Matthias Finkbeiner Editor

Towards Life Cycle
Sustainability
Management

0. @ Springer



Towards Life Cycle Sustainability Management






Matthias Finkbeiner
Editor

Towards Life Cycle
Sustainability Management

@ Springer



Editor

Prof. Dr. Matthias Finkbeiner
Chair of Sustainable Engineering
Technische Universitit Berlin
Strafle des 17. Juni 135

10623 Berlin

Germany
matthias.finkbeiner@tu-berlin.de

ISBN 978-94-007-1898-2 e-ISBN 978-94-007-1899-9
DOI 10.1007/978-94-007-1899-9
Springer Dordrecht Heidelberg London New York

Library of Congress Control Number: 2011933605

© Springer Science+Business Media B.V. 2011

No part of this work may be reproduced, stored in a retrieval system, or transmitted in any form or
by any means, electronic, mechanical, photocopying, microfilming, recording or otherwise, without written
permission from the Publisher, with the exception of any material supplied specifically for the purpose
of being entered and executed on a computer system, for exclusive use by the purchaser of the work.

Printed on acid-free paper

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


mailto:matthias.finkbeiner@tu-berlin.de
http://www.springer.com

Table of Contents

Preface
List of Figures
List of Tables

List of Contributors

xi

XV

XXV

PART I: LCSM Approaches

1.

Integrating Sustainability Considerations into Product Development:
A Practical Tool for Prioritising Social Sustainability Indicators

and Experiences from Real Case Application...........ccoecveevvercieeseenveeieennnnne

Gustav Sandin, Greg Peters, Annica Pilgérd, Magdalena
Svanstrom and Mats Westin

A Life Cycle Stakeholder Management Framework for Enhanced

Collaboration Between Stakeholders with Competing Interests ..................

Christina Scandelius and Geraldine Cohen

Stakeholder Consultation: What do Decision Makers in Public Policy

and Industry Want to Know Regarding Abiotic Resource Use? ..................

Marisa Vieira, Per Storm and Mark Goedkoop

Life Cycle Management Capability: An Alternative Approach

to Sustainability ASSESSIMENt ........cccueiuirieiieierie e

Thomas Swarr, James Fava, Allan Astrup Jensen, Sonia Valdivia
and Bruce Vigon

The Sustainability Consortium: A Stakeholder Approach to Improve

Consumer Product Sustainability...........cccoviroeriiieiiiieieeeeee e

Kevin Dooley, Joby Carlson, Georg Schoner, Vairavan
Subramanian and Cameron Childs

A Social Hotspot Database for Acquiring Greater Visibility in Product

Supply Chains: Overview and Application to Orange Juice ............cccueu.ee.e.

Catherine Benoit Norris, Deana Aulisio, Gregory A. Norris,
Caroline Hallisey-Kepka, Susan Overakker and Gina Vickery Niederman

XXxi

.27



vi | Table of Contents

PART II: LCM Methods and Tools

7.

10.

11.

12.

13.

14.

A Novel Weighting Method in LCIA and its Application in Chinese
POLCY CONEXL ....envieiieiieiieieciieieetee ettt ettt se s seesaensesneenes 65
Hongtao Wang, Ping Hou, Hao Zhang and Duan Weng

The Usefulness of an Actor’s Perspective in LCA .......cccoeievieniecieeieieeee, 73
Henrikke Baumann, Johanna Berlin, Birgit Brunklaus,
Mathias Lindkvist, Birger Lofgren, and Anne-Marie Tillman

Review on Land Use Considerations in Life Cycle Assessment:
Methodological Perspectives for Marine Ecosystems.........c..coceverveieeecnncnne. 85
Juliette Langlois, Arnaud Hélias, Jean-Philippe Delgen¢s

and Jean-Philippe Steyer

ViSUAl ACCOUNLING.....cueitieieiieeietieieiestestesieeteteeeeeseseeeaeseeessesseessenseeseenseens 97
Andreas Moeller and Martina Prox

International Reference Life Cycle Data System (ILCD) Handbook:
Review Schemes for Life Cycle AssesSment.........c.occveevevieveereerieneeeenennens 107
Kirana Chomkhamsri, Marc-Andree Wolf and Rana Pant

Time and Life Cycle Assessment: How to Take Time into Account
1N the INVENTOTY SEP? .ovviviceiiiiiieieceeteete ettt 119
Pierre Collet, Arnaud Hélias, Laurent Lardon and Jean-Philippe Steyer

A Method of Prospective Technological Assessment of Nanotechnological
TECANIGUES .vvovviieieiieiieieete ettt ettt et et b e te e s e reesaesaeesaeseesnens 131
Michael Steinfeldt

State of the Art Study - How is Environmental Performance Measured
for Buildings/Constructions? ...........cceeiererieneiieieneeiesieesie e 141
Anne Ronning and Kari-Anne Lyng

PART III: Water Footprint

15.

