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Case study: Comparison between the calculated and actual energy yield of a wind farm 

 
 Estia Consulting & Engineering is committed to constant monitor and improve the algorithms and methods used to 
calculate the potential energy yield of a future wind farm. In this short paper a case study of cross-checking the actual energy 
yield of an operating wind farm with the calculated yield of the study conducted prior to the project implementation, is 
presented. 
 The project of the case study is located in Sidirokastro, Macedonia,  Northern Greece. It consists of 2 Gamesa G90 wind 
turbines, rated at 2000kW and installed with 78m hub height. The terrain is characterized as highly complex and the WTG 
spacing is confined, due to a limited area available for licensing.   Main  Wind  direction  is  N & NNW  imposing  real  challenges  
regarding  the prediction of wakes  and  their  effects. 
 

 
Satellite view of the wind turbine and reference mast locations.                    View of the terrain complexity from the top of WTG no.2. 

 
The measured net energy yield figures during the first year of operation are shown below: 
 

 Project energy yield (net yield at the grid connection/metering point, 2 years reference period March 2016 - February 
2018, obtained by the grid operator invoices): 20646 GWh, on average giving 10323 GWh/yr. 

 

 

 

 

The results are very close (discrepancy equal to 1% for the yield figures, 0.3% on the net CF) showing the accuracy achieved with 

the wind data process along with the wind field modeling and energy yield methodologies. The uncertainty analysis of the 

energy yield study shows that the yield of the later (compared to the measurements reference period) operating period also fell 

within the calculated and expected bounds. This is the result of an extensive analysis, where factors such as the inter-annual 

wind variation, the wind speed measurement uncertainty and other factors contributing to discrepancies are thoroughly 

assessed and calculated. The uncertainty analysis for the gross yield of this project given to the client prior to the project 

construction is shown in the following table. 

Confidence level Calculated gross yield lower bound [GWh/yr] Calculated gross yield upper bound [GWh/yr] 

P50 9.719 10.710 

P68 9.480 10.949 

P80 9.274 11.155 

P90 9.010 11.419 

P95 8.775 11.654 
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Actual project data 
10323 GWh (CF=29.5%) average yearly 

energy yield (Mar.16 - Feb. 18) 

Energy yield study, longterm period 

calculated average 10215 GWh/yr (CF=29.2%) net 
yield for a 20-year period 

The wind measurements 
used in the energy yield 
calculations, prior to the 
project construction, were 
obtained by various masts 
and LIDARs scattered in the 
area. A site calibration has 
also been conducted for 
the exact calculation of the 
wind speed on the WTG's 
based on the wind speed at 
the mast shown on the left 
picture. 



 

The yearly net yield figures are : 10.368GWh (Mar.16-Feb17, 1st year), and 10.278GWh (Mar.17-Feb.18, 2nd year). 

The uncertainty analysis shows that the actual yield falls within the calculated bounds. The uncertainty methodology can provide 

accurate results even in the least "safe" confidence level, P50. 

In this project, several factors that introduce uncertainty and discrepancies between the calculated and the actual yield were 

confronted. The highly complex terrain along with the WTG layout in which the wake effects (a parameter that is calculated 

from models and approximate methods) are extremely important, presenting a challenge for the accuracy of the yield 

calculation methodologies. The state-of-the-art Computational Fluid Dynamics (CFD) modelling of the wind flow field, coupled 

with in-house developed methodologies by ESTIA, can provide safe results for the yield calculation of a future project. The 

services offered are constantly monitored and enhanced under the scope of minimizing the discrepancies and investment risks. 

The accuracy has been checked both in-house as well as in international blind tests (e.g. CREYAP) in which ESTIA participates and 

systematically achieves a similar level of accuracy. 

