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Substation of the Future
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“Smart” ModulesIEC 61850 Process 
Bus for data sharing
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s Fully modular
Fully digital
Virtual
Why:
• Build efficiently
• Adapt quickly

Concept What is it?
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Smart primary equipment module

DITs

Module Communications 
Interface

To process bus

“Smart” circuit 
breaker with 

digital interface

“Smart” devices 
with digital 
interface

DITs publishing 
sampled values
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Process bus
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Local Application Server Concept
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Container-based Card modules

Container 2Container 1

Resource 
Management

App App

Real Time
Container 

Engine

Container Enginer

Control Plane
Security Services

Data Collector
Data Services

Bins / Libraries Bins / Libraries

Real Time
Container 1

App

Bins / Libraries

Real Time
Container 2

App

Bins / Libraries

Hypervisor
Hardware

Domain 0 Domain U Real Time  Domain

Asset 
Performance 
Management

Bay Control

Distance 
Protection

Local cloud Multi-core processor

Application server - realization
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Application instances as card 
modules in parallel processing system

Processing 
Platform

Processing 
Platform

Processing 
Platform

Application Application Application

Application Application Application

Application Application Application

Application Application Application

To process bus

Bay Control

Applications run as 
instances inside local 

cloud software

Local cloud software 
runs on multiple 

processing platforms

Independent redundant 
instances of applications
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Where we are today



“Modules” today

To RIOTo RIO

Other signals 
to RIO

To RIO
To RIO

MU
RIO

MU
RIO

Marshalling Kiosk To Process Bus
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Substation – individual application devices
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DITs today

Freestanding Added to existing equipment

104 November 2019CIGRE Grid of the Future 2019 - The Sub of the Future  |



Next technology steps



Advanced gateway application server
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Multizone protective relay

Resource 
Management

Real Time Hypervisor
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DITs integrated into primary equipment

On live tank circuit breakers Bushing mount on dead tank circuit breakers 
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Next generation substation
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Applications enabled by this 
concept



Digital Twin / AI

Interface with cloud, SCADA

Dynamically adapt 
substation to changing 
system conditions

Update protection settings 
on real-time basis

Concept Application
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Adaptive Transformer loading

Take:
• Transformer monitoring data
• Meteorological data
• Load and predicted load
Then
• Control cooling to pre-cool 

transformer 
• Extend service life

Visualization Application
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Dynamic line ratings

• Use data for dynamic line 

ratings

• Real-time condition visibility

• Meterological data

• Predicted flow

• Result:
• adjusting line ratings for conditions allows 

dynamic temporary overloading. 
• Up to 30% increase in power flow limits

Concept Application
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Static line loading ratings limit 
response to peaks



New Analytics

• Predictive & prescriptive 
analytics 

• Recommend responses to 
forecasted storms

• Adjust system operations
• Better resource staging
• Reduce outage times

Visualization Applications
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WAMS
For transmission and distribution

•PMUs and microPMUs
• Near Realtime Stability 

Monitoring
• Sub Synchronous Oscillations 

and active dampening
• Advanced Islanding 

Resynchronization and blackstart
• Short Circuit Capacity 
• System Disturbance Monitoring
• Fast Voltage Stability 

Assessment for Transmission 
Corridors

Visualization Concept
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Distributed Energy Resources Management Systems 
(DERMS)

• Visualize and plan DER 
deployment

• Calculate capacities
• Mitigate negative impacts 

on voltage, grid capacity, 
power flow

• Optimize and control 
DERs

• Input to market operators

Visualization Concept
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Summary

Substation of the Future:
• Modular
• Fully digital
• Virtual
Quickly adapt to changing power 
system operating conditions
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