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Calculation steps of a yield assessment
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Calculation steps of a yield assessment
Energy Rating (ER)






 Reflection losses
 Spectral effects

 Dependency on irradiance level
 Dependency on temperature





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Calculation steps of a yield assessment
Performance Ratio (PR)




 Partial shading (& inverter behavior)
 Soiling losses
 Reflection losses
 Spectral effects

 Dependency on irradiance level
 Dependency on temperature
 Mismatch losses
 DC + AC cable losses
 Inverter efficiency and limitations
 Transformer losses

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Calculation steps of a yield assessment
Typical initial yield

 Horizontal irradiation (history)

 Diffuse fraction & conversion into module plane
 Partial shading (& inverter behavior)
 Soiling losses
 Reflection losses
 Spectral effects

 Dependency on irradiance level
 Dependency on temperature
 Mismatch losses
 DC + AC cable losses
 Inverter efficiency and limitations
 Transformer losses

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Calculation steps of a yield assessment
Long term yield

 Horizontal irradiation (history)
 Horizontal irradiation (future)
 Diffuse fraction & conversion into module plane
 Partial shading (& inverter behavior)
 Soiling losses
 Reflection losses
 Spectral effects

 Dependency on irradiance level
 Dependency on temperature
 Mismatch losses
 DC + AC cable losses
 Inverter efficiency and limitations
 Transformer losses
 System degradation
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Calculation steps of a yield assessment
Actual long term yield

 Horizontal irradiation (history)
 Horizontal irradiation (future)
 Diffuse fraction & conversion into module plane
 Partial shading (& inverter behavior)
 Soiling losses
 Reflection losses
 Spectral effects
 Product specifications vs. actual properties
 Dependency on irradiance level
 Dependency on temperature
 Mismatch losses
 DC + AC cable losses
 Inverter efficiency and limitations
 Transformer losses
 System degradation



© Fraunhofer ISE 

9

Calculation steps of a yield assessment
PV Module Energy Rating

 Horizontal irradiation (history)
 Horizontal irradiation (future)
 Diffuse fraction & conversion into module plane
 Partial shading (& inverter behavior)
 Soiling losses
 Reflection losses
 Spectral effects
 Product specifications vs. actual properties
 Dependency on irradiance level
 Dependency on temperature
 Mismatch losses
 DC + AC cable losses
 Inverter efficiency and limitations
 Transformer losses
 System degradation
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PV Module Energy Rating
Formulae

 DC Yield:
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PV Module Energy Rating
Formulae

 DC Yield:
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PV Module Energy Rating
Formulae

 DC Yield:

 Module Performance Ratio (MPR):



© Fraunhofer ISE 

13

PV Module Energy Rating
Formulae

 DC Yield:

 Module Performance Ratio (MPR):
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PV Module Energy Rating
Uncertainties

 Module Performance Ratio (MPR):
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A Set of Samples
List of modules

ID cell techn. efficiency meas. – nom. eff.

 A1 c-Si 14.7 % –1.6 % 

 A2 c-Si 16.3 % +1.1 % 

 A3 c-Si (high eff.) 17.1 % +0.0 % 

 B1 CdTe 10.3 % –1.3 % 

 B2 CdTe 12.2 % +1.1 % 

 C1 CIGS 11.9 % +4.3 % 

 C2 CIGS 12.4 % –5.0 % 

 D a-Si 5.9 % –6.7 % 
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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

 1 Norwich, UK 978 10.3  

 2 Breisach, Germany 1216 9.8

 3 Rafah, Egypt 1876 20.7
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Uncertainty of ER Input Values
How to obtain the “u” values ?

 Uncertainty of Module Performance Ratio (MPR):
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Uncertainty of ER Input Values 
The “u” values
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Uncertainty of ER Input Values 
Module power @ STC

STC power measurement 
uncertainties derived from research
on the uncertainty budget of 
Fraunhofer ISE‘s CalLab PV Modules

(depends on cell technology)
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Uncertainty of ER Input Values 
Angle of incidence (AOI)

AOI effect uncertainty:

1% everywhere

(further reserach necessary)
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Uncertainty of ER Input Values 
Spectral response

Spectral effects:

uncertainty of spectral distributions
X

shape of spectral respose

(depends on cell technology)
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Uncertainty of ER Input Values 
Dependency on irradiance level

Low light response:

assessment of meas. uncertainty at 
600 W/m² and 200 W/m²

(depends on cell technology and site)
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Uncertainty of ER Input Values 
Dependency on module temperature

Temperture effects:

uncertainty TkPstc = 10%
X

distribution of module temperature

(depends on cell technology and site)
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Results: Module Energy Rating and Uncertainties
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Results: Module Energy Rating and Uncertainties

HPOA [kWh/m²]
fAOI [%]
fspectrum [%]
fG [%]
fT [%]

MPRnominal [%]
Expanded uncertainty 

MPRrealistic [%]
Expanded uncertainty

YDC,specific [kWh/kWp]
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Results: Module Ranking and Uncertainties
Nominal Module Performance Ratio
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Results: Module Ranking and Uncertainties
Actual Module Performance Ratio
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Results: Module Ranking and Uncertainties
Actual Module Performance Ratio

“ISE 100“
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Results: Module Ranking and Uncertainties
Nominal Module Performance Ratio

“ISE 100“
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Results: Module Ranking and Uncertainties
Module Ranking

Using the “z-score”:  z = ( MPR – MPRref ) / uMPR

A2 D B1  
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Conclusions

 Even simple assumptions on individual measurement uncertainties lead 
to overall module performance ratio uncertainties varying with module 
type and climatic region

 Typical module performance ratio uncertainties may be greater than the 
actual differences in module performance ratio

 A reference to the current state of the art (e.g. the most recent 100 
module characterizations) and to MPR uncertainty (using the z-score) 
may help to keep uncertainties in mind
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Thank you for your attention!
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ertragsgutachten@ise.fraunhofer.de


