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ABSTRACT 

For many years, wind energy consultancy firms has been producing long-term energy production 

estimates using only wind data collected prior to the construction of a wind project, and calculating 

the associated uncertainty estimates. In this paper we present a similar methodology to derive more 

accurate results once the wind farm has started operations and enough energy production data has 

been gathered for analysis. 

This operational assessment require fewer assumptions than pre-construction estimates and produce 

results with lower uncertainty −typically two thirds to one half of the pre-construction energy 

estimates−. Aside of obtaining an updated asset value, reducing the project risks enables the owner 

to refinance debt. This type of analysis can also help operators to understand plant 

underperformance. 

In the following paragraphs we will describe the proposed methodology and analyze the results 

obtained in a number of projects in Latin America. 



 

 

INTRODUCTION  

Well before the construction of a wind farm, pre-construction estimates are needed to anticipate net 

generation, estimated revenue and investment return. These pre-construction estimates are typically 

based on a wind measurement campaign onsite. After the wind has been recorded during a 

sufficient time (a minimum of one year is mandatory, but at least two is desirable), a number of 

steps are needed to derive a mean annual net generation for the next 10 or 20 years, mainly:  

1. Estimate the climatic wind resource at each met mast location. 

2. Extrapolate, if needed, to the hub height of the wind turbines. 

3. Estimate the wind resource at each turbine location from the measurement points, normally 

through a wind flow model. 

4. Transform this wind resource, modified by the wakes generated by the other turbines, to 

energy yield by each turbine, using the manufacturer’s power curve. This step is usually 

done by a plant design software, like openWind, WindFarmer or WindPro.  

5. Subtract any additional losses: maintenance periods, hysteresis, curtailment, electrical 

inefficiencies, etc. 

Each of these steps has an associated uncertainty, and combining all of them results in an overall 

uncertainty for the long-term net generation estimate. With this uncertainty value we can calculate 

the percentiles or probabilities of exceedance, i.e. a net generation value that will be achieved with a 

given percent of probabilities. To assess the risk in a project, and define the amount of needed 

investment that they will assume, the lenders use the probabilities of exceedance as inputs in their 

financial models. Banks typically use P90 and P99 values to determine the debt load capability of a 

project. In other words, the uncertainty associated to the energy estimation serves to assess the 

project risks, and as banks will lend more money, or more easily, to less risky business, reducing 

the uncertainty would help to the financial viability of the project. 

As the wind farm project advances and there is more understanding of the behavior of the wind 

farm, the risks decrease. Once the project starts operations, net generation can be directly measured 

at the metering point or at each turbine with a SCADA (Supervisory Control and Data Acquisition) 

system. Many of the assumptions made in pre-construction estimates, in terms of losses values and 



 

 

associated uncertainties, are not assumptions any more, as can be exactly inferred from the study of 

the actual operation of the plant. As a consequence, the overall project uncertainty is automatically 

reduced, leading to higher P90/P99 values, which in turn means an increased debt load capability 

for the project. 

Of the different extrapolations and assumptions present in pre-construction estimates, only a few 

still remain on an operational analysis. The most impacting ones are the adjustment of the observed 

net production to long-term and the future availability of the wind farm. Future plant availability 

can only be reasonably forecasted using judgmental methods. Long term correction, on the other 

hand, depends on our understanding of the climate of the site. 

Rarely observational data near the site is available for a period of 10 years. Reanalysis data comes 

to help answer the question: “How windy has been the operations period with respect to the years to 

come?” 

METHODOLOGY 

The ultimate goal of an operational energy assessment is to obtain an updated estimate of the energy 

production of the wind farm during the project life cycle using the available operational data. The 

key point of the method here described consists in deriving a sound numerical relation between 

long-term reference wind speed data and energy yield.  

Since climate can vary considerably over time scales of months to years, it is important to adjust the 

plant production data to represent the historical wind conditions as closely as possible. The method 

used to make this adjustment is known as measure-correlate-predict, or MCP. In MCP, a linear 

regression or other relationship is established between two or more data sources. One, the target 

site, spans a relatively short period and the other(s), the reference site(s), span a much longer period. 

The complete record(s) at the reference station(s) are then applied to this relationship to estimate the 

long-term historical climate at the target site. 

