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FOREWORD 
 
 
 
 

 
 

Research on Renewable Energy contains several aspects of scientific 
interest, while also presenting political and ethical implications. In fact, 
the reduction of the cost of energy obtained by using renewable sources is 
a way to reduce poverty in disadvantaged countries and regions. Many 
renewable energy sources, such as solar and wind, differently from fossil 
fuel resources located in the subsoil, are available all around the world. 
With reference to electricity production, the reduction of the combustion 
of fossil fuels lessens the concentration of carbon dioxide, CO2, in the 
atmosphere, opposing the increase of the earth’s average temperature. 
Moreover, many of the products originated from the combustion of fossil 
fuel resources are detrimental to people’s health.  

From the scientific point of view, several challenges come from the 
intermittent nature of energy sources such as wind, solar photovoltaic and 
solar thermal. These challenges are addressed with research on power 
electronics converters, storage systems with their respective modelling and 
control algorithms, Artificial Intelligence techniques, new materials and 
production technologies, numerical analysis techniques and many others, 
in a multidisciplinary approach. In the future, this research has the aim of 
reducing costs and finding alternative energy sources that are competitive 
with fossil fuels. Consequently, the efforts of the scientific community 
will contribute to improve the quality of life in the planet.  

With these objectives, hundreds of researchers, scientists, and 
engineers attend the International Conference on Renewable Energy and 
Power Quality (ICREPQ) annually. 
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This book summarizes ten years of contributions to the topics 
described above. It contains a selection of the best papers presented at the 
ICREPQ conferences from 2003 to 2012. These contributions have been 
selected by a team of voluntary reviewers, with two to four reviewers 
assigned to each paper. At the end of this process only about 5% of all 
presented papers were selected. Considering each paper had been reviewed 
before, to be accepted for the conference, the selected papers represent 
“the best of the best”. Moreover, the authors have modified and updated 
the original contribution to be included as a chapter of this book. The 
contributors to this book span the globe, with about 200 authors from 20 
different countries, some of whom are the leading authorities in their areas 
of expertise. 

The conference takes place in Spain, and each year a different city is 
involved. In the last ten years the following cities have hosted the 
conference: Vigo (9th-11th April 2003); Barcelona (31st March-2nd April 
2004); Zaragoza (Saragossa) (16th-18th March 2005); Palma de Mallorca 
(5th-7th April 2006); Sevilla (Seville) (28th-30th March 2007); Santander 
(12th-14th March 2008); Valencia (15th-17th April 2009); Granada (23rd -
25th March 2010); Las Palmas de Gran Canaria (13th-15th April 2011); 
Santiago de Compostela (28th-30th March 2012).  

In these conferences, 3102 papers have been submitted, 2022 have 
been accepted and 1788 have been presented. This confirms a high 
participation level and fulfils the intention of the organizers to provide an 
opportunity for academics, scientists, engineers, manufacturers and users 
from all over the world to come together in a pleasant location to discuss 
recent developments in the areas of Renewable Energy and Power Quality. 

All published papers are available on the conference website: 
http://www.icrepq.com/ 

With reference to renewable energy, the conference topics include, but 
are not limited to:  
 

• Wind energy, small hydro energy, solar energy, photovoltaic 
energy, ocean Energy. 

• Geothermal, biomass, co-generation. 
• Classical and special electrical generators: Theory, design, analysis, 

losses, efficiency. 
• Heating and cooling, vibration and noise, modelling and 

simulation, control strategies. 
• Protection systems, maintenance, mechanical behaviour, new 

methods of testing, parallel operation, transmission system, 
stability. 
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• Power plants. Distributed generation. Fuel cells. Hybrid Systems. 
• Microgrids. Smartgrids. Original solutions. 
• Energy conversion, conservation and energy efficiency. 
• Energy saving policy. Energy storage. Batteries. 
• Energy and the environment. Ecological balance. Ecosystem. 
• Application of the renewable energy. Best practice projects. 
• Legislation in the area of renewable energies. 
• Biomass combustion techniques. The energy use of agricultural and 

forest residues. 
• Production and energy exploitation of biogas. Environment. Social 

importance. 
• Interconnection and transmission problems. 
• Planning and control of power systems taking into account 

renewable energy. Stability. 
• Economic analysis of the power system taking into account 

renewable energy. 
• Electricity Market Structures. Regulation/de-regulation of the 

power market. Influence of the renewable energy. 
• Models and simulation of the power systems. Models and 

estimation of loads. Software tools. 
• Application of the communications, internet, artificial intelligence 

for renewable energy. 
• Security assessment and risk analysis in renewable energy. 
• Electric vehicles. 
• Electrical Machines & Drives, Power electronics and Control 

strategies for renewable energy applications. 
• Monitoring and Diagnostics of electrical machines & drives, Tools 

for Diagnostics, Test for Predictive Maintenance in Renewable. 
• Sensors and actuators for renewable energy applications. 
• Renewable Energies Teaching. 

 
Finally, the purpose of this book is to provide an up-to-date reference, 

useful for researchers, technicians and engineers looking for the state-of-
the-art in the field of renewable energy. The book contains both theoretical 
and practical applications. 
 



OUTLINE OF THE BOOK 
 
 
 

The book is divided into nine parts:  
 

• Part I deals with Data Management. It contains three 
contributions: the first one presents a method for clustering data 
coming from a photovoltaic plant and the other two are focused on 
forecast techniques.  

• Part II deals with Distributed Generation Issues. There are eight 
contributions, discussing different aspects of the connection of a 
converter, processing the electrical energy coming from a 
renewable source, to the grid.  

• Part III deals with Fuel Cells and Electric Vehicles. Four chapters 
examine in depth modelling aspects with different methodologies, 
including neural networks; an urban bus based on hydrogen and 
photovoltaic power is also described.  