16.

17.

Comparison of Water Footprint for Industrial Products in Japan, China
ANA USA oottt ettt et sb ettt sbe e st e b e esbe b e eseensesseenaesaeeneens 155
Sadataka Horie, Ichiro Daigo, Yasunari Matsuno and Yoshihiro Adachi

Assessment of the Water Footprint of Wheat in MeXiCO........cceovvevueevenneennnns 161
Carole Farell, Sylvie Turpin and Nydia Suppen

Water Footprints in Four Selected Breweries in Nigeria..........cccceceveeiennene 171
Ife K. Adewumi, Oludare J. Oyebode, Kingsley C. Igbokwe
and Olutobi G. Aluko



18.

19.

Table of Contents

Development and Application of a Water Footprint Metric

for Agricultural Products and the Food Industry ...........coccoevicieniincninnnnnn

Bradley Ridoutt

LCA Characterisation of Freshwater Use on Human Health

and Through COmMPENSAtioN ..........ceecvervieierieienieeieie sttt eee e eee e

Anne-Marie Boulay, Cecile Bulle, Louise Deschénes
and Manuele Margni

PART IV: LCM of Processes and Organisations

20.

21.

22.

23.

24.

25.

26.

27.

How to Measure and Manage the Life Cycle Greenhouse Gas Impact

of a Global Multinational Company ............cceccevcereererierenieereee e

Nicole Unger, Henry King and Siri Calvert

Best Practice Application of LCM by Retailers to Improve Product

Supply Chain Sustainability..........cccccevoirieririeeiieeseeee e

David Styles, Harald Schoenberger and José Luis Galvez-Martos

Life Cycle Management Approach to the Design of Large-Scale Resorts....

Kristin Lee Brown, Daniel Clayton Greer and Ben Schwegler

Greening Events: Waste Reduction Through the Integration of Life

Cycle Management into Event Organisation at ESCi.........ccccoeevvveviennennen.

Marta Anglada Roig, Sonia Bautista Ortiz and Pere Fullana i Palmer

Challenges for LCAs of Complex Systems: The Case of a Large-Scale

Precious Metal Refinery Plant ...........ccocoeevvenieienieieneciee e

Anna Stamp, Christina E.M. Meskers, Markus Reimer,
Patrick Wiger, Hans-Jorg Althaus and Roland W. Scholz

Life Cycle Inventory of Pine and Eucalyptus Cellulose Production

in Chile: Effect of Process Modifications ............cocvveevveeivieeieieeeeeeeeeeneeens

Patricia Gonzalez, Mabel Vega and Claudio Zaror

Life Cycle Assessment of Integrated Solid Waste Management System

(oY 351G U oV ST

Amitabh Kumar Srivastava and Arvind Kumar Nema

LCM of Rainwater Harvesting Systems in Emerging Neighbourhoods

TN COLOMDIA ....coviiiiiiieciieeee ettt e eaaeeetaeeenes

Tito Morales-Pinzon, Sara Angrill, Joan Rieradevall,
Xavier Gabarrell, Carles M. Gasol and Alejandro Josa

vii

229



viii | Table of Contents

PART V: LCM in the Agriculture and Food Sectors

28.

29.

30.

31.

32.

33.

34.

Environmental Profiles of Farm Types in Switzerland Based on LCA ...
Daniel U. Baumgartner, Johanna Mieleitner, Martina Alig
and Gérard Gaillard

The Use of Models to Account for the Variability of Agricultural Data
Brigitte Langevin, Laurent Lardon and Claudine Basset-Mens

Modular Extrapolation Approach for Crop LCA MEXALCA: Global
Warming Potential of Different Crops and its Relationship

£0 the YIeld ....eoveeeieiieiiei e
Thomas Nemecek, Karin Weiler, Katharina Plassmann,

Julian Schnetzer, Gérard Gaillard, Donna Jefferies,

Tirma Garcia—Suérez, Henry King and Lloreng Mila i Canals

Regional Assessment of Waste Flow Eco-Synergy in Food Production:

