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The energy system is a cornerstone of modern human life, and its ongoing transformation like smart grids with 
IoT-enabled technologies, diverse energy generation systems (solar, hydrogen, etc.), and energy trading 
platforms is redefining how we perceive and interact with it. Despite its critical importance, the sector remains 
heavily reliant on legacy IT infrastructure, which poses significant barriers to digital modernization. Frequent 
downtimes, stringent compliance requirements, and public audit obligations have made digital transformation 
efforts complex and slow-moving.

These accumulated technical debts have resulted in systems that are increasingly difficult to scale, maintain, 
and evolve. Consequently, the infrastructure is struggling to meet growing demands like real-time monitoring of 
the energy systems, ensuring predictive maintenance, lack of actionable insights to take informed decisions, 
data security and standardization due to diverse data sources, etc. Addressing these challenges is essential to 
unlocking operational efficiency, improving resilience, and enabling future-ready energy solutions.

Executive Summary

Industrial cloud computing refers to the strategic application of cloud technologies in sectors such as 
manufacturing, energy, and utilities. It enables real-time data collection, analysis, and visualization from industrial 
equipment, sensors, and control systems—going far beyond traditional IT infrastructure. By leveraging these 
capabilities, organizations can enhance operational efficiency, enable predictive maintenance, and make 
informed, data-driven decisions. The emphasis lies in managing complex industrial data environments to 
optimize performance and meet evolving industry demands.

Introduction
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It is imperative to upgrade energy-related IT systems due to increased electrification, renewable energy 
integration, customer satisfaction, and compliance adherence. Also, integrating new systems into existing 
systems using advanced digital technologies and offerings without disrupting core operations is crucial. Some 
of the key challenges across systems in the power and energy sector include:

Challenges

Data complexity
• Managing diverse, large-scale, and interdependent data structures while ensuring 

low-latency communication leads to data processing-related challenges.

• Accurately forecasting the output of a virtual power plant to ensure grid stability is 
a complex process.  

Data quality and integration
• Data collected from diverse sources often contains inconsistencies, inaccuracies, or gaps.

• The absence of standardized software and hardware frameworks across diverse power 
generation systems remains a significant challenge.

Cybersecurity risks
• Potential threats to data confidentiality, integrity, and availability from malicious 

activities or vulnerabilities exist.

• Cybersecurity threats targeting IoT-enabled devices in next-generation energy production 
and distribution systems pose a critical risk.

Legacy system constraints
• Limitations imposed by outdated technologies hinder scalability and modernization 

initiatives.

• The lack of compatibility amongst new IoT-enabled systems and the challenge of 
integrating disparate, siloed solutions from multiple vendors remains a major hurdle.

• Connectivity issues and limited bandwidth present a significant challenge to sending 
large amounts of data to central processing centres efficiently.

• Integrating smart grids with existing conventional systems remains a significant 
challenge due to technological incompatibility, interoperability Issues, consumer 
adoption for new smart meters, etc.
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Brief solution outline
Industrial cloud computing empowers the seamless integration of industrial systems through protocol-aware 
industrial edge solutions. It ensures robust data connectivity via cloud middleware that supports multiple 
hyperscalers, enabling interoperability across platforms. Standardizing data through a Unified Data Namespace 
simplifies access and governance across diverse assets.

Advanced data management is achieved through an Industry Data Fabric, allowing faster, more intelligent 
handling of operational data. Visualization of shop floor operations and assets is enhanced using Digital 
Triplets—a fusion of Digital Twin technology and Industrial AI—delivering real-time insights and predictive 
capabilities. Furthermore, Industrial Smart ESG 2.0 initiatives contribute to global carbon footprint reduction, 
aligning operations with sustainability goals.

Regulatory compliance
• Energy monitoring poses a challenge: ensuring optimal performance requires 

continuous tracking of key performance indicators (KPIs). Yet, predicting and 
managing maintenance for new operating strategies remains difficult. 

Absence of energy trading platforms
• The absence of platforms enabling end customers to trade energy is a major 

barrier to advancing next-generation energy management.

Reactive maintenance practices
• Addressing issues only after failures occur leads to higher costs and downtime.

• Preventing battery degradation is challenging—capturing real-time analytics that 
account for factors such as depth of discharge, temperature, and charge/discharge 
rates is not easy.

• Optimizing charge and discharge cycles for grid-connected systems, particularly 
under fluctuating renewable energy conditions, is highly complex.
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Industrial cloud computing, along with Azure, Amazon Web Services (AWS), or Google Cloud Platform (GCP), can 
help provide an effective solution for modernized energy generation, distribution, and management using 
smart energy technologies.

