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Prediction  of energy harvest  
 Slight optimizations in energy harvest have a tremendous effect on the economy of 

PV installations 
 Especially bifacial PV modules may result in a boost of energy harvest and lower 

LCOE 
 Still considerable uncertainty about results from simulations especially for bifacial 

systems and when soiling has to be considered 
 Available measurement data – mostly from stand-alone modules 
 Rare field data from existing, real installations & dependency on specific conditions 

Goal: Measuring tool for making comparative measurements on energy 
harvest 
 

Approach 
 Large test array to measure energy harvest of real, extended installation 
 Shading effects considered- array instead of stand-alone module  
 Measurement with permanently revolving modules (tilt angle variation) 
 Later: adaptive module technology according to the needs of the user 
 Miniaturized test array  (MTA) 
 ⇒ Measurements with fast variation of mounting conditions  
 ⇒ Comparison of both set-ups to test correspondence 

Measurement setup with permanently revolving 
modules. Height, distance between the rows and 
reflecting ground can be changed manually. Also 
the global orientation of the array can be varied. 
The most relevant module in the center, which is 
best suited to represent the actual conditions in 
real installations, is marked red. 

Large test array with commercial available 
60 cell bifacial modules 

Results & Ongoing tasks 
 
 There are different ways to determine the scaling factor 

 
 Compare daily yields and minimize the deviations 
 Compare the Mpp values of each sequence and scale 
 … 

 
 Long-term statistics to find best fit and to reveal reliabilty 

of factors 
 

 Identify systematic deviations of specific set-up (e.g. 
ARC → tilt dependency, orientation → time dependency, 
specific shading due to rig geometry) 
 

 Identify characteristic effects (e..g. direct shading) 

Results & Conclusions 

 

Measured energy yield as a function of tilt angle  
Is there correspondence between both test rigs? 

Yes? 

⇒Predictive measurements with small array !? 
 
 Predictive measurements if there is an unambiguous correlation 
 Determine (systematic) deviations and errors 
 Consider variable mounting situations (tilt angle, height, distance) 
 Consider variable lighting situations (clear sky, overcast, …) 
 Consider variable ambient conditions (albedo, temperature, soiling) 

Measurement data of the miniaturized and the large array for two arbitrarily selected days and tilt angles. The output of the 
miniaturized array is respectively scaled with a factor which minimizes the difference in daily yield for the whole day.   

Miniaturized test array. The arrangement is 
the downscaled version of the large test 
array shown above. Measuring cell marked 
in red. Next version adaptable cell 
according the needs of the user. 

Compare measurement data of large and miniaturized array – Congruence? Different tilt angles & lighting?  
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Conclusions 
 
 The miniaturized test array shows a surprisingly good 

correspondence compared to the output of real 
installations with bifacial modules when scaled with a 
suitable correction factor 
 

 The MTA can be a suitable measurement tool for the 
realistic prediction of energy harvest of large systems 
 

 There is no significant deviation caused by intensity 
variation ⇒ suitable for different lighting conditions 

Below: Measurement data of the miniaturized and the large array for two arbitrarily selected days and tilt angles. The output of 
the miniaturized array is respectively scaled with a factor which minimizes the difference in daily yield for the whole day.   

Which is the best way to determine the scaling factor? Temperature dependence? Ongoing tasks  
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