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To Battery

Overview

1. Introduction
2. Bi-facial PV modules
= Rear side irradiance
= Electrical model
= Bi-facial PV module characterisation
3. Simulation and modelling of bi-facial PV
modules
4. Ray tracing
= RADIANCE software
5. Proposed solution
* Program flow
6. Simulation results
7. Conclusions and future work
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Introduction 2P

Active rear side leads to potentially higher power outputs.
Cost difference: Mono-facial vs Bi-facial

Market for bi-facial PV

Characterization and simulation

Existing simulation software: inaccurate

Ray tracing can serve as the solution
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" Bi-facial PV Modules
Rear side irradiance

(

Il f Mounting height

- Increased irradiance
between 0-1m

Albedo T
- Ratio between reflected
and received irradiance by
ground surface

Mounting structure
- Self-shading severely
decreases performance
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IL; and IL;, are dependent on received irradiance.

Iy = Ir + I, after shunt- and series resistances
Rshs, Rsg,Rsh, and Rs, are taken into account.

Rear side operates independently and only contributes to the
total current output.
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Bi-faéial PV Modules
Characterization

) Shortcoming:
= : i T
[ . No standardized characterization of bifacial
- modules
Z
—_—
o . Standard Test Conditions (STC) for
E mono-facial modules
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Current implementation (NREL):
1. Cover the rear side of the module.

2. llluminate the front side and take power
measurements.

3. Turn the module around with the front side now
covered.

4. llluminate the rear side and take power
measurements.

Bi-faciality factor
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Ray Tracing

Wi b

UNIX based

Open-source toolkit

Architectural lighting analysis

CAD compatibility (.dwg -> .rad)

Own geometric functionality (.txt -> .rad)
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Basic scene rendering Irradiance mapping
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Geometric

nxm
modules

Midpoint (x y 2)
Normal vector
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Normal to module
surfaces
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Simulation Results ' "
Tilt optimization G

Non-optimized .

_ Solar altitude =30 °
Module tilt angle = 90°

Tilt optimization

Optimized 150 o optinsied th

Module tilt angle = 45°
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Simulation Results”'" '

Effect of albedo ,g/ o
& (=
Soil _

Albedo = 0.45

-

Soil vs Snow (Albedo)

Snow

Albedo = 0.85
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Bi-facial
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Total irradiance = Front + Rear
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Mono-facial vs Bi-facial

Irradiance (W/mA2)
8

e bi-facial

e MONO-facial

1 2 3 45 6 7 8 9 10111213 14 1516 17 18 19 20 21 22 23 24 25

Modules

UNIVERSITEIT
STELLENBOSCH
UNIVERSITY

Scatec Solar

Chair in Photovoltaic Systems



Scatec Solar

STELLENBOSCH i 5
UNIVERSITY Chair in Photovoltaic Systems




FAKULTEIT INGENIEURSWESE

=

Tl EH—

C ]

IS

UNIVERSITEIT
STELLENBOSCH
UNIVERSITY

Annual energy yield
Max/Min voltage and current ratings
Test various sky models

Optimization algorithms
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IRRADIANCE MODELING FOR BI-FACIAL PV
MODULES USING THE RAY TRACING TECHNIQUE.
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