Detailed solution

Figure 2: Logical View – Industrial Cloud Computing

Figure 1: Connected energy ecosystem
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The following entails emerging energy systems, along with how industrial cloud computing enables better 
operational efficiency and increased grid reliability. This leads to proactive decision-making and regulatory 
compliance, amongst a slew of other benefits. 

Virtual power plants
The power generated through multiple sources like solar, wind, fossil fuels, etc., is accumulated and 
sent to a cloud data platform using multiple interfaces like APIs, batch data transfer, or real-time/near 
real-time data ingestion. This data is segregated, processed, contextualized, and stored in a data 
warehouse, and then displayed on different dashboards, per the persona, and linked to an energy 
trading platform for sales and services. The integration of Distributed Energy Resources (DER) and 
Virtual Power Plants (VPP) is transforming the energy sector by enhancing grid efficiency, resilience, 
and sustainability.

Energy storage system analytics
An industrial cloud computing platform can accurately forecast energy demand, renewable 
generation, and storage system performance by leveraging multi-source data, including historical 
datasets spanning 5 to 10 years. Through advanced data models and analytics, it enables intelligent 
optimization of charging and discharging cycles while anticipating grid conditions in real-time. 
Further, integrating the platform with external energy trading systems via APIs allows for a dynamic 
analysis of market signals, price fluctuations, and regulatory frameworks. This empowers the analytics 
engine to fine-tune storage operations, maximize revenue generation, and ensure compliance within 
a scalable, cloud-agnostic infrastructure, tailored to the evolving needs of the energy sector.

Real-time asset performance monitoring
Real-time asset monitoring is enabled through the deployment of IoT sensor-equipped devices that 
continuously capture operational data. This data is ingested into a cloud platform, facilitating 
seamless integration with automated frameworks and interactive dashboards. The solution 
streamlines workflows, identifies emerging issues, and enhances the tracking and resolution of 
long-lead challenges—ultimately driving improved operational efficiency and decision-making across 
the enterprise.

Greenhouse Gas (GHG) reporting
Based on automated data ingestion from the electricity generation plants, information is 
accumulated, categorized, contextualized, and calculated based on various compliance rules. It is 
then finally displayed for effective reporting, ensuring consistency and completeness of emission data 
sets. This data can also be integrated into external systems to provide metrics for compliance 
purposes.

Hydrogen guarantee of origin
A customized platform  integrates raw data and computes Hydrogen pipeline traces by reducing 
manual calculations across layers. It also comprehensively monitors the Hydrogen production 
process by tracking power generation and consumption through metrics related to the electrolyzer, 
H2 and O2 flow and temperature, storage pressure, and exhaust valve positions. This improves the 
efficiency of Hydrogen production without energy loss.

Lifespan forecasting
The metadata of energy devices and systems is maintained within a Common Data Model, which links 
transactional data and graph-based relationships to deliver clear visual insights. When operational 
parameters deviate from expected thresholds, the system dynamically visualizes these changes and 
proactively notifies the relevant personas. Using predictive analytics, the platform estimates the 
Remaining Useful Life (RUL) of assets and provides actionable recommendations to ensure reliability 
and continuity of energy operations. These insights are seamlessly integrated with other systems via 
APIs or service calls, triggering predefined Standard Operating Procedures (SOPs) to support timely 
interventions and maintain seamless performance across the energy infrastructure.

Self-healing grids
Critical energy systems and devices are equipped with smart sensors that transmit real-time data to 
cloud platforms using specific protocols. This continuous data stream is monitored through 
advanced automation frameworks, which trigger predefined SOPs via APIs or service calls to initiate 
proactive maintenance and system recovery. These intelligent grids autonomously detect and isolate 
faults, minimizing service disruptions and enabling rapid power restoration. This architecture ensures 
a stable power supply while aligning with modern energy demands and sustainability goals.

Peer-to-peer energy management
Peer-to-peer (P2P) energy management is revolutionizing the landscape by democratizing 
production and enabling eligible public users to act as producers and consumers—commonly 
referred to as prosumers. This model fosters a decentralized energy ecosystem where individuals and 
communities contribute directly to meeting the demand. The system is underpinned by a robust Data 
Registry Platform that streamlines prosumer onboarding and manages DERs. By leveraging industrial 
cloud computing and scalable data platforms, the architecture ensures secure, real-time energy data 
management and seamless integration with existing infrastructure. This cloud-agnostic, scalable 
approach lays the foundation for a sustainable, self-reliant ecosystem, aligning with the future of 
smart grids and decentralized energy markets.