• Part IV deals with Hybrid Systems. The implications of the 
contemporary use of different power sources in different 
configurations, including storage systems, are examined over eight 
chapters.  

• Part V deals with Microgrids. Several issues related to 
management analysis and economic implications are examined in 
eight chapters.    

• Part VI deals with Solar Technologies. It is composed of nine 
chapters containing different contributions dealing with modelling, 
optimal design, control algorithms and practical applications.  

• Part VII deals with Power Electronics for Renewable Energies. 
The attention of the four chapters is focused on the power 
conversion systems.  

• Part VIII deals with Wind and Marine Power Generation. Ten 
chapters contain aspects connected to turbine analysis and 
modelling, addressing both wind and marine conversion; 
additionally, a wind harvesting solution is described.  

• Part IX is a miscellany of different case studies with particular 
attention to practical applications.  



TO WHOM THIS BOOK IS ADDRESSED 
 
 
 

This book is intended primarily to meet the demands of professional 
engineers and researchers dealing with renewable energy exploitation, but 
it should also prove useful to postgraduate level students. It can be used as 
a reference book for engineers, physicists and mathematicians who are 
interested and involved in operation, project management, design, and 
analysis of renewable sources equipment. Each chapter contains references 
that allow the treated topic to be further deepened.  
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This book can be used in different ways. By looking at the titles of 
each part, the reader can identify the fields of interest. Each chapter is self-
consistent since it comes from a scientific paper. References of each paper 
are useful to achieve further information.    
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Abstract 
 
This chapter deals with a statistical approach to manage sampled data 

coming from a photovoltaic installation. The proposed method adopts k-
means clustering and the normal density probability distribution. This 
allows the problem of PV plant energy assessment to be simplified with 
respect to obtaining the desired information by managing a large amount 
of experimental observations. The proposed methods represent useful tools 
for an appropriate energy planning in distributed generation systems. 

Keywords: Photovoltaic energy; Distributed generation; Energy 
Planning; Renewable energy; Statistics.  

Introduction 

An accurate energy planning in a distributed generation system 
requires appropriate knowledge of the renewable energy source capability. 
When a photovoltaic plant is involved, in particular, the source capability 
is strictly correlated with the characteristics of the installation site, 
especially with reference to solar irradiance as it is proportional to the 
electrical energy deliverable by the PV source. Usually, the PV plant 
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energy characterization is based on a long time sampling of the main 
parameters (PV field temperature, solar irradiance, power and energy 
supplied to the grid, etc.). In such a way, it is possible to build databases. 
On the other hand, the databases often contain a great amount of data from 
which it is difficult to extract information of interest. As an example, the 
sampling of solar irradiance takes into account data corresponding to low 
values that do not contribute to the power delivered by the plant. 
Therefore, the development of analytical tools for the estimation of the 
quantity of electrical energy generated by a PV plant on a given scale of 
time is reputed to be very useful. In particular, the possibility to find out, 
from the electrical and climatic experimental observations, the most 
significant data to characterise the site of installation, from the energy 
capability point of view, is advantageous. 

The development of forecasting models for spatial and temporal 
distributions of climatic variables has been widely treated in technical 
literature, within the scope of energy assessment. 

In this field, the synergic use of suitable data processing techniques 
and estimation methods, either based on a statistical or a neural approach, 
represents the most promising way for the set-up of complete and reliable 
climatic databases and for the modelling and forecasting of the considered 
phenomena [1]-[2]. 

In this chapter, two statistical tools are explained; they will be used to 
obtain an effective estimation of the energy produced by a photovoltaic 
array over a five-months period of time, the former being based on the k-
means clustering methods and the latter on the description of the solar 
irradiance daily trends through normal probability distributions [3]-[7]. 
The proposed methods allow: 

 
1. Extracting, from a given scale of time-based experimental 

measurements, the sub-sets of data which can describe the energy 
capability of the PV plant with good accuracy (k-means clustering 
approach); 

2. Obtaining the energy capability information of the PV plant by 
describing the solar irradiance trend, on a chosen scale of time, 
through a continuous function simply defined by two parameters 
(representation of daily solar irradiance by normal probability 
distributions). 

 
This chapter is based on the revised version of the paper presented at 

the International Conference on Renewable Energies and Power Quality 
(ICREPQ’08) [8]. 
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Experimental Plant 

The experimental data was obtained in a plant installed on the roof of a 
footbridge at the University of Palermo – Faculty of Engineering.  

The plant was set up by ENEA (Italian National Agency for New 
Technologies, Energy and Environment). 

The electrical features of the array, under standard test conditions, are 
the following: open circuit voltage, Voc(stc): 228.2V; short circuit current, 
Isc(stc): 9.2A; maximum power voltage, Vmp(stc): 185.5 V and maximum 
power current, Imp(stc): 8A. In figure 1, a view of the PV array is given. 

The PV plant is equipped with a data acquisition system that measures 
the following parameters: panel temperature, solar irradiance, DC voltage 
and current supplied by the solar array to the inverter, AC voltage, current 
and power supplied by inverter to the grid [9]-[10]. 

By performing measurements from June to October during the whole 
day and sampling every 10 minutes, a set of more than 12000 couples of 
experimental values of current and voltage, corresponding to maximum 
power points (MPPs), for solar irradiance and temperature ranging 
between 500 W/m2 and 1100 W/m2 and 20 and 50°C, respectively, were 
acquired.  

 

 
 

Figure 1: View of the PV array 
 

A representation of the number of samples versus solar irradiance and 
temperature is sketched in figure 2, where it can be noted that much data 
corresponds to low values of solar irradiance. In particular, only 2295 are 


