Landolt-Bornstein
Numerical Data and Functional Relationships in Science and Technology
New Series / Editor in Chief: W. Martienssen

Group VIII: Advanced Materials and Technologies
Volume 3

Energy Technologies

Subvolume C: Renewable Energy

Editor: K. Heinloth

Authors:

A. Bandi, W. Bogenrieder, W. Braitsch, C. Clauser, Y. Dafu, M.N. Fisch,
G. Gokler, A. Goetzberger, H. Haas, D. Hein, K. Heinloth, V. Huckemann,
J. Karl, H.J. Laue, A. Neumann, E. Piirer, S. Richter, F. Rosillo-Calle,
W. Shuqing, Won-Oh Song, M. Specht, Th. Strobl, W. van Walsum,
H.J. Wagner, U. Wagner, T. Ziqin, F. Zunic

@ Springer



ISSN 1619-4802 (Advanced Materials and Technologies)

ISBN-10 3-540-42962-x Springer Berlin Heidelberg New York
ISBN-13  978-3-540-42962-3 Springer Berlin Heidelberg New York

Library of Congress Cataloging in Publication Data

Zahlenwerte und Funktionen aus Naturwissenschaften und Technik, Neue Serie

Editor in Chief: W. Martienssen

Group VIII, Volume 3: Energy Technologies. Subvolume C: Renewable Energy.

Edited by K. Heinloth.

At head of title: Landolt-Bornstein. Added t.p.: Numerical data and functional relationships in science and technology.
Tables chiefly in English.

Intended to supersede the Physikalisch-chemische Tabellen by H. Landolt and R. Bérnstein of which the 6th ed. began publication in 1950
under title: Zahlenwerte und Funktionen aus Physik, Chemie, Astronomie, Geophysik und Technik.

Vols. published after v. 1 of group I have imprint: Berlin, New York, Springer-Verlag

Includes bibliographies.

1. Physics - Tables. 2. Chemistry - Tables. 3. Engineering - Tables.

I. Bornstein, R. (Richard), 1852-1913. II. Landolt, H. (Hans), 1831-1910.

III. Physikalisch-chemische Tabellen. IV. Title: Numerical data and functional relationships in science and technology.
QC61.23 50212 62-53136

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is concerned, specifically the rights of translation,
reprinting, reuse of illustrations, recitation, broadcasting, reproduction on microfilm or in other ways, and storage in data banks. Duplication of this
publication or parts thereof is permitted only under the provisions of the German Copyright Law of September 9, 1965, in its current version, and
permission for use must always be obtained from Springer. Violations are liable for prosecution act under German Copyright Law.

Springer is a part of Springer Science+Business Media
springeronline.com

© Springer-Verlag Berlin Heidelberg 2006

Printed in Germany

The use of general descriptive names, registered names, trademarks, etc. in this publication does not imply, even in the absence of a specific statement,
that such names are exempt from the relevant protective laws and regulations and therefore free for general use.

Product Liability: The data and other information in this handbook have been carefully extracted and evaluated by experts from the original literature.
Furthermore, they have been checked for correctness by authors and the editorial staff before printing. Nevertheless, the publisher can give no
guarantee for the correctness of the data and information provided. In any individual case of application, the respective user must check the
correctness by consulting other relevant sources of information.

Cover Layout: Erich Kirchner, Heidelberg
Typesetting: Authors and Redaktion Landolt-Bornstein, Darmstadt
Printing and binding: AZ Druck, Kempten (Allgdu)

SPIN: 1085 8992 63/3020-5 4 3 2 1 0 - Printed on acid-free paper



Editor

Heinloth, Klaus
Physikalisches Institut, Universitdt Bonn, Germany

Authors

Bandi, Andreas
Zentrum fiir Sonnenenergie- und Wasserstoff-Forschung (ZSW), Stuttgart, Germany

Bogenrieder, Wolfgang
Vattenfall Europe Renewables GmbH, Cottbus, Germany

Braitsch, Werner
E.ON Wasserkraft GmbH, Landshut, Germany

Clauser, Christoph
Applied Geophysics, RWTH Aachen University, Aachen, Germany

Fisch, M. Norbert
Institut fiir Gebdude- und Solartechnik, TU Braunschweig, Germany

