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Abstract- The irruption of Big Data in all kind of technical 

projects is increasing exponentially. The electrical market 

is one of these areas where the use of huge quantities of 

data is being applied. The electricity system has always 

depended on the supply of generated energy, which in turn 

depended on the demand for electricity coming from the 

market. Nowadays, the expansion of renewable energy and 

distributed generation, now with parts as smart grids, 

needs the use of data from several sources, including 

demand on the one hand, and external conditions in the 

other hand. Moreover, this amount of data is possible to 

store, transmit and analyze due to the advances in 

computer science. These advances have significantly 

improved the forecasting of possible energy generation by 

renewable producers. This paper analyzes the irruption of 

Big Data, focusing briefly the study on one of the methods 

that can be used for the generation of wind power: Random 

Forest. 
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1. INTRODUCTION                                                                         

The electricity system has remained very stable over 

the last few decades in terms of its dependence on new 

technologies in energy generation. However, since a few 

years ago, the increase of renewable energies is 

remarkable. In addition, some governments are trying to 

promote this type of energy generation through certain 

economic policies of aid for its development and 

implementation [1]. 

On the other hand, although information has always 

been generated, the capacity to store and analyze it is 

growing enormously in recent years. At the beginning of 

the century the rise of relational databases, public web 

access, wireless and other technologies made the study and 

management of data in volume a real and current challenge 

that needed a name.  

When we talk about Big Data we understand the recent 

phenomenon of generating large amounts of data that 

represent a challenge for their storage, processing and 

transformation into useful knowledge for a purpose. On the 

other hand, Machine Learning can be considered a branch 

of Artificial Intelligence that aims to provide machines 

with algorithms that can “learn” from experience and 

generalize behavior, in the same way that a human brain 

can. 

Big Data would be useless without being able to extract 

valuable information from the data. On the other hand, in 

order for Machine Learning systems to learn to recognize 

patterns and predict them, "training" is required, using 

large amounts of data. 

Therefore, the link between these two concepts is the 

need to learn from data in an automatic way, taking 

advantage of statistical and computational intelligence for 

the navigation of large amounts of information with a 

minimum, or even without, human supervision. 

To get to this situation, we have developed many 

devices and applications that allow to measure, structure, 

process and analyze large volumes of data by means of 

new technological infrastructures designed for supporting 

petabytes of information [2]. Constantly new and refined 

technologies are appearing that are making possible 

several aspects related to all fields of the society: 

• Improve the efficiency of the organizations; 

• Specify tastes and needs of customers and consumers; 

• Connect governments and citizens; 

• Strengthen security and intelligence of cities; 

• Make predictions of all kinds and generate behaviour 

patterns useful for companies get to know their public 

better and to make people aware of their own habits; 

• Even giving recommendations on how to change them to 

improve aspects of his life like his health. 

All of this is just the beginning, since we are just 

beginning to tap the potential that offers massive data 

analysis. Big data has started a more informed society and 

more efficient. 
 

2. BIG DATA 

One of the objectives pursued by companies is to 

discover an interesting perspective as to the projection 

pursued by the company itself, the objectives it wants to 

achieve and knowledge from obtaining data. Discoveries 

that are frequently expressed as “models”, and that we 

often describe Data Mining as the process of building 

models [3].  
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A model, which can be used to help our understanding 

of the world or created to solve a particular problem, but it 

can also be used to make short or long-term predictions. 

The use of Big Data is applied in most fields of activity, 

such as business, government, financial services, biology, 

medicine, science and finally engineering. 

But it is not all about “only” collecting data. There are 

also cases where, for example, among the data collected by 

the electricity companies, there may be hidden clues as to 

the fraudulent activity of certain customers. This new way 

of proceeding turns data into information, being the basis 

for the identification of new opportunities that lead to the 

discovery of new knowledge, which is the key and 

fundamental piece of society. 

A possible definition of Big Data is the procedure by 

which large amounts of data are collected and analyzed in 

a structured and unstructured manner, from various 

sources, with aim of extracting relevant information of 

great strategic and tactical value for objectives of business 

or company [4]. Big data encompasses a four dimensional 

model that is very important in business sector (Gartner's 

Three V Model plus one more) [5, 6], which are as follows: 

volume, velocity, variety and veracity. 

