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Executive Summary 

This report presents the preliminary annual energy production estimate for the Ruvo di Puglia wind farm 
project in Italy, with a capacity of 57.6 MW.  

The calculations have been carried out using high resolution mesoscale data (EMD-WRF Europe+ 
covering a 20 year-period).  

The client provided the layout which consists of 8 wind turbines V172-7.2. Two different hub height 
solutions have been considered, 114 and 150 m. 

No neighbouring wind farms have been considered.  

The annual energy production is summarised in Table 1. Wake and electrical grid losses have been 
calculated and a lump sum for other losses have been estimated.  

A number of reasons makes these results preliminary, and to be considered with great care: 

• The input is simulated wind data from a mesoscale model, with a horizontal resolution of 
3x3 km: these data can be notoriously off compared to ground truth, particularly on complex 
terrain. Only on-site measurements can guarantee with accuracy an investment of this kind 
requires. 

• The data have been downscaled using previous experience in the region, but in different, distant 
terrain. While there certainly is value in this procedure (rather than leaving data fully 
uncalibrated), it still bears a significant uncertainty. 

For all the reasons above, the numerical results indicated in Table 1 can only be seen as indicative, and, 
in terms of production and its derivatives, are affected by uncertainties in the order of 20%. 
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Table 1. Results Summary. 

Project Description   

Layout 1 2 

Turbine type V172-7.2 V172-7.2 

Hub Height [m] 114 150 

Number of turbines 8 8 

Installed Capacity [MW] 57.6 57.6 

Preliminary Gross and Net AEP   

Mean long-term wind speed [m/s] @ hub height 6.4 6.6 

Gross Production [GWh/y] 161 170 

Net Production (P50) [GWh/y] 144 152 

P50 - Capacity Factor [%]  29 30 

Uncertainty,  P90    

Uncertainty (20 years) [%] 20 20 

P90 (20 years) [GWh/y] 107 113 

P90, Capacity Factor [%] 21 22 
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Recommendations 

To ensure a decrease of the uncertainty and get the estimates to a bankable level, on-site measurements 
for at least 12 consecutive months shall be undertaken, as recommended in  “Technical Guidelines for 
Wind Turbines, TR6” [1] and MEASNET “Evaluation of Site Specific Wind Conditions” [2].  

A proper design of measurement campaign is crucial to maximize the chances for the lowest achievable 
uncertainty on wind measurement and flow extrapolation. 

Depending on social and environmental constraints – which were not disclosed at this stage – there 
might be room for improving the present layout. 
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1 Purpose 

This report presents the preliminary annual energy production estimate, based on wind data from a 
mesoscale model output for the Ruvo di Puglia wind farm project in Italy with a capacity of 57.6 MW.  
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2 Site Description 

2.1 Location 

The center of the wind farm is located about 7.5 km South-West of the town of Ruvo di Puglia, in Italy. 

 

 

Figure 1. OpenTopo map of the region, with the preliminary layout as red symbols. 

 

2.2 Terrain description 

The planned turbines lie on a small plateau, with the terrain quickly rising to its South-West, towards 
the Apennines, and more gently sloping down towards the sea in the opposite direction.  

As digital elevation data, the TIN Italy DEM, 10 m gridded data transformed into 5 m equidistant contour 

lines, has been used 20 x 20 km around the site.  

The roughness has been compiled from land cover databases Corine 2018, 100 m grid for an area of 60 
x 60 km around the site.  
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3 Methodology 

For the purpose of preliminary energy yield assessment, the use of mesoscale data is deemed suitable. 

The calculations have been carried out using 20 years of wind data from one grid node of the high-
resolution mesoscale model WRF (EMD-WRF Europe+)1. The location of the mesoscale node can be seen 
in Figure 2.  

The mesoscale data have been downscaled to the microscale level of the site using a procedure [3] 
where mesoscale data are processed by WAsP [4]. The process first uses the mesoscale terrain (provided 
by EMD) on  the mesoscale data, and then the microscale terrain data at the turbines.  

Due to the nature of mesoscale data wherein the wind speeds are often offset, the initial wind speed 
results have been further scaled by a factor (1.018), based on previous experience in the region. This 
step somehow helps in decreasing the uncertainty, but at the same time it is based on different and 
distant terrain conditions, and thus in itself bears a significant uncertainty. 

The resulting dataset was then extrapolated to each WTG location to assess the specific microclimate, 
then used to estimate the energy production.  

 

Figure 2. Location of the mesoscale data node (orange symbol) and planned turbines.  

 

1 EMD-WRF Europe+ high resolution mesoscale data has been obtained. The mesoscale model is at a spatial resolution of 
0.03°x0.03° or approximately 3x3 km with hourly temporal resolution. ERA5 data from ECMWF (http://www.ecmwf.int) has 
been used as the global boundary data set. The modelled heights are 200, 150, 100, 75, 50, 25, 10 m AGL. [5] 
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4 Wind Data  

Following the downscaling method described previously, the long-term wind data used for the 
preliminary estimates are presented below, for a representative location (WTG 8). 

Table 2. Sectorwise mean wind speed and frequency of 20 years wind data at the position of WTG 8, 150 
m AGL. 

Position  WTG 8  150 m AGL 

Sector 
Arithmetic  mean wind speeds 

[m/s]  

Frequency 

[%] 

 0 N 5.6 11.8 

 1 NNE 4.2 6.7 

 2 ENE 3.8 4.2 

 3 E 3.7 3.2 

 4 ESE 3.8 2.7 

 5 SSE 6.0 3.9 

 6 S 9.2 10.3 

 7 SSW 7.2 8.7 

 8 WSW 7.7 8 

 9 W 7.5 8.8 

10 WNW 7.0 19.1 

11 NNW 5.3 12.6 

All 6.4 100 

 

The long-term frequency and energy distribution for the downscaled EMD-WRF Europe+ mesoscale data 
at 150 m AGL indicate a main wind energy direction from West-North-West (Figure 3).  
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Figure 3. Frequency and energy distribution at WTG 8 position, 150 m AGL based on 20 years of EMD-
WRF Europe+ downscaled data. 
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5 Results 

5.1 Energy Yield Predictions 

Based on the estimated wind resource, layout, standard power curves and adjusted air density, the 
preliminary energy prediction has been calculated. The results are presented in Table 3. 

Losses have been calculated (wakes and electrical grid) or given a standard value, to get the net 
production.  

The level of uncertainty on the annual energy yield predictions is high due to the use solely of mesoscale 
data and estimated to be in the order of 20%. 

Note that for a preliminary assessment as conducted here, it is not deemed relevant and could even be 
misleading to present detailed evaluation of losses and uncertainty.  

Table 3. Results, P50 and P90. 

Results    

Layo ut  1 (114 m HH) 2 (150 m HH) 

Installed Capacity [MW] 57.6 57.6 

Gross Production [GWh/y] 161 170 

Wake losses [%] 2.9 2.6 

Total Losses incl. wake losses [%] 10.6 10.4 

Net Production (P50) [GWh/y] 144 152 

Uncertainty (20 years) [%] 20 20 

P90 (20 years) [GWh/y] 107 113 
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Figure 4. Losses included in the calculations, in % and GWh/y: above, for the 114 m hub, below, for the 
150 m hub. 
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 Park Calculation – 114 m HH 
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 Park Calculation – 150 m HH 
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