PERFORMANCEER
PLUS HIB

Performance Plus
Accurate optical-thermal-electrical modelling of PV
modules

Authors: Hans Goverde, Dimitrios Anagnostos, Francky
Catthoor

Date: 19-04-2014

This project has received funding from the European Union’s Seventh Programme for research, technological development -
and demonstration under grant agreement No 308991. 1 =I



PERFORMANCE HE
PLUS HIB

Content

] Motivation

d Overview Model
- Optical
- Thermal
- Electrical

 System scenario approach
 Model validation

. Conclusions

This project has received funding from the European Union’s Seventh Programme for research, technological development
and demonstration under grant agreement No 308991.

> &



AT (°C)

PERFORMANCEER
PLUS HIB

Motivation
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Overview Model
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Optical Modelling

 Layer-by-layer absorption model

1 Physical properties solar cell and PV module

 Ray-tracing
- Calculate electrical and thermal generation
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Thermal Modelling PLUS HIl

Rth_convection_back

- Calculate solar cell temperature using a
thermal equivalent circuit €

Cth_backshe

—r

g UoDI|IS YN B3U0D|(IS UIRABaYSHIRG T UIY

d Bottom-up thermal equivalent circuit o ateme b
O Thermal resistances and capacitance T
O Generated heat @
O Heat losses <[
> Radiation Fo s of
- Convection GL@%
- Conduction R .?
. o 3 2
O Electrical dissipation .; L] .;
Parameters thermal equivalent circuit § "%

extracted from experiments and FEM
models

sse|b Yy auosi|l

Rth_convection_front

This project has received funding from the European Union’s Seventh Programme for research, technological development
and demonstration under grant agreement No 308991.




| EE
Conduction of heat PERFORMANCE®E

FEM model Q 3D FEM model constructed to
Investigate inter-module heat
conduction

1 1 solar cell illuminated at 1000
W/m?

O Analyse heat flow

] Calculate thermal resistance
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Free

and forced convection wind PERFORMANCEBRE
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tunnel experiment
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Free and forced convection FEM model
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@ 2D FEM model of PV module in free
uniform wind field constructed

 Heat transfer model coupled to CFD
model

O Wind tunnel experiments used to
validate simulation results
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Electrical model PV module pERFORMA'\AEE==

dTemperature dependent 1-diode model of PV cell
- Vary J, and V,

JParameters 1-diode model extracted from IV
measurement
- Flash/steady-state IV test

dinterconnect PV cells for full PV module

Thermal Electrical
T T I T I ' I ' I ! Rc_2.1
| _ 2 _ ° _ ° B RC_Z.2 N .
6ri=742Wm°T,=15°C, T =16.8°C
sC o g Rth_silicone_glassl _silicope_backd x
| = 2 = o = o A T & Rth_sol il ] g Rseries
/=700 Wm*T,,=15°C, T = 18.3°C _ ; b ey . ;
s E S - £ S 2 iph Rshunt
4l ' T g ? 28 & o I E
2 5' ‘ Z| P £ :'
~ ] 3 5' G Vth| ambient_tem$ &
= i 3 k & b
g Rc_1.1 Rc_1.2 .~Rc_1.3 Rc_1.4
S - ) ~ . ~ . \\ ] Rc_3.1 " E
oL 1=403Wm* T, =12°C, T =10.5°C \ e 2
[ o
\ 2
[1=299.9 Wm°T_ =11.1°C, T_=7.8°C 1 . §  [hslicone dassd
1 - amb : 7 "mod * A pl 555"750'”—“9" Rseries 1
2 @
| V\\ ‘\ | § ? T% EI T Rshunt1
0 . 1 L 1 L 1 . 1 . 1 M| EI »© é ]
0 5 10 15 20 25 30 g &) %
g
Voltage (V)
This project has received funding from the European Union’s Seventh Programme for research, technological development -
and demonstration under grant agreement No 308991. 10 =I

26/05/27014 Modellina Activities



PERFORMANCE HE
PLUS HIB

Comparison with other methods

0 Cross-validation with other methods of daily energy yield estimation
O University of Oldenburg: high resolution weather and energy yield data
0 The presented results focus on comparison with PVsyst 6
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Conclusion

 E-yield model suitable for non-steady state and non-
uniform conditions

d Optical, thermal and electrical properties PV module
Integrated

 System scenario principles used to reduce computational
effort while maintaining accuracy around applicable
levels

1 Model successfully validated against outdoor setup UOL
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