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The petrochemical industry plays a key role in Iran’s non-oil economy, yet it is also one of the major
sources of greenhouse gas emissions. Assessing its environmental efficiency is strategically important
for achieving the General Policies on the Environment, Energy, and the Resistance Economy, as well
as for enhancing green competitiveness. This study evaluates the environmental efficiency and green
competitiveness of ten major listed petrochemical companies in Iran during the period 2021-2025 using
a non-oriented Slacks-Based Measure (SBM) model with undesirable outputs. Inputs include fixed assets,
labor, and feedstock/energy costs, while the desirable output is operating revenue, and CO: emissions are
treated as the undesirable output. The results show that the average environmental efficiency of the sample
is 0.926, indicating a potential improvement of approximately 7.4%. Amir Kabir achieved full efficiency
throughout the entire period and demonstrated the highest level of green competitiveness, whereas Jam
and Nouri recorded the lowest scores. Inefficiency is mainly driven by excessive feedstock and energy
consumption as well as higher CO: emissions. The findings can serve as a practical tool for monitoring the
implementation of strategic policies and designing incentive mechanisms to improve the green performance

of Iran’s petrochemical industry.
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Extended Abstract

Introduction

The petrochemical industry plays a strategic role in Iran’s non-oil economy through its contribution to GDP, non-oil
exports, foreign exchange earnings, and employment. At the same time, due to the nature of its production processes,
it is one of the major sources of greenhouse gas emissions in the country. Evaluating the environmental efficiency
of this industry is therefore essential from the perspective of the General Policies on the Environment (2015), the
General Policies on Energy, and the General Policies of the Resistance Economy, particularly those emphasizing
productivity growth and reduction of energy intensity. In recent years, the concept of green competitiveness has
emerged as an integrated framework that simultaneously considers economic performance and environmental outcomes.
Environmental efficiency can be regarded as a key operational indicator of green competitiveness. Despite the economic
importance of the petrochemical sector and growing environmental concerns, rigorous quantitative assessments of
environmental efficiency using advanced Data Envelopment Analysis models remain limited. This study aims to
evaluate the environmental efficiency and green competitiveness of ten major listed petrochemical companies in Iran
over the period 2021-2025 using a non-oriented Slacks-Based Measure (SBM) model with undesirable outputs.

Methodology

This applied research adopts a quantitative approach. The non-oriented SBM model with undesirable outputs is
employed to measure environmental efficiency. The Decision-Making Units (DMUs) consist of ten major listed
petrochemical companies: Persian Gulf, Nouri, Pardis, Jam, Pars, Bu-Ali Sina, Tondgooyan, Khark, Marun, and Amir
Kabir. Inputs include fixed assets, labor, and feedstock/energy costs, while the desirable output is operating revenue,
and CO: emissions are treated as the undesirable output. CO: emissions are estimated using product-specific emission
factors based on IPCC guidelines. The model is solved using MaxDEA software. The resulting efficiency scores
are interpreted as quantitative indicators of green competitiveness and as a tool for monitoring progress toward the
aforementioned strategic policies.

Results and Discussion

The average environmental efficiency of the sample is 0.926, indicating a potential improvement of approximately 7.4
percent in the overall performance of the studied companies. Amir Kabir achieved full efficiency (score = 1) throughout
the entire period and serves as the leading benchmark with the highest level of green competitiveness. In contrast, Jam
and Nouri recorded the lowest efficiency scores. Slack analysis reveals that inefficiency is mainly driven by excessive
feedstock and energy consumption as well as higher CO2 emissions relative to economic outputs. Interestingly, the
dominant product type alone does not consistently explain differences in efficiency; for instance, methanol production
(with the highest estimated emission coefficient) does not necessarily correspond to lower efficiency, while some
aromatic-based producers rank among the lowest performers. This suggests that operational scale, cost management,
and the ability to generate economic value per unit of pollution play a more decisive role than product type alone in
shaping green competitiveness within the industry.

Conclusion

While some leading petrochemical companies in Iran operate at the efficiency frontier, considerable room remains
for improving the environmental performance and green competitiveness of the sector as a whole. The results
can serve as a practical instrument for monitoring the implementation of the General Policies on the Environment,
Energy, and the Resistance Economy. Policymakers are advised to promote technology transfer from benchmark
firms, design performance-based incentive mechanisms, direct investment toward cleaner production technologies, and
strengthen ESG reporting requirements for listed companies. Enhancing environmental efficiency will not only reduce
pollution but also strengthen the long-term sustainability, resilience, and international competitiveness of Iran’s strategic
petrochemical industry.

Keywords: Eco-Efficiency, Green Competitiveness, Slack-Based Measure Model, Undesirable Outputs, Petrochemical
Industry, General Environmental Policies.
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