
Page 1/5ALFA PRO · alfa-pro.co.za

Substation Energy Internet Big Data

Overview
Cloud based data Analytics and Control of Substation Transformer In the realm of
advanced smart grids, real-time monitoring and control of substation equip.

Key Takeaways
Modern substations integrate digital technologies, internet connectivity, and big data
analytics to optimize energy management, enhance reliability, and enable predictive
operations.

Digital Substations and Internet Connectivity

Digital substations transform traditional electrical substations into intelligent,
connected systems. Solutions like Siemens Energy's Noedra Node suite integrate
sensing, automation, and predictive intelligence, allowing substations to monitor their
own condition, anticipate risks, and support faster operational decisions. Internet
connectivity enables real-time data exchange between substations, control centers,
and cloud-based platforms, facilitating remote monitoring, SCADA integration, and
secure data routing for large-scale energy networks.

Big Data in Substation Operations

Substations generate vast amounts of data from intelligent electronic devices (IEDs),
transformers, and switchgear. Historically, much of this data was underutilized due to
protocol limitations, but modern approaches leverage big data analytics to extract
actionable insights. Applications include: Predictive maintenance: Using digital twins
and historical performance data to forecast equipment aging and prevent unplanned
outages.
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Fault detection and protection: Automated algorithms analyze disturbance recordings
to calculate protection times and detect anomalies. Load optimization: Real-time
analysis of consumption patterns helps balance energy distribution and integrate
renewable sources. Operational efficiency: Remote monitoring reduces O&M costs
while providing valuable insights for planning and decision-making.

AI and Advanced Analytics

Artificial Intelligence (AI), including machine learning (ML), deep learning (DL), and
generative AI (GenAI), enhances substation analytics by identifying patterns,
predicting failures, and optimizing energy flows.

A

I models can process large datasets from multiple substations, enabling automated
decision-making, anomaly detection, and energy forecasting, which are critical for
supporting the energy transition and smart grid objectives.

Smart Grid Integration

The integration of Advanced Metering Infrastructure (AMI) and smart grid
technologies allows substations to communicate with end-user devices, distribution
nodes, and renewable energy sources. This connectivity supports: Demand response:
Adjusting consumption during peak periods through automated or incentive-based
strategies. Renewable integration: Managing variability from solar, wind, and other
renewable sources.

Energy efficiency: Optimizing distribution to reduce losses and improve reliability.

Conclusion

By combining internet connectivity, big data analytics, and AI, modern substations
evolve from isolated technical assets into intelligent, self-aware systems. These
digital substations enable predictive maintenance, operational optimization, and
seamless integration with smart grids, supporting a more reliable, efficient, and
sustainable energy infrastructure.
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Article Content

A framework to assess the impacts of digital electrical substations ...

We propose a comprehensive framework for assessing the impacts of the
digitalisation of electrical power substations. Literature review, interviews with
stakeholders and an expert survey

Digital Substation Pt.2

It''s now time to step in a bit further and focus on two specific areas: the open-source
part of the energy ecosystem and how the concept of software-defined networking
(SDN) applies to substations.

Smart Substations and Digitalization—Part 5: Future Trends

This article discusses trends in AI-assisted smart substations, including sensor
density, autonomous and self-healing networks, and inverter-based resources
management.

AI Grid Analytics in a Substation for the Grid of the Future – AI ...

The energy transition is imminent, but its success relies on our ability to adapt our
aging power grid infrastructure to support the entire ecosystem surrounding it.
Innovation and the digital transformation

Research on multi-source heterogeneous data fusion method of

The integration of multi-source heterogeneous data in substations is crucial for
enhancing operational efficiency and fault prediction in power systems, yet it poses
significant

Application of Big Data and Artificial Intelligence in Substation ...

In order to solve the problem that a large amount of equipment data obtained in the
operation and maintenance work of substations is not fully utilized, this paper mainly
analyzes and processes the

Substation Energy Saving and Carbon Reduction Technology Utility ...

It is proved by experiments that this algorithm improves the accuracy, timeliness and
robustness significantly, and provides reliable quantitative evidence for energy
saving and carbon reduction

International Journal of Current Science Research and Review

IoT-based systems employ sensors, communication networks, and data analytics to
monitor substation conditions in real-time. These systems perpetually gather data on
essential factors, including voltage,
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Digital Substations: The Fundamentals

Emerging technologies such as Artificial Intelligence (AI), Machine Learning (ML),
Internet of Things (IoT), and Big Data analytics are playing increasingly vital roles in
enhancing the

Cloud based data Analytics and Control of Substation Transformer

Cloud-based big data analytics are employed to train and test Machine Learning (ML)
algorithms for HI prediction. Multiple regression ML algorithms are trained and tested
on the cloud,

Application Analysis of Big Data Technology in Energy Internet

The application of big data has been widely adopted today, but the exploration of
Energy Internet based on the big data is in its early phase. In the paper, firstly, the
basic concept, characteristic and method

Application of Big Data and Artificial Intelligence in Substation ...

Reasonable use of big data technology and artificial intelligence technology can
greatly improve the intelligent level of substation operation and maintenance work,
thus optimizing the allocation of

Research on multi-source heterogeneous data fusion method of substation ...

Substation multi-source heterogeneous data resource pools consist of an edge node
data source and cloud center data source, through the two data sources to obtain the
substation non

Renewable energy management in smart grids by using big data

Abstract The application of big data in the energy sector is considered as one of the
main elements of Energy Internet. Crucial and promising challenges exist especially
with the integration of

State assessment of 110–220 kV intelligent substation

Abstract With the development of modern information technology, intelligent
substation technology has been widely used, which greatly promotes

Smart grid and application of big data: Opportunities and challenges

Energy companies, however, confront challenges in efficiently managing vast
amounts of data. The optimal and apt implementation of smart-grid big data analytics
becomes imperative to

Key Data-Driven Technologies in the Energy Internet
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This section first introduces the monitoring and measurement big data sources and
characteristics in the energy internet, then introduces the data analysis process of
monitoring and

Artificial intelligence integrated grid systems: Technologies ...

The systems can minimize energy waste and enhance the usage of renewable energy
sources (RES) significantly by maximizing their integration into the grid. In addition, it
can also
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