Volume: This dimension refers to the size of the sets of 

data we generate today. Companies are covered by an 

ever-increasing amount of data of all kinds, thus easily 

accumulating terabytes, even petabytes of information. 

Velocity (and Frequency): Sometimes one minute is 

too late. In processes where time counts (such as 

discovering trends, economic losses, etc.), large volumes 

of data should be used as an added value in the company 

to maximize value. Data remain outdated and lose their 

value quickly. About all bearing in mind that data is 

generated every second, including transactions, photos and 

video. 

Variety: Large volumes of data include any type of 

data, structured and unstructured, such as text, sensor data, 

audio, video, click streams or log files, among others. By 

analyzing this data together, new information is found that 

is beneficial to the company, and with this data obtained, 

the business strategy can be effectively prepared. 

Veracity: Most of the data comes in dirty form, with 

fields that are missing or that are incorrect. This can be 

more complex if several providers use different formats 

and if data come from different countries, and it can be 

drastically different in function of local habits and 

traditions. Cleaning these data can be the most creative 

activity to generate value. 

 

3. USE CASES OF BIG DATA IN THE 

ELECTRICAL SUPPLY 

Due to the evolution of this technology, more and more 

agents are involved in the electricity supply. Users: 

Demand for new and improved services, in addition to 

enabling the possibility of being able to connect individual 

energy generation to the grid, in order to be able to sell the 

energy surplus generated. Another improvement will be 

real time tariffing and the release to choose energy 

suppliers. 

Electricity grid companies: Network owners and 

operators will be responsible for responding to user 

requests in an efficient and cost-effective manner. On the 

other hand, the energy service companies will be 

responsible for making tangible the savings obtained 

thanks to the improvements implemented in the network, 

highlighting also the savings obtained thanks to changes in 

people's energy consumption habits. 

Researchers and Developers: It will be necessary to 

make a strong investment in research applied to demand 

and generation, as well as in the technologies needed to 

implement the telecommunications network that supports 

the transfer of data needed for monitoring and control of 

the network. 

Operators: Customers will be able to benefit from the 

opportunity to choose the energy provider that best suits 

their needs. 

Generators: Power grids are complex integrated 

systems, with significant interaction between generators, 

grids, and demand. Therefore, it will be important to 

encourage the participation of agents that can bring energy 

to the network, facilitating access to both technological 

and regulatory level. 

Regulators: The European energy market and related 

services must be supported by a clear and stable regulatory 

framework. 

Government Agents: Governments will have to 

prepare new legislation to govern all aspects and 

procedures. It is expected that the increase in competition 

will result in a reduction in tariffs on the part of users, 

although on the other hand the integration of renewable 

energies into the network will require a strong initial 

investment. 

 

4. USE OF BIG DATA IN WIND POWER 

GENERATION PROJECTS 

All utilities and installations related to renewable 

energy generation, such as solar photovoltaic energy, 

thermal, wind, hydraulic, geothermal, tidal, wave, etc., 

work with a large amount of data. Wind farms or solar 

farms, for example, have now the ability to collect more 

and more information, and meteorological agencies are 

able to predict more and more variables more accurately. 

At the same time, the system operator has also the ability 

to collect more and more data in an increasingly connected 

world. 

In order to manage and extract information and 

knowledge from the available data, it is necessary to use 

Big Data techniques (including Data Mining, Cloud 

Computing, etc.). With these tools we can achieve, among 

others, the following goals: 

• Analyze in real time the operation variables of the 

equipment; 

• Analyzing meteorological data in real time; 

• Extract behavioral patterns from the installation and from 

predictive maintenance, reduction of downtime, etc. 

• Make predictions that have a direct impact on the 

efficiency and costs of the installation; 

• Extraction of consumption patterns. 
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In the particular case of wind energy, making short- 

and medium-term wind predictions has a direct impact on 

the operation and maintenance of wind farms. Likewise, in 

order to go to the electricity market, it is necessary to have 

hourly production forecasts one day in advance (in the 

daily market). 

