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The present study aims to provide a comprehensive model for operational budgeting
in fossil fuel power plants based on machine learning and grounded theory. This
research examines the impact of a participatory approach to performance-based
budgeting on accountability in the public sector. Performance-based budgeting
establishes a foundation for greater accountability in the utilization of organizational
resources. Additionally, issues such as environmental protection, the high cost of initial
investment, and optimal resource utilization play a direct role in the performance of
market participants. Unfortunately, in the new competitive conditions, traditional and
classical models that assume economic agents (producers or consumers) are
homogeneous and lack interaction do not provide the necessary efficiency or
satisfactory results. Operational analysis elucidates the behavior of heterogeneous
production units and allows for interaction and learning in a dynamic environment.
However, due to the model's vast scope and complexities, an analytical solution cannot
be used to obtain variables under equilibrium conditions. Considering advances in
computational technology, the results of agent-based models can typically be evaluated
using simulation methods within various scenarios. Production units submit their
proposed production schedules for each hour to the operating entity daily. This entity,
based on the forecasted demand for the next twenty-four hours and by implementing
an auction mechanism, determines the winning units and market price, followed by
executing a settlement mechanism for sales and payments. Given the necessity of
balancing consumption and production across the country and the geographical
distribution of production and consumer units, the auction mechanism considers not
only the consumption amount but also the economic and technical constraints related
to production, transmission, and distribution. The research findings indicate that
existing performance-based budgeting infrastructures have no effect on financial
accountability in the public sector, whereas they have a negative impact on operational
accountability. Implementing performance-based budgeting infrastructures and
adopting a participatory approach in budgeting enhances the level of governmental
accountability in the public sector.
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Introduction

The present study aims to develop a comprehensive model for operational budgeting in fossil fuel
power plants, utilizing machine learning and grounded theory. Operational budgeting is a critical tool for
the effective management and planning of resources in power plants. Traditional budgeting models, which
assume homogeneity among economic agents and lack interaction, often fail to meet the efficiency and
effectiveness required in modern competitive environments (Jahanbini et al., 2022). This research
investigates how a participatory approach to performance-based budgeting (PBB) can enhance
accountability in the public sector, emphasizing the need for greater accountability in utilizing
organizational resources. Moreover, issues such as environmental protection, high initial investment costs,
and optimal resource utilization are crucial for the performance of market participants.

Methods and Materials

This study employs a mixed-methods approach, combining quantitative and qualitative data. The
primary methodology involves the use of grounded theory to develop a theoretical framework, supported
by machine learning techniques for data analysis and model simulation.

Data were collected from various sources, including literature reviews, interviews with experts,
and operational data from fossil fuel power plants. The sample included experts with at least two of the
following qualifications: familiarity with technical and environmental issues in fossil fuel electricity
production and expertise in economic evaluation or operational budgeting.

Data were analyzed using a combination of qualitative coding and quantitative machine learning
algorithms. Grounded theory was applied to analyze interview data and develop initial theoretical
constructs. These constructs were then validated and refined through machine learning models, which
included regression analysis, decision trees, and neural networks. Software tools such as NVivo for
qualitative data analysis and MATLAB for machine learning simulations were employed.

Findings and Results

The research found that the existing performance-based budgeting infrastructures in the public
sector did not significantly impact financial accountability. However, they negatively influenced
operational accountability. Implementing PBB with a participatory approach significantly enhanced
governmental accountability in the public sector. This approach facilitated better alignment of budgeting
practices with organizational goals and improved resource utilization efficiency.

Environmental protection and the high cost of initial investment were identified as critical factors
influencing the performance of fossil fuel power plants. The study highlighted that traditional models,
which do not account for these factors, often fail to provide satisfactory results. In contrast, the proposed
model, incorporating these considerations, showed improved efficiency and effectiveness in resource
allocation and operational performance.

The machine learning models demonstrated high accuracy in predicting operational outcomes
based on various budgeting scenarios. The agent-based models allowed for dynamic interaction and
learning among heterogeneous production units, leading to more accurate and efficient operational



planning. Simulation results indicated that the proposed model could significantly enhance the decision-
making process in power plants, balancing production and consumption more effectively

Conclusion

The study's findings underscore the importance of a participatory approach in enhancing
accountability within the public sector. By involving various stakeholders in the budgeting process, the
model ensures that resource allocation aligns with organizational objectives and operational needs. This
participatory approach also fosters transparency and trust among stakeholders, which is crucial for
effective public sector management.

Incorporating environmental protection and economic constraints into the budgeting model
addresses some of the critical challenges faced by fossil fuel power plants. The model's ability to factor in
the high initial investment costs and optimize resource utilization helps in making more informed and
sustainable operational decisions. This approach not only improves the financial performance of power
plants but also contributes to broader environmental sustainability goals (Chen et al., 2023). By integrating
machine learning, the model can dynamically adjust to changing environmental regulations and economic
conditions, ensuring that power plants remain compliant and economically viable. This adaptability is
particularly crucial in the current context of increasing environmental scrutiny and volatile energy
markets.
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