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Abstract

The present study aims to explain the effects of privatization in Iran’s petroleum
products sector (focusing on four major fuel products: gasoline, diesel, fuel oil, and
kerosene) and to develop a data-driven decision-making model using an agent-
based model and a system dynamics model. The study data were simulated by
integrating agent-based modeling with system dynamics, and the resulting forecasts
were analyzed using data-mining algorithms and an ARIMA model embedded
within the agent-based framework. The findings indicate that privatization in Iran’s
petroleum products sector leads to an increase in gasoline prices and adaptive
behavior among environmental agents; after an approximate one-year period,
demand returns to levels close to those observed before deregulation. However, for
diesel and fuel oil, consumption does not change substantially, given the
substitution effect associated with fuel oil and the cascading impact on the
downstream end of the commercial transportation value chain in the case of diesel.
Moreover, deregulation of kerosene results in its substitution with other energy
sources such as natural gas, and its price—after an initial increase due to price
liberalization—exhibits a downward trend as demand declines.
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Extended Abstract
Introduction

Using information and processing it plays an important role in achieving an
appropriate operational strategy. With the rapid growth of market information
available through various channels, actors in different markets have gained
opportunities to extract information in order to obtain competitive advantage.
However, to leverage this advantage, they must be able to manage massive volumes
of data from heterogeneous sources and use them to guide their decision-making
processes. Energy markets—including crude oil and petroleum products markets—
are known as among the most complex in the world due to the large number of actors
and the intensity of their interactions. Therefore, understanding the dynamics of these
markets is crucial for deriving decision rules and developing a decision-making
model for such markets.

The purpose of this paper is to model Iran’s petroleum fuel products market based
on the behavior of market participants, examining how actors behave and how fuel
product prices evolve under two scenarios: privatization and government control. The
findings of this study first contribute to strengthening the foundations of data-driven
decision-making through computer-based simulation in complex markets,
particularly petroleum fuel products markets, and then provide a real-world-
grounded system for policymakers and decision-makers in this field to test different
scenarios in the aforementioned market.

At present, the fuel products market is governed by the state, meaning that the final
price is determined by the government. But if the government’s role is removed from
the fuel products market, what will happen to this market? How will the new market
structure and its actors respond? These are the questions that the present research
seeks to address.

Method

In terms of methodology and research tools, the present study employs a real-world
simulation using quantitative modeling tools at the micro level. Micro-level modeling
in ecosystem analysis goes beyond examining a single part of the system and engages
with deeper layers of the phenomenon, as it assumes that the smallest components
influence the whole, and that changes in one part of the system can alter the entire
ecosystem. To conduct this research, given the presence of agent-dependent
processes and the need to link the process level with the agent level, a hybrid
approach—combining agent-based modeling and system dynamics modeling—was
adopted.

The use of data mining enables the real-time utilization of its results within the
developed model, and by feeding the system through online databases, the model
effectively becomes both a learning and an adaptive system. The system’s output data
are analyzed and examined using association rules and classification methods. In
addition, the programming language used for data analysis is R, which extracts the
results of the required queries from the simulated model.
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Results and Discussion

1. Gasoline consumption: Given that price behavior under privatization is expected
to exhibit a sharp increase initially, gasoline consumption—being the primary fuel
for vehicles—will decline substantially. Subsequently, as the model adapts,
consumption will partially return toward pre-privatization levels.

2. Diesel consumption: Diesel consumption under the privatization scenario differs
somewhat from the more complex pattern observed for gasoline, since diesel is
predominantly used for industrial purposes and commercial transportation. Demand
for this product does not change markedly; the initial price shock only reduces part
of the demand, which is quickly offset as the prices of other services in the industrial
and commercial sectors rise.

3. Kerosene consumption: Kerosene consumption also has its own complexities.
Although its consumption accounts for a relatively small share compared with the
other petroleum products considered in this study, in the deregulation scenario, the
availability of more efficient substitute fuels leads household consumers to switch
away from kerosene, causing its consumption to drop sharply. Accordingly, a
pronounced decline in kerosene consumption is observed under privatization.

4. Production of petroleum products: Under deregulation, petroleum product prices
are determined by the supply—demand mechanism; therefore, after identifying
consumption trends, production must also be examined. As shown in the appendix
data on Iran’s trade in petroleum products, two products—Kkerosene and fuel oil—are
in an export position, and thus their production does not face major constraints.
However, for gasoline and diesel, consumption and production trends must be
compared. In the privatization scenario, the gap between gasoline production and
consumption is very small, enabling Iran to achieve an export capacity of 1,653
million liters of gasoline. For diesel, the production—consumption gap is estimated at
3,570 million liters

Conclusion

Given the behavior of the petroleum products market and consumer behavior
considered in the simulation of this market, agents exhibited different behaviors
across the various petroleum products. In response to the question of how fuel product
prices behave in this market, the behavior of each of the four main petroleum products
was identified as follows:

Gasoline: Under deregulation, gasoline—which accounts for more than 85% of fuel
consumed by vehicles—is expected to fall within a price range of USD 0.4 to 1.6
after privatization. This price is determined by three main factors: the cost of
producing gasoline, daily demand, and supply conditions, each of which is itself
influenced by a set of additional drivers. Regarding customer behavior, after passing
through the initial price-shock phase, consumption is expected to return close to the
pre-privatization level (an average of 70 million barrels per day), and the product will
move into an export position.

Diesel: For diesel fuel, price liberalization initially reduces consumption, but it
quickly returns to its baseline level. This effect leads to higher prices for services and
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manufactured goods and, through commercial transportation, exerts systemic
spillover effects on other markets. The predicted price range for diesel is USD 0.4 to
1.2, and its previous export status is expected to be maintained.

Fuel oil: Fuel oil is a major energy source for power plants, petrochemical
complexes, and refineries. Privatization is not expected to have a significant impact
on this product due to its relatively low price share; therefore, its consumption and
price behavior are expected to remain consistent with past patterns.

Kerosene: Kerosene shows the highest substitution rate in the simulated model
(substitution coefficient = 0.83). After privatization and the resulting increase in its
price, its consumption declines sharply, and demand for this product is expected to
be replaced by liquefied gas and other substitute products.

Overall, the findings suggest that privatization may have substantial effects on other
economic variables such as inflation. This policy is likely to cause a temporary
reduction in fuel consumption, and subsequently—through its influence on other
economic factors—hoth the price gap and consumption are expected to revert toward
their previous levels.
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