Making predictions in the wind sector depends on a 

multitude of factors. One of these factors is the wind and 

its variable character, which makes necessary to control a 

multitude of data. In order to extract the knowledge and 

necessary information from this large volume of data that 

affect generation, management, distribution, it is necessary 

to apply Big Data techniques, such as Machine Learning. 

Some of the models that are currently being studied 

more in relation to renewable energies are, on the one 

hand, the models of Random Forests or Gradient Boosting 

[7], and on the other hand, Deep Belief Networks, which 

have been demonstrated their effectiveness [8]. 

 

5. WIND POWER FORECASTING 

A good prediction is a direct economic reward for a 

wind farm, because in the energy markets, normally, they 

must offer the energy they are going to generate and, in 

case of deviations and of a non-beneficial production to the 

system, these farms will be penalized. 

Good predictions are not only important from a market 

point of view, but also when we have to perform 

operational tasks and maintenance of the wind farms. Both 

types of work have a direct impact on the economy of the 

farm, and therefore in its electrical company, so if we get 

a reliable and accurate model, we will have a tremendously 

high level service. Moreover, it will be very useful and 

quickly amortizable. 

Making these predictions is not easy, because the wind 

energy presents many fluctuations very changeable and 

unpredictable for a large period of time, both at a global 

and a local level, and, especially, if we focus on the place 

of the farm. This fact is closely related to the changeable 

character of the wind, which can present strong bursts at a 

given time and during the next hour show calm. However, 

it is not the only fact that can have influence for changing 

the curve of wind energy. 

In general, to make these predictions, we need to know 

meteorological data, normally offered by meteorological 

agencies such as the Spanish State Meteorological Agency 

(AEMET), the European Centre for Medium-range 

Weather Forecasts (ECMWF), the NOAA Global Forecast 

System (GFS) or the Weather Company (IBM), in order to 

use them as input data in the statistical models. 

These agencies usually provide predictions of certain 

variables such as the solar radiation, the dew point, 

humidity or the components of the wind, given in certain 

points of a rectangular grid covering the area above the one 

we want to predict them. This grid is the result of a 

smoothing of the orographic model for a certain resolution 

(currently, provided by data at a resolution of, at least, 

0.125º in the majority of agencies for most of the models). 

The number of variables offered by these agencies is 

huge; for example, GFS offers 145 different variables, at 

26 pressure levels for next 16 days with four daily updates, 

and this by each point of the chosen grid. Obviously, we 

will never use all of these variables at once, and what we 

select will depend on the problem that we are managing. 

And this will determine its dimension. But it is clear that 

we are going to find a high-dimensional problem, typical 

of Big Data solutions. 

All these features and data related to wind prediction 

make the tools provided by the automatic learning are the 

most appropriate to deal with this problem. Traditionally, 

the following have been used as models: multilayer 

perceptrons [9] or support vector machines (SVM) [10], 

where these SVM have been the most used in literature in 

recent years. 

However, due to its transcendence, the prediction of 

clean and renewable energies, such as the wind energy, 

continues to be a recurring theme in the research [11, 12], 

and in order to improve these predictions, new statistical 

models have been tested. 

These include, on the one hand, the models of Random 

Forests or Gradient Boosting [13], which have produced 

very good results [14], and which present the advantage of 

being simpler and more efficient models, and also more 

easily parameterized than the SVMs. 

On the other hand, the effectiveness of deep networks 

is currently being demonstrated [8], so it seems to be the 

research line for the next future in this area. In fact, some 

work on this line has been presented for prediction of wind 

speed [15] and for testing prediction of wind energy [16]. 

 

6. RANDOM FOREST 

Random Forest is a combination of decision trees in 

which each tree depends on the values of a random vector 

tested independently and with the same distribution for 

each of them. 

In recent years this technique has been very successful 

due to a number of characteristics: 

• With this technique it is possible to perform both 

classification and regression; 

• You can work with supervised and unsupervised learning 

problems; 

• Great precision is obtained in the results thanks to 

generalization, in which many slightly different trees 

provide information to obtain a more reliable measure; 

• Both training and test can be implemented in parallel. 