Using Compost and Polluted Ground Water in Mediterranean
HOTtiCUITUIE CrOPS....ieveveeiieieeiieieee ettt sttt sse e enae e ennens
Julia Martinez-Blanco, Pere Mufioz, Joan Rieradevall,

Juan I Montero and Assumpcié Antoén

Assessing Management Influence on Environmental Impacts Under
Uncertainty: A Case Study of Paddy Rice Production in Japan.............
Kiyotada Hayashi

Assessing Environmental Sustainability of Different Apple Supply
Chains in Northern Italy..........cccccovirieriieieieieiee e
Alessandro K. Cerutti, Daniela Galizia, Sander Bruun,

Gabriella M. Mellano, Gabriele L. Beccaro and Giancarlo Bounous

The Effect of CO2 Information Labelling for the Pork Produced
with Feed Made from Food Residuals ...........cccccevvvienincieninieieeeee,
Hideaki Kurishima, Tatsuo Hishinuma and Yutaka Genchi

PART VI: LCM in the Packaging Sector

35.

36.

Role of Packaging in LCA of Food Products ..........cccceoivieiinienineene
Frans Silvenius, Juha-Matti Katajajuuri, Kaisa Gronman,
Risto Soukka Heta-Kaisa Koivupuro and Y1jo Virtanen

Packaging Legislation and Unintended Consequences: A Case Study
on the Necessity of Life Cycle Management...........ccccoceverenienenennenenn
James Michael Martinez



37.

38.

39.

Table of Contents | ix

Carbon Footprint of Beverage Packaging in the United Kingdom................ 381
Haruna Gujba and Adisa Azapagic

Enhanced Resource Efficiency with Packaging Steel..........ccccocvevveciennnnn. 391
Evelyne Frauman and Norbert Hatscher

Damage Assessment Model for Freshwater Consumption and a Case

Study on PET Bottle Production Applied New Technology for Water
Footprint REAUCLION ........cccvevvieieiieieicecee et 399
Masaharu Motoshita, Norihiro Itsubo, Kiyotaka

Tahara and Atsushi Inaba

PART VII: LCM in the Energy Sector

40.

41.

42.

43.

44,

45.

46.

Sustainability Assessment of Biomass Ultilisation in East Asian

COUNLIIES ...uvieevieietieieeeteesiteete et esteeebeebeesteesssessseeseessseesseesseasssessseeseesseensseans 413
Yuki Kudoh, Masayuki Sagisaka, Sau Soon Chen, Jessie C. Elauria,

Shabbir H. Gheewala, Udin Hasanudin, Hsien Hui Khoo, Tomoko Konishi,
Jane Romero, Yucho Sadamichi, Xunpeng Shi and Vinod K. Sharma

Life Cycle Inventory of Physic Nut Biodiesel: Comparison Between

the Manual and Mechanised Agricultural Production Systems Practiced

TN BIAZIL .o 425
Marilia Folegatti Matsuura, Gil Anderi da Silva, Luiz Alexandre

Kulay and Bruno Galvéas Laviola

Life Cycle Assessment of Biodiesel Production from Microalgae Oil:
Effect of Algae Species and Cultivation System ..........ccceceeverieneneenencennne 437
Javier Dufour, Jovita Moreno and Rosalia Rodriguez

Modelling the Inventory of Hydropower Plants ...........ccocevireiinieneneen. 443
Vincent Moreau, Gontran Bage, Denis Marcotte and Réjean Samson

Life Cycle Carbon Dioxide Emission and Stock of Domestic Wood
Resources using Material Flow Analysis and Life Cycle Assessment ......... 451
Junhee Cha, Youn Yeo-Chang and Jong-Hak Lee

Analysis on Correlation Relationship Between Life Cycle Greenhouse

Gas Emission and Life Cycle Cost of Electricity Generation System

fOr ENergy RESOUICES .....c.coveriiriiriiiiiiieieiceienese sttt 459
Heetae Kim and Tae Kyu Ahn

Development and Application of a LCA Model for Coal Conversion
Products (Coal t0 Y ). eoioieierieeieieeieeieeie et ste sttt ettt nae e aesneennens 469
Christian Nissing, Loic Coént and Nathalie Girault



x | Table of Contents

PART VIII: LCM in the Electronics and ICT Sectors

47. European LCA Standardisation of ICT: Equipment, Networks,
AN SEIVICES.....cueviuiiiiiitiirieereeree ettt
Anders S.G. Andrae

