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Solution Brief
Software-defined Infrastructure

IMPLEMENTING 
SOFTWARE-DEFINED 

INFRASTRUCTURE
IN SUBSTATIONS

Modernizing electrical substations is crucial 
for enhancing grid reliability, efficiency, 
and resilience. Traditional substation 
infrastructure is often rigid, hardware-centric, 
and difficult to scale or update. Adopting 
Software-defined Infrastructure (SDI) offers 
a transformative approach, enabling greater 
flexibility, automation, and intelligence in 
substation operations.

What is Software-Defined Infrastructure 
(SDI)?
Software-defined infrastructure abstracts 
the hardware layer, allowing for the dynamic 
management of resources through software. 
This includes Software-defined Networking 
(SDN), Software-defined Storage (SDS), 
and Software-defined Compute (SDC). In a 
substation context, SDI enables centralized 
control, automation, and improved data 
analytics capabilities.

Benefits of SDI in Substations
1.	 Enhanced Flexibility and Scalability: SDI 

allows for rapidly deploying and scaling 
resources as needed. This is particularly 
useful for accommodating fluctuating 
power demands and integrating renewable 
energy sources.

2.	 Improved Reliability and Resilience: 
Automated management and real-time 
analytics help preemptively identify and 
address potential issues, reducing downtime 
and enhancing system resilience.

3.	 Cost Efficiency: By optimizing resource 
usage and reducing the reliance on 
specialized hardware, SDI can lower both 
capital and operational expenditures.

4.	 Enhanced Security: Centralized control and 
monitoring can improve security measures, 
making detecting and responding to cyber 
threats easier.

Enhancing Grid Reliability, Efficiency, and Flexibility
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Benefits of Digitalization of Station and 
Process Bus
Digitalization in substations, particularly 
using station and process buses, enhances 
SDI by providing more efficient and reliable 
communication systems.

1.	 Reduced Cabling and Installation 
Costs: Digital communication systems 
significantly reduce the need for extensive 
copper cabling, lowering material and 
labor costs.

2.	 Enhanced Data Accuracy and Speed: 
Digital signals are less susceptible to 
noise and interference, leading to more 
accurate data transmission and faster 
communication speeds.

3.	 Improved System Reliability: The use of 
redundant digital communication paths 
increases the reliability of the substation 
operations by ensuring continuous data 
flow even if one path fails.

4.	 Simplified Maintenance and 
Troubleshooting: Digital systems allow 
for remote monitoring and diagnostics, 
simplifying maintenance procedures and 
reducing the need for on-site visits.

5.	 Increased Interoperability: Standardized 
digital communication protocols, such 
as IEC 61850, ensure interoperability 
between devices and systems, facilitating 
easier integration and upgrades.

6.	 Real-Time Monitoring and Control: 
Enhanced data acquisition and 
processing capabilities enable real-time 
monitoring and control of substation 
operations, improving response times and 
operational efficiency.

Key Components of SDI in Substations
1.	 Software-defined Networking (SDN): 

Facilitates dynamic and programmable 

Software Defined Infrastructure (SDI) 
revolutionizes electrical substations by 
converting traditional hardware into 
software-controlled components. This shift 
enables dynamic resource management—
including networking, storage, and 
computing—enhancing flexibility, scalability, 
and intelligence. SDI simplifies the 
integration of renewable energy and boosts 
substation reliability and cost-efficiency 
through centralized management.

Virtualization: A core component of SDI, 
virtualization allows for creating virtual 
entities from physical resources such as 
server hardware and network functions. This 
technology lets multiple virtual systems run 
on a single physical infrastructure, enhancing 
efficiency, scalability, and security and 
supporting SDI’s objectives in substations.

Virtual Protection Automation and Control 
(VPAC): VPAC transforms substation 
protection and control systems from physical 
to software-based platforms, increasing 
flexibility and system reliability. It reduces 
hardware dependency, cuts costs, and eases 
maintenance and upgrades, thus improving 
cybersecurity and operational efficiency.

Summary of Their Relationship: SDI, 
virtualization, and VPAC maintain 
a synergistic relationship. SDI uses 
virtualization to efficiently manage hardware 
resources, while VPAC targets the specific 
needs of substation protection and 
control systems. Together, they modernize 
substations for enhanced resilience, 
efficiency, and cost-effectiveness.
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network configurations, enabling efficient 
data routing and management.

