How to use the new TracePro Solar Utility
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Format

R
*A 30-40 minute presentation ;m e
followed by a question and Ot & Spusors st
answer session e
| @ ovestons ®

*Please submit your questions
anytime using Question box in
the GoToWebinar control panel e
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Additional Resources

Past TracePro Webinars
*http://www.lambdares.com/webinars/

*TracePro Tutorial Videos
*http://www.lambdares.com/videos/

*TracePro Tutorials
http://www.lambdares.com/technical support/tracepro/tutorials/

*Information on upcoming TracePro Training Classes
*http://www.lambdares.com/technical support/training/
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Current TracePro Release

R
*TracePro 7.2.5 — Released Oct. 23, 2012

*These releases can be downloaded by
anyone with a current Maintenance and
Support Agreement

www.lambdares.com
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Outline

Introduction to the New TracePro Solar Utility

— Solar concentrator simulation with TracePro
— The Solar Utility indepth

Solar Utility User Interface Overview
— Setup window

— 3D View window
— Result Viewer window

Demonstration of Solar Utility

— The first step : The basic steps to use the utility
— Design, Optimize and Analyze
e Pub. N0.:US20120073626

TracePW
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An Introduction to New TracePro Solar Utility

TracePw
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Solar collector simulation using TracePro’s solar utility

First Create the Solar Collector System in TracePro, raytrace and check results

Coprnpes vt 0
Lasbda Keovearth ( arperatian

TraceP)
«

Define Sources |— .

l

Create Geometry

l
Apply Properties

- [ y -

\ ,K . 3 e
“;»-. by " AR L el
ror u. ) vy e

L

v

Raytrace

F
Analyze Results

esearch

_ Corporation

| race m§ Copyright @Lambda Research
= Corporation 2012, All Rights Reserved



Solar collector simulation using TracePro’s solar utility

* Eightlightisomirces
* OAqhtarsced optical geometries

* Rasurate& high-speed raytrace

25 20 15 10 5

o 5 10 15 -20 -25

* fomiybensive analysis tools

200—
181

161
140
121

106

Z (milimeters)

N & @

25 20 15 10 5 0 -5 10 -15 20 -25
X (millimeters)
Min:0, Max304.45, Ave:11.571
Total Flux0.025375 W, FluvEmitted Flux 1, 10000 Incident Rays
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Cont’d

Enter New Surface Source Property @J@

Property Name:

.
[M | Grid Source B ]lo ] - s

Adding to Catal{ | Grid Setup Beam Setup | Polarization | Wavelengths |

Spatial profile: ’WZ]

Angular Spatial weighting: Iumiw:nﬂnilﬂ;—u’;‘.-exghteﬂ position _l

Beam waist X: |1 Beam waist ¥: |1

{(Beam waist is the 1/6*2 point)

e Easy light sources :

Spectial

— @Grid source

* Angular => Solar

[ ) o o ]
10

Angular Iu.n.ifom fluxtweighted angle L,

1000
N/A |0 N/A |0 1
— Surface source E—
Beam Orientation
) Beam orientation method: |Perpendicularto grid v |
ASTM E490 Normal vector Up vector hid | Dekte |
X: |0 X: |0 iIT
¥: |0 Y: |1 Z‘oooz
Z: |1 Z |0 0.0002' _
View Data
Insert Set Defaults |
| A

T

T
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Cont’d

2] Insert Fresnel Lens | S| = )
* Advanced TracePro Optical | ==
. Neune: [Fresnel Lens |
geometries: e
};::E: [scHOTT v| Name: [BZ70 ~]
.Wave]ength: 0.5461 .
— Fresnel lens PO ——— :
 Insert Fresnel lens e
. o 2
* Revolve thin Sheet .=

— Reflective concentrator
* 3D Compound
— CPC, CEC

* Rectangular
concentrator

Copyright @Lambda Research // egéia)g:i:{l
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Cont’d

|
|
* Advanced optical geometries: L T :

— Fresnel lens =N

L”’// // ‘
* Insert Fresnel lens | L
: | -~ | -
* Revolve thin Sheet e F ] e =~

Compound Trough | Rectangular Concentrator | Facetted Rim Ray \
Conic 3DCompound | Trough (Cylinder) |
Name: [3D Compound Reflector2
Shape: [Hollow | [Passbotie ]
Frontlength: [S0°  Thickess: [T
Backlength: [10°  Awistlt [20
N Loteral focal shift: [100
QC1