The Random Forest algorithm is based on a set of 

decision trees. In other words, a sample enters from above 

the tree and is subjected to a series of binary tests on each 

node (split) until it reaches a leaf, in which the answer is 

found. Therefore, this technique can be thought of as a 

technique to divide a complex problem into a set of simple 

problems [17, 18]. 

A Random Forest is an ensemble of decision trees 

combined with bagging. By using the ensemble learning 

technique of bagging, we are causing different trees to see 

different portions of the data. In this way, no one tree sees 

all of the training data. This makes each tree train with 

different samples of data for the same problem. Therefore, 

by combining their results, some errors will be 

compensated with others and we will have a prediction that 

will generalize better. 
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An ensemble is a set of Machine Learning models. 

Each model produces a different prediction. The 

predictions of the different models are combined to obtain 

a single prediction. 

The advantage we get from combining different 

models is that since each model works differently, its 

errors tend to be compensated. This results in a better 

generalization error. There are several ways to build these 

ensembles [19-21]: 

• majority voting 

• bagging 

• boosting 

• stacking 

When we use bagging, we also combine several models 

of Machine Learning. Unlike majority voting, the way to 

get errors to compensate for each other is that each model 

is trained with subsets of the training set. These subsets are 

formed by randomly choosing samples (with repetition) 

from the training set [22]. 

The results are combined, for ranking problems with 

soft voting for models that give probabilities. For 

regression problems, the arithmetic mean is normally used. 

In the training phase the algorithm tries to optimize the 

parameters of the split functions from the training samples: 

argmax
j jj jI  =  (1) 

For this we use following information gain function: 

1,2

( ) ( )

i
j i

j j j

i j

S
I H S H S

S

= −   (2) 

where, S represents the set of samples that are in the node 

to divide, and 
iS  are the two sets that are created from the 

split. The H(S) function measures the entropy of the set, 

and depends on the type of problem we are dealing with. 

In the case of regression, we use continuous probability 

distribution functions, arriving at the expression: 

( ) ( )
1,2

log ( ) log ( )
i

j j

j y y

v S i v S

I A v A v
  

= −    (3) 

where, Ay is the matrix of conditional covariances. 

One type of characteristic that we can use to find the 

best node split are simple binary linear classifiers. For each 

node j. 

( , ) 1,2,...jh v j  =  (4) 

where, v is a vector that represents the input sample and 

j  are the parameters to optimize in the node j. 

The question of the measure of importance of variables 

is a crucial and delicate point because the importance of a 

variable is conditioned to its interaction, possibly complex, 

with other variables. Random Forest calculates two 

measures of different importance. 

The first, called MDA (Mean Decrease Accuracy), is 

based on the contribution of the variable to the prediction 

error, that is, to the percentage of misclassified. 

The second measure of importance, called MDG 

(Mean Decrease Gini), is calculated from the Gini index. 

This is the criterion used for select the variable in each 

partition in the construction of the trees and that implies a 

decrease of this measure. 

7. CONCLUSIONS 

A Random Forest, is an increasingly popular machine 

learning technique. Random Forests have a very high 

generalization capacity for many problems, including 

prediction for wind farms. Random Forest is a supervised 

machine learning technique based on decision trees. Its 

main advantage is that it gets a better generalization 

performance for similar training performance. This 

improvement in generalization is achieved by 

compensating for the errors in the predictions of the 

various decision trees. 

Although it is a model with a very high success rate, it 

does not always provide good results for all hours of the 

day or even for every day. It is known that a bad prediction 

can cause a high deviation in the generation of wind 

energy, which can lead to serious economic losses when it 

goes to market. To minimize this risk, it is useful to make 

combinations with the predictions made by different 

forecasting agents, thus improving the generalization 

capacity of each predictor individually. 

Using a good combination of prediction methods will 

take advantage of the complementarity and independence 

of the different base predictors, by compensating in such 

combination the errors of opposite sign of the the different 

methods. 
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