Carbon Capture, Utilization, and Storage 
Carbon capture systems, equipped with smart sensors, continuously transmit real-time data on the 
quantity and quality of captured emissions to a secure industrial cloud platform. This is then 
processed through automated pipelines governed by predefined business rules, enabling accurate 
classification and contextualization of carbon metrics from multiple sources. An industrial computing 
platform then stores and organizes this data for operational efficiency and distributes it to 
downstream systems via APIs and message queues, aligned with relevant communication protocols. 
Interactive dashboards provide intuitive visualizations across key performance indicators, offering 
end-to-end transparency into data ingestion, processing, storage, and transfer. This architecture 
supports proactive decision-making, regulatory compliance, and sustainability reporting within a 
scalable and resilient digital ecosystem.

Workforce EHS
The workforce team in any organization can be equipped with IoT-enabled gear that tracks their 
movement and sends the data to an industrial cloud computing platform for effective operation 
management in real-time. Accelerators like WorkerNXT then speed up the implementation process 
and enable different features per the use case. The workforce team can utilize this simulated training 
for trainees before they familiarize themselves with a plant and its operations.

©LTIMindtree | Privileged and Confidential
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Virtual power plants
The power generated through multiple sources like solar, wind, fossil fuels, etc., is accumulated and 
sent to a cloud data platform using multiple interfaces like APIs, batch data transfer, or real-time/near 
real-time data ingestion. This data is segregated, processed, contextualized, and stored in a data 
warehouse, and then displayed on different dashboards, per the persona, and linked to an energy 
trading platform for sales and services. The integration of Distributed Energy Resources (DER) and 
Virtual Power Plants (VPP) is transforming the energy sector by enhancing grid efficiency, resilience, 
and sustainability.

Energy storage system analytics
An industrial cloud computing platform can accurately forecast energy demand, renewable 
generation, and storage system performance by leveraging multi-source data, including historical 
datasets spanning 5 to 10 years. Through advanced data models and analytics, it enables intelligent 
optimization of charging and discharging cycles while anticipating grid conditions in real-time. 
Further, integrating the platform with external energy trading systems via APIs allows for a dynamic 
analysis of market signals, price fluctuations, and regulatory frameworks. This empowers the analytics 
engine to fine-tune storage operations, maximize revenue generation, and ensure compliance within 
a scalable, cloud-agnostic infrastructure, tailored to the evolving needs of the energy sector.

Real-time asset performance monitoring
Real-time asset monitoring is enabled through the deployment of IoT sensor-equipped devices that 
continuously capture operational data. This data is ingested into a cloud platform, facilitating 
seamless integration with automated frameworks and interactive dashboards. The solution 
streamlines workflows, identifies emerging issues, and enhances the tracking and resolution of 
long-lead challenges—ultimately driving improved operational efficiency and decision-making across 
the enterprise.

Greenhouse Gas (GHG) reporting
Based on automated data ingestion from the electricity generation plants, information is 
accumulated, categorized, contextualized, and calculated based on various compliance rules. It is 
then finally displayed for effective reporting, ensuring consistency and completeness of emission data 
sets. This data can also be integrated into external systems to provide metrics for compliance 
purposes.
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Hydrogen guarantee of origin
A customized platform  integrates raw data and computes Hydrogen pipeline traces by reducing 
manual calculations across layers. It also comprehensively monitors the Hydrogen production 
process by tracking power generation and consumption through metrics related to the electrolyzer, 
H2 and O2 flow and temperature, storage pressure, and exhaust valve positions. This improves the 
efficiency of Hydrogen production without energy loss.

Lifespan forecasting
The metadata of energy devices and systems is maintained within a Common Data Model, which links 
transactional data and graph-based relationships to deliver clear visual insights. When operational 
parameters deviate from expected thresholds, the system dynamically visualizes these changes and 
proactively notifies the relevant personas. Using predictive analytics, the platform estimates the 
Remaining Useful Life (RUL) of assets and provides actionable recommendations to ensure reliability 
and continuity of energy operations. These insights are seamlessly integrated with other systems via 
APIs or service calls, triggering predefined Standard Operating Procedures (SOPs) to support timely 
interventions and maintain seamless performance across the energy infrastructure.

Self-healing grids
Critical energy systems and devices are equipped with smart sensors that transmit real-time data to 
cloud platforms using specific protocols. This continuous data stream is monitored through 
advanced automation frameworks, which trigger predefined SOPs via APIs or service calls to initiate 
proactive maintenance and system recovery. These intelligent grids autonomously detect and isolate 
faults, minimizing service disruptions and enabling rapid power restoration. This architecture ensures 
a stable power supply while aligning with modern energy demands and sustainability goals.