— Reflective concentrator

* 3D Compound
— CPC, CEC

* Rectangular
concentrator

Focal length: |20 NiA |0

Rotation

N

‘i X
1
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Cont’d

e Accurate & high-speed raytrace
engine:

— Material and surface
properties

— Multi-threaded raytracing

 Comprehensive analysis tools:

— Irradiance map, Candela
map

— Ray sorting
— Path sort table

search

_ Corporation
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The Solar Utility

1. Considers the position of the sun

2. Based on the entrance pupil of the solar collection
system to create a correct sun model

3. Automated simulation

4. Complete Analysis Capabilities

TracePw

N
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Sun trajectory

LiNREL

Trace Pa

Solar utility includes:

— NREL’s Solar Position Algorithm
(SPA)

* Todeting g carrectelight source
— Inudrent dlieCtIOn

— Total flux of incident ray G e
Altitude, Tilt '

— Sun model

* Date

Geometry

Irradiance(W/m”2)
Wavelength(s)

- National Renewable Energy Laboratory

Vernal Equinox

Winter
Solstice

Autumnal Equinox N

Coutesy NASA
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Sun model

e What we know:

— Is an almost-parallel light
source

— Irradiance of the sun’s surface
(W/m~2)

— Entrance pupil of device / 9

* What we don’t know: b=

/

— Light source shape

 The sun created by Solar Utility

For each time calculation

whatever the sun position is, all
rays from the source pass
through the device’s entrance N

pupil.

| racem% Copyright @Lambda Research X/j}i%gégg:%
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Automation simulation

Time period

— From xxxx/XX/XX XX:XX:XX
— TO XXXX/XX/XX XX:XX:XX

Steps/Interval

— N times in the assigned time
period

— XX:XX:XX as simulation
interval

Time filter

TracePW
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Analysis tool

B | = | = | =

1est201201014-  est2012910_14-  test2012910_14-  test2012910.15-  test2012910.15-  test2012910.15-  test2012910.15-  test2012910.16-  1est2012910_16-
[ ] F u X_ D a te 2 D ‘ a rt 0-irbmp 30-can bmp 30-imbmp 0-canbmp 0-ire bmp 30-canbmp 30-irbmp 0-canbmp 0O-irbmp
a a | © &

test2012910_16- test2012910_16- test2012910_17- test2012910_17- test2012910_17- test2012910_17- test20121023_1 test201210231 test20121023 1
30-canbmp 30-irbmp 0-canbmp O-imbmp 30-canbmp 30-ibmp 2-0-canbmp 2.0-imbmp 2.20-canbmp

F | u X_ D ate I a b I e test20121023 1 1est20121023 1 1est20121023 1 1est20121023_1 test20121023_1 test20121023_1 test20121024 7-  test20121024 7-  test20121024 8-

2-20-irbmp. 2-40-canbmp  2-40:imbmp 3-0-canbmp 3-0-imbmp 3-20-canbmp 30-canbmp 30-imbmp 0-canbmp

a a = L] a

test2012102. test20121024 8-  test20121024.9-  test20121024.9-  test20121024.9-  test20121024.9-  test20121024.1 test2012102.
0-

O-irrbmp 30-irrbmp Qire brmp 30-canbmp 30-imbmp can bmp 0-0-irrbmp

Irradiance & Candela map iewer
test20121024_1  test20121024 1  test20121024_1  test201210241  1est20121024_1  test20121024 1  test201210241  test201210241  test20121024.1
0-30-canbmp 0-30-imbmp 1-0-canbmp 1-0-irromp 1-30-canbmp 1-30-irr.bmp 2-0-can.bmp 2:-0-imbmp 2-30-can.bmp

1e5t20121024 1  test20121024 1  test20121024 1  1est20121024 1  1est20121024 1  test20121024 1  test20121024 1  test201210241  test20121024.1
2-30-imbmp 3-0-canbmp 3-0-irbmp 3-30-canbmp 3-30-imbmp 4-0-can.bmp 4-0-imbmp 4-30-canbmp  4-30-imbmp

a a A l |

1est20121024.1  1est20121024 1  test20121024 1  test201210241  test20121024_1  test201210241  test20121024 1  test20121024 1  test20121024 1