Overall, it can be proved that the methodology applied by ESTIA can successfully predict the actual energy yield of a wind 

farm, providing accurate calculations that lie within the actual future production figures thus leading to safe investment 

analysis. 
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Case study: Comparison between the calculated and actual energy yield of a wind farm 

 
 Estia Consulting & Engineering is committed to constant monitor and improve the algorithms and methods used to 
calculate the potential energy yield of a future wind farm. In this short paper a case study of cross-checking the actual energy 
yield of an operating wind farm with the calculated yield of the study conducted while the project was in full operation, is 
presented. The blind test method proves the accuracy of the energy yield predictions for future wind farm projects as well. 
 The project of the case study is located in Sidirokastro, Northern Greece. It consists of 20 Vestas V52 wind turbines, 
rated at 850kW and installed with 44m hub height and is in operation since 2006. The terrain is characterized as highly complex 
and the layout follows the ridgeline which faces directly the main wind directions in the area (N & NNW). 
 

  
                
 
The energy yield sold to the grid operator during the period 1/12/2009-30/11/2010 is analyzed below: 

 The project total net yield for reference period is equal to 34,0375 GWh. 

 The calculated energy yield using the wind data from the mast and LIDAR, for the same reference period and using the 
energy yield assessment methodologies of ESTIA, results in 35,1591 GWh (including all technical losses).  

 

 

 

 

The results are close (discrepancy equal to 3,3% for the yield figures, 0.7% on the CF), showing the accuracy of the yield 

assessment methods of ESTIA even with the use of a distant located reference mast. The uncertainty analysis of the energy yield 

study shows that the actual yield of reference period fell within the calculated and expected bounds. This is the result of an 

extensive analysis, where factors such as the inter-annual wind variation, the wind speed measurement uncertainty and other 

factors contributing to discrepancies are thoroughly assessed and calculated. The uncertainty analysis for the net yield of this 

project is shown in the following table. 

Confidence level Calculated gross yield lower bound [Gwh/yr] Calculated gross yield upper bound [Gwh/yr] 

P50 33,681 36,637 

P68 32,968 37,350 

P80 32,354 37,964 

P90 31,565 38,753 

P95 30,864 39,454 
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Actual project data 
 

total of 34,0375 GWh (CF=22,9%) net energy 
yield during the period Dec.09-Nov.10. 

Energy yield study 
 

calculated 35,1591 GWh/yr (CF=23,6%) net yield  
during the same period 

Ref.mast 

The wind measurements 
used in the energy yield 
calculations were obtained 
by 30m mast assisted by a 
LIDAR. The mast is located 
downwind of the wind 
farm, at a distance ranging 
between 1655-2927m from 
the wind turbines whose 
yield is assessed according 
to this mast & LIDAR wind 
data. 

Satellite view of the wind turbine layout. View towards West, the main 
wind directions are coming from the North (right side of picture).                

 

 

View of the reference mast location compared to the 
wind farm. 
 

 

Wind farm 

Main wind directions 



 

The uncertainty analysis shows that the actual yield falls within the calculated bounds. The uncertainty methodology can provide 

accurate results even in the least "safe" confidence level, P50. 

In this project several factors that introduce uncertainty and discrepancies between the calculated and the actual yield were 

confronted. The highly complex terrain along with the WTG layout in which the wake effects (a parameter that is calculated 

from models and approximate methods) are extremely important, presenting a challenge for the accuracy of the yield 

calculation methodologies. The state-of-the-art Computational Fluid Dynamics (CFD) modelling of the wind flow field, coupled 

with in-house developed methodologies by ESTIA, can provide safe results for the yield calculation of a future project. The 

services offered are constantly monitored and enhanced under the scope of minimizing the discrepancies and investment risks. 

The accuracy has been checked both in-house as well as in international blind tests (e.g. CREYAP) in which ESTIA participates and 

systematically achieves a similar level of accuracy. 

