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ABSTRACT

In recent years, most organizations have complex distribution networks of supply chain due to
global sourcing, production outsourcing, and serving customers all over the globe. These
supply chain logistics networks are linked by various activities with several facilities which
give rise to many emerging challenges. One of the challenges includes establishing
sustainability at various stages of multi-echelon supply chain to be sustainable. This requires
various decisions to be taken at different planning levels, facility locations, warehousing,
inventory management, and transportation. In such systems, supply chain members need to
focus on the efficient management and coordination of inventory flow and information flow
between different points of integration in an end to end supply chain. Each of the decisions
plays a significant role in the overall performance of supply chain. However, these decisions
helps in emphasizing the importance of integrating the decisions involved in the supply chains.
In the above context, transportation and warehousing decisions are considered jointly for the
distribution network design to produce more efficient results for the whole multi-echelon
supply chain. The importance of integrating logistics elements is not well recognized so far in
the literature and practising world of the supply chain due to the fact at certain point of time
logistics of supply chain lags behind its performance level. The benefits of integrating the
logistics elements may not be realized due to the independent decision-making of each entity in
the outbound logistics. Due to this fact entities involved in supply chain have to enhance their
level of decision making capabilities and information sharing by collaboration and coordination
among themselves. Some of the previous solution approaches were used to solve the difficult
problem of integration due to dynamic environment with multiple objectives. However, these
are insufficient to cope with the inability to handle the complex interactions between the supply
chain members and to represent the stochastic behaviours existing in many real world
problems. Hence, the integrated decisions of the entities involved would increase the overall
sustainability performance.

Today, various companies are also recognizing the environmental management as a key
strategic issue having a massive impact on organizational performance. The goal of
sustainability is to establish an interaction among economy, ecology, and societal related
factors. Sustainability is mapped to various supply chain drivers such as facilities, inventory,
transportation, sourcing information and pricing with a goal for every firm to measure their
triple bottom line with four categories of sustainability such as energy consumption, water

consumption, emission of Greenhouse Gases (GHGs), and waste generation.



In response to the aforementioned challenges, one of the primary objectives of this research
work is to propose various models and solution method for an integrated supply chain that
takes into account the decisions required at the different levels of planning horizon and model
an integrated logistics for sustainable supply chain. Due to the complexities of multi-echelon
system and the underlying uncertainty, inventories across the supply chain have become a
major challenge to reduce the cost and to meet the service requirement of the end customers.
Sustainability positively impacts the environment thus creating value and competitive
advantages for companies. The multi-dimensional challenges adversely affect the fragile
ecosystem and environment due to increased consumption of natural resources by increasing
population and rapid growth of industrialization, who consumes rapidly on natural resources
which results in reduced availability of resources. This has given rise to various mismatches in
demand-supply which is an important factor of uncertainty.

A comprehensive, structured, and systematic overview of sustainability for an integrated
logistics is carried out in this research by development measures, application measures, and
modeling approaches. From an extensive literature, the findings of this research reveal that
whilst there have been a handful of studies done on integrated logistics, not much has been
done with respect to establishment of sustainability in integrated logistics. Thereafter,
promising research gaps are identified and research questions along with four objectives were
developed to meet the requirements of an organization. The research gaps are: (i) lack of
transactional mechanisms that would reduce uncertainties in logistical coordination and
increases the availability of information for responsive organizational actions (ii) the concepts
and techniques that should be opted by various actors at different level of an integrated
logistics system need to be explored (iii) there is lack of integrated operations at various point
of integration in an outbound logistics system for achieving sustainability (iv) several studies
have identified different indicators of sustainability, but little attention has been given to
formulate the performance measurement of integrated logistics. In order to render complete and
pragmatic characterization of the integrated logistics effects on sustainability, the evaluation of
sustainability measures need to be examined at each level to cater the actual phenomenon and
the implementation strategies. Further, the numerical computations were analyzed considering
sustainable supply chain performance measures, which help the logistics professionals in
scenario generation. Finally, these scenarios answer the initial research questions that what
could be the management approach towards integrated logistics for sustainable supply chain of
consumer durables. Further, the initial research question is reproduced as (i) what is the need

for integration in an outbound logistics system and how sustainability can be attained through
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integration? (ii) what are the enablers that motivate logistics system to adopt integration and
sustainability and how the performance measures can be modelled for these enablers to adopt
sustainability? (iii) how the 3PLSPs can benchmarked based on their outsourcing
characteristics and the role of manufacturers can be analyzed to reduce emissions by modelling
the demands for various consumer durables? (iv) how to improve operational efficiency and
reduce negative externalities between the retailers and customers so as to remain
competitive?. These questions helps us to derive numerous managerial insights to facilitate
logistics professionals and practitioners to use appropriate methodologies and evaluation

techniques for their various business operations.

The research question is addressed by four research objectives. From the contemporary
literature the research objectives have focused on exploratory study, analytical study and
quantitative study for integration and sustainability of outbound logistics of supply chain. The
need of integrated logistics system for consumer durables is outlined using soft system
methodology (SSM). A questionnaire-based survey has been conducted among logistics service
providers, manufacturers and supply chain managers to explore the sustainability practices and
to test various hypotheses with different statistical analyses. Among 180 responses, 169
responses were found to be suitable for further analysis having no missing values. The study
found an overall response rate of 41.8 percent .Further, a conceptual framework for sustainable

integrated logistics is developed.

An extensive literature review has been conducted a) to identify research gaps and relevant
issues with integrated logistics for achieving sustainability, b) to list down the enablers, and c)
to study the role of manufacturers in the integrated logistics of supply chain. Inter-relationship
between various enablers is analyzed using Fuzzy Total Interpretive Structural Modelling
(Fuzzy-TISM). Further, a holistic hierarchical model is proposed to assess the performance of
the identified enablers that enables integration and sustainability in the logistics system. This
hierarchical model is developed by a systematic approach that includes fuzzy analytical
hierarchy process (FAHP), an evidential reasoning algorithm (ERA), and expected utility
theory (EUT). DEA-ADALINE is carried out to benchmark the third party logistics service
providers. This approach attempts to extend the conventional Data Envelopment Analysis
(DEA) models to Data Envelopment Analysis-Adaptive Linear Network (DEA-ADALINE)
model-based algorithm which is a comprehensive way to benchmark the third party logistics
service providers (3PLSPs). The developed model helps in improving the efficiency of

decision-making units (DMUSs) that are relatively inefficient in a set of 3PLSPs considered for
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this study. Further, the role of manufacturer is analyzed and modelled mathematically in a
deterministic environment. Lastly, clustering method based on Kohonen Self-Organizing Map
(KSOM) is opted to model the operational efficiency of outbound retail logistics considering
retailers and consumers. Here, the developed model demonstrates economic and environment
benefits that are achieved in terms of reduced delivery time, transportation cost and carbon
emissions.

Overall, the research work represents the integration of operations for outbound logistics
includes identification of enablers, development of hierarchical model, benchmarking of 3PL,
analyzing the role of manufacturers, and finally clustering the retailers and customers. The
proposed models are associated with various costs, delivery time, carbon emissions, and
transportation activities by measuring the economical, operational, and environmental
performances in the outbound logistics. The models developed in this research work would
help managers to handle the conflicting goals such as reducing the product’s cost and time-to-
market as well as increasing its availability. This study provide relevant guidelines to
managers, policy makers, government, academicians, decision-makers, manufacturers, third
party logistics service providers, retailers, and end-customers at operational level to address

various issues related to sustainability in their business arena.
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