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* Why use LT

* How LT work

* Solar simulation in LT
* Basic solar panel model
* One day scan
* Yearly calculation

* Example and exercise
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Why use LightTools

LightTools is a complete optical design
and analysis software, Through Monte /
Carlo ray tracing, LightTools can simulate
the optical performance of photovoltaic
systems, especially when irradiances need
to penetrate the cover layer or
transmission in the light guide material
(such as LSC). Moreover, with the Solar
Tracker tool, LightTools can also perform
one-day or full-year simulation
calculations on the photovoltaic system
based on the illumination data.
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https://www.synopsys.com/optical-solutions/lighttools/application-gallery.html#solar
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How LightTools work
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Monte Carlo ray-tracing
* Light source

Direction, wavelength,
illuminance...

e Optical system
Reflection, refraction, absorption...
* Receivers

Collect data for analysis
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Solar system model in LightTools

Light source

* Solar source

* Artificial light source

Optical syetem

* Solar cells

* Light guide

* Block (cover, shadow, et, al.)
Receivers

* [lluminance

* Spectral distribution
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Light source

e Solar source
* Direct light
* Diffuse sky

* Artificial light source

Solar Source Utility, Version 8.6.0.0 1 — m}

Help

QU0 EEEE CeHEE Da@ I @

Setup  View Insolation Data Tracking Options ~ Cther Options  Summed Source

Direct Source Group Name DirectSun
Diffuse Source Name Diffuse Sky Use Small Flux
Instead of Zero
Data |Defau|t Meteonom (Full Year) v| \when Sun is not
Visible
Location |Phoenix (USA) v|

File Name |C:\ngram Files\Optical Research Associates"Light Tools E|

Hour (decimal) Reset Position Data If Present in Insclation Data

Location |PHOENIX(USA) | Description S
Latitude 335| Longitude 1277 | LghtTeols
Tinezos veur =

[] Use Characteristic Day January 17th

H

Get Values
From
LightTools

(7]
=1RE=l

QOutput Diagnostics

LT Azimuth |:| Direct Inslation (\Wim"2)
LT ETZenith Direct Source Aim Area

Sunrise Hour Direct Source Flux

Il
N

Sunset Hour Diffuse Insolation (Wim"2)
Diffuse Source Aim Area
System Units Diffuse Source Flux
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Optical system

* Drawing in LightTools e Material
* Import CAD model * Optical properties

https://designscad.c I ‘greent kshop-20x50-3d-dwg-model-autocad/
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Receiver

* |lluminance * Spectral distribution
* Mesh Dimensions e Accurate received spectrum
illuminance display (lens, solar  Calculation with QE (Quantum
concentrator) Efficiency)
* Mesh Result
Received power
(Optical efficiency, Power conversion t, gm Trredignee, W/m2

efficiency)

-
q%;

— O

0.001 1
count
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Solar tracker

* One day scan
 Solar source data
* 10 different locations
e 2005 whole year data
* Including direct light and
diffuse light
e Customized cell efficiency

@ Solar Tracker Version: 8.6.0.0 (PID = 40592)

1000 b System Units ~ MILUMETERS | Progress [N

2] | @ 2 | Rays

S QC @ ol. -3 6 0@ ®

- O *

El-fls. Insolation Data

Sun Source Properties/Creation
Cell Receiver Properties./Creation
-{03] Tracking Properties

[ Test System/Make Day Path
=1-{g] One Day Scan

Mo oo oo Feic
(¥ Yearly Energy Calculations
{2 Advanced Source

Units

ttem Status 2
ox

Diffuse Source OK

Cell Receiver OK

Std. Insolation Data NOT LOADE
Meteonom STD Insolation ... | NOT LOADE
Meteonom LISER Insolatio... |OK

Tracking System Group MISSING

< >

1000

Power (watts)

Power Striking Solar Cell Receiver vs. Time

10 15
Time (hours)

20

717200512 1266 14346 12[ A
7/1/200513.7142857142857 1862 240
7/1/200515.4285714285714 39.21  26¢
7/1/200517.1428571428571 6057  27¢
7/1/200518.8571428571429 81.18 291
7/1/200520.5714285714286 99 308
7717200522 2857142857143 99 308
717200524 59 30543 0

Ready
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Result Values

Peak Total

Peak Total

Incident Solar Power (Watts)

Hectrical Power (Walts)

Peak Hectrical Power, Direct Light (Watts)
Peak Bectrical Power, Diffuse Light (Watts)

Summed Total Electrical Energy (Watt-Hrs)

Summed Total Electrical Energy (Watt-Hrs) From:

Hour to Hour

Peak Values

1.2039E+
3.0097E+

4.7046E+

[t M

2
A
&5 LSS S

Recalculate

TU/e



Solar tracker
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Yearly energy calculation

Using whole year solar data to
simulate the performance of the
solar system.

