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Foreword 

The African Electrotechnical Standardization 
Commission (AFSEC) was established to foster 
the adoption and harmonization of standards 
across the continent, enabling the development 
of robust and sustainable energy systems in 
support of the Sustainable Development Goals 
(SDGs) and the aspirations of Agenda 2063. By 
promoting common standards, AFSEC aims to 
enhance access to reliable electricity, improve 
the quality of life for African populations, and 
drive economic development through greater 
integration of renewable energy and advanced 
power systems.

AFSEC, through its technical committees and 
collaboration with international bodies, plays a 
pivotal role in supporting the implementation of 
the African Continental Free Trade Area (AfCFTA). 
Recognizing the critical importance of auto-
mation standards for modern power systems, 
AFSEC ATC57, a technical committee that mirrors 
the work of the International Electrotechnical 
Commission (IEC) TC57 in automation, has devel-
oped this Guide to Power Systems Automation 
Standards. This guide reflects the growing role of 
automation in ensuring grid reliability, efficiency, 
and resilience, and draws upon global best prac-
tices, including standards from the IEC, IEEE and 
other recognized international bodies.

This guide is intended to serve as a resource 
for policymakers, utilities, engineers, and other 
stakeholders across Africa, providing insights 
and recommendations to accelerate the adoption 
of automation technologies while ensuring com-
patibility with existing infrastructures. It aligns 
with AFSEC’s mission to harmonize standards 
and support the modernization of Africa’s power 
systems, enabling the continent to meet its grow-
ing energy demands sustainably and effectively.
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Introduction

foster regional and international collaboration, 
enabling African countries to integrate into 
global energy markets.

The unique challenges facing Africa’s energy 
sector including high transmission losses, limited 
grid coverage in rural areas, and the need for 
real-time energy management underscore the 
importance of adopting standardized automation 
practices. Automation technologies empower 
utilities to address these issues comprehensively 
by leveraging intelligent electronic devices (IEDs), 
advanced metering infrastructure (AMI), and 
communication protocols that enable efficient 
grid operations. Furthermore, by adopting 
best practices and aligning with international 
standards, utilities can attract investment, reduce 
operational risks, and build resilience against 
future challenges, including climate change and 
cybersecurity threats.

This Guide to Power Systems Automation 
Standards serves as a comprehensive reference 
for advancing Africa’s power systems through the 
implementation of PSA technologies. By tackling 
regional challenges such as aging infrastructure 
and high energy losses, and aligning with global 
standards, the guide provides a pathway to 
enhancing grid reliability, reducing operational 
costs, and accelerating the adoption of renewable 
energy. Its structured framework highlights 
the role of PSA in modernizing grids, enabling 
real-time monitoring, control, and protection of 
power infrastructure. By equipping technicians, 
engineers, and policymakers with insights, this 
guide supports the development of efficient, 
sustainable, and resilient power systems, 
ensuring Africa’s energy future is secure, 
adaptable, and ready to meet evolving demands.

Rationale for the Guide

•	 Addressing Infrastructure Gaps: Many African 
grids operate with outdated infrastructure, 
resulting in inefficiencies and high 
operational costs. This guide offers strategies 
for modernization through automation.

•	 Ensuring Interoperability: As utilities 
adopt diverse technologies, standardized 
automation practices ensure compatibility 
across systems and seamless integration 
into global networks.

•	 Promoting Sustainability: Automation 

Africa’s power systems are undergoing a pivotal 
transformation, driven by the dual pressures of 
increasing energy demand and the urgent need 
to modernize aging infrastructure. With over 600 
million people across the continent lacking access 
to reliable electricity, the imperative to enhance 
energy systems has never been more critical. 
At the same time, Africa’s abundant renewable 
energy resources such as solar, wind, and 
hydro position it uniquely to lead global efforts 
in sustainable energy development. To meet 
these challenges, Power Systems Automation 
(PSA) emerges as a transformative solution, 
promising to enhance grid reliability, efficiency, 
and resilience.

The development of automated power systems 
is essential for addressing Africa’s unique 
energy landscape, characterized by geographical 
vastness, diverse energy needs, and varying 
levels of infrastructure development. PSA 
technologies, which integrate advanced control 
systems, communication protocols, and real-
time monitoring, provide a framework for 
building robust, adaptive, and scalable energy 
systems. 

