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Preface

Because of negative consequences of anthropogenic climate change, protecting our
environment should be something that matters to all of us. An important paradigm
shift is necessary for the worldwide economy. Due to increasing globalization,
business operations are typically organized in complex supply chain networks,
while a coordinated scheduling of production, distribution, and sales allows for
realizing transient monetary benefits. Although the field of green supply chain
management has been established for a few years in the literature, there is still a
backlog in modeling objectives and constraints of sustainability. For this reason, this
book proposes new integrated mathematical optimization models and problem-
tailored solution algorithms that may contribute to a reconciliation of economic
and environmental issues.

The initial manuscript of this book has been accepted in January 2020 by the
University of Greifswald’s Faculty of Law and Economics. It is a habilitation thesis,
i.e., a research monograph for postdoctoral qualification in Germany.

First of all, I would like to express my deep gratitude to my academic advisor,
Professor Dr. Martin Steinriicke (University of Greifswald). During my time as a
postdoctoral researcher at his chair, several common articles have been published in
international peer-reviewed journals in the field of supply chain management. In
addition, he finally encouraged me to write this monograph. While acting as the first
reviewer of my habilitation thesis, his broad expertise was the basis of many fruitful
discussions. Additional external reviewers were Professor Dr. Richard Lackes
(Technical University of Dortmund) and Professor Dr. Hans Corsten (Technical
University of Kaiserslautern). I greatly appreciate the valuable comments of all three
reviewers. Besides, I am much obliged to Professor Dr. Jan Kornert (University of
Greifswald) for chairing the habilitation commission.

Sincere thanks to Springer and the series editor of “International Series in
Operations Research & Management Science” for accepting my manuscript for
publication.
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Finally, I would like to acknowledge the support of all friends, colleagues, and
students who accompanied me on my way to completing my habilitation. Warm
thanks go to my family.

Greifswald, Germany Wolfgang Albrecht
March 2021



About this Book

This book offers practical tools and new perspectives to researchers and profes-
sionals in the field of supply chain management. It deals with hierarchical scheduling
of operations at/between sites of generic multi-stage networks taking into account
aspects of sustainability. Driven by an increasing environmental awareness as well
as current initiatives of legislation for reducing greenhouse gas emissions and waste,
it proposes new mixed-integer programming models combining problems of pro-
curement, production, distribution, sales, recycling, disposal, and emissions trading
simultaneously in consideration of existing interdependencies. The modularized
approach distinguishes between material flows of non-perishable and perishable
goods and additionally captures an aligned financial planning. Discrete-time models
are used for establishing closed-loop structures on the medium-term level. On the
short-term level, continuous-time scheduling in 24/7 operating networks allows for
coordinating decisions exactly while striving for a reconciliation of economic and
environmental issues. Computational experiments conducted on state-of-the-art
high-performance software and hardware reveal that instances of realistic scope
cannot be solved to optimality within acceptable times. For this reason, problem-
tailored variants of relax-and-fix heuristics and genetic algorithms are proposed.
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ses W+ 1
temporary storage time for transports from site s € S, to site ¢ € S, of SC
stages (o,4) € K
equals 1 if sites € S, of SCstageo=1,..., W, W+ 2issetupintimez € T,
and O otherwise
equals 1 if transportation from site s € S, to site g € S, of the SC stages
(0,4) € K is conducted, and O otherwise
equals 1 if transportation from site s € S, to site ¢ € S, of the SC stages
(0,4) € K is conducted in time ¢t € T, and O otherwise
auxiliary variable representing the variable recycling costs at site s € S, of
SCstageo=1,...,W,W+2
auxiliary variable representing the variable disposal costs at site s € S, of
SCstageo=1,...,W,W+2
auxiliary variable representing the fixed and variable production costs at
site s € S, of SC stage o =1,..., W, W+2
auxiliary variable representing the fixed costs of reverse operations at site
seS,of SCstageo=1,...., W, W+2
auxiliary variable (see set Ny, ()
auxiliary variable representing the overall monetary consequences of
environmental decisions in time t € T
auxiliary variable representing the overall monetary consequences of
decisions on operations in time t € T,
auxiliary variable representing the overall monetary consequences of
decisions on site states in time ¢t € T
transportation quantity from site s € S, to site g € S, of SC stages (0,4) € K
transportation quantity from site s € S, to site g € S,

of SC stages (6,4) € Kintimetr € T
equals 1 if production/storage at site s € S, of SC stage 6 =1, ..., Wis
conducted [for all continuous-time models], or if market site s € Sy, .. | is
selected [for all continuous-time models except the one for perishable
goods, see Sect. 6.1.2], and 0 otherwise



