
                                                               Advances in Multidisciplinary Research and Innovation                                                 page no: 176 

Published in August 2026 by Deep Science Publishing (USA | UK | India | Turkey) 

ISBN: 978-93-7185-118-3 | E-ISBN: 978-93-7185-110-7 | DOI: https://doi.org/10.70593/978-93-7185-110-7 

Published on 16/08/2026. Edited by: Dr. Sisir Kumar Rajbongshi | Dr. Kshirod Sarmah | Dr. Rajdeep Ghosh | Dharmeswar Tarang 

Department of Computer Science, Pandit Deendayal Upadhyaya Adarsha Mahavidyalaya, Amjonga, Goalpara, Assam-783124, India 

Chapter 21: Next generation Net Metering Data Centers: Integrating Blockchain, Cloud 

Computing and Artificial Intelligence 

1
Godfrey Murairidzi Gotora 

School of Engineering and ICT, Arrupe Jesuit University, https://orcid.org/0009-0007-1511-8721 
 

2
Blessed Ziyambe 

Bindura University of Science Education, https://orcid.org/0009-0004-0594-4972 
 

3
Eunice Mfula 

Evelyn Hone College 
 

4
Godfrey Benjamin Zulu,  

Mulungushi University, https://orcid.org/0009-0007-3678-2672 

 

Abstract 

The global energy landscape is undergoing a transformative shift toward distributed renewable 

generation, smart grid technologies and digitalized utility infrastructures. Net metering a billing 

mechanism that credits energy prosumers for excess electricity exported to the grid has emerged as a 

cornerstone policy for incentivizing renewable energy adoption. This book chapter proposes a next 

generation framework that integrates blockchain technology, cloud computing and artificial intelligence 

to revolutionize net metering data centers. The proposed architecture leverages cloud computing for 

scalable data storage and big data analytics, blockchain for immutable transaction records and smart 

contract automation and AI for predictive analytics, anomaly detection and intelligent energy 

management. The paper presents a comprehensive framework encompassing net metering, cloud 

workload models, blockchain transaction protocols and AI prediction algorithms. A case study examining 

the implementation of this integrated framework in Zimbabwe’s electricity sector demonstrates the 

economic feasibility, policy implications and practical challenges of deploying next generation net 

metering infrastructure in developing economies. Performance evaluation results indicate significant 

improvements in security, latency, throughput, storage efficiency and prediction accuracy compared to 

conventional systems.  

Keywords: blockchain, cloud computing, artificial intelligence, smart grid, data centers, advanced 

metering infrastructure, energy trading, cybersecurity, predictive analytics 

1. Introduction 

1.1 Global Energy Transition and Net Metering Concepts 

Net metering is a regulatory and billing mechanism that enables electricity consumers with onsite 

generation to offset their energy consumption with the electricity they export to the grid [1]. Under net 

metering arrangements, a bidirectional meter measures both the electricity drawn from the grid and the 

surplus electricity fed back into the grid [2]. At the end of a billing period the consumer is billed for the 

net consumption or receives credits for net exports [3]. 

1.2 Motivation for Integrating Blockchain, Cloud Computing and AI 

Despite significant advances in each individual technology domain, the integration of blockchain, cloud 

computing and AI remains an emerging frontier with transformative potential for net metering systems 

[4]. The convergence of these technologies addresses critical limitations of conventional approaches 
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through complementary capabilities [5].  Blockchain technology provides tamper-resistant, immutable 

records of energy transactions, addressing the data integrity challenges inherent in centralized systems. 

The decentralized nature blockchain reduces single points of failure and enhances system resilience 

against cyberattacks [6][7].  

 

Figure 1 showing the transactions rate composition, latency and scaling which are usually part of the key parameters of the 

cloud, taken from the simulation of the Zimbabwean case study. 

