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ABSTRACT

Globalization, fluctuating demand, and the need for real-time responses have
stretched global supply chains to their limits, which the traditional systems cannot
handle. Quantum computing, through superposition, entanglement, and parallel-
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ism, offers transformational solutions to route optimization, inventory balancing,
demand forecasting, and risk mitigation. Advanced quantum algorithms unlock
unprecedented processing of vast datasets, predictive precision, and unparalleled
efficiency in decision-making. However, high costs, limited access, and integration
issues hamper this adoption. This chapter, therefore, focuses on how these challeng-
es can be overcome through collaboration among technology providers, logistics
experts, and academia. It follows with a proposed roadmap for integrating quantum
computing into supply chain systems, followed by practical use cases and future
research directions.

1 INTRODUCTION

With the speed of globalization, supply chains have become more complicated
and interconnected, raising the issues of resilience, efficiency, and sustainability to
companies. Traditional Supply Chain Management (SCM) models that depend on
conventional computing have stringent optimization limits, resulting in erroneous
demand forecasting, logistical inefficiency, and information fragmentation. The
COVID-19 pandemic also exposed the weakness of traditional calculation meth-
ods in adjusting to dynamic markets and disruptions (OECD, 2021). In addition,
the growing focus on eco-friendly supply chain practices requires the balance of
cost-effectiveness and sustainability targets (Elkington, 1997). These issues require
changing from current computations, and quantum computing offers a revolutionary
solution.

The inefficiencies of traditional SCM models have existed for a long time.
Forrester’s 1961 Bullwhip Effect explains how small demand fluctuations lead to
exaggerated fluctuations, resulting in poor inventory management and operational
delays. Likewise, Goldratt's Theory of Constraints of 1990 explains how bottlenecks
constrain overall performance, validating the necessity of systemic optimization.
Machine learning and artificial intelligence have improved predictive analytics (Choi
et al., 2020). However, classical computing is limited in handling multi-variable
optimization problems in real-time, necessitating the development of quantum
computing. Quantum systems, with the help of superposition and entanglement, can
process vast amounts of data in parallel, with unprecedented efficiency in solving
complex problems (Nielsen & Chuang, 2010).

Empirical evidence already exists to demonstrate the potential of quantum com-
puting in SCM. Volkswagen's quantum-based traffic optimization project reduced
city congestion by 50%, demonstrating effectiveness in fleet management and last-
mile delivery (Volkswagen, 2020). Similarly, Airbus utilized quantum simulations
to make risk assessments and identify suppliers, and quantum algorithms such as
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