Overall it can be proved that the methodology applied by ESTIA can successfully predict the actual energy yield of a wind farm, 

providing accurate calculations that lie within the actual future production figures thus leading to safe investment analysis. 
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Case study: Comparison between the calculated and actual energy yield of a wind farm 

 
 Estia Consulting & Engineering is committed to constant monitor and improve the algorithms and methods used to 
calculate the potential energy yield of a future wind farm. In this short paper a case study of cross-checking the actual energy 
yield of an operating wind farm with the calculated yield of the study conducted while the project was in full operation, is 
presented. The blind test method proves the accuracy of the energy yield predictions for future wind farm projects as well. 
 The project of the case study is located near the city of Alexandroupoli in Northern Greece. It consists of 5 Enercon E-40 
wind turbines, rated at 600kW and installed with 46m hub height. The terrain is characterized as highly complex and the layout 
follows the ridgeline which faces directly the main wind directions in the area (NNE & NE). 
 

  
                
 
The measured energy yield figures (obtained by the SCADA monitoring system) and the achieved contract availability during the  
reference operating period  are  shown  below: 

 Project energy yield (gross yield, measured at the high side of the WTG transformers, reference period 8/11/2008-
8/11/2009): 7,427162 GWh with 99.36% availability. 

 By applying a direct proportion, a gross energy yield equal to 7.475 GWh is calculated at 100% availability. 

 Adding to this an estimated 2.0% energy losses at the WTG transformers, a final actual gross yield for this period is 
calculated equal to 7.6245 GWh. 

 

 

 

 

The results are close (discrepancy equal to 2,7% for the yield figures, 0.8% on the CF), showing the accuracy of the yield 

assessment methods of ESTIA even with the use of a low level reference mast appropriately sited upwind of the project. The 

uncertainty analysis of the energy yield study shows that the actual yield of reference period fell within the calculated and 

expected bounds. This is the result of an extensive analysis, where factors such as the inter-annual wind variation, the wind 

speed measurement uncertainty and other factors contributing to discrepancies are thoroughly assessed and calculated. The 

uncertainty analysis for the net yield of this project is shown in the following table. 

Confidence level Calculated gross yield lower bound [Gwh/yr] Calculated gross yield upper bound [Gwh/yr] 

P50 6,937 7,904 
P68 6,704 8,137 
P80 6,503 8,338 
P90 6,245 8,596 
P95 6,015 8,826 
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Actual project data 

total of 7,6245 GWh (CF=29,0%) gross energy 
yield during the period Nov.08-Nov.09. 

Energy yield study 
 

calculated 7,4205 GWh/yr (CF=28,2%) gross yield  
during the same period 

Ref.mast 

The wind measurements 
used in the energy yield 
calculation were obtained 
by a 30m mast only. The 
mast is located upwind of 
the project, at a distance 
ranging between 646-
913m from the wind 
turbines whose yield is 
assessed according to this 
mast data. 

Satellite view of the wind turbine layout. View towards NE, the 
main wind directions are coming from the same direction.   

 

 

View of the reference mast location compared to the 
wind farm. 
 

 

Wind farm 

Main wind directions 



 

The uncertainty analysis shows that the actual yield falls within the calculated bounds. The uncertainty methodology can provide 

accurate results even in the least "safe" confidence level, P50. 

In this project several factors that introduce uncertainty and discrepancies between the calculated and the actual yield were 

confronted. The highly complex terrain along with the reference mast location (upwind of the wind farm) combined with its low 

height (30m) presented a challenge for the accuracy of the yield calculation methodologies. The state-of-the-art Computational 

Fluid Dynamics (CFD) modelling of the wind flow field, coupled with in-house developed methodologies by ESTIA, can provide 

safe results for the yield calculation of a future project. The services offered are constantly monitored and enhanced under the 

scope of minimizing the discrepancies and investment risks. The accuracy has been checked both in-house as well as in 

international blind tests (e.g. CREYAP) in which ESTIA participates and systematically achieves a similar level of accuracy. 

Overall it can be proved that the methodology applied by ESTIA can successfully predict the actual energy yield of a wind farm, 

providing accurate calculations that lie within the actual future production figures thus leading to safe investment analysis. 
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