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Given the necessity of transitioning to renewable energies and the importance of
the stability of the national power grid, this study was conducted with the aim of
analyzing the quantitative indicators affecting the alignment of electrical energy
generation and consumption in the industrial sector. The main innovation of the
paper is the presentation of a data-driven analytical platform based on intelligent
models, which bridges the gap between the theoretical foundations of
sustainable energy and the analysis of real data. In this study, a combination of
classification and clustering algorithms, including Random Forest, Support
Vector Machine, and K-Means clustering, was used. Furthermore, to improve
validation, two hybrid models, including Random Forest-Support Vector
Machine and Clustering—Support Vector Machine, were developed using the
Python software environment and hyperparameter tuning. The quantitative data
examined include electrical energy consumption in the industrial sector,
renewable energy generation, electricity price, and total electricity consumption
in the country. The results show that renewable energy generation has followed
an increasing trend, and that rising energy prices have encouraged industries to
move toward on-site electricity generation at factories. The results of clustering
into five clusters also indicate proportional growth in renewable energy
generation, such that its daily generation accounts for at least ten percent of the
country’s electricity consumption. Based on the electrical energy alignment
equation, solutions such as time-based pricing, smart energy management,
investment in electricity storage, and the implementation of a carbon tax are
proposed. By increasing the accuracy of big energy data analysis, this paper
provides an operational roadmap for power grid sustainability and the direct
participation of industries in clean energy generation.
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1. Introduction

The Islamic Republic of Iran faces significant challenges in its transition toward more sustainable
energy sources, particularly in the field of electricity generation. The imbalance between the
generation and consumption of electrical energy in the industrial sector stands as one of the most
critical contemporary challenges in the country. The lack of timely target-setting and strategic
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planning in deploying renewable energies has deprived the nation of utilizing these boundless divine
resources. Grid balancing plays a pivotal role in ensuring industrial business continuity, sustaining the
digital economy, and integrating diverse renewable energy sources into the national power grid,
thereby making electrical energy alignment a strategic priority for the country. The primary
consequence of this issue is the worsening of the electrical energy imbalance in the coming years.
Indeed, failing to provide appropriate and optimal solutions will lead to disruptions in the supply and
distribution of electricity to industries. A prolonged electricity imbalance diminishes the production
capacity of industrial units; in the short term, this imbalance reduces factory performance and
capacity, in the medium term, it decreases profitability and revenue generation, and in the long term, it
culminates in bankruptcy and the closure of manufacturing plants.

2. Research Methodology

Based on Saunders’ research onion, the methodology of the present study is grounded in the positivist
paradigm. Given the applied nature of this research, an inductive approach is adopted as the strategy of
this paper. Specifically, in the quantitative analysis section, machine learning algorithms and methods
are utilized to inductively derive granular rules and results from the analysis of aggregate data. The
scope of the study encompasses literature reviews and empirical data. Machine learning is a vital
component of the growing field of data mining, wherein uncovering relationships, patterns, or
anomalies in large datasets can lead to accurate predictions. The empirical quantitative data has been
extracted from the official website of Iran Grid Management Company (IGMC) across four
consecutive 1.5-year periods. The methodologies employed include classification and clustering
algorithms, specifically utilizing Random Forest, Support Vector Machine (SVM), and K-Means
clustering. Furthermore, to improve model validation metrics, two hybrid models were proposed for
quantitative data—such as industrial electricity consumption, renewable energy generation capacity,
electricity pricing, and total national electricity consumption: the first hybrid model combines Random
Forest and Support Vector Machine, while the second hybrid model integrates Clustering and Support
Vector Machine. Numerical analysis was subsequently performed based on these hybrid models.

3. Results and Findings

The analysis of the energy consumption model was conducted using Random Forest classification,
taking into account the characteristics of industrial consumption data, labeled by the percentage of
renewable energy generation and the respective fiscal years. In this classification, a state where
renewable energy accounts for more than 10% of total electrical energy consumption is labeled as
“desirable,” whereas any value below this threshold is labeled as “undesirable.”

A. The classification of electrical energy consumption in the industrial sector spans from low-
consumption to ultra-high-consumption levels. The empirical results indicate that the actual
consumption of industrial units currently falls within the first and second categories,
representing low and moderate consumption.

