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Given the increasing competition among companies and suppliers in the oil and
petrochemical industry in the modern era, it has become essential for all active
companies in this field to have a thorough understanding of their efficiency levels.
They must examine the various causes of efficiency and inefficiency in their units and
systematically plan and execute reforms in inefficient units. By enhancing the
efficiency of underperforming units, it is expected that national interests will be better
and more effectively served, improving the efficiency of the oil and petrochemical
distribution and development systems in the country. This study focuses on designing
a collaboration model among supply chain members and measuring the technical
efficiency of supplier companies using Data Envelopment Analysis (DEA). By
examining influential data and outputs, DEA is employed to calculate the technical
efficiency of the country’s supplier companies under two assumptions: constant returns
to scale (CRS) and variable returns to scale (VRS). The statistical sample consists of
15 experts with academic and practical experience in financial management and stock
market operations. The research findings indicate that technical efficiency and pure
technical efficiency (PTE) are directly derived from the computation of CCR and BCC
models. Under the CRS assumption, the average efficiency of the companies under
study is 88.45%. From a geometrical perspective, under this assumption, the
production frontier is represented as a straight line on which efficient units are located,
forming the frontier. Under the VRS assumption, the average efficiency is 90.88%.
This indicates that companies have produced 9.12% less than the optimal amount given
their current input levels. Furthermore, under this assumption, the production frontier
is concave, and each efficient production unit is positioned on the frontier. The average
scale efficiency is 97.17%, implying that the actual production scale deviates by 2.83%
from the most productive scale. When pure technical efficiency (PTE) exceeds scale
efficiency, inefficiency is due to scale inefficiency. Conversely, when this is not the
case, the major portion of inefficiency is attributed to pure technical inefficiency or
management (operational) inefficiency.

Keywords: Supply chain, Technical efficiency measurement, Supplier companies, Qil
and gas industry, Data Envelopment Analysis.
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Introduction

Globalization and advancements in information technology have drastically influenced
organizational operations in recent decades. The transition from supply-driven to demand-driven markets
underscores the need for organizations to understand and meet customer demands effectively (Chopra &
Sodhi, 2021). This shift has heightened the role of supply chain management (SCM) in optimizing
production and distribution while enhancing economic efficiency and customer satisfaction. Particularly
in the oil and gas industry, an efficient SCM system is critical due to its ability to integrate suppliers,
reduce costs, and boost productivity (Zhang & Yousaf, 2020).

Environmental and social crises, coupled with heightened awareness of industrial impacts, have
prompted organizations to adopt sustainable SCM approaches. Customers increasingly prefer eco-friendly
products, compelling firms to consider environmental and social priorities alongside economic goals (Chu
et al., 2020). Sustainable SCM not only minimizes ecological and societal harm but also aligns
organizational processes with broader sustainability objectives.

Despite its importance, SCM faces challenges such as market uncertainties, unpredictable delays,
and operational risks, particularly in industries as complex as oil and gas. These challenges necessitate
advanced strategies to mitigate risks and ensure uninterrupted operations (Udofia et al., 2021). Effective
risk management within SCM is essential, particularly in industries reliant on large-scale projects and
external financing (Abbas et al., 2020; Shafiee et al., 2021; Shafiei et al., 2021). In the Iranian oil and gas
sector, inefficiencies stemming from project delays and economic volatility hinder optimal performance
and heighten financial risks (Alizadeh & Ghasemi, 2023; Alizadeh & Jalali Filshour, 2023).

This study aims to design a collaboration model among supply chain members and measure the
technical efficiency of supplier companies in Iran's oil and gas industry using Data Envelopment Analysis
(DEA). By assessing both constant and variable returns to scale, the research provides insights into
technical and scale efficiencies to identify key inefficiencies and propose actionable reforms.

Methods and Materials

The research employs DEA to evaluate technical efficiency under constant returns to scale (CRS)
and variable returns to scale (VRS). DEA is a mathematical approach for estimating the efficiency of
decision-making units (DMUSs) by comparing their input-output relationships.

The study's statistical sample comprised 15 experts with academic and practical experience in
financial management and the stock market. The selected companies represented major suppliers in Iran’s
oil and gas industry. Input variables included fixed assets, number of petroleum-related products, total
annual costs, and estimated company value. Output variables encompassed total revenue, market share,
and production capacity.

Data were collected from corporate reports, stock exchange records, and company websites.
Analytical models, including CCR and BCC frameworks, were applied to assess technical efficiency (TE),
pure technical efficiency (PTE), and scale efficiency (SE). These evaluations identified inefficiency
drivers, differentiating between management (operational) inefficiency and scale inefficiency.

Findings and Results
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The analysis revealed the following efficiency metrics:

1. Technical Efficiency (TE): Under CRS, the average TE of the studied companies was 88.45%.
Efficient units formed a straight production frontier, representing optimal input-output levels.
Conversely, inefficient units operated below this frontier.

2. Pure Technical Efficiency (PTE): Under VRS, the average PTE was 90.88%, indicating that
companies, on average, produced 9.12% less than their optimal potential given current inputs. The
production frontier under this assumption was concave, highlighting the potential for operational
improvements.

3. Scale Efficiency (SE): The average SE was 97.17%, suggesting that actual production scales
deviated by 2.83% from the most productive scale. In cases where PTE exceeded SE, inefficiency
was attributed to scale inefficiencies. Conversely, lower PTE relative to SE indicated management
inefficiencies.

Input-output variables were analyzed to identify specific inefficiencies. For instance:

« Companies with higher fixed assets but lower output volumes exhibited inefficiencies stemming
from poor resource utilization.

e Firms with substantial production capacity but limited market share revealed marketing and
distribution gaps.

Conclusion

The results underscore the critical role of efficiency in enhancing the performance of supply chain
members within the oil and gas sector. Technical inefficiencies, whether managerial or scale-related,
hinder optimal performance and reduce competitive advantage. By addressing these inefficiencies, firms
can align their operations more closely with industry best practices and sustainability goals.

The study's DEA-based approach provides a robust framework for identifying and rectifying
inefficiencies. It emphasizes the importance of collaboration among supply chain members to streamline
processes, optimize resource allocation, and enhance overall productivity. Recommendations for
practitioners include adopting advanced analytical tools, fostering inter-organizational collaboration, and
integrating sustainability objectives into SCM practices.

From a policy perspective, incentivizing investments in technology and training can address both
operational and scale inefficiencies. By adopting targeted strategies, stakeholders in the oil and gas
industry can not only improve economic outcomes but also contribute to broader societal and
environmental benefits.

In conclusion, this research offers valuable insights into the technical and scale efficiencies of
supplier companies in the oil and gas sector. It provides actionable recommendations for enhancing supply
chain collaboration, optimizing resource utilization, and achieving sustainable growth. These findings are
particularly relevant for industries operating in dynamic and resource-intensive environments, where
efficiency is key to long-term success.
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