Cloud platforms facilitate the integration of diverse data sources and the development of scalable 

applications. [8] Artificial intelligence techniques particularly machine earning and deep learning enable 

predictive analytics, anomaly detection and automated decision-making that optimize net metering 

operations [9]. AI algorithms can forecast renewable generation, detect meter tampering and automate 

demand response [10]. Smart contracts deployed on blockchain networks can automate billing, settlement 

and compliance processes, reduce administrative costs and enhance transparency for all stakeholders 

[11]. The combination of AI Driven insights with blockchain-based automation enables autonomous 

energy markets and real time pricing mechanisms [12][13]. 

2. Principles of Net Metering 

This mechanism effectively enables consumers to store excess generation in the grid and retrieve it when 

on site generation is insufficient, incentivizing renewable energy adoption while maintaining grid 

stability [14]. 

                     

Where     is the net energy,         is the energy consumed and        is the energy exported. In 

principle the net metering policies exhibit considerable variation across jurisdictions with key 

dimensions. The type of generation technologies and system sizes qualifying for net metering, the value 

assigned to exported energy, whether credits can be carried forward across billing periods or expire at the 
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end of a certain period of time and the maximum system capacity eligible for net metering enrollment 

[15]. 

3. Cloud Service Models 

Cloud computing provides on demand access to computational resources; enabling utilities to avoid 

capital intensive infrastructure investments while achieving operational flexibility and scalability. The 

National Institute of Standards and Technology defines three primary cloud service models applicable to 

utility applications. The infrastructure as a Service that provides virtualized computing including virtual 

machines, storage and networking. The platform as a Service which provides a development and 

deployment platforms including operating systems, programming language execution environments, 

databases and web servers. And software as a Service which provides complete applications delivered 

over the internet [16]. 

3.1 Cloud Based Utility Architectures 

Cloud based utility architectures leverage cloud computing capabilities to transform utility operations 

with key architectural patterns. These include microservices architecture in which applications are 

decomposed into independent services that communicate through APIs, enabling independent 

development, deployment and scaling of components. In addition, the event-driven architecture systems 

respond to events such as meter readings, price signals, enabling responsive and decoupled operations. 

Data lake in which data is stored in native formats without predefined schemas, enabling flexible 

analytics and data science applications. Moreover, the steam processing that processes data in real time 

supporting immediate analysis and action [17].  

4. Artificial Intelligence and Blockchain in Smart Energy Data Centers 

Machine learning encompasses algorithms that enable systems to learn from data without explicit 

programming. In energy applications, ML addresses diverse challenges including prediction, 

classification, clustering and optimisation. Furthermore, deep learning leverages neural networks with 

multiple layers to learn hierarchical representations from raw data [18]. DL techniques achieve state of 

the art performance in energy applications requiring complex pattern recognition. They also, include load 

forecasting, generation forecasting and price forecasting, energy fraud, predictive maintains and fault 

diagnosis at best. It can train agents to make sequential decisions by maximizing cumulative rewards 

[19]. 

5. Case Study: Smart Net Metering in Zimbabwe 

The Zimbabwe’s electricity sector faces significant challenges including aging infrastructure, generation 

deficits and financial constraints. The distributed solar PV adoption has grown significantly in Zimbabwe 

in response to unreliable grid supply and declining solar costs. 
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Figure 2 shows the Zimbabwe Residential Load and Solar Generation Patterns. It shows the daily load and solar generation 

profile graph revealing a consumption pattern characterized by dual peaks in electricity demand. 

A significant midday trough where demand moderates, creating an ideal window for solar generation 

integration. The evening peak represents the most critical period for the grid operators as residential 

consumption surges for domestic use but also a coinciding period with the complete absence of solar 

generation. This underscores the paramount importance of energy storage solutions and robust net 

metering programs as households with solar installations can generate excess power during daylight 

hours.  

 

Figure 3 showing the cloud Resource Scaling Patterns. The cloud resource scaling graph depicts the relationship between customer count 

and resource demands for the smart metering infrastructure, revealing that data rates increase linearly with customer growth while storage 

requirements exhibit super linear scaling due to compounding factors of replication, indexing and processing overhead. 