5-0-can.bmp 5-0-irr.bmp 5-30-canbmp 5-30-imbmp. 6-0-canbmp. 6-C-imbmp 6-30-can.bmp 6-30-ibmp 7-0-can.bmp

* Total collected energy

* Flux Report (in Final 7.3 release)
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User Interface Overview

TracePw

N
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ser Interface

TSl
File = Help =
,
= st B

Device location Time period 5! 3D View ollal=
FROM

City:  Tucson, USA - Coordinate format: v| Auto
Date: Monday ,September 03,2012 ~

Yo Deg =
| Add | Delete Time: 800:00 AM =

Llongitude:  W110.9258

T0
[ ] Latitude: N32.2217
Date:

Friday , October 12,2012 ~
Time Zone:  -7.0

Time: 6:00:00 PM 3
Map It Calculate l i Trajectory.
= E L= | 0
Google map | Analysis

Entrance Pupil Simulation setup

.
[ ] 3 D V I eW Entrance Origin:  (0,0,0) Steps/interval:  00:30:00

Zenith direction:  (0,0,1) Detector: detector

Sun distance: 300 mm
Nomhvector  (1,0,0) Savepath:  c\demo\ 8]
Pl EHapE: [ree—— Prefix test Ray number: 10000
Pupil width: 10 mm Wavelengths: 055 um e
Pupil height 10 mm Time filter: FrTTEY) '
. —
* Result viewer — 8 Resultvewer |
Sun model. paraliel - Sia [
Source catalog: ) 1
Info: J 6 /61 Graph |Table Total collected energy = 255402875 Wh
Source property: Time: 2012/8/1 T4 12:00:00
Solar constant: 1067 W/m"2 Sun posttion
Theta = 26.81022 deg. =
@ Constant Modified with ERV Phi = 152.50961 deg. 0.09
Total flux on taget is 0.0954659 W,
[ (Phio degree is North and ciockwised) 0.080

0.060 "f
0.040

\
W
’}

iradiance | Candela-20

Total Flux
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Setup — Device location

e Coordinate info:
— Format
— Longitude

GL) Sk K2°21'30" -71°3'37" “
Get directions My places B oo : ‘_7 . ' - @® e &
— Latitude 1\ u

s o 5t ) o
_ g "7::0;%; o1 : % T
— Time zone R | : :

— Altitude & Tile Mﬁ : W : g

A @

4 + | @

* Google map ~ Wl > oty O o
. Ph.m: 1, e i 7
— IVI a p It < 3 3 Map dgtd 82012 Google. Fanbom - Edét in Google Map Maker  Report a probiem
— Search => What’s here

e City database
— Add/Delete capability

TracePW
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Setup — Analysis

I
o ||B)ER

a5l Setup

 Time period

Device location Time period

FROM
. City: Taipei, Taiwan Coordinate format: V| Auto
° Opt|ca| pa rameters : = - Date: Monday , October 08,2012 +
Y ( ) eg -
. | Add | | Delete ‘ 7 Time: 8:00:00 AM :
—_ Entrance pupl | Longitude £121.564099 =
Latitude: N25.033408

Date: Monday , October 08,2012 ~

— Solar flux Time Zone: +8.0 .

Time: 6:00:00 PM

* Simulation setup bizpi e (=

Google map | Analysis

— Steps/Interval

Entrance Pupil Simulation setup

— Detector’s surface ng | e 000 =
Zenith direction:  (0,1,0) Detector: detector Sun distance: 300 mm
_ SOU rces North vector: (1,0,0) Save path: c\demo\ T
—", T— Prefix: test Raynumber: 100000
* Parallel O] [ — i
* Source Property Timefiter: s e
* Source Catalog Solar mode
Sun model: Parallel -
* Wavelength — Fm—
e Ray Number aeenmli R
° Sun dIStanCE Solar constant: 1067 W/m*2
@ Constant Modified with ERV ‘ et I

— Path of the file folder

1T=r- .
[racePwE™ b,
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3D view

* Linked with Zenith direction and == =@
North vector

* “Calculate” the position of sun

* “Trajectory” of the sun path for
the time period

* When the utility is analyzing for
periods of time, the sun position
is automatically updated

/ Lambda
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Result viewer

e Flux-Date Chart

a5l Result viewer

Save

Y F | u X_ D ate Ta b I e Info: _J 8 /27 Graph | Table | Total collected energy = 0.33091527 Wh

