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Preface

Environment conscious manufacturing (ECM) is an emerging discipline
that is concerned with developing methods for manufacturing new products
from conceptual design to final delivery, and ultimately to end-of-life dis-
posal, that satisfy environmental standards and requirements.

The environment and global warming are receiving increasing attention
these days. The Academy Award winning documentary, “An Inconvenient
Truth,” released in 2006 and presented by former U.S. Vice President Al
Gore, has sent a warning signal to the masses to sharpen their awareness
about global warming. At the same time, most industrialized nations are fac-
ing serious repercussions from the rapid technological development that has
taken place in the past few decades. In recent years, environmental awareness
and recycling regulations have been putting pressure on many manufactur-
ers and consumers, forcing them to produce and dispose of products in an
environmentally responsible manner. Government regulations are becom-
ing more persuasive, and thus many manufacturers are under pressure to
use recycled materials whenever possible. Occasionally, manufacturers are
even required to take care of the products at the ends of their useful lives.
This regulation has created a need to design products that are environment
friendly, as well as easy to disassemble and recycle. Hence, there is more
than ever a need to develop algorithms, models, heuristics, and software
for addressing designing, recycling, and other issues (such as the economic
viability, logistics, disassembly, recycling, and remanufacturing) for an ever-
increasing number of products produced and discarded.

This text provides a comprehensive coverage of this discipline, exploring
topics such as industrial metabolism, product design for the environment,
design of reverse and closed-loop supply chains, disassembly modeling,
and case studies in ECM. Students, academicians, scholars, consultants, and
practitioners worldwide would benefit from this text. It is our hope that this
book will inspire further research in ECM and motivate new researchers to
get interested in this all too important field of study.

The book is organized into 15 chapters. The first chapter, by Lambert, pre-
sents an introduction to the basic concepts of industrial ecology including its
historical roots. The author discusses the concepts of industrial metabolism
and integrates them with the concepts of reverse logistics. The second chap-
ter by Giudice, takes the life cycle approach to designing the product for the
environment, considering all phases of the life cycle, from definition of prod-
uct requirements to its disposal. In the third chapter, Vadde et al. describe
sensor-embedded products in the context of product life cycle management.

* “AnInconvenient Truth,” starring Al Gore and Billy West and directed by Davis Guggenheim.
Studio: Paramount. Available on DVD.

ix
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X Preface

The effectiveness of the embedded sensors is modeled using simulation and
measured in terms of the average downtime, average maintenance cost, aver-
age disassembly cost, and average life cycle cost. It is shown that embedding
sensors in computers provides a beneficial result.

The fourth chapter by Pochampally et al. illustrates how various quantita-
tive techniques can be employed in the design phase of reverse and closed-
loop supply chains to address a variety of decision-making problems. The
decision-making problems addressed include the selection of economically
used products, collection centers, recovery facilities, production facilities,
second-hand markets, and new products; the optimal transportation of
goods; the evaluation of marketing strategy; and the futurity of used prod-
ucts. In the subsequent chapter (Chapter 5), Jalil et al. assert that, in closed-
loop supply chains, uncertainty could be managed by using information.
The authors illustrate their point by considering the case of CopyMagic.

Chapters 6 through 10 address various issues associated with disassem-
bly, which is the first step in product recovery. Product recovery seeks to
obtain materials and parts from old or outdated products through reuse,
remanufacturing, or recycling to minimize the amount of waste sent to land-
fills. Disassembly is defined as the methodical extraction of valuable parts
or subassemblies and materials from discarded products through a series of
operations. Chapter 6, by McGovern and Gupta, deals with disassembly line
balancing. Since a disassembly line is the best choice for automated disas-
sembly, it is essential that the disassembly line is designed and balanced to
work efficiently. The disassembly line balancing problem seeks a disassem-
bly sequence that is feasible, minimizes the number of workstations, mini-
mizes total idle time, and ensures similar idle times at each workstation as
well as addresses other disassembly-specific concerns. As finding the opti-
mal balance is computationally prohibitive due to exponential growth, the
chapter presents several metaheuristics algorithms that are easy to imple-
ment to solve the problem. Chapter 7, by Udomsawat and Gupta, presents a
variant of the Toyota Production System (known as the multikanban system)
that is implemented in a disassembly line. The authors’ investigation reveals
that the multikanban system is effective in controlling the system’s inven-
tory while providing a decent customer service level. In Chapter 8, Tripathi
et al. suggest several random search techniques that can be used to solve a
disassembly sequencing problem. Chapter 9, by Tang and Zhou, presents an
overview of two models for uncertainty management in disassembly pro-
cess planning, owing to human intervention. The first model mathemati-
cally represents the influence of human factors on disassembly, while the
second incorporates fuzzy learning strategy into the disassembly process.
In Chapter 10, Inderfurth and Langella discuss the planning of disassem-
bly for the remanufacture-to-order systems. The authors argue that linear
programming models can be used to plan disassembly for simple situations
when yields are known. Their model, first discussed in the context of a sin-
gle period, is subsequently relaxed to accommodate multiple periods, which
necessitate the use of heuristic methodologies. The authors suggest the use of
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recourse models to incorporate the randomness to accommodate the uncer-
tain yields of disassembly.

Chapter 11, by Topcu et al., highlights the issues arising from the design
of facility and storage space in the context of remanufacturing. The authors
argue that the number of usable parts or candidates for remanufacture
retrieved from returned products varies significantly, causing fluctuations
in inventory capacity and configuration requirements. Therefore, remanu-
facturing requires storage designs that not only minimize warehousing
space and inventory-holding costs but also facilitate effective coordination
of facilities planning and remanufacturing decisions. The authors use two
mathematical models to illustrate their views. In Chapter 12, Mukherjee
and Mondal highlight the current status of Indian remanufacturing. They
point to the lack of such economic activities in the country and examine
the reasons for such absence through empirical investigation. Chapter 13,
by Nakashima, proposes a Markov model to evaluate and optimize envi-
ronment-conscious manufacturing systems with stochastic variability stem-
ming from customer demand, recovery rate, and disposal rate. The model
can be used to calculate the total expected cost per period. In Chapter 14,
Dhanda and Peters report that while the developed countries are guilty of
discarding a majority of electronic products in the waste stream, most of the
waste is actually shipped overseas to Asian countries. The authors analyze
the reasons for such behavior and suggest some solutions to this problem. In
the final chapter, Sarkis et al. point out that the adoption of environment con-
scious manufacturing practices needs to overcome a variety of barriers. The
authors propose the use of interpretive structural modeling to help investi-
gate, analyze, and overcome these barriers. The chapter provides an over-
view of the major barriers and an illustrative example with initial insights.

This text would not have been possible without the devotion and the
commitment of the contributing authors. They have been very patient in pre-
paring their manuscripts. We would also like to express our appreciation to
Taylor & Francis and its staff for providing seamless support in making it
possible to complete this timely and important manuscript.

Surendra M. Gupta

A.].D. Lambert
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