48. Product Carbon Footprint (PCF) Assessment of a Dell OptiPlex 780
Desktop — Results and Recommendations.............cceeveeveeierienienieneenieseeens
Markus Stutz

49. State of the Art in Life Cycle Assessment of Laptops and Remaining
Challenges on the Component Level: The Case of Integrated Circuits.........
Ran Liu, Siddharth Prakash, Karsten Schischke, Lutz Stobbe

50. The Concept of Monitoring of LCM Results Based on Refrigerators
CaSE STUAY ..ovieiiieieiieiieieee ettt re e b e st este e b e teesaesaeeraesaeesaens
Przemyslaw Kurczewski and Krzysztof Koper

51. Life Cycle Management of F-Gas-Free Refrigeration Technology:
The Case of F-Gases-Free Frozen Dessert Equipment ...........ccccccvevvevvenenen.
Francesca Cappellaro, Grazia Barberio and Paolo Masoni

PART IX: LCM in the Mobility Sector

52. Assessment of the Environmental Impacts of Electric Vehicle Concepts.....
Michael Held and Michael Baumann

53. A Consistency Analysis of LCA Based Communication and Stakeholders
Needs to Improve the Dialogue on New Electric Vehicle...........ccccecvenennn.
Stephane Morel, Tatiana Reyes and Adeline Darmon

54. Design for Environment and Environmental Certificate at Mercedes-Benz

Klaus Ruhland, Riidiger Hoffmann, Halil Cetiner and Bruno Stark

55. Implementing Life Cycle Engineering Efficiently into Automotive
INAUSITY PrOCESSES .. vemeeieeiieieei ettt
Stephan Krinke

56. Environmental Product Declaration of a Commuter Train.............ccccenee..
Kathy Reimann, Sara Paulsson, Yannos Wikstrom
and Saemundur Weaving

Index

587



Preface

Towards Life Cycle Sustainability Management

The global society has undergone a paradigm shift from environmental protection
towards sustainability. Sustainability does not only focus on the environmental
impact, it rather consists of the three dimensions “environment”, “economy” and
“social well-being”, for which society needs to find a balance or even an optimum.
Sustainability has become mainstream these days. It is accepted by all stakeholders
- be it multinational companies, governments or NGOs. Unfortunately, this common
understanding merely relates to the general concept rather than actions. But lip
service is not enough to achieve a sustainable development of our societies. If we
want to make sustainability happen as concrete reality in both public policy
making and corporate strategies, sustainability cannot please everybody. To make
it happen, we have to be able to discern good and evil. This requires that we are
able to address the question, how sustainability performance can be measured,
especially for companies, products and processes. We have to be smart enough to
be able to measure it or the real and substantial implementation of the
sustainability concept will remain just wishful thinking.

In order to achieve reliable and robust sustainability assessment results it is
inevitable that the principles of comprehensiveness and life cycle perspective are
applied. The life cycle perspective considers for products all life cycle stages and
for organisations the complete supply or value chains, from raw material extraction
and acquisition, through energy and material production and manufacturing, to use
and end of life treatment and final disposal. Through such a systematic overview
and perspective, the unintentional shifting of environmental burdens, economic
benefits and social well-being between life cycle stages or individual processes can
be identified and possibly avoided. Another important principle is comprehensiveness,
because it considers “all” attributes or aspects of environmental, economic and
social performance and interventions. By considering all attributes and aspects
within one assessment in a cross-media and multidimensional perspective,
potential trade-offs can be identified and assessed.

This is where life cycle assessment (LCA) and life cycle management (LCM)
come into play. LCA is the internationally accepted method for measuring
environmental performance and LCM is in a nutshell about the application of LCA
or rather life cycle thinking (LCT). It is still a relatively young concept in the
environmental community with pioneering work done by a Working Group of the
Society of Environmental Toxicology and Chemistry (SETAC) at the end of the last
century. At that time, my definition of LCM was “a comprehensive approach towards

xi
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product and organisation related environmental management tools that follow a life
cycle perspective.” The United Nations Environment Programme (UNEP) and
SETAC later launched the Life Cycle Initiative to enable users around the world to
put life cycle thinking into effective practice and introduced LCM as one of their
areas of work.

