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Motivation

Incoming irradiance should be maximized

Solar tracking can help

Which orientation is optimal?
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Motivation

= Different methods described in literature
» Astronomical tracking(*l/ true tracking!?!
» Diffuse radiation method!3!
* Analytic equations!*>]

= Based on assumption of diffuse irradiance is isotropic/azimuth

independent
* Inabsence of direct irradiance, flat orientation is preferred
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Motivation

= Diffuse irradiance should be treated anisotropicl!!
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Objectives

Modeling

%
TUDelft 5



3
TUDelft

-

Modeling framework

PVMD Toolbox!!!

Rec Irraddiance = Irradiance map X Sensitivity map!?2!

\

South

North Irradlance [W/gdz/sr]

l if)

400

300

200

100

Sensitivity [-]

0.9

0.8

] 0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

South 01

[1] M. R. Vogt, et al., Sol. Energy Mater, 247, 111944 (2022)
[2] R. Santbergen, et al., Solar Energy, 150, 49-54 (2017)



Sensitivity map
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Modeling framework

=  PVMD Toolbox!!!

= Rec Irraddiance = Irradiance map X Sensitivity map!?2!
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Sensitivity map 1-axis configuration

= Assumptions
* Field of 5 by 25 modules
» Backward raytracing!!! (two generations)
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Sensitivity map 1-axis configuration

= Assumptions
* Field of 5 by 25 modules

» Backward raytracing!!! (two generations)
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Sensitivity map 1-axis configuration

= Assumptions
* Field of 5 by 25 modules

» Backward raytracing!!! (two generations)
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Sensitivity map 2-axis configuration

= Assumptions
e Stand-alone module

e View factor approach L
« Albedo = 20% (specular) Sensitivity map
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Sensitivity map 2-axis configuration

= Assumptions
e Stand-alone module
* View factor approach

« Albedo = 20% (specular) Sensitivity map
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Sensitivity map 2-axis configuration

= Assumptions
e Stand-alone module

e View factor approach L
« Albedo = 20% (specular) Sensitivity map
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Sensitivity map 2-axis configuration

= Assumptions
e Stand-alone module

e View factor approach L
« Albedo = 20% (specular) Sensitivity map
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Objectives

Optimal position
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Optimal position

Input parameters

Position sun: Delft, July 7th
Irradiance

Varying parameters
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Optimal position 2-axis
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Objectives

Simple equation
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Simple equation

= Simple equation to avoid complex modeling
Delft, TMY

= Realistic input conditions 100 | | | | |
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Simple equations 1-axis

" Goal: ¢eq = f(Psun, GHI, fTrpnr) '_6:2_ _=_ E'Z_{ _+_ f%g ) _f_rl_)I_V£ _:
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Simple equations 1-axis

e
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Simple equations 2-axis

" Goal: AZoq = f(AZsyn, GHI, f1pn1) Geq = [(Psun, GHI, frpng)
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Simple equations 2-axis

" Goal: AZoq = f(AZsyn, GHI, f1pn1) Geq = [(Psun, GHI, frpng)
" Propose:  Az,, = Azg, Peq = (1 — e~ cTToNICHY gy
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Conclusion

=  Modeling framework 1-axis and 2-axis

=  Optimal position for different weather conditions

=  Equations to predict optimal orientation
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1 axis 2 axis
2 Azeq = AZsyn
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Thank you for your attention!
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Different climates
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