B. According to the classification of renewable energy in the industrial sector, the share of renewable
electricity generated by industries for their own consumption remains at a low-to-moderate level.
Consequently, structured programs must be developed by both the industrial sector and relevant
government bodies to enable industries to generate renewable electricity for their own operational
needs. The data analysis reveals that industrial units currently do not independently generate
renewable electricity on a large or significant scale, with only a few industrial units and
manufacturing plants having established renewable energy farms in the country.

C. Given the country’s economic structure and the necessity of supporting businesses through the
continuation of energy subsidy packages, electrical energy pricing could vary based on the
generation source. Furthermore, with the ongoing participation of large industrial units in
renewable electricity generation, time-of-use (TOU) pricing or discounted tariff schemes could
be effectively implemented in the industrial sector.

4. Discussion and Conclusion
The primary challenge of the global—and indeed Iranian—energy transition toward renewable sources
is identifying the correct path to meet the growing demand for energy at an affordable cost and
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through low-carbon options. Nonetheless, balancing and aligning the electrical energy used in
industrial units is of paramount importance, as it is closely tied to the survival and continuity of
businesses. The stability of the electrical energy grid is a fundamental prerequisite for the development
and industrial circulation of the country. Therefore, according to the electrical energy alignment
equation, industrial units have taken steps toward generating renewable electricity. This investment
increases renewable energy production, allowing the industrial sector to utilize this electricity and feed
the surplus back into the national grid.

This paper proposes time-of-use pricing, investing in the practical application of renewable energy
generation and storage, determining methods to reduce fossil fuel consumption for electricity
generation, and adopting carbon footprint reduction strategies, environmental protection, and smart
conservation. New solutions based on economic principles, industrial energy management, data
pattern analysis, and the electrical energy alignment equation are presented. Accordingly, a sustainable
economic model for managing the electrical energy consumption of industries through a renewable
and clean energy approach in the country can be structured as follows:

Time-of-Use (TOU) Pricing: This is an effective economic method for market management and
regulating consumer behavior. As a result of dynamic or TOU pricing, industrial units can reduce their
energy costs by shifting their consumption to off-peak hours, which ultimately relieves pressure on the
power grid during peak hours. Moreover, the alignment and stability of renewable energy generation
can be established through the installation of solar panels.

Demand Response (DR) Agreements: These contracts assist in managing consumption patterns.
Under this model, the industrial sector agrees with the distribution grid management to reduce its
consumption during critical peak hours in exchange for electricity discounts, cash incentives (such as
lottery prizes), or electricity purchase credits. Demand-side management focuses heavily on
consumption optimization; flexibility in production scheduling and adhering to consumption
principles—such as mitigating the “duck curve”—will prove effective in demand management.

Direct Industrial Application: This serves as a critical solution. Heavy and key industries such as
steel, cement, and petrochemicals can establish dedicated solar power plants, private wind farms, or
hybrid solar-gas power plants. The economic advantage of these methods lies in the fact that the cost
of renewable electricity in Iran is highly competitive, reducing dependence on the national grid,
eliminating blackouts in industrial and manufacturing sectors, and ensuring the long-term cost-
effectiveness and predictability of electricity expenses. Hybrid solar-thermal systems, as well as
integrated complexes combining various renewable energies and small-scale power plants, can serve
as effective solutions for sustainable industrial electricity and resolving the electricity generation
imbalance. This investment can be facilitated through non-governmental organizations (NGOs) as well
as domestic or foreign investment companies.

Smart Energy Management Systems (SEMS): These systems analyze the total energy
consumption of a factory and automatically drive operations toward higher efficiency. In this regard,
utilizing optimization models in the design of new factories and making them smart through the
Internet of Things (loT), digital twins, and cloud computing can contribute to reducing electricity
consumption. Such systems automatically shut down non-essential equipment during high-tariff hours
and coordinate battery storage charging with renewable energy consumption.

Green Energy Supply Chain: Industrial and manufacturing units are moving toward clean energy
with a greater focus on emission reduction. Taxation on fossil fuel consumption serves as an incentive
for industries to adopt renewable energy. These tax revenues can be legally allocated within the
national budget to offset environmental damages, which necessarily requires the active participation of
employers and state-owned industrial sectors in this movement.

Ultimately, the development of renewable energy power plants is considered the primary and
fundamental step in balancing electricity generation and consumption. Regulatory and policy-making
organizations in the country, such as the organization responsible for electrical energy efficiency and
renewable energy, play a key and decisive role in defining core strategies and providing the national
roadmap in this domain.
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