Additionally, the analysis suggests that for practical implementation of the data center, the systems 

should involve data compression at source which reduces both storage requirements and network 
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transmission costs, creating a virtuous cycle of optimisation across the entire data pipeline from 

generation to storage. 

 

Figure 4 showing the Zimbabwe Power Load Pattern Characteristics which is crucial for AI prediction.  

Additionally, the analysis suggests that sophisticated feature engineering, including the creation of 

derived features that capture load momentum and acceleration could further improve prediction accuracy 

by extracting additional signal from historical load data.  

 

Figure 5 showing the security analysis model of Zimbabwe. The security effectiveness graph evaluates the performance of 

seven distinct security controls deployed across Zimbabwe’s energy infrastructure, revealing that encryption provides the 

strongest protection, followed by physical security, blockchain infrastructure, application security, smart meter security and 

network and access control providing the lowest effectiveness. 

The mitigation analysis suggests that security investments in network infrastructure would yield the 

highest return in terms of risk reduction, followed by application security enhancements. The security 

investment trade-off graph examines the relationship between investment level and security outcomes, 

demonstrating that security benefits initially increase rapidly with investment but eventually saturate as 

additional investment yields diminishing returns. 



                                                               Advances in Multidisciplinary Research and Innovation                                                 page no: 181 

Published in August 2026 by Deep Science Publishing (USA | UK | India | Turkey) 

ISBN: 978-93-7185-118-3 | E-ISBN: 978-93-7185-110-7 | DOI: https://doi.org/10.70593/978-93-7185-110-7 

Published on 16/08/2026. Edited by: Dr. Sisir Kumar Rajbongshi | Dr. Kshirod Sarmah | Dr. Rajdeep Ghosh | Dharmeswar Tarang 

Department of Computer Science, Pandit Deendayal Upadhyaya Adarsha Mahavidyalaya, Amjonga, Goalpara, Assam-783124, India 

 

Figure 6 The complexity class growth compares three fundamental algorithm classes that are, linear, linearithmic and 

quadratic, demonstrating their different scaling behaviors as input size increases from 1 to 1000 units. 

The component scaling graph examines how different system components grow with system scale of 

processing, storage, blockchain and AI, revealing that blockchain operations scale quadratically with 

validator count and will eventually dominate system complexity as the system grows. 

6. Emerging Trends 

Digital twins create virtual replicas of physical energy systems, enabling simulation, optimisation and 

predictive maintenance. In net metering contexts, digital twins represent distribution networks and 

building energy systems, enables scenario testing for planning and operations. Digital twins support 

predictive maintenance through simulation. Moreover, implementation of quantum blockchain threatens 

existing cryptographic algorithms especially in the long-term. In addition, the deployment of AI at the 

edge enables real time processing and decision making. Future communication networks to enhance 

smart grid capabilities by adoption of 6G-enabled smart grids. There is also need to research into 

consensus mechanisms and sharding techniques to achieve the transaction throughput required for large-

scale AMI deployments. Investigations of efficient AI model training on blockchain-secured data, 

including privacy preserving ML techniques and federated learning on permissioned blockchains. In 

addition, the development of standards and protocols enabling integration across diverse technologies, 

vendors and jurisdictions. Furthermore, integration of carbon tracking and verification with net metering 

systems to support environmental markets and compliance. 

7. Conclusion 

The Zimbabwe case study illustrates the practical applicability of the framework in developing 

economies, demonstrating economic feasibility and identifying implementation challenges and 

opportunities. Performance evaluations indicate significant improvements across security, transparency, 
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scalability, automation and cost effectiveness compared to conventional systems. As distributed 

renewable generation continues to proliferate and energy systems become increasingly digitized, the 

integration of blockchain, cloud computing and AI technologies will be essential for creating secure, 

efficient and intelligent net metering infrastructure that enables the transition to a sustainable energy 

future. 
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