Normally, the most important factor determining the success of MCP is the choice of reference 

station(s), particularly the quality of the relationship with the target site(s) (which should ideally be 

linear with a high correlation coefficient) and the consistency and length of the reference data 

records.  



 

 

The MCP method was originally aimed to be used with meteorological stations as reference data, 

but in recent years there is an increasing tendency to use reanalysis models. Reasons are multiple; 

one of them is that as wind energy becomes a more mature industry, the development of wind farms 

is no longer restricted to the USA and Northern Europe as in the beginning, and currently almost 

every country has its plans for developing wind energy to some extent. In many of this countries, 

the meteorological observation systems are either scarce, or of low quality, or both things. So there 

is a real need for alternative long term data sources. 

Other reason for the extensive use of models is the quality improvement of the so called second 

generation reanalysis models, as CFSR, MERRA or ERA-Interim. All those models are higher 

resolution, both spatial and temporal, compared with the first reanalysis projects of NCEP/NCAR 

and ECMWF appeared on the last decade of the twentieth century. On top of that, they all use 

advanced assimilation methods, capable of getting the most from modern remote sensing 

observation systems, as satellites, RADAR networks, wind profilers, etc. As a result of all this 

modeling improvements, these models have proven valuable sources for long term reference.  

If an MCP is to be applied to estimate the long-term energy yield of an operational wind farm, a 

relation should be established between the actually generated energy as measured by the revenue 

meter and the long-term reference. This relationship can be understood, in some way, as a statistical 

plant power curve, because it relates the wind from the reference data with the energy generated by 

the wind farm as a whole. This power curve already includes the effects of wakes, hysteresis, 

turbulence, and most of the losses that the wind farm is experiencing. 

In order to obtain a good relation, however, some preprocessing of the data is needed. The most 

important step is the conversion of the actually generated energy to gross energy. In this context, 

the gross energy is the energy that the wind farm would have produced if the technical availability 

would have been zero. The gross energy is then a convenient fictional quantity which can be 

directly related with the wind over the area of the wind farm in the considered period. On the 

contrary, the net energy is a function of wind, but also of other components as maintenance 

operations, grid availability, turbine failures, etc. which obviously are not considered in the 

reference time series. For that reason, using the net energy would only lead to a poorer relation, 

especially if the wind farm has relatively low availability rates. 



 

 

Some assumptions should be made in order to obtain a reasonable gross energy estimate from the 

operational data. For example, the generation during the unavailability time is assumed to be, in 

average, equal to the generation during the time when the wind farm is available.  

It is also preferable to work with data from the wind farm once it reaches its mature operations, as 

the availability problems are more frequent during the startup of the plant. Then, if enough 

operational data is available, the first six months are usually discarded from the analysis, or even 

longer periods if the data gives reasons for that. 

The final element to consider in the preprocessing of the MCP is: what is the time step to consider 

which better correlates the data and the reference. In pre-construction estimates, the usual choice is 

to average the 10-min observations into hourly or daily data. Bigger time steps are also possible and 

normally have higher correlations, but should also be considered less accurate and then with higher 

uncertainty in the long-term estimation. However, for operational estimates, such short time steps 

have highly non-linear trends and are not of practical use, while the monthly averages linearize the 

plant power curve and allow for reasonable adjustments to the long term, as long as the reference 

time series is representative of the wind resource over the wind farm area. 

After all the preprocessing steps are completed, the curve is constructed by correlating monthly 

plant gross production with monthly average wind speed at the reference time series. The curve is 

used to derive the future energy production estimates, which are later adjusted, based on the 

projected availability to reflect anticipated availability over the long-term. This projected 

availability can be based on the observed availability of the wind farm in mature operation, or can 

be also a guess value, especially if specific corrective actions will be performed to improve the 

operation of the wind farm. 

In the conference presentation, the exposed methodology will be explained with examples from 

different real-world projects in Latin America. 

CONCLUSIONS 

Using operational data to assess long-term energy production produces more accurate results than 

pre-construction estimates. The obtained overall uncertainty is lower, reducing the project risk. If 

the results of this kind of studies are significantly different from the pre-construction estimates, the 



 

 

owner is facing either with a problem of poor operation of the wind farm or a biased pre-

construction study. 
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