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Purpose: The electricity industry is a fundamental pillar of industrial and economic development. However, the
persistent imbalance between electricity supply and demand has become a major challenge in recent years,
leading to planned power outages in the industrial sector and causing substantial economic losses. Interruptions
in electricity supply negatively affect industrial production and development by reducing productivity,
damaging equipment, delaying orders, and disrupting supply chains. In Iran, the imbalance between supply and
demand—particularly during peak consumption periods such as summer and winter—has increased the
likelihood of planned outages for industrial consumers. At the same time, rising electricity demand, limitations
in generation capacity, and the prioritization of residential consumers by distribution companies have resulted in
frequent, and in some cases unannounced, interruptions for industrial users. Therefore, short-term outage
prediction can provide a valuable basis for proactive planning and help mitigate the impacts of unexpected
interruptions on industrial operations. This study aims to develop a machine-learning-based approach for
short-term prediction of electricity outages at the feeder and hourly levels in an industrial area in Iran.

Design/methodology/approach: The study uses data collected from industrial electricity feeders in an Iranian
industrial zone over the period from March 20, 2024, to March 20, 2025. The dataset includes electricity load,
outage records, weather information (temperature and wind speed), temporal and calendar variables, and
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features derived from lagged observations. Machine learning methods were applied to model outage occurrences
and predict the probability of outages over a short-term horizon. The proposed approach was designed to
identify outage patterns at both the feeder and hourly levels and to generate information that can support
planning and decision-making by industrial managers and electricity distribution companies.

Findings: The results show that machine learning methods provide an effective approach for predicting outages
in industrial electricity networks. Among the evaluated models, LightGBM achieved an overall accuracy of
approximately 99.9% and an Fl-score of 0.989, indicating that it successfully reproduced observed outage
patterns with high precision. The predicted outage probabilities can also serve as early-warning indicators and
decision-support tools for electricity distribution companies and industrial managers. To demonstrate the
practical application of the developed model, two prediction calendars were generated. The first covered March
14-20, 2025, representing the final week of the study period, while the second covered March 21-27, 2025,
representing the first week outside the study period. The results showed that no outages were predicted during
March 14-20, 2025, which was consistent with the actual records provided by the electricity distribution
company. For March 21-27, 2025, although the predicted probabilities were close to zero, the model still
identified areas with relatively higher levels of risk. This demonstrates that the model can capture temporal
patterns in outage occurrence and provide precautionary warnings even when the predicted probability is low.

Research limitations/implications: A key limitation of this study is that the analysis is based on a single year
of data, covering the period from March 20, 2024, to March 20, 2025. Future studies could incorporate
multi-year datasets, where available, to examine medium- and long-term patterns in electricity load and outage
behavior. Using multi-year data would also improve understanding of seasonal and annual variations in outage
occurrence. Additionally, future research could integrate electricity consumption and outage data with economic
indicators—such as industrial value added or employment levels—to investigate the direct effects of power
outages on industrial production and broader economic performance. Such analyses could provide a stronger
basis for prioritization in energy management and industrial planning.

Practical implications: Short-term outage predictions can help industrial managers plan production activities
more effectively. By providing outage probabilities at the feeder and hourly levels, the developed approach can
function as both an early-warning system and a decision-support tool. The predictions may also assist electricity
distribution companies in making informed decisions related to outage management and load reduction during
periods of peak demand.

Social implications: Accurate prediction of power outages can contribute to more stable industrial operations
and help reduce disruptions to production and supply chains. More broadly, the use of predictive models for
outage management supports more efficient energy planning and contributes to the development of smarter
electricity networks and sustainable industrial growth.

Originality/value: This study develops a machine-learning-based approach for short-term electricity outage
prediction using data from industrial electricity feeders in Iran. The approach integrates electricity load, outage
records, weather conditions, temporal and calendar variables, and lag-based features to predict outage
occurrence at both the feeder and hourly levels. The creation of prediction calendars for the final week of the
study period (March 14-20, 2025) and the subsequent week outside the study period (March 21-27, 2025)
illustrates how outage probabilities can be used to provide practical warnings and support decision-making in
industrial electricity management.

Keywords: Short-term prediction of power outages, Machine learning models, Planned power outages, Power
outages management, Data-driven decision-making
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Tabel 1- Electricity consumption of different sections in Iran
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Tabel 4- Model performance comparison
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Tabel 6- Time cross validation results for the Light GBM model
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Tabel 7- Final 28-day test results
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Tabel 8- Combined outage calender output
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