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Abstract:

The objective of the present study was to model the fundamental factors in operational budgeting in Iran’s fossil fuel power plants. In this
research, the study method is categorized as applied in terms of purpose and as field-based in terms of execution. The research population
consisted of experts and financial and accounting personnel working in the country’s power plants in 2023. A total of 115 individuals were
selected using a convenience sampling method. Data collection instruments included a demographic information form and a researcher-
developed questionnaire designed to assess the fundamental factors in operational budgeting in Iran’s fossil fuel power plants. The validity
and reliability of the researcher-developed questionnaire were confirmed. For data analysis, a machine learning method based on the Support
Vector Machine (SVM) algorithm was utilized through SPSS Statistics 26 software. The results showed that 70% of the data were allocated
for training and 30% for testing. Moreover, the model of fundamental factors in operational budgeting in Iran’s fossil fuel power plants
demonstrated a satisfactory level of quality. Specifically, in the testing phase, the machine learning method using the SVM algorithm
predicted 72.73% of the data correctly, with only a 27.27% error rate. In the training phase, the machine learning method using the SVM
algorithm predicted 85.65% of the data correctly, with an error rate of only 15.34%. Consequently, considering the acceptable quality of the
model of fundamental factors in operational budgeting in Iran’s fossil fuel power plants, the identified factors can be employed to improve
operational budgeting in these plants.
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Extended Summary

Introduction

Budgeting remains one of the fundamental pillars in the financial management of organizations and serves as a critical
mechanism for resource allocation and performance control. Among the modern approaches to budgeting, operational
budgeting has emerged as a result-oriented model that links allocated financial resources to measurable outcomes. Unlike
traditional line-item budgeting which primarily emphasizes inputs and expenses, operational budgeting focuses on outputs,
efficiency, and the overall effectiveness of services rendered by an organization (Chandawarkar et al., 2024; Tewe et al., 2024).
It provides a framework for making informed decisions by aligning expenditures with expected results, allowing for enhanced
accountability, performance monitoring, and strategic resource distribution (Arisa & Yuningsih, 2023; Chen et al., 2018).

In the energy sector, and particularly within fossil fuel power plants, the implementation of an effective operational
budgeting model is of paramount importance. Fossil fuel power plants play a dominant role in electricity generation worldwide,
including in Iran, where natural gas and oil reserves make thermal power generation the most prevalent form of energy
production (Braun, 2022; Golhosseini et al., 2016). Despite their operational advantages—such as resource availability,
established infrastructure, and relatively low costs—fossil power plants also contribute significantly to environmental
degradation through greenhouse gas emissions and water consumption (Anderson et al., 2022; Joy & Qureshi, 2023). This
duality underscores the need for a more precise and accountable budgetary framework to enhance financial performance while
mitigating environmental costs.

In response to the growing demand for improved budgetary practices in high-impact sectors such as energy, research efforts
have increasingly focused on developing analytical models to support operational budgeting. Asgari et al. (2024) explored the
consumption of renewable energy across OPEC countries and emphasized the role of governance, emissions intensity, and
income on energy policy design (Asgari et al., 2024). Meanwhile, Kakakhani et al. (2024) demonstrated that economic freedom
positively influences the decoupling of economic growth from fossil fuel dependency, reinforcing the importance of
macroeconomic context in budgetary planning (Kakakhani et al., 2024). In a related vein, Dianat et al. (2021) examined the
systemic modeling of renewable electricity planning, concluding that policy interventions must consider long-term scenarios
and investment returns in the context of fossil fuel competition (Dianat et al., 2021).

While prior studies have addressed economic, environmental, and policy aspects of energy budgeting, limited research has
been conducted on modeling the fundamental factors influencing operational budgeting specifically within fossil fuel power
plants. Yeh (2025) proposed a hybrid data envelopment analysis framework to allocate emissions abatement budgets, further

supporting the need for quantitative models in resource distribution (Yeh, 2025). The present study addresses this gap by
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developing and validating a model that identifies the key structural, causal, and strategic components of operational budgeting
in Iran’s fossil power plants. Through the application of machine learning—specifically the Support Vector Machine (SVM)
algorithm—the study aims to offer a predictive, scalable, and evidence-based framework tailored to the specific characteristics
of Iran’s energy infrastructure.