Time: 2012/10/24 k% 09:30:27

Sun position:

Theta = §7.91824 deg

Phi =132.31359 deg 0.049 -
Total flux on taget is 0.0315014 W, / ~m=data
(Phi0 degree is North and clockwised) 0.040

* Jrradiance & Candela

0.030 \

=
H Irradiance | Candela-20 i / \\
viewer g 0.020 / \
o 0.010 ¥
Select a result , \
0
1 O & & & & &
Zoom it H o Ny
& S S S
. LK KK & K K K
— Information of sun SIS I EEL LK
S & Fg g s
FFFgFsgsyes
v D 2

* Total collected energy

Lambda
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Result viewer

|
et
ﬂ
&
E

———te |

Total FI
5

7
T —— ]
]

The Solar Result Viewer shows either irradiance or candela maps,
and a graph or table of the power on the target over the period
calculated.

Copyright @Lambda Research %%gégg%
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Result viewer

g Result viewer — T ———— || ()~
Save
Info: [} 57 /176 Graph | Table Total collected energy = 5.73939825 Wh
Time: 9/5/2012 4:00:00 PM
Sun position: ID Date &time Flux -
555?97352931;::3 9/3/2012 8:00:00 AM 0.0430933
flux on taget is 0.057298 W, 2 9/3/2012 9:00:00 AM 00624668
(Phi0 degree is North and clockwised) I
3 9/3/2012 10:00:00 AM 0077808 E
4 9/3/2012 11:00:00 AM 0.0892426
5 9/3/2012 12:00:00 PM 00936368
3 9/3/2012 1:00:00 PM 0.0929191
7 9/3/2012 2:00:00 PM 0.0868551
8 9/3/2012 3:00:00 PM 00746184
E] 9/3/2012 4:00:00 PM 00581087
e GardelaaD 10 9/3/2012 5:00:00 PM 00379092
1 9/3/2012 6:00:00 PM 00156763
12 9/3/2012 7:00:00 PM 00
13 9/3/2012 8:00:00 PM 00
e 14 9/3/2012 9:00:00 PM 00
15 /3/2012 10:00:00 PM 00
16 9/3/2012 11:00:00 PM 0.0
7 9/4/2012 12:00:00 AM 00
18 9/4/2012 1:00:00 AM 00
19 9/4/2012 2:00:00 AM 00
20 9/4/2012 3:00:00 AM 00
1 9/4/2012 4:00:00 AM 00
® 2 9/4/2012 5:00:00 AM 00
il —ins 23 9/4/2012 6:00:00 AM 0.0
1 2 9/4/2012 7:00:00 AM 0020969
25 9/4/2012 8:00,00 AM 00428823
.: 26 9/4/2012 9:00:00 AM 0.0623353
i s 27 9/4/2012 10:00:00 AM 00776419
; " : E 28 9/4/2012 11:00:00 AM 00888252
o— 2 9/4/2012 12:00:00 PM 00933462
30 9/4/2012 1:00:00 PM 00926176
1 97472012 2-00-00 PM 0 08R4691 L

The Solar Result Viewer showing a candela maps and tabular results over the

period calculated. Clicking on the Table brings up the associated irradiance or
candela map. You can also use the slider on the top of the dialog window to select the

iteration.
/ Lambda
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Result viewer

TracePro Release: 730

Flux Report for C:\Lambda\tracepro_examples\Solar Utility\three pieces.OML
Wavelength information in microns: All wavelengths and totals

