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Preface

Human beings have been using a variety of products for a long time. In the beginning,
they made simple products such as utensils, jewelry, and ordinary tools. As time
passed, the products became more sophisticated. Initially, the substance used prin-
cipally consisted of organic materials. For example, early models of looms were
made entirely of wood. Their construction and repair depended on the craftsmanship
and skills of a few talented people. The discovery and availability of numerous other
materials, chiefly metals, enhanced the variety and complexity of products. Crafts-
manship was replaced by industrial production. New and intricate functionalities
became available. As of late, information technology has led to the present day
situation where millions of complex products are available to billions of consumers
with an assortment of new products, materials, and techniques introduced daily.
Today, with the advancement of technology, sophisticated products are assembled
in a variety of ways. Similarly, when a product needs repairs or reaches its end-of-
life, it might require efficient disassembly to replace/retrieve parts or materials.
Because of the complex nature of assembly and disassembly, the need for a scientific
approach to both processes is obvious.

Evidently, designing disassembly processes with minimum damage and cost has
always played a crucial role in maintenance and repair. Rationalization of the
production challenged the design of products and production processes that has
ultimately resulted in concepts such as design for assembly and concurrent engi-
neering. Scientific methods for assembly optimization that have been stimulated
with the advent of computers and robots have played a key role for decades.
Surprisingly, a breakthrough in this domain came by considering the assembly
process as a reverse of disassembly, which is valid under some specific assumptions.

It is clear that scientific consideration of assembly and disassembly processes
is needed when operating in harsh (or hazardous) and inaccessible environments,
such as in nuclear reactors and in space. In addition, the need for planning under
time pressure and the desire for profit maximization further highlight the importance
of scientific methods. All these aspects compel the deployment of optimization
methods that are based on mathematical modeling of products and processes. Various
methods ranging from network theory to mathematical programming have become
available in this domain. Numerous applications of network theory that have already
been introduced in activities such as task planning and assembly line balancing, can
also be adapted and applied in assembly and disassembly studies. Mathematical
programming has also been used for selecting the best sequence of (dis)assembly
operations from a large number of possible sequences that are usually viable in such
problems.

In more recent times, additional challenges in disassembly theory started to
emerge due to the growing need for end-of-life processing. This subject became
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increasingly important during the last decade of the 20th century. The systematic
approach of disassembly processes was fueled by both the desire for precious and
valuable materials recovery and the challenge for environmentally benign processing
of postconsumed products. This resulted in the discovery of new types of problems
that had to be solved, such as those related to the optimum disassembly level and
the optimum clustering of waste streams.

Although much work has been done in recent years, a systematic and inte-
grated approach of the various aspects of disassembly theory has never resulted
in a coherent body of knowledge. Indeed, several review papers on disassembly
have appeared recently. However, they merely make the reader aware of their
existence rather than attempting to integrate various approaches of disassembly
theory.

This book is written with the intention to fill this gap with a presentation of a
coherent and comprehensive discussion of disassembly planning theories and meth-
odologies. Firmly based on hundreds of papers that have been published that reflect
various approaches to disassembly theory, the authors present an overview of the
state-of-the art in this field, frequently adding new materials that enhance the
transparency of the methodology that is discussed. Although the subject that is
dealt with seems restricted, completeness cannot be pursued to its full extent, for
open ends are present both in the chain approach and in the aggregation level. This
implies that the theory on a low level of aggregation, which corresponds to a purely
physical and mechanical approach, is not addressed. Theory on a high level of
aggregation, which embraces scheduling and reverse logistics issues, is also not
included to its full extent. The product life cycle is discussed within the framework
of industrial ecology, but phases other than the disassembly phase are not fully
expounded upon.

From a methodological point of view, there are three main approaches to disas-
sembly planning; exact methods, heuristics, and metaheuristics. From these, the
emphasis will be on the exact methods, which are widely applicable in various
disassembly planning problems. Heuristics and metaheuristics are discussed without
the details of the multiple methods that have been reported thus far.

For the same reason, the modeling theory is confined to various network
approaches and related matrix representations. This book does not deal with a
detailed discussion of the different models that are based on Petri nets, for these are
essentially analogous to the network approach. It does, however, engage the three
main applications of disassembly theory, which include assembly optimization,
maintenance and repair, and end-of-life processing.

In the last decade, much optimism existed with regard to the possibility of
robotically operated disassembly lines for end-of-life products. This initial optimism,
however, has since been mitigated to some extent, mainly because uncertainties in
supply and quality of those products put to rigorous challenges to robotic operation.
Even so, the development of disassembly theory has made significant progress since
then, which has been fruitful in all the phases of complex product life cycle including
aspects of reverse logistics.

The optimization of disassembly processes remains an important and promising
field of research. Integrated design, resulting in design for life cycle, might eventually
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result in a renaissance of the robotic disassembly line. This is desirable from both
the environmental and the working condition points of view as high labor costs are
presently impeding in exploiting the full benefits of end-of-life disassembly. The
authors express their hope that this book will contribute to the establishment of
environmentally sound and economically feasible product design and end-of-life
processing.
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