@ Solar Tracker Version: 8.6.0.0 (PID = 40592)

1000 b System Units + MILUMETERS | Progress [N

2] | @ P | Rays

Q00 @ al. 026 002 @

- O X

E!{l_p‘__ Insolation Data

Mh View Yearly Data

-2 Sun Source Properties/Creation
--{g@ Cell Receiver Properties/Creation
Tracking Properties

- Test System/Make Day Path
=-{ig) One Day Scan

--{§fj) Yearly Energy Calculations
- f2] Advanced Source
o Jlial] Units

Ready
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ltem Status ol

ox
Diffuse Source OK
Cell Receiver OK
Std. Insolation Data NOT LOADE
Meteonorm STD Insolation ... | NOT LOADE
Meteonorm USER Insolatio... |OK
Tracking System Group MISSING

v
£ >
12 3 18 0 0 A
12 3 19 0 1]
12 3 20 0 1]
12 K] 21 0 1]
12 3 22 0 1]
12 3 23 0 0
12 3 24 0 1]
02:28:22: Calculations Completed.

]

Reference Calculations Or Raytrace?

() (1) Do Yeary Calculations for a Flat Plate (1m”2 Area)
(® (2) Ray Trace Optical System (Uses Tracking Properties)

Tracking Months

Use Full Year First Month

Rays

Rays Per Source (Direct/Diffuse Traced Separately)

Calculate Yearly Energy
Incident “eary Enengy
Blectrical Yeary Energy

Data File

1

o
6712 KWatt-Hr

Last Manth 6

Calculate

ChUsers'zhu 3 \Documents\L TUser\YearData 0 b«
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Example

 PMMA covered silicon cell

* One day scan of a TUM logo solar panel
in a sunny day (Show in LightTools)

* Yearly energy calculation of different
angle solar panel in Seville (in exercise)
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PMMA covered silicon cell

* Light source (Solar simulator)
Ray Tracing > Surface Sources > RectSource
Position, Size (geometry), Emittance,
Spectral Region (Import)

Properties 3 x
+ |- Immersion  Spectral Region  Spectral Region Chat  Sufaces  Display
- % SolarSimulato Coordinates  Emittance  Aim Sphere  Geometry

Absolute
X

ki

z

Alpha

Beta

0.00000| rmm

0.00000] mm

200

.00 mm

180.00

0.an

oK

deqrees

degrees

Cancel

Relative
bt

ke

Z
Alpha

Beta

Ray Trace  Materal

0.00000 mm

0.00000] o

200.00) mm

180.00

0.00

Apply

degrees

degrees

Help

Weight

05

2
L] _:..-31 .a"'z
e Loy
4 1 1
ﬁ AT,

T
800 1000 1200 1400 1600
Wavelength (nm)

— spectralRegion

1800

2000

2200

2400
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PMMA covered silicon cell
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Optical system

* Silicon cell & PMMA cover
Mechanical > Draw Block
Size (geometry 1960*%990%*35),
Position, Material

* Optical properties
PMMA: 95% Transmittance + 5%
Reflectance
Silicon cell: Mechanical Absorber

Properties
e
- @ Si cell
=@ PMMA cover
+-R CubePrimit

< >

Properties
i
- @ Si cell

- CubePrimit

Geometly ' Coordinates

Width 1360.0) mm
Height 990.00( mm

Cancel Apply Help

Coordinates Ray Trace Material Immersion Optical Properties  Display

Absalute
® 0.00000] mm
ks 0.00000]
z 0.00000] mm

QK Cancel Apply Help

i1

X

A aall [E

T[e

Mechanical

| @
L\
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e
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PMMA covered silicon cell

