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ARTICLE INFO ABSTRACT

. In recent years, creating a robust strategy to allocate crude oil has been proven
Article type: difficult due to the sudden and harsh changes in product prices, energy markets,
Research Paper and trading volumes. Traditional optimization methods, whether deterministic or
heuristic, fail to optimize the allocation of crude oil, mainly because of various

Article History:

Received: 19 February 2026
Revised: 16 March 2026

Accepted: 12 May 2026

Published Online: 23 September 2026

Keywords:

Oil Industry,

Energy Policy,

Refinery,

Petrochemical Industry,
Reinforcement Learning.

economic goals and the nonlinear dynamics of refinery and petrochemical
markets. To address these difficulties, this study aims to develop a policy-driven
framework that combines Reinforcement Learning (RL) with the Analytic
Hierarchy Process (AHP). We will use AHP to assess expert preferences through
pairwise comparisons. This process will generate structured weights for multiple
economic and operational criteria. These weights are then embedded directly
into the RL reward function, which will enable the agent to learn allocation
strategies both adaptive to market transitions and aligned with managerial
priorities. The proposed RL-AHP decision framework is trained and evaluated
using live transaction, price, and volume data from the Energy Exchange.
Simulation results demonstrate that the agent reliably converges to a stable
policy, with high agreement between expert optimal and learned decisions
(Accuracy: 94.44%). We will gain substantial economic growth by
implementing the learned framework. This growth leads to improved total

profitability by 10.23%, increased revenue by 1.32%, and reduced operational
costs by 8.91%. As a result, the general profit increases from 4.12 billion USD to
4.54 billion USD.
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1. Introduction

Optimal crude oil allocation across refinery and petrochemical systems is a strategic challenge in
energy governance, shaped by complex economic, operational, and policy-driven considerations.
Under highly volatile energy markets, conventional rule-based or static optimization approaches often
fail to adapt to dynamic transitions and cannot adequately incorporate policymakers’ preferences into
the decision structure. Reinforcement learning (RL), with its ability to learn from experience and
respond to real market conditions, provides a promising foundation for developing adaptive allocation
strategies. However, RL alone may overlook essential managerial priorities and institutional
constraints. To bridge this gap, the present study introduces an integrated decision-making framework
that combines the Analytic Hierarchy Process (AHP) with reinforcement learning. Expert preferences
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are transformed into policy weights and embedded directly into the agent’s reward function, ensuring
that the learned policy aligns with both market realities and managerial logic.

2. Materials and Methods

The proposed framework is built upon an MDP consisting of 243 states and three primary allocation
actions. States are defined based on five key market variables: crude oil price, refinery product price,
petrochemical product price, refinery trading volume, and petrochemical trading volume. Policy
weights derived from pairwise comparisons conducted by 15 experts (with acceptable consistency
ratios) are incorporated into a weighted reward function which introduces a policy layer within the
learning process. The agent is trained using Q-learning and real transaction data from the Iran Energy
Exchange. Through iterative temporal-difference updates, the learner gradually converges toward a
policy jointly driven by data-based evidence and expert-informed priority weights.

3. Results

Convergence curves indicate that after several hundred episodes, the cumulative reward increases
steadily and its variance decreases, signaling stabilization of the learning process and the emergence of
a robust policy. A balanced confusion matrix reveals that the learned policy matches expert policy in
93.67 percent of cases, achieving an F-score of 91.83 percent. Examination of the reward matrix
illustrates that expert-driven policy preferences—such as favoring allocations toward more profitable
or strategically stable downstream pathways—are strongly reflected in the agent’s behavioral patterns.
Allocation trajectories over the 40-day simulation horizon also show smooth, interpretable, and
market-consistent adjustment patterns. After an initial exploration phase, the agent consistently selects
actions that not only improve financial return but also adhere to expert logic.

Economic performance analysis shows that the expert-designed policy yields 4.12 billion USD in
profit, whereas the RL-learned policy increases profit to 4.54 billion USD, representing a 10.23
percent improvement. This enhancement arises from a 1.32 percent increase in revenues—achieved
through redirecting resources toward more profitable market states—and an 8.91 percent reduction in
costs through lower exposure to high-cost production structures. These outcomes demonstrate that the
agent successfully captured the intricate interactions among market states, weighted policy rewards,
and operational returns, ultimately generating a significantly higher economic value.

4. Discussion and Conclusion

The findings confirm that integrating AHP with reinforcement learning creates an effective approach
for designing adaptive, value-aligned allocation policies. The agent not only converged to a
numerically optimal solution but also acquired a policy consistent with expert reasoning and
institutional priorities. Enhanced profitability, stable allocation patterns, and strong policy
convergence collectively highlight the potential of this hybrid framework to support transparent,
explainable, and economically beneficial decision-making in energy governance. This methodology
can serve as a foundation for intelligent advisory systems in energy markets, and future research may
extend it by incorporating additional environmental variables and employing deep reinforcement
learning architectures.
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