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IFIP – The International Federation for Information Processing

IFIP was founded in 1960 under the auspices of UNESCO, following the First
World Computer Congress held in Paris the previous year. An umbrella organi-
zation for societies working in information processing, IFIP’s aim is two-fold:
to support information processing within its member countries and to encourage
technology transfer to developing nations. As its mission statement clearly states,

IFIP’s mission is to be the leading, truly international, apolitical
organization which encourages and assists in the development, ex-
ploitation and application of information technology for the benefit
of all people.

IFIP is a non-profitmaking organization, run almost solely by 2500 volunteers. It
operates through a number of technical committees, which organize events and
publications. IFIP’s events range from an international congress to local seminars,
but the most important are:

• The IFIP World Computer Congress, held every second year;
• Open conferences;
• Working conferences.

The flagship event is the IFIP World Computer Congress, at which both invited
and contributed papers are presented. Contributed papers are rigorously refereed
and the rejection rate is high.

As with the Congress, participation in the open conferences is open to all and
papers may be invited or submitted. Again, submitted papers are stringently ref-
ereed.

The working conferences are structured differently. They are usually run by a
working group and attendance is small and by invitation only. Their purpose is
to create an atmosphere conducive to innovation and development. Refereeing is
also rigorous and papers are subjected to extensive group discussion.

Publications arising from IFIP events vary. The papers presented at the IFIP
World Computer Congress and at open conferences are published as conference
proceedings, while the results of the working conferences are often published as
collections of selected and edited papers.

Any national society whose primary activity is about information processing may
apply to become a full member of IFIP, although full membership is restricted to
one society per country. Full members are entitled to vote at the annual General
Assembly, National societies preferring a less committed involvement may apply
for associate or corresponding membership. Associate members enjoy the same
benefits as full members, but without voting rights. Corresponding members are
not represented in IFIP bodies. Affiliated membership is open to non-national
societies, and individual and honorary membership schemes are also offered.



Vittal Prabhu Marco Taisch
Dimitris Kiritsis (Eds.)

Advances in Production
Management Systems
Sustainable Production
and Service Supply Chains

IFIP WG 5.7 International Conference, APMS 2013
State College, PA, USA, September 9-12, 2013
Proceedings, Part II

13



Volume Editors

Vittal Prabhu
Pennsylvania State University
Marcus Department of Industrial and Manufacturing Engineering
310 Leonhard Building, University Park, PA 16802, USA
E-mail: prabhu@engr.psu.edu

Marco Taisch
Politecnico di Milano
Department of Management, Economics and Industrial Engineering
Piazza Leonardo Da Vinci 32, 20133 Milan, Italy
E-mail: marco.taisch@polimi.it

Dimitris Kiritsis
EPFL, STI-IGM-LICP, ME A1 396, Station 9
1015 Lausanne, Switzerland
E-mail: dimitris.kiritsis@epfl.ch

ISSN 1868-4238 e-ISSN 1868-422X
ISBN 978-3-642-41262-2 e-ISBN 978-3-642-41263-9
DOI 10.1007/978-3-642-41263-9
Springer Heidelberg New York Dordrecht London

Library of Congress Control Number: 2013948868

CR Subject Classification (1998): J.6, J.1, J.7, H.4, K.4, I.6, I.2, H.1

© IFIP International Federation for Information Processing 2013
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology
now known or hereafter developed. Exempted from this legal reservation are brief excerpts in connection
with reviews or scholarly analysis or material supplied specifically for the purpose of being entered and
executed on a computer system, for exclusive use by the purchaser of the work. Duplication of this publication
or parts thereof is permitted only under the provisions of the Copyright Law of the Publisher’s location,
in ist current version, and permission for use must always be obtained from Springer. Permissions for use
may be obtained through RightsLink at the Copyright Clearance Center. Violations are liable to prosecution
under the respective Copyright Law.
The use of general descriptive names, registered names, trademarks, service marks, 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.
While the advice and information in this book are believed to be true and accurate at the date of publication,
neither the authors nor the editors nor the publisher can accept any legal responsibility for any errors or
omissions that may be made. The publisher makes no warranty, express or implied, with respect to the
material contained herein.