Methods and Materials

This research employed a field-based, applied design, targeting financial and accounting professionals in fossil fuel power
plants across Iran in 2023. A total of 115 individuals were selected via convenience sampling. Data collection instruments
included a demographic questionnaire and a researcher-designed survey encompassing six major constructs: contextual
conditions, causal conditions, intervening conditions, strategies, outcomes, and core phenomenon. The questionnaire consisted
of 31 items, rated on a 5-point Likert scale. Validity and reliability were confirmed through expert review and Cronbach’s alpha
coefficients (ranging from 0.71 to 0.94). Data analysis was conducted using SPSS Statistics 26 and the Support Vector Machine
(SVM) algorithm to partition the dataset into training and testing phases (70% and 30%, respectively) for model validation.

Findings

The demographic profile of the sample revealed that 79.13% were male, 53.91% were aged between 36 and 45 years, 53.04%
held a master's degree, 34.78% had more than 20 years of work experience, and 92.17% were married. Descriptive statistics
indicated that the mean values for contextual and causal conditions and the core phenomenon were below the neutral midpoint
(3), while those for intervening conditions, strategies, and outcomes were above the midpoint, suggesting higher perceived
importance in these areas.

Data normalization confirmed a normal distribution across all variables, allowing for effective model training and validation.
In the SVM testing phase, 72.73% of the data were accurately predicted, with an error rate of 27.27%. In the training phase,
65.85% accuracy was achieved with an error margin of 34.15%. Importance rankings among model constructs indicated that
contextual conditions held the highest weight, followed by the core phenomenon, outcomes, causal conditions, and intervening
conditions.

Discussion and Conclusion

The findings validate the feasibility and effectiveness of using machine learning algorithms to model operational budgeting
in fossil fuel power plants. The high prediction accuracy of the SVM model demonstrates that the six-component framework
developed in this study successfully captures the key determinants of budget performance within the energy sector. This is
particularly relevant given the strategic role of fossil power plants in Iran’s energy landscape and the associated financial and
environmental responsibilities they bear.

Contextual conditions, including alignment between organizational goals and budget priorities, managerial support, training
adequacy, and clear budgetary responsibilities, emerged as the most influential construct. This supports earlier assertions that
internal organizational factors heavily influence budget performance, particularly in environments with complex infrastructure
and multilevel governance structures. The core phenomenon, representing the essence of operational budgeting as a strategic
management tool, was also found to have a strong impact, underscoring its central role in connecting inputs and outcomes
within power plant operations.

Strategic elements were highlighted as mediating forces that translate organizational conditions into measurable outputs.

Their significant weight in the model affirms the importance of deliberate, performance-based planning and reinforces the need
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for strategic foresight in budget implementation. Outcomes such as increased transparency, improved accountability, and more
efficient resource use are direct benefits of operational budgeting when well-aligned strategies are in place.

Intervening conditions—external pressures, regulatory requirements, and economic volatility—were shown to modulate the
relationship between inputs and outputs. This finding aligns with prior research emphasizing the contextual sensitivity of budget
models and the need for adaptability. Recognizing these factors is critical to constructing resilient and dynamic budgeting
systems capable of responding to policy changes and operational uncertainties.

Overall, this study contributes a novel, empirically validated model that enhances understanding of operational budgeting
dynamics in fossil fuel power plants. By incorporating both internal and external dimensions and employing advanced
computational methods, the model offers a robust decision-support tool for managers, policymakers, and stakeholders. It
facilitates data-driven resource allocation, strengthens financial governance, and aligns operational practices with national
energy and sustainability goals.

As Iran continues to navigate the dual challenges of energy demand and environmental preservation, integrating models
such as the one presented here into budgeting processes can foster more effective decision-making and long-term planning.
Future efforts should aim to replicate and expand this model across different energy sectors and explore the integration of real-

time data analytics and adaptive feedback mechanisms to further enhance budgeting performance.
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