* Receiver
Right click > Add Surface Receiver
Properties > Forward Simulation > Color
Analyses (spectral distribution)
* llluminance
e Spectral distribution
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Properties
T E
-5 Receiver

7 RightSurface
7 %+ Forward Simulation
] # llluminance Mesh
: % CIE Mesh [llluminanc
. - CCTMesh [llluminan
@ Intensity Mesh

-4y Spectral Distribution i

;5— (Backward Simulation)
ik (Hybrid Simulation)

Analysis  Controls
Enable Fomward Simulation Data Collection

llurminance Intengity

Fonward Mesh Fonward Mesh
nlnr Analyses [ Colar Analyses
[JEncircled Energy [ Encircled Energy

[Jintensity Slices

Spatial Luminance Angular Luminance
[ Forward Mesh ] Fomward Mesh
Color Analyses Color Analyses
OK

Cancel Apply Help
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+ |- Properties Mesh Results  Beam Width Smoothing  Mesh Data
Error Estimate:
At Peak

Average

%> Forward Simulation

llluminance Mesh Number of Samples 280701

"8 CIE Mesh [llluminanc Total Power [Unsmoothe)
¥ CCTMesh [llluminan

@ Intensity Mesh .
-y Spectral Distribution i Incident
»% (Backward Simulation) Absorbed 1B56.0/ v/ atts 0.00000 watts
=¥+ (Hybrid Simulation)

PMMA covered silicon cell

16560 atts Clipped by Sparture

Statistics Based on Smoothed Mesh Data

Re S u I t Inadiance

Min 0.00072841 | wiimm™2 Contrast Ratio 014350
° R i th | n I t Max 000098448 wmm™2 Slandard Devigtion | 3533009
u n n I n g e SI u a I O n Awerage | 000085332 wi/mm™2 Average Deviation 0.041411

Ray Trace > Simulation Input

Sigma ¥

Begin Forward Simulation . . S e I
* llluminance sson ot « x| ropetes "

Update Spectral Random Numbers ] [ Spectral Distribution  Spectral Distribution Chart  CRI CQS  CQS Chart

° O pti ca I effi Ci en Cy - Forward Backward Hybrid Deta Collection Ray Paths

Enable Farward Simulation £ RightSurface 35

%+ Forward Simulation
1 6 5 6 W Total Rays to Trace 100,000

g % llluminance Mesh 3 4
Riaps Currently Traced 100,000 -8 CIE Mesh [llluminanc
1.9404m2x1000 W/‘n’l.2 N T S CCT Mesh [Hiluminan 25
elative Ray Power Threshold a e Intensity Mesh
= 85.34% P oicr JA R
- . (o] Flay Analysis 2 ( i
. . . Show Preview Rays - (Hybrid Simulation) 51
* Spectral distribut
p e C ra I S rl u I O n Number of Fiaps for Preview and Region Analysis 14
[] Show Ray Report 08
Mo Ray Paths will be callected. ‘Mw
0 M

Last Gimulation Tims 0.13 seconds| B0 800 1000 1200 1400 1600 1800 2000 2200 2400
Wavelength {nm)

Receiver

FPower

—Spectral Distribution and CRI

Begin Forward Simulation Continue Foreard Simulation

OK Cancel App

< > oK Cancel Appl Help
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TUM logo solar panel

* 3.06m x 5.88m
e Show in LightTools
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Power Striking Solar Cell Receiver vs. Time

G000

Power (wratts)

2000
[E - &
0 5 10 15 20
Time {hours)
Result Values
Peak Values

Peak Total Incident Sclar Power (Watts)
Peak Total Hectrical Power (Watts)

Peak Hectrical Power, Direct Light (Watts)
Peak Hectrical Power. Diffuse Light (Watts)
Summed Total Blectrical Enengy (Watt-Hrs)

Summed Total Blectrical Enengy (Watt-Hrs) From:

Hour Ijl to Hour

7.6387E+
1.9097E+
1.8517E+,

9.6110E+3
32972643

Recalculate

I
+
ed [¥E] (Y] [2%]
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Thanks

Want to try LightTools?
More example and exercise?

We can provide a trial account
Please contact me x.zhu@tue.nl
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