Peer-to-peer energy management
Peer-to-peer (P2P) energy management is revolutionizing the landscape by democratizing 
production and enabling eligible public users to act as producers and consumers—commonly 
referred to as prosumers. This model fosters a decentralized energy ecosystem where individuals and 
communities contribute directly to meeting the demand. The system is underpinned by a robust Data 
Registry Platform that streamlines prosumer onboarding and manages DERs. By leveraging industrial 
cloud computing and scalable data platforms, the architecture ensures secure, real-time energy data 
management and seamless integration with existing infrastructure. This cloud-agnostic, scalable 
approach lays the foundation for a sustainable, self-reliant ecosystem, aligning with the future of 
smart grids and decentralized energy markets.

Carbon Capture, Utilization, and Storage 
Carbon capture systems, equipped with smart sensors, continuously transmit real-time data on the 
quantity and quality of captured emissions to a secure industrial cloud platform. This is then 
processed through automated pipelines governed by predefined business rules, enabling accurate 
classification and contextualization of carbon metrics from multiple sources. An industrial computing 
platform then stores and organizes this data for operational efficiency and distributes it to 
downstream systems via APIs and message queues, aligned with relevant communication protocols. 
Interactive dashboards provide intuitive visualizations across key performance indicators, offering 
end-to-end transparency into data ingestion, processing, storage, and transfer. This architecture 
supports proactive decision-making, regulatory compliance, and sustainability reporting within a 
scalable and resilient digital ecosystem.

Workforce EHS
The workforce team in any organization can be equipped with IoT-enabled gear that tracks their 
movement and sends the data to an industrial cloud computing platform for effective operation 
management in real-time. Accelerators like WorkerNXT then speed up the implementation process 
and enable different features per the use case. The workforce team can utilize this simulated training 
for trainees before they familiarize themselves with a plant and its operations.
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Virtual power plants
The power generated through multiple sources like solar, wind, fossil fuels, etc., is accumulated and 
sent to a cloud data platform using multiple interfaces like APIs, batch data transfer, or real-time/near 
real-time data ingestion. This data is segregated, processed, contextualized, and stored in a data 
warehouse, and then displayed on different dashboards, per the persona, and linked to an energy 
trading platform for sales and services. The integration of Distributed Energy Resources (DER) and 
Virtual Power Plants (VPP) is transforming the energy sector by enhancing grid efficiency, resilience, 
and sustainability.

Energy storage system analytics
An industrial cloud computing platform can accurately forecast energy demand, renewable 
generation, and storage system performance by leveraging multi-source data, including historical 
datasets spanning 5 to 10 years. Through advanced data models and analytics, it enables intelligent 
optimization of charging and discharging cycles while anticipating grid conditions in real-time. 
Further, integrating the platform with external energy trading systems via APIs allows for a dynamic 
analysis of market signals, price fluctuations, and regulatory frameworks. This empowers the analytics 
engine to fine-tune storage operations, maximize revenue generation, and ensure compliance within 
a scalable, cloud-agnostic infrastructure, tailored to the evolving needs of the energy sector.

Real-time asset performance monitoring
Real-time asset monitoring is enabled through the deployment of IoT sensor-equipped devices that 
continuously capture operational data. This data is ingested into a cloud platform, facilitating 
seamless integration with automated frameworks and interactive dashboards. The solution 
streamlines workflows, identifies emerging issues, and enhances the tracking and resolution of 
long-lead challenges—ultimately driving improved operational efficiency and decision-making across 
the enterprise.

Greenhouse Gas (GHG) reporting
Based on automated data ingestion from the electricity generation plants, information is 
accumulated, categorized, contextualized, and calculated based on various compliance rules. It is 
then finally displayed for effective reporting, ensuring consistency and completeness of emission data 
sets. This data can also be integrated into external systems to provide metrics for compliance 
purposes.

Hydrogen guarantee of origin
A customized platform  integrates raw data and computes Hydrogen pipeline traces by reducing 
manual calculations across layers. It also comprehensively monitors the Hydrogen production 
process by tracking power generation and consumption through metrics related to the electrolyzer, 
H2 and O2 flow and temperature, storage pressure, and exhaust valve positions. This improves the 
efficiency of Hydrogen production without energy loss.