2.	 Software-defined Storage (SDS): Provides 
scalable and flexible storage solutions 
that can adapt to varying data volumes 
generated by substation operations.

3.	 Software-defined computing (SDC): 
Allows for virtualizing computing 
resources, supporting various applications 
and analytics tools needed for 
substation management.

Benefits of Virtual Protection and Control 
(VPAC)
Virtual Protection and Control (VPAC) is an 
advanced approach to the digitalization 
of substations, providing several 
distinct advantages:

1.	 Increased flexibility: VPAC systems can 
be easily configured and updated via 
software, allowing quick adjustments to 
protection and control settings as grid 
conditions change.

2.	 Cost Reduction: By reducing the need for 
dedicated physical protection devices, 
VPAC lowers capital and operational costs. 
The use of shared hardware resources also 
leads to cost savings.

3.	 Enhanced Reliability and Availability: 
Virtualized systems can run on redundant 
servers, ensuring high availability and 
reducing the risk of failures. In case of 
hardware issues, the virtual machines can 
be quickly migrated to another server with 
minimal downtime.

4.	 Scalability: VPAC allows for seamless 
scaling of protection and control functions. 
New functionalities can be added without 
significant infrastructure changes.

5.	 Improved Cybersecurity: Centralized 
management and consistent software 
updates enhance the security posture 
of the substation’s protection and 
control systems. Advanced cybersecurity 
measures can be implemented more 
effectively in a virtualized environment.

6.	 Simplified Maintenance and Upgrades: 
Software-based protection and 
control systems are easier to maintain 
and upgrade, reducing the need for 
physical interventions and allowing for 
remote updates.

7.	 Enhanced Data Analytics: VPAC systems 
can integrate more easily with advanced 
analytics and monitoring tools, providing 
deeper insights into substation operations 
and enabling more proactive management.

Implementation Strategy
1.	 Assessment and Planning: Conduct a 

comprehensive assessment of the existing 
substation infrastructure and define the 
objectives for the SDI implementation. 
Develop a roadmap that outlines the 
transition phases.

2.	 Infrastructure Virtualization: Implement 
virtualization technologies to abstract 
hardware components. This includes 
deploying hypervisors for compute 
virtualization, SDN controllers for network 
virtualization, and SDS solutions for 
storage management.

3.	 Integration of Automation and 
Orchestration Tools: Utilize orchestration 
tools to automate the deployment and 
management of virtualized resources. 
Tools like Kubernetes can be used for 
container orchestration, ensuring efficient 
resource utilization.
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Notices & Disclaimers
Performance varies by use, configuration and other factors.
No product or component can be absolutely secure.

Your costs and results may vary.

Intel technologies may require enabled hardware, software or service activation.
Intel does not control or audit third-party data. You should consult other sources to evaluate accuracy.

© Intel Corporation. Intel, the Intel logo, and other Intel marks are trademarks of Intel Corporation or its 
subsidiaries. Other names and brands may be claimed as the property of others. 0624/PK/VC/PDF

4.	 Real-Time Monitoring and Analytics: 
Deploy advanced monitoring and 
analytics platforms to collect, analyze, 
and act on data in real-time. This enables 
predictive maintenance and efficient 
grid management.

5.	 Security Enhancements: Integrate robust 
security measures, including intrusion 
detection systems (IDS), firewalls, and 
encryption protocols, to safeguard the 
SDI environment.

6.	 Training and Change Management: 
Ensure personnel are trained on the 
new systems and processes. Implement 
change management strategies to 
facilitate a smooth transition to the 
new infrastructure.

Challenges and Mitigations
	  Integration with Legacy Systems: Legacy 
systems may be difficult to integrate 
with SDI. This can be mitigated by using 
middleware solutions and ensuring 
interoperability standards are adhered to.

	  Cybersecurity Risks: Increased 
connectivity and reliance on software can 
pose cybersecurity risks. Regular security 
assessments, robust encryption, and 
continuous monitoring can help mitigate 
these risks.

	  Skill Gaps: The transition to SDI requires 
new skill sets. Investing in training and 
hiring specialized personnel can address 
this challenge.

Conclusion
Implementing Software-Defined Infrastructure 
in substations represents a significant step 
toward modernizing the power grid. It offers 
enhanced flexibility, scalability, reliability, and 
security, leading to more efficient and resilient 
substation operations. By carefully planning 
and addressing potential challenges, utilities 
can successfully leverage SDI to transform their 
substations for the future.
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