PSA is a cornerstone of the transition to smart 
grids, enabling dynamic responses to fluctuations 
in energy demand, the seamless integration 
of renewable energy sources, and enhanced 
operational efficiencies. Through automation, 
utilities can deploy predictive maintenance 
practices, improve fault detection, and optimize 
grid performance, reducing outages and 
operational costs. Importantly, PSA also supports 
the transition to low-carbon energy systems by 
facilitating the integration of renewable energy 
and distributed energy resources (DERs). This is 
particularly relevant for Africa, where renewable 
energy potential is vast but often underutilized 
due to infrastructure and policy barriers.

In line with the African Union’s Agenda 2063 
and the Sustainable Development Goals (SDGs), 
this guide provides a structured framework 
for implementing automation technologies 
that enhance power system performance. By 
referencing globally recognized standards such 
as IEC 61850, IEC 60870-5, IEC 62351and IEEE 
1547 the guide ensures interoperability, reliability, 
and cybersecurity, which are critical for modern 
energy systems. These standards not only 
support technological advancements but also 



7

Guide to Power Systems Automation Standards

AFSEC – 50012-04-01:2025 Ed.1 - E

facilitates the integration of renewable energy 
sources like wind and solar, reducing reliance 
on fossil fuels and supporting environmental 
goals.

•	 Knowledge Dissemination: This guide equips 
technicians and engineers with insights 
into PSA and resources for implementing 
automation technologies effectively, 
fostering technical expertise.

•	 Supporting Policy Development: By 
aligning automation projects with regional 
and international regulations, this guide 
encourages investment, innovation, and 
collaboration across borders.

Purpose of the Guide

•	 Standardise Automation Practices: Provide 
guidance for PSA implementation, ensuring 
consistency in design, operation, and main-
tenance while aligning with recognized inter-
national standards such as IEC, IEEE, and ISO.

•	 Promote Market Understanding: Clarifies 
procurement standards and practices, 
enabling competitive, transparent, and 
efficient market operations for automation 
solutions that adhere to globally recognized 
benchmarks.

•	 Build Human Resource Capacity: Identifies 
skills and expertise required to implement and 
manage automation systems. Encourages 
workforce development through capacity-
building initiatives, incorporating training 
on international standards to enhance global 
competence.

•	 Enable Smart Grid Implementation: Provides 
a framework for integrating advanced tech-
nologies into power systems, supporting 
Africa’s transition to smart grids and sustain-
able energy while leveraging international 
best practices and standards for seamless 
integration.

Briefing Note to Policymakers 

Policymakers and regulators are key to driving the 
adoption of Power Systems Automation (PSA) in 
Africa. Establishing clear regulatory frameworks 
that promote standardization, cybersecurity, 
and cross-border grid integration is essential 
for ensuring efficient and interconnected energy 
systems. With electricity access still a major 

challenge, automation offers a way to modernize 
grids, reduce losses, and improve reliability. 
Standardized automation will enhance regional 
power trade through initiatives like the African 
Continental Free Trade Area (AfCFTA) and 
optimize resource use in power pools. 

Investment in training engineers and technicians 
is critical to maintaining PSA systems and 
fostering a skilled workforce. Additionally, public-
private partnerships (PPPs) can mobilize funding 
and expertise to accelerate automation and grid 
modernization.

Maximizing PSA’s benefits requires policies that 
promote local manufacturing of automation 
components, reducing reliance on imports 
and supporting economic growth. Integrating 
automation with Africa’s vast renewable energy 
resources solar, wind, and hydro can improve 
energy efficiency and stabilize grids despite 
intermittent generation. 

Automated systems enable predictive 
maintenance, reducing costs and outages while 
improving grid performance. However, increased 
digitalization also heightens cybersecurity 
risks, requiring robust policies aligned with 
global standards such as IEC 62351 and ISO/IEC 
27001 to protect critical infrastructure. Smart 
grid automation can lower operational costs 
and improve electricity affordability, benefiting 
businesses and households.

By aligning national energy strategies with global 
automation standards and fostering regional 
collaboration, African nations can build resilient 
and future-ready power systems. Automation 
supports decentralized electrification, crucial 
for expanding access to remote communities. 
As energy markets evolve, Africa has a chance 
to lead in smart energy solutions by adopting 
forward-thinking policies. This guide serves 
as a resource for policymakers and industry 
stakeholders, providing insights to navigate 
PSA implementation and drive sustainable 
improvements in Africa’s power sector.
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Scope

Chapter Summary 

1. Introduction to Power Systems Automation
Introduces power systems automation, 
emphasizing its role in improving grid reliability, 
efficiency, and adaptability. 

2. Key Components in Power Systems Automation
Covers essential components like IEDs, SCADA 
systems, and communication protocols. Focuses 
on their roles in managing faults, optimizing 
loads, and integrating Distributed Energy 
Resources (DERs).

