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Abstract

Traditional supply chain models typically emphasize forward flows, yet reverse sup-
ply chains play a critical role in promoting sustainability by recovering and reusing
end-of-life waste materials. In this study, we examine inventory management deci-
sions within reverse supply chains by addressing waste generation, collection, and
treatment processes under stochastic conditions. Unlike conventional linear dis-
posal methods, such as landfilling, our approach adopts a model in which waste is
used as a resource, leading to reduced environmental impact.

A simulation framework will be presented that models dynamic inventory lev-
els in such a reverse supply chain. The inventory management decisions of the
model ensure efficient flow and transformation of reusable resources in the system
and avoid landfilling. A discrete event simulation model will be formulated for the
problem and reinforcement learning techniques will be developed to adaptively op-
timize inventory management decisions under stochastic resource availability and
demand. The efficiency of the proposed approach will be tested on networks gen-
erated based on real-world statistical data.
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1. Theoretical Background

Modern environmental and economic goals call for a transition from conventional
waste management to supply chains that prioritize material recovery and reuse.
Recent advancements in reinforcement learning demonstrate significant potential
for optimizing these complex systems [5], particularly in managing stochastic de-
mand patterns and dynamic inventory decisions inherent to reverse logistics [3].
Stranieri and Stella [6] demonstrate that deep reinforcement learning algorithms
(PPO, A3C) can outperform traditional inventory policies in complex two-echelon
recovery networks, suggesting similar approaches could resolve the temporal-spatial
mismatches common in waste material flows. However, most existing studies focus
on simplified supply chains and do not consider domain-specific issues.

One such challenge is material complexity. Malinverno et al. [4] have developed
a material flow analysis framework that systematically maps 110 material flows
through 27 value chain processes. Their methodology for addressing data har-
monization in cascading material use provides a foundation for modeling reverse
logistics networks handling heterogeneous waste streams with various degradation
states and contamination levels. Farjana and Ashraf [2] identified 12 key perfor-
mance indicators for wood waste supply chains, including transportation distance
optimization and material circularity index. However, unlike their focus on static
waste classification (treated/untreated/engineered), there is a need for dynamic
inventory optimization techniques specifically designed for reverse supply chains’
unique characteristics - intermittent supply and uncertain quality and quantity of
resources.

2. Problem Statement

Building on the identified challenges and insights, we adapt reinforcement learning
techniques to address the inventory management questions of reverse supply chains
where variable material quality and the uncertain amount of recovered resources
limit traditional optimization approaches. These techniques will help decision-
making in a discrete event simulation model for the reverse supply chain of waste
wood, where three main types of entities (generators, collectors and treatment
facilities) manage the resource flows in the system. Generators periodically produce
uncertain quantities of waste, which can be then collected by collectors and stored
for future use by treatment facilities.

At every level of this network, decisions have to be made about storing or
landfilling waste, as well as the potential increase of existing storage capacities
to avoid inventory overflow. The goal is to satisfy the uncertain demand in the
system, while minimizing both costs and environmental impact.
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3. Results
The proposed simulation framework and reinforcement learning approach will be
tested on network structures generated based on real-world data from the Slovenian
Environment Agency (ARSO) [1], evaluating scenarios with constant and stochastic
waste generation rates and demand patterns. Different probability distributions
will model key uncertainties, allowing assessment of the system’s performance under
realistic conditions.

The model performance will be analyzed for both economic and environmental
objectives across scenarios. Special focus will be given to reduced landfilling rates
and improved resource utilization, validating the effectiveness of the approach to
improving circularity. Sensitivity analyses will further examine how critical param-
eters influence system performance, providing insights for practical implementation
in reverse supply chains of wood.
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