Data generated at 11:12:14 November 27, 2012

Object Name : Material Property Surface Area Wavelength Number Incident Flux Absorbed Lost Flux (All Types) Lost Flux -> Escape Lost Flux -> Flux Threshol¢Lost Flux - Lost Flux - Lost Flux - Lost Flux - Lost Flux -> Other
Surface Name : Surface Property [sgmm] [microns] of Rays [Watts] [Watts] [Watts] [Watts] [Watts] [Watts] [Watts] [Watts] [Watts] [Watts]
Top Fresnel Lens : Plastic-> pmma 0.55 (Sun/Emitter) 0.141145228 0
Totals: 0.141145228 0
Surface 0 : Default-<None> 7.877640415 0.55 (Sun/Emitter) 5800 0.005129512 0 0.001831442 0.001740365 9.11E-05 ] 0 0 0 ]
Totals: 5800 0.005129512 0 0.001831442 0.001740365 9.11E-05 0 0 0 0 0
Surface 1: Default-<None> 3.330902535 0.55 (Sun/Emitter) 3195 0.002367583 0 0.000178098 0.000147155 3.09E-05 0 0 0 0 ]
Totals: 3195 0.002367583 0 0.000173098 0.000147155 3.09e-05 0 0 0 0 0
Surface 2 : Default-<None> 46.01601948 0.55 (Sun/Emitter) 37275 0.027633563 0 0.01009436 0.009664166 0.000430193 0 0 0 0 0
Totals: 37275 0.027633563 0 0.01009436 0.009664166 0.000430193 0 0 0 0 0
Surface 3 : Default-<None> 14.97518238 0.55 (Sun/Emitter) 12852 0.008950075 1] 0.001052088 0.000865237 0.000186851 0 0 0 0 [}
Totals: 12852 0.008950075 0 0.001052088 0.000865237 0.000186851 0 0 0 0 0
Surface 4 : Default-<None> 59.34921944 0.55 (Sun/Emitter) 57964 0.040227224 0 0.010109915 0.009506321 0.0006035%4 0 0 4] 0 [}
Totals: 57964 0.040227224 0 0.010109915 0.009506321 0.000603594 0 0 0 0 0
Surface 5 : Default-<None> 21.89474013 0.55 (Sun/Emitter) 27684 0.016258344 0 0.001825646 0.001527611 0.000298035 0 0 0 0 0
Totals: 27684 0.016258344 0 0.001825646 0.001527611 0.000298035 0 0 0 0 ]
Surface 6 : Default-<None> 70.96428146 0.55 (Sun/Emitter) 62083 0.045804119 0 0.011978516 0.011121997 0.000856519 0 0 0 0 0
Totals: 62083 0.045804119 0 0.011978516 0.011121997 0.000856519 0 0 0 0 0
Surface 7 : Default-<None> 27.92629506 0.55 (Sun/Emitter) 28268 0.019833433 0 0.003903712 0.003487404 0.000416308 0 0 0 0 0
Totals: 28268 0.019833433 0 0.003903712 0.003487404 0.000416308 0 0 0 0 0
Surface 8 : Default-<None> 82.42077814 0.55 (Sun/Emitter) 55406 0.040026992 0 0.01142036 0.010619953 0.000800408 0 0 0 0 0
Totals: 55406 0.040026992 0 0.01142036 0.010619953 0.000800408 0 0 0 0 ]
Surface 9 : Default-<None> 2.289560646 0.55 (Sun/Emitter) 2457 0.001596916 0 0.000351952 0.000306334 4.56E-05 0 0 Y] 0 0
Totals: 2457 0.001596916 0 0.000351952 0.000306334 4.56E-05 0 0 0 0 ]
Surfare 10 - Nefanlt-<Nnne> £ 110349729 0 55 (Sun/Fmitter) 4497 0 NN29SAARK n N NNNRS 7996 0 NON77305A R 49F.NS n n n n n

The flux report (available in the final 7.3 release) is written out for each sun position
into the directory specified by the user in the analysis tab with the inputted prefix
filename, time and txt file extension. It is best to import each text file into Excel using
delimited characters (TracePro uses tab delimiters) which correctly places the output

information into columns for easy visualization as shown above.
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Demonstration of Solar Utility
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Steps to run a complete series of solar simulations

* |InTracePro
— Create the solar collector geometry

— Insert a receiver with one surface named
“detector” as defined in the solar utility analysis
tab to match

— Pre-define all Irradiance and Candela map options

* In Solar Utility

— Add a new city into database or use an existing
predefined location

— Set the target time period
— Setinterval to one hour
— Use Trajectory button to test

— Select sun model, parallel or Surface Source
Property

— Specify solar constant or Earth Radius Vector (ERV)
option
— Press Start button

e Check the simulation results

TracePw
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Design, Optimize and Analyze

Interactive Optimizer

Apply Properties

Create Geometry

Apply Properties ‘l

Define Sources

Reset Light Source (SPA
Collect Raytrace Result

Raytrace

Analyze Results

Analysis Chart

| race m% Copyright @Lambda Research A 'C’SéarC%,
= Corporation 2012, All Rights Reserved Corporation



