S: backward
g T _ ¥ .+ # total heliostats: 74160 ST AT At
i ' PR, (. T, e N < . ! #glaring heliostats: 0 fesdsls —eita D:right
- : ) G LA .« Comealimadiance (W/cm/2): 0.000 ' « * X: up
iti . - (I3 $ v - 4 .
[Comen pOBBERSRENTE . N . Retinal iradiance (W/cmA2): 0.000 = 2 C:down
Position (west, north, up): -1725, -8106, 1325 ft % s e % =« _ Subtended glare angle (mrad): 0.00 MOUSE: look around
Distance: 8397 ft Ocular impact: none ESC: exit camera mode
Start polling Stop polling Position: West ft North Up ft
Tower and Field Site & Observer 1.0 Irradiance Avian Path Data Requests
Power tower height Field capacity Heliostat reflectivity Grouping method Heliostat aiming method Glare opacity
750 ft 200 MW 09 Pie = Ring/Annulus H 03
Tower west position Plant efficiency Heliostat reflective area # of groups Aim radius
50 ft 18 % 163.4 ftr2 24 82 ft

Camera Controls




Glare Prediction — Slope Error

e TIM considers beam scatter due to heliostats

 Each heliostat reflection modeled as conical
projection N\

R
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Validation of TIM ) i

= Validation with Soltrace currently being performed

Baseline Irradiance Along West-East Transect (12 PM @ 787 ft.)
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