3. Automation Standards and Protocols
Explores global and regional standards like 
IEC 61850, IEC 60870, and IEEE 1547. Discusses 
their application in ensuring interoperability in 
substation automation and data exchange.

4. Power Systems Automation Architectures
Examines centralized, decentralized, and 
hierarchical automation architectures. Highlights 
their role in supporting grid resilience, scalability, 
and efficiency.

5. Communication and Data Management
Focuses on communication technologies and 
strategies for efficient data exchange. Technical 
focus on robust communication network design, 
time synchronization, redundancy and protocols 
like GOOSE and SV.

6. Automation System Design and Planning
Outlines methodologies for designing automation 
systems, from assessment to deployment. 
Covers technical, economic, and operational 
considerations for effective implementation.

7. Implementation of Power Systems Automation
Discusses practical aspects of deploying 
automation, including infrastructure integration 
and training. Emphasizes phased implementation 
to reduce disruptions.

8. Maintenance, Monitoring, and Troubleshooting
Covers maintenance and troubleshooting 
strategies for optimal performance. Includes 
predictive maintenance, monitoring tools, and 
fault resolution.

The Guide to Power Systems Automation 
Standards provides a concise framework for 
modernizing and enhancing power systems 
across Africa. It addresses critical infrastructure 
gaps and promotes automation technologies to 
achieve reliable and sustainable energy systems. 
Emphasis is placed on integrating renewable 
energy, improving grid operations, and leveraging 
globally recognized standards like IEC 61850, IEC 
60870-5, and IEEE 1547, aligning advancements 
with regional energy goals such as Agenda 2063 
and the Sustainable Development Goals.

The document covers key aspects of power 
systems automation, including design, 
implementation, maintenance, and cybersecurity. 
It details methodologies for integrating Intelligent 
Electronic Devices (IEDs), SCADA systems, and 
advanced communication protocols to enhance 
grid stability and efficiency while reducing 
outages. Practical solutions and regional case 
studies address Africa’s challenges, such as 
limited infrastructure and high transmission 
losses, while highlighting opportunities for 
renewable energy use.

This guide serves policymakers, engineers, and 
utilities by providing guidance for knowledge 
sharing, capacity building, and policy 
development. It emphasizes global standards and 
best practices to foster innovation, investment, 
and collaboration, facilitating Africa’s transition 
to smart grids and resilient energy systems. Its 
structured framework helps stakeholders address 
automation complexities and adopt cutting-edge 
technologies to meet Africa’s growing energy 
needs sustainably.

This document mainly focuses on power systems 
infrastructure, grid operations, renewable energy, 
distributed energy resources and associated 
technologies and is also applicable to off-grid, 
mini-micro grids. It does not cover automation 
systems, such as Building Automation, Home 
Automation and Factory Automation.
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9. Recent Trends in Power Systems Automation
Explores emerging trends like AI, machine 
learning, and edge computing. Highlights 
advancements in renewable energy management 
and grid digitization.

10. Cybersecurity in Power Systems Automation
Focuses on protecting automation systems from 
cyber threats. Discusses standards like IEC 62351 
and ISO/IEC 27001 and strategies to ensure data 
security.

11. Power Systems Automation in the African 
Regional Context
Examines challenges and opportunities for 
automation in Africa. Covers infrastructure 
gaps, renewable energy potential, and regional 
collaboration for energy goals.

12. Regional Case Studies
Provides examples of automation initiatives 
in Africa, showcasing successes and lessons 
learned. Highlights strategies for grid 
modernization and cross-border integration.

13. Conclusion
Summarizes the importance of power systems 
automation in achieving sustainable and 
efficient energy systems. Calls for stakeholder 
collaboration and adherence to global standards.

Appendix 1: PSA Hardware and Associated 
Standards
This section provides a comprehensive overview 
of hardware categories used in Power Systems 
Automation, such as field devices, protection 
equipment, and monitoring tools. It aligns 
these hardware components with relevant IEC 
and IEEE standards, ensuring compliance and 
interoperability in automation projects.

Appendix 2: Checklist on Guidance for 
Compliance to Automation Standards
Outlines a detailed checklist for ensuring 
automation systems meet international 
standards, covering communication protocols, 
cybersecurity, performance benchmarks, 
and environmental conditions. The appendix 
emphasizes testing methods like Factory 
Acceptance Testing (FAT) and Site Acceptance 
Testing (SAT) to validate system compliance.

