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The main objective of the present study is to evaluate the performance of
petrochemical companies producing methanol using data envelopment
analysis based on the simultaneous use of two natural and managerial
principles. Because, in DEA, natural accessibility shows the potential
capacity for improvement based on the mathematical frontier of efficiency,
while managerial accessibility focuses on the possibility of actually realizing
these improvements. The combination of these two perspectives reveals the
gap between theoretical and practical efficiency and provides a basis for
designing realistic performance improvement programs. For this purpose, a
statistical population consisting of four petrochemical companies producing
methanol active in the country has been selected. The research period for
data analysis is related to the year 1401. The results obtained showed that
the best and highest efficiency is related to Fanavaran, Zagros and Khark
companies with a relative efficiency of 100 percent, and the Marjan
production unit has been determined as an inefficient unit. In addition, it
has been prioritized using the Anderson-Peterson method. Based on the
priority obtained, Khark Company ranked first, Zagros Company ranked
second, Fanavaran Company ranked third, and Marjan Company ranked
fourth. Also, a comparison based on efficiency scores with basic models
including BCC and CCR is presented to examine the capability of the
proposed model. The difference in inefficiency between the proposed
method and the BCC method is minor and is at the level of 0.012. Finally, the
changes in the amount of manageable input have been calculated, in which
case the maximum amount of reduction in the number of manageable
inputs is calculated to be 0.141 units. The results of this study allow
managers of petrochemical companies producing methanol to identify
inefficient units with potential for improvement and direct organizational
resources to them in a targeted manner. Also, by combining natural and
managerial perspectives, managers can formulate realistic operational plans
to improve productivity, optimize production capacity, and manage assets,
and implement corrective actions with specific prioritization and timing.
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1. Introduction

The petrochemical industry is one of the strategic
industries whose developments have a great impact
on the global economy and the leading countries in
this industry, and methanol, as one of the export-
oriented products of the petrochemical industry, is in
high demand globally (Mousaei et al., 2021).
Methanol is one of the three most important
products of the chemical industry in the world, and
many materials are derived from it. Also, given the
foreseeable shortage of energy resources in the
future, the direct consumption of methanol as a
clean fuel or in the production of hydrogen for fuel
cells is of great interest (Pouri, 2025). Methanol, as
one of the strategic products, is used in the
production of many final products such as solvents,
paints, plastics, and antifreezes. The diversity of
methanol derivatives and its use in various
industries have made this product a strategic
commodity, and therefore, its price fluctuations
affect many manufacturing industries (Mobbarezi et
al., 2020).

Efficiency in the performance of methanol
production units is of great importance in achieving
the development goals of this industry at the
regional and global levels. Considering the
application of the DEA method in calculating the
efficiency score of the units, in this study a data
envelopment analysis model based on the principle
of natural and managerial accessibility is presented
simultaneously. According to this principle, inputs
are recognized as manageable inputs, and the role of
the manager in controlling them is considered. At the
same time, the importance of the issue, by reviewing
the literature on the subject and domestic research, it
can be clearly seen that a study that examines and
compares the efficiency of the performance of
methanol production units in the country is not
available. Because, most of the past studies in the
field of evaluating the performance of petrochemical
companies producing methanol have used classic
DEA models that have focused only on numerical
calculations and the mathematical frontier of
efficiency. Although this approach has been able to
show the potential capacity for improvement, it has
ignored the managerial constraints and the actual
conditions of implementing improvements. On the
other hand, studies that have considered managerial
aspects have lacked a precise quantitative framework
to measure the gap between theoretical and practical
efficiency. Therefore, there is still a clear gap
between efficiency evaluation based on natural and
managerial principles, and the present study
attempts to combine these two perspectives to
provide a more comprehensive model for analyzing
the performance of petrochemical companies.

2. Methodology

The proposed model for evaluating the performance
of petrochemical companies using data envelopment

analysis models, in accordance with the principles of
natural and managerial accessibility, taking into
account manageable inputs, is introduced in this
section. According to data envelopment analysis
modeling, the performance of each unit under
evaluation is determined by a series of activities of
other units that use the inputs to produce outputs.
Of course, the traditional assumption governing DEA
is that by reducing the number of inputs, outputs
increase. Therefore, DEA seeks to calculate the
production of the highest efficiency output by
spending the least input. In this research, we assume
that by reducing some specific inputs, increasing
them, or keeping them constant (the category of
managerial inputs), contrary to the traditional
assumption in data envelopment analysis, we
increase the outputs to calculate the efficiency score.
In the application of DEA, the distinction between
natural accessibility and managerial accessibility is
of particular importance. Natural accessibility is
defined solely on the basis of the mathematical
boundary of efficiency and shows how close each
decision-making unit can come to the optimal level
in terms of data. In contrast, managerial accessibility
expresses the real power and limitations of managers
to achieve this level; in such a way that the
possibility or impossibility of reducing inputs or
increasing outputs in practice is examined. The
combination of these two approaches makes the gap
between potential efficiency and actual efficiency
clear and managers can design a realistic roadmap
for improvement; in the sense that both the
theoretical ceiling of improvement is determined and
the executive and managerial capacities to achieve it
are considered.

3. Results and Discussion

In this part of the study, in order to demonstrate the
capability of the proposed model, the performance of
four methanol production companies in Iran has
been evaluated. Each of these plants plays a role in
meeting domestic needs and methanol exports and
helps strengthen Iran's petrochemical industry. The
plants have been selected due to their production
capacity,  geographical  location, economic
importance, and access to their data. Numerical
information related to each of these production
companies has been shown for each type of input
and output. By using the relevant data in the
developed mathematical model, the efficiency results
will be calculable. It should be noted that the inputs
and outputs of the proposed model have been
determined and finalized based on existing literature
and a survey among experts through the distribution
and collection of questionnaires. Given that one of
the important mechanisms for improving output in
the methanol industry is increasing fixed capital.
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4. Conclusions

The results obtained show that the difference
between the BCC models and the proposed model is
very small, which indicates the stability and
reliability of the unit rankings. On the other hand,
the result obtained from comparing the proposed
model and BCC with CCR is also convergent. From a
managerial perspective, this numerical stability
means that decision makers can confidently select
superior units and direct organizational resources to
these units in a targeted manner. Also, focusing on
improving human resource productivity, optimizing
nominal capacity, and asset management in
inefficient units can lead to improving the overall
efficiency of the industry. Thus, in addition to
providing an analytical framework for measuring
efficiency, the research findings provide a practical
roadmap for managers to prioritize corrective
actions and develop an implementation schedule.
The research findings show that the difference
between different models is very small or
convergent, and therefore the unit rankings remain
stable and reliable. From a managerial perspective,
this stability allows managers to confidently identify
superior units and direct resources to them. Also,
focusing on improving human resource productivity,
optimizing capacity utilization, and asset
management in inefficient units can provide a clear
path to increasing the efficiency of the entire
industry. Given that in the petrochemical industry, in
addition to desirable outputs, we are always faced
with undesirable outputs such as greenhouse gas
emissions, energy consumption intensity, etc., this
research is limited due to the lack of sufficient data
on their exposure. Therefore, in a future study, it is
suggested that at least one undesirable output be
considered for calculating the efficiency score. Given
that access to data from all methanol production
companies in Iran over different time periods has not
been possible, this is considered the main limitation
of the research. For future research, we can use
dynamic DEA models to calculate the efficiency score
over different time periods.
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Table 3. Efficiency score of the units under
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Table 5. Performance score based on base models
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