Design, Optimize and Analyze

a9y United States
a2 Patent Application Publication () Pub. No.: US 2012/0073626 Al

CHEN et al. (a3) Pub. Date: Mar. 29, 2012
(54) LIGHT CONCENTRATOR ASSEMBLY AND 30) Forcign Application Priority Data
] SOLAR CELL APPARATUS HAVING SAME
BS TN Sep. 24,2010 (TW) s 099132267
(79)  Inventors YU-SHU CHEN, Chu-Nan (TW); Fubiication ChuwstBcadsn
KUO-FENG CHIANG, Chu-Nan ($1) Ine.Cl.
(TW). CHIEN-TING LU HOTL 31052 (2006.01)
Chu-Nan (TW): KUO-MANG LO, HelL 31131 (2006.01)
Chu-Nan (TW): YING-CHING G2 e el "
CH Chu-Nan (TW) (82) uUs.(L .. 136/246; 359/742; 1367259
ZHENG-JAY HUANG, Chu-Nan 47 ABSTRACT
W)
* Pub. N0.:US20120073626 o '
. .
(73) Assignee FOXSEMICON INTEGRATED
TECHNOLOGY, INC., Chu-Nan
(TW)
{21} Appl. No 13241,070 )
* Model
crged by the first and sevond Fresnel |
22) Filed Sep. 22,2011 and exit through the compound parabolic concentrator

— 2 Fresnel lens + 1 CPC
— Model created by Interactive Optimizer

* Open Solar utility and set up filter oy

e Analyze the result

104
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Output explanation of this 2 Fresnel Lens/CPC System

The results of the 2 Fresnel lens and one CPC system are quite poor. This is due to the fact
that this system was intended for use with an one axis solar tracking system. Without the
solar tracking the system works poorly except when the sun is directly overhead. So
although it system works poorly this is a great example for the solar utility which prove its
inefficiency over time. You can see the irradiance results at 5PM in the figure shown below.

) TracePro Expert _Early Access Build: 7.3X489 {build 12300,64-bit ) MM M B A v o ).
File Edit View Inset Define Raytrace Andlysis Reports Tooks Utilities Macros Window Help

Di|al 8| #[®[E o wlo|s| =g kv & OBBI0| <5 DiE el @els| BE 2
@l Q&S| ®F|a] +| ]|l ks ] olAelc]r] B[] <[]

)} Model{three pieces.OML] [ro-ll-E- ]88 | 57 rradiance/Miuminance Map:{three pieces.oML) S @=
B Top Fresnel Lens

Total - Irradiance Map for Incident Flux
@ .~ Bottom Fresnel Lens PV detector  Global Coordinates
B CPC
= Surface 0
Surface Property: <Nor

2 15 1 05 0 05 -1 -1.5 2

Cone 1.55723 millimete
= Surface 1 =
Surface Property: <Nor
Spline
= Surface 2
Surface Property: <Nor
Cone 4.0743 millimeter
& Surface3
Entity 3
BV
) Surfaced

¥
2
g
E
E
~

! b, 2 15 1 05 0 05 - 15 2
- X (millimeters)

4 2 Min:9.2916e-015, Max:42.989, Ave 12858

Model | Source [Radiance

Total Flux:1.6994e-005 W, FluxEmitted Flux.0.00055684, 173 Incident Rays

For Help, press F1

TracePw
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Output explanation of this 2 Fresnel Lens/CPC System

85 Result viewer

Save
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Shown in the bottom left hand image is the irradiance map for the 10AM Sun position
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Output explanation of this 2 Fresnel Lens/CPC System

gl Result viewer
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Shown in the bottom left hand image is the irradiance map for the 5PM Sun position
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Live Demonstration
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The example files, recorded session and slides for this webinar will be
placed in the webinar section of the Lambda Research Website for later
viewing and use.

The new Solar Utility will be released with TracePro 7.3

Features to come in later releases, indirect sun contribution, and solar
tracking

The Solar Utility is in Early Access Now, Please try it out and lets
sales@lambdares.com have your feedback

Download TracePro 7.3 Early Access from www.lambdares.com

TracePw

N

Copyright @Lambda Research /%{%gégg?l
Corporation 2012, All Rights Reserved

Corporation



Q&A
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Thank You
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