


   

   
 

RECENT RESEARCHES in 
ENVIRONMENT, ENERGY 

PLANNING and POLLUTION 
 
 
 

Proceedings of the 5th WSEAS International Conference on 
RENEWABLE ENERGY SOURCES (RES '11) 

Proceedings of the 5th WSEAS International Conference on 
ENERGY PLANNING, ENERGY SAVING, ENVIRONMENTAL 

EDUCATION (EPESE '11) 
Proceedings of the 5th WSEAS International Conference on WASTE 

MANAGEMENT, WATER POLLUTION, AIR POLLUTION, 
INDOOR CLIMATE (WWAI '11) 

 
 
 
 

Iasi, Romania 
July 1-3, 2011 

 
 
 
 
 

 
 
 
 
 
 
 

 
Published by WSEAS Press ISBN: 978-1-61804-012-1
www.wseas.org  
 

http://www.wseas.org/


RECENT RESEARCHES in 
ENVIRONMENT, ENERGY 
PLANNING and POLLUTION 
 
 
Proceedings of the 5th WSEAS International Conference on 
RENEWABLE ENERGY SOURCES (RES '11) 
Proceedings of the 5th WSEAS International Conference on 
ENERGY PLANNING, ENERGY SAVING, ENVIRONMENTAL 
EDUCATION (EPESE '11) 
Proceedings of the 5th WSEAS International Conference on WASTE 
MANAGEMENT, WATER POLLUTION, AIR POLLUTION, 
INDOOR CLIMATE (WWAI '11) 
 
 
Iasi, Romania 
July 1-3, 2011 
 
 
Published by WSEAS Press      
www.wseas.org 
 
 
Copyright © 2011, by WSEAS Press 
 
All the copyright of the present book belongs to the World Scientific and Engineering Academy and 
Society Press. All rights reserved. No part of this publication may be reproduced, stored in a retrieval 
system, or transmitted in any form or by any means, electronic, mechanical, photocopying, recording, or 
otherwise, without the prior written permission of the Editor of World Scientific and Engineering Academy 
and Society Press. 
 
All papers of the present volume were peer reviewed by two independent reviewers. Acceptance was 
granted when both reviewers' recommendations were positive. 
See also: http://www.worldses.org/review/index.html 

 
ISBN: 978-1-61804-012-1 
 
 

     The Alexandru Ioan Cuza University of IasiWorld Scientific and Engineering Academy and Society 

 

http://www.wseas.org/


RECENT RESEARCHES in 
ENVIRONMENT, ENERGY 

PLANNING and POLLUTION 
 
 
 
 
 
 

Proceedings of the 5th WSEAS International Conference on 
RENEWABLE ENERGY SOURCES (RES '11) 

Proceedings of the 5th WSEAS International Conference on 
ENERGY PLANNING, ENERGY SAVING, ENVIRONMENTAL 

EDUCATION (EPESE '11) 
Proceedings of the 5th WSEAS International Conference on WASTE 

MANAGEMENT, WATER POLLUTION, AIR POLLUTION, 
INDOOR CLIMATE (WWAI '11) 

 
 
 
 
 
 

Iasi, Romania 
July 1-3, 2011 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

Editors: 
Prof. Nicu Gavriluta, The Alexandru Ioan Cuza University of Iasi, Romania 
Prof. Razvan Raducanu, The Alexandru Ioan Cuza University of Iasi, Romania 
Prof. Mihaiela Iliescu, Politehnica University of Bucharest, Romania 
Prof. Hariton Costin, ‘Gr.T. Popa’ University of Medicine and Pharmacy, Romania 
Prof. Nikos Mastorakis, Technical University of Sofia, Bulgaria 
Prof. Vladimir Olej, University of Pardubice, Czech Republic 
Prof. Jiri Strouhal, University of Economics Prague, Czech Republic 
 
International Program Committee Members:  
C. Helmis, GREECE 
D. Perkins, USA 
A. Stamou, GREECE 
Marco Ceccarelli, ITALY 
Dionysios (Dion) D. Dionysiou, USA 
Leon Trilling, USA 
D. L. Russell, USA 
Leonid Perlovsky, USA 
John W. Lund, USA 
Kent Davey, USA 
David Landgrebe, USA 
Miguel A. Marino, USA 
F. Rigas, GREECE 
Hamido Fujita, JAPAN 
N. Afgan, PORTUGAL 
Lena Valavani, USA 
Steven H. Collicott, USA 
F. Akgun, TURKEY 
Omar Badran, JORDAN 
Y. Baudoin, BELGIUM 
L. Boch-Andersen, BELGIUM 
M. Versan Kok, TURKEY 
G. Kolb, DENMARK 
A. Kurbatskiy, RUSSIA 
S. Linderoth, DENMARK 
P. Lunghi, ITALY 
C. Machens, GERMANY 
A. Midilli, CANADA 
Vijayan Iyer Gurumurthy, INDIA 
Helmut Jaberg, AUSTRIA 
Leonid G. Kazovsky, USA 
Leon O. Chua, USA 
Ar. Zuhairuse Md Darus, MALAYSIA 
Ioana Diaconescu, ROMANIA 
Hj Kamaruzaman Jusoff, USA 
J. Torres Farinha, PORTUGAL 
Bogdan Zygmunt, POLAND 
Lajos Barna, HUNGARY 
I. Stathopoulos, GREECE 
J. Van Mierlo, BELGIUM 
S. Ozdogan, TURKEY 
M. Reijalt, ITALY 
J. Rogut, POLAND 
E. Smole, AUSTRIA 
R. Tamme, GERMANY 
Brian A. Barsky, USA 
M. Teixeira, PORTUGAL 
R. Vigotti, ITALY 

G. Wolf, GERMANY 
G. Wisniewski, POLAND 
A. Van Zyl, BELGIUM 
Z. A. Vale, GREECE 
K. R. Rao, USA 
Bimal K. Bose, USA 
Joseph Sifakis, FRANCE 
Paul E. Dimotakis, USA 
Sidney Burrus, USA 
Steven Collicott, USA 
Panos Pardalos, USA 
Olga Martin, ROMANIA 
Periklis Papadopoulos, USA 



 



 

Preface 
This year the 5th WSEAS International Conference on RENEWABLE ENERGY SOURCES 
(RES '11), the 5th WSEAS International Conference on ENERGY PLANNING, ENERGY 
SAVING, ENVIRONMENTAL EDUCATION (EPESE '11) and the 5th WSEAS International 
Conference on WASTE MANAGEMENT, WATER POLLUTION, AIR POLLUTION, 
INDOOR CLIMATE (WWAI '11) were held in Iasi, Romania, July 1-3,  2011. The conferences 
provided a platform to discuss wind energy, hydrogen energy, biomass, solar energy, 
photovoltaic systems, geothermal energy, hydroelectric energy -- small hydro plants, energy 
planning studies, bio-diversity, materials chemistry, forestation, education on ecosystems, waste 
management, water pollution, air pollution, indoor climate etc. with participants from all over the 
world, both from academia and from industry. 

Their success is reflected in the papers received, with participants coming from several countries, 
allowing a real multinational multicultural exchange of experiences and ideas. 

The accepted papers of these conferences are published in this Book that will be indexed by ISI. 
Please, check it: www.worldses.org/indexes as well as in the CD-ROM Proceedings. They will 
be also available in the E-Library of the WSEAS. The best papers will be also promoted in many 
Journals for further evaluation. 

Conferences such as these can only succeed as a team effort, so the Editors want to thank the 
International Scientific Committee and the Reviewers for their excellent work in reviewing the 
papers as well as their invaluable input and advice. 

The Editors 
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