Typesetting: Camera-ready by author, data conversion by Scientific Publishing Services, Chennai, India

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



Preface

For the last several years, APMS has been a major event and the official confer-
ence of the IFIP Working Group 5.7 on Advances in Production Management
Systems, bringing together leading experts from academia, research, and indus-
try. Starting with the first conference in Helsinki in 1990, the conference has
become a successful annual event that has been hosted in various parts of the
world including Washington (USA, 2005), Wroclaw (Poland, 2006), Linköping
(Sweden, 2007), Espoo (Finland, 2008), Bordeaux (France, 2009), Cernobbio
(Italy, 2010), Stavanger (Norway, 2011), and Rhodos (Greece, 2012). By return-
ing to the Americas after eight years, we hope to widen the global reach of the
Working Group and the APMS conference.

Through an open call for special sessions and papers, APMS 2013 sought con-
tributions in cutting-edge research, as well as insightful advances in industrial
practice in key areas of sustainable production and service supply chains, in-
cluding green manufacturing, sustainability of additive manufacturing processes,
advanced control systems, enterprise information systems and integration, sus-
tainable logistics and transportation. The intent of special sessions is to raise
visibility on topics of focused interest in a particular scientific or applications
area. This year we have planned 15 special sessions which are focused around
the theme of the conference. Over 135 papers have been accepted based on blind
peer-review. The main review criteria were the paper’s contributions to science
and industrial practice. Accepted papers of registered participants are included
in this volume. This is the first time for APMS conference that full papers have
been submitted and reviewed from the outset thereby eliminating the extended
abstract stage and allowing for the final proceedings to be available at the time
of the conference.

Following the tradition of past APMS conferences, the 6th APMS Doctoral
Workshop is planned offering Ph.D. students the opportunity to present, discuss,
receive feedback and exchange comments and views on their doctoral research
in an inspiring academic community of fellow Ph.D. students, experienced re-
searchers, and professors of the IFIP WG 5.7 community. The Doctoral Work-
shop will be chaired by Sergio Cavalieri (University of Bergamo).

Two types of awards have been planned for APMS 2013 participants:

– Burbidge Awards for best paper and best presentation
– Doctoral Workshop Award

Approximately 150 participants from across academia, research labs, and in-
dustry from 23 countries are expected to attend the APMS 2013 conference.
The Scientific Committee consisting of 77 researchers, many of whom are active
members of the IFIP WG 5.7, have played key roles in reviewing the papers in a
timely manner and providing constructive feedback to authors in revising their



VI Preface

manuscripts for the final draft. Papers in this volume are grouped thematically
as follows:

– Part I Sustainable Production: Enablers for Smart Manufacturing, So-
cial Sustainability in Manufacturing, Intelligent Production Systems and
Planning Solutions for Sustainability, Design, Planning and Operation of
Manufacturing Networks for Mass Customization and Personalization, En-
ergy Efficient Manufacturing

– Part II Sustainable Supply Chains: Sustainability Characterization for
Product Assembly and Supply Chain, Interoperability in the Manufacturing
and Supply Chain Services, Sustainable Manufacturing and Supply Chain
Management for Renewable Energy, Closed Loop Design, Supply Chain Man-
agement

– Part III Sustainable Services: Service Manufacturing Systems, Art of
Balancing Innovation and Efficiency in Service Systems, Simulation Based
Training in Production and Operations Management, Modelling of Business
and Operational Processes, Servicization,

– Part IV ICT and Emerging Technologies: ICT-Enabled Integrated Op-
erations, Sustainable Initiatives in Developing Countries, LCA Methods and
Tools, ICT for Manufacturing and Supply Chain Management, Product De-
sign for Sustainable Supply Chains

We hope that the present volume will be of interest to a wide range of researchers
and practitioners.

August 2013 Vittal Prabhu
Marco Taisch

Dimitris Kiritsis
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