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What are the questions?

Å What is the 20 year / 25 year energy yield?

Å How certain is this figure?

Å Which module type would be the best?
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Agenda

Å Module & System Yield Calculation Steps

Å PV Module Energy Rating

Å Uncertainty of Module Related Input Values 

Å An Example of Module Benchmarking and its Uncertainties

Å Conclusions
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Module & System Yield Calculation Steps

Actual long term yield

Å Horizontal irradiation (history)

Å Horizontal irradiation (future)

Å Diffuse fraction & conversion into module plane

Å Partial shading (& inverter behavior)

Å Soiling losses

Å Reflection losses

Å Spectral effects

Å Product specifications vs. actual properties

Å Dependency on irradiance level

Å Dependency on temperature

Å Mismatch losses

Å DC + AC cable losses

Å Inverter efficiency and limitations

Å Transformer losses

Å System degradation
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Module & System Yield Calculation Steps

PV Module Energy Rating
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PV Module Energy Rating

Formulae

Å DC Yield:
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PV Module Energy Rating

Uncertainties

Å Module Performance Ratio (MPR):
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PV Module Energy Rating

According to IEC 61853

Photovoltaic (PV) module performance testing and energy rating

Å Module measurements

ï IEC 61835-1:  Irradiance and temperature performance 

measurements and power rating

ï IEC 61835-2:  Spectral responsivity, incidence angle and 

module operating temperature measurements

Å Meteorological data

ï IEC 61835-4:  Standard reference climatic profiles

Å Performance prediction:

ï IEC 61835-3:  Energy Rating of PV Modules
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PV Module Energy Rating

According to IEC 61853

Photovoltaic (PV) module performance testing and energy rating

Å Module measurements

ï IEC 61835-1:  Irradiance and temperature performance 

measurements and power rating

ï IEC 61835-2:  Spectral responsivity, incidence angle and 

module operating temperature measurements

Å Meteorological data

ï MeteoNorm, SolarGIS, ...

Å Performance prediction:

ï PVSyst, PV*SOL, Zenit, ...
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A Set of Samples

List of modules

ID cell techn. efficiency meas. ïnom. eff.

Å A1 c-Si 14.7 % ï1.6 % 

Å A2 c-Si 16.3 % +1.1 % 

Å A3 c-Si (high eff.) 17.1 % +0.0 % 

Å B1 CdTe 10.3 % ï1.3 % 

Å B2 CdTe 12.2 % +1.1 % 

Å C1 CIGS 11.9 % +4.3 % 

Å C2 CIGS 12.4 % ï5.0 % 

Å D a-Si 5.9 % ï6.7 % 
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A Set of Samples

Dependency on irradiance level
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A Set of Samples

Dependency on module temperature
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A Set of Samples

Spectral response
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A Set of Samples

List of sites

ID Site Hor. Irrad. Avg. Temperature

kWh/m² ° C

Å 1 Norwich, UK 978 10.3  

Å 2 Breisach, Germany 1216 9.8

Å 3 Rafah, Egypt 1876 20.7
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Uncertainty of Module Related Input Values

How to obtain the ñuò values ?

Å Uncertainty of Module Performance Ratio (MPR):
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Uncertainty of Module Related Input Values

The ñuò values
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Uncertainty of Module Related Input Values

Module power @ STC
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Uncertainty of Module Related Input Values

Angle of incidence (AOI)