While the measurement of the environmental dimension of sustainability with
LCA is well established, similar approaches were developed more recently for the
economic (life cycle costing — LCC) and the social (social LCA — SLCA)
dimensions of sustainability. This development is crucial, because it fosters the
opportunity for life cycle based sustainability assessments. Walter Klopffer put this
idea into the conceptual formula:

LCSA =LCA +LCC + SLCA

LCSA = Life Cycle Sustainability Assessment
LCA = Environmental Life Cycle Assessment
LCC = Life Cycle Costing

SLCA = Social Life Cycle Assessment

Even though there is definitely still room to improve and expand the implementation
of LCA as part of an environmental LCM approach, I believe the time has come to
expand the concept to include the other pillars of sustainability in a more explicit
way. This is reflected in our choice of the title of this book “Towards Life Cycle
Sustainability Management”. Life Cycle Sustainability Management or LCSM is
the implementation of life cycle based sustainability assessment or LCSA into real
world decision making processes, be it on the product, process or organisation
level. In a nutshell, LCSM aims at maximising the triple bottom line (3BL) and is
based on LCSA as one key element of a broader toolbox:

LCSM = f(LCSA) = max (3BL)

This book is a selection of the most relevant contributions to the LCM 2011
conference in Berlin. The Life Cycle Management conference series is established as
one of the leading events worldwide in the field of environmental, economic and
social sustainability. The unique feature of LCM is practical solutions for the
implementation of life cycle approaches into strategic and operational decision-
making. The 2011 conference motto “Towards Life Cycle Sustainability
Management” was chosen to address and to focus on the implementation challenge
of sustainability as outlined above. In total, 414 abstracts representing more than
1100 authors from 47 countries were submitted.

Because of the excellent overall quality of the contributions it was quite a
challenge to select the 56 papers for this book. They are structured in nine Parts.
The first four Parts focus on the more general, methodological topics. Part I
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addresses general LCSM approaches that go beyond the more traditional LCM
methods and tools which are covered in Part II. Part III deals with water
footprinting as specific and emerging topic. LCM applications for processes and
organisations are the content of Part IV. The remaining five Parts deal with the
implementation of LCM approaches in relevant industrial sectors, namely the
agriculture and food sectors (Part V), the packaging sector (Part VI), the energy
sector (Part VII), the electronics and ICT sectors (Part VIII) and the mobility sector
(Part IX).

The authors of this volume come from 29 countries including Africa, Asia, Europe
and the Americas. They represent the developed and the developing world as well as a
variety of stakeholders from multinational companies, academia, NGOs to public
policy. I am very grateful for their excellent and timely contributions.

In addition to the core contribution of the authors this book was only possible due
to the efforts of many colleagues and friends. | am very grateful for the support of
the co-chair of the LCM 2011 conference, Stephan Krinke, and all members of the
scientific committee: Carina Alles, Emmanuelle Aoustin, Pankaj Bhatia, Clare
Broadbent, Andrea Brown Smatlan, Maurizio Cellura, Roland Clift, Mary Ann
Curran, Ichiro Daigo, James Fava, Jeppe Frydendal, Pere Fullana, Gerard Gaillard,
Mark Goedkoop, Minako Hara, Michael Hauschild, Jens Hesselbach, Arpad
Horvath, Atsushi Inaba, Allan Astrup Jensen, Anne Johnson, Juha Kaila, Gregory
Keoleian, Henry King, Walter Klopffer, Annette Koehler, Paolo Masoni, Yasunari
Matsuno, Llorenc Mila i Canals, Nils Nissen, Philippa Notten, Erwin Ostermann,
Rana Pant, Claus Stig Pedersen, Gerald Rebitzer, Helmut Rechberger, Klaus
Ruhland, Giinther Seliger, Guido Sonnemann, Nydia Suppen, Ladji Tikana, Sonia
Valdivia, Paul Vaughan and Harro von Blottnitz. Their efforts in soliciting and
selecting the right mix of contributions were extremely valuable.

I particularly like to thank my Sustainable Engineering group at TU Berlin for all
their support. Special thanks have to go to the core editing team consisting of
Annekatrin Lehmann, Laura Schneider and Marzia Traverso for their generous
commitment on top of their regular duties. I also like to acknowledge the technical
support of Robert Ackermann, Adrian Caesar and Martina Creutzfeldt.

Last, but not least, sincere thanks to my family for their courtesy and patience.

Berlin
Prof. Dr. Matthias Finkbeiner
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