Lifespan forecasting
The metadata of energy devices and systems is maintained within a Common Data Model, which links 
transactional data and graph-based relationships to deliver clear visual insights. When operational 
parameters deviate from expected thresholds, the system dynamically visualizes these changes and 
proactively notifies the relevant personas. Using predictive analytics, the platform estimates the 
Remaining Useful Life (RUL) of assets and provides actionable recommendations to ensure reliability 
and continuity of energy operations. These insights are seamlessly integrated with other systems via 
APIs or service calls, triggering predefined Standard Operating Procedures (SOPs) to support timely 
interventions and maintain seamless performance across the energy infrastructure.

Self-healing grids
Critical energy systems and devices are equipped with smart sensors that transmit real-time data to 
cloud platforms using specific protocols. This continuous data stream is monitored through 
advanced automation frameworks, which trigger predefined SOPs via APIs or service calls to initiate 
proactive maintenance and system recovery. These intelligent grids autonomously detect and isolate 
faults, minimizing service disruptions and enabling rapid power restoration. This architecture ensures 
a stable power supply while aligning with modern energy demands and sustainability goals.

Peer-to-peer energy management
Peer-to-peer (P2P) energy management is revolutionizing the landscape by democratizing 
production and enabling eligible public users to act as producers and consumers—commonly 
referred to as prosumers. This model fosters a decentralized energy ecosystem where individuals and 
communities contribute directly to meeting the demand. The system is underpinned by a robust Data 
Registry Platform that streamlines prosumer onboarding and manages DERs. By leveraging industrial 
cloud computing and scalable data platforms, the architecture ensures secure, real-time energy data 
management and seamless integration with existing infrastructure. This cloud-agnostic, scalable 
approach lays the foundation for a sustainable, self-reliant ecosystem, aligning with the future of 
smart grids and decentralized energy markets.

Carbon Capture, Utilization, and Storage 
Carbon capture systems, equipped with smart sensors, continuously transmit real-time data on the 
quantity and quality of captured emissions to a secure industrial cloud platform. This is then 
processed through automated pipelines governed by predefined business rules, enabling accurate 
classification and contextualization of carbon metrics from multiple sources. An industrial computing 
platform then stores and organizes this data for operational efficiency and distributes it to 
downstream systems via APIs and message queues, aligned with relevant communication protocols. 
Interactive dashboards provide intuitive visualizations across key performance indicators, offering 
end-to-end transparency into data ingestion, processing, storage, and transfer. This architecture 
supports proactive decision-making, regulatory compliance, and sustainability reporting within a 
scalable and resilient digital ecosystem.

Workforce EHS
The workforce team in any organization can be equipped with IoT-enabled gear that tracks their 
movement and sends the data to an industrial cloud computing platform for effective operation 
management in real-time. Accelerators like WorkerNXT then speed up the implementation process 
and enable different features per the use case. The workforce team can utilize this simulated training 
for trainees before they familiarize themselves with a plant and its operations.

©LTIMindtree | Privileged and Confidential

Figure 3: Technology view – Industrial cloud computing
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The energy and utilities industry is undergoing rapid transformation, propelled by key market drivers such as 
increased electrification, the rise of electric vehicles, renewable energy integration, and breakthroughs in digital 
technologies. These innovations are driving operational efficiency, reducing costs, and enhancing grid reliability.

On the other hand, customer experience is being redefined through personalized services and real-time 
analytics, while sustainability goals are achieved by integrating renewable energy sources and minimizing 
carbon emissions. Looking ahead, the industry is moving toward a resilient and sustainable future enabled by 
smart grids, decentralized energy resources, and fortified cybersecurity frameworks.

Emerging technologies such as IoT, blockchain, and Digital Twins are unlocking new business models and 
enabling decentralized, intelligent energy ecosystems. Innovative solutions like AI-powered grid optimization, 
smart metering, and advanced energy management improve operational efficiency and customer satisfaction, 
accelerating progress toward ESG goals and carbon neutrality. 

To fully realize the potential of these innovations, adopting cloud-agnostic platforms, services, and tools—such 
as industrial cloud computing—is essential. These platforms support seamless integration with legacy systems, 
ensure compliance, and deliver scalable, resilient infrastructure tailored to evolving business needs.

Conclusion

• LTIMindtree iNXT Practice - iNXT, Industrial Digital Transformation Platform | LTIMindtree

• Internal Energy Association - Global trends – Global Energy Review 2025 – Analysis - IEA 

• IEA on Technology Transformation - Digitalisation - Energy System - IEA

• EU Energy Commission on Technology Transformation- Digitalisation of the energy systems

• EU Energy Commission on Data Platform- Digitalisation and data exchange are key enablers for a modern 
and resilient energy system - European Commission
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