Gokler, Gottfried
Vorarlberger [llwerke AG, Schruns, Austria

Goetzberger, Adolf
Fraunhofer-Institut fiir Solare Energiesysteme, Freiburg, Germany

Haas, Hans
E.ON Wasserkraft GmbH, Landshut, Germany

Hein, Dietmar
Lehrstuhl fiir Energiesysteme, TU Miinchen, Germany

Heinloth, Klaus
Physikalisches Institut, Universitdt Bonn, Germany

Huckemann, Volker
Institut fiir Gebdude- und Solartechnik, TU Braunschweig, Germany

Karl, Jirgen
Lehrstuhl fiir Energiesysteme, TU Miinchen, Germany

Laue, Hans-Jiirgen
IZW e.V. Informationszentrum Warmepumpen und Kiltetechnik, Hannover, Germany

Neumann, Andreas
Institut fiir Technische Thermodynamik - Solarforschung, DLR, K6ln, Germany

Piirer, Ernst
Vorarlberger Illwerke AG, Schruns, Austria



VI Authors

Richter, Stefan
Forschungsstelle fiir Energiewirtschaft (FfE) Miinchen, Germany

Rosillo-Calle, Frank
Imperial College Centre for Energy Policy and Technology, Faculty of Natural Sciences, South
Kensington Campus, Imperial College London, UK

Song, Won-Oh
Korea Ocean Research and Development Institute (KORDI), Ansan, Korea

Specht, Michael
Zentrum fiir Sonnenenergie- und Wasserstoff-Forschung (ZSW), Stuttgart, Germany

Strobl, Theodor
Lehrstuhl fiir Wasserbau und Wasserwirtschaft, TU Miinchen, Germany

Tian, Ziqin
Changjiang Institute of Survey, Planning, Design and Research, CWRC, Wuhan, P.R. of China

van Walsum, Walt 7
Consulting Civil Engineer, Point Claire, Quebec, Canada

Wagner, Hermann-Josef
Lehrstuhl fiir Energiesysteme und Energiewirtschaft, Ruhr-Universitidt Bochum, Germany

Wagner, Ulrich
Lehrstuhl fiir Energiewirtschaft und Anwendungstechnik, TU Miinchen, Germany
Forschungsstelle fiir Energiewirtschaft (FfE) Miinchen, Germany

Wang, Shuqing
Changjiang Institute of Survey, Planning, Design and Research, CWRC, Wuhan, P.R. of China

Yuan, Dafu
Changjiang Institute of Survey, Planning, Design and Research, CWRC, Wuhan, P.R. of China

Zunic, Franz
Lehrstuhl fiir Wasserbau und Wasserwirtschaft, TU Miinchen, Germany

Landolt-Bornstein

Editorial Office

Gagernstralie 8

D-64283 Darmstadt, Germany

fax: +49-(0)6151-171760

e-mail: Redaktion.Landolt-Boernstein@springer.com

Internet
www.landolt-boernstein.com


mailto:Redaktion.Landolt-Boernstein@springer.com
http://www.landolt-boernstein.com

Preface

The three volumes VIII/3A, B, C of Energy Technologies should primarily serve scientists, engineers,
and students to get information on physical, chemical and technical properties of all technologies to
provide, convert, distribute, store and finally use energy, supplemented with economic background
information and with specific concepts to allow the reader a proper comparison of different energy
technologies. In this way these volumes on energy technologies should finally be helpful to let the human
society pave and walk towards sufficient and environmentally safe provision and use of energy. The
various contributions have been written by experts from many countries all around the globe engaged in
universities, public research institutions and private industrial companies.

The scope and content of the various chapters are briefly outlined in the introductory chapter 1 of the
first volume, VIII/3A. The first volume, Energy Technologies, VIII/3A, covers fossil fuels, storage and
transport of electric energy and road-, rail-, ship-, and air-transport technologies. The second volume,
Energy Technologies (Nuclear), VIII/3B, covers nuclear fission and fusion. The third volume, Energy
Technologies (Renewable), VIII/3C, covers all options of renewable energy.

It is a pleasure to acknowledge the competent and careful presentations and the inspiring cooperation
of all the various authors of the different contributions in the three volumes and the efficient and accurate
work of the editorial staff of Landolt-Bérnstein, especially of T. Schwaibold.

Bonn, May 2006 The Editor
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