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ABSTRACT

In the era of globalization, supply chains are becoming technologically advanced and
integrated but geographically more dispersed. As a consequence, there are greater
requirements for packaging, transportation, material handling and warehousing related
activities. Therefore, supply chain operations such as warehousing, transportation,
production, material handling etc. are becoming major sources of carbon emission. Thus,
there is a need for an urgent investigation of business activities from an environmental
perspective. In addition, increasing pressures of regulatory bodies as well as environmentally
conscious customers make supply chain managers re-consider supply chain decisions
considering environmental concerns. However, research addressing sustainability in forward

supply chains using quantitative models is limited.

In addition, product demand is becoming more and more volatile and random due to various
deliberate and random influences which influence the cost effectiveness and customer service
level in MRP systems. Nowadays, dynamic random demand is common throughout the
launch, ramp, peak, and end-of-life phases of an item because of short product life cycles,
seasonality, customer buying patterns, or other factors. Therefore, companies need to achieve
a balance between costs, customer service level and carbon emissions while addressing
supply chain decisions. Reducing carbon footprints of products also helps managers to

leverage their marketing efforts.

The conventional approach of business managers to address the carbon emission problem is
directed towards energy savings through options such as use of energy efficient
machines/equipment, use of renewable energy sources, product redesign, packaging etc.
Although these apparent options are very effective in achieving emission reduction targets,
they are very costly to implement. In addition, such options also need long lead time to start

showing their effects on emissions generated. On the other hand, managers have little focus



on the impacts of supply chain decisions on energy usage and carbon emissions generation.
Decisions related to inventory management, transportation mode selection, plant location,
collaboration etc. are largely ignored in assessing their impacts on emissions though contrary
to the conventional wisdom, companies can reduce their GHG emissions profitably by

optimizing these decisions with emission concerns.

This study aims to investigate that how inventory lot-sizing and supplier selection decisions
influence total costs and emissions of a firm under non-stationary stochastic demand
considering product-related features and system parameters. Despite the fact that non-
stationary stochastic demand makes the problem more complicated and involved, the
operational importance of demand uncertainty has motivated us to consider and model it. The
study examines the effects of carbon emission parameters of different supply chain activities
on these decisions. The impacts of regulatory policies on inventory lot-sizing decision under
different demand uncertainties and service levels have also been addressed. Further, we
addressed the joint problem of supplier selection and inventory lot-sizing since they not only
influence total system-wide cost, customer service levels and carbon emissions significantly,
but also affect other decisions such as packaging, waste and location. This study was carried
out as there is a lack of model based research in this area especially under stochastic demand
situations. Regarding the joint problem of supplier selection and inventory lot-sizing, we
conducted two studies with stochastic demand. The first study investigated the combined

problem without emission concerns, whereas the second study integrated carbon emissions.

We undertook these studies since it is less clear in literature how the joint decisions impact
the carbon footprint of a supply chain especially under dynamic random demand. We carried
out numerical studies to examine the effects of product-related features and system

parameters on the performance metrics in these two decisions. The product- and system-



related features included service-level measures, demand pattern and demand coefficient of
variation. We also analyzed the impacts of emission parameters corresponding to various
activities and parameters of different regulatory policies on supplier selection and inventory
lot-sizing decisions. The regulatory policy parameters included carbon price, carbon tax and
carbon cap, whereas the emission parameters consisted of ordering- and holding-related
emissions. The results show that integration of carbon concerns has significant influence on

the replenishment schedule, costs, emissions and relative shares of the suppliers.

For these decisions, we developed mixed integer linear programming models with carbon
emission and service level constraints. The models explicitly accounts for the emissions
generated due to purchasing, ordering and storage activities along with corresponding costs.
Coefficient of variation is taken as demand uncertainty measure since it reflects the level of
demand uncertainty with respect to average demand level. We used service-level measure to
avoid complicacies and inaccuracies associated in evaluation of backordering costs. The
supply chain performance was evaluated using criteria such as system-wide cost, service-
level, inventory levels and total emissions across the supply chain. Finally, we investigated
supply chain coordination problems with carbon emission consideration under time-varying
stochastic demand. In particular, we evaluated how coordination between a vendor and a
buyer influences costs and emissions under varying levels of demand uncertainty and cycle
fill rate under the existence of carbon cap-and-trade regulatory policy. The results show that
centralized decision positively impacts the supply chain performance measures such as costs
and inventory levels for different values of system and regulatory parameters. However, it
increases supply chain-wide emissions in most of the test instances, although under low
demand uncertainty and higher carbon price condition, it also decreases supply chain-wide
emissions. This thesis provides several important insights and guidelines relevant to academia

and supply chain managers while taking decisions under their specific business environment.
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