Appendix 3: Checklist for PSA Projects
Offers practical guidelines for utilities on 
planning and executing automation projects. It 
includes key considerations such as feasibility 
studies, regulatory compliance, system design, 
vendor selection, cybersecurity, and post-
implementation support.

Appendix 4: Checklist for Utility Specifications
Provides a structured template for utilities to 
define their specifications during automation 
projects. 

Appendix 5: Vendor Selection Criteria for PSA 
Projects
Details criteria for selecting vendors, including 
technical capability, experience, local presence, 
and compliance with standards. 

IEC and ISO Standards Mapping for Smart Grids
A structured mapping of IEC and ISO standards 
relevant to smart grid and Power Systems 
Automation applications. 

Glossary of Terms
Defines key technical terms and acronyms 
used throughout the guide, aiding clarity and 
understanding of Power Systems Automation 
concepts. Terms include those related to 
cybersecurity, communication protocols, and 
energy management systems.

References and Further Reading
Includes a bibliography of cited works, standards, 
and additional materials for deeper exploration 
of automation technologies and methodologies.
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Normative References 
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IEC 60034: Rotating Electrical Machines
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IEC 60068: Environmental Testing for Electronic 
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IEC 60076: Power Transformers
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IEC 60255: Measuring Relays and Protection 
Equipment

IEC 60255-24: Measuring Relays and Protection 
Equipment - Common Format for Transient Data 
Exchange (COMTRADE) for Power Systems

IEC 60439 / IEC 61439: Low-Voltage Switchgear 
and Control Gear Assemblies

IEC 60870: Telecontrol Equipment and Systems

IEC 60870-5-101: Telecontrol Equipment and 
Systems - Part 5-101: Transmission Protocols 
Companion Standard for Basic Telecontrol Tasks

IEC 60870-5-104: Telecontrol Equipment and 
Systems Part 5-104: Transmission Protocols 
Network Access for IEC 60870-5-101 Using 
Standard Transport Profiles

IEC 60870-6: Telecontrol Equipment and Systems 
Part 6: Telecontrol Protocols for Supervisory 
Control and Data Acquisition (SCADA)

IEC 60904: Photovoltaic Devices

IEC 61000: Electromagnetic Compatibility (EMC)

IEC 61131: Programmable Controllers

IEC 61326: Electrical Equipment for 
Measurement, Control, and Laboratory Use 
EMC Requirements

IEC 61334: Distribution Automation Using 
Distribution Line Carrier Systems

IEC 61360: Standard Data Element Types with 
Associated Classification Scheme

IEC 61400: Wind Energy Generation Systems

IEC 61400-25: Wind Energy Generation Systems 
Part 25: Communications for Monitoring and 
Control of Wind Power Plants

IEC 61557: Electrical Safety in Low Voltage 
Distribution Systems up to 1,000 V AC and 1,500 
V DC

IEC 61588: Precision Clock Synchronization 
Protocol for Networked Measurement and 
Control Systems

IEC 61724: Photovoltaic System Performance 
Monitoring Guidelines for Measurement, Data 
Exchange, and Analysis

IEC 61727: Photovoltaic (PV) Systems 
Characteristics of the Utility Interface

IEC 61730: Photovoltaic (PV) Module Safety 
Qualification

IEC 61804: Function Blocks (FB) for Process 
Control and Electronic Device Description 
Language (EDDL)

IEC 61836: Solar Photovoltaic Energy Systems 
Terms, Definitions, and Symbols

IEC 61850: Communication Networks and 
Systems for Power Utility Automation

IEC 61850-90-5: Use of IEC 61850 to Transmit 
Synchrophasor Information According to IEEE 
C37.118

IEC 61968: Application Integration at Electric 
Utilities System Interfaces for Distribution 
Management
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IEC 61970: Energy Management System 
Application Program Interface (EMS-API)

IEC 61987: Industrial-Process Measurement and 
Control Data Structures and Elements in Process 
Equipment Catalogues

IEC 62040: Uninterruptible Power Systems (UPS)

IEC 62056: Electricity Metering Data Exchange 
The DLMS/COSEM Suite

IEC 62056-5-3: Electricity Metering Data 
Exchange The DLMS/COSEM Suite Part 5-3: 
DLMS/COSEM Application Layer

IEC 62061: Safety of Machinery Functional 
Safety of Electrical, Electronic, and 
Programmable Control Systems

IEC 62264: Enterprise-Control System 
Integration

IEC 62271: High-Voltage Switchgear and Control 
Gear

IEC 62271-3: High-Voltage Switchgear and 
Control Gear Part 3: Digital Interfaces Based on 
IEC 61850

IEC 62325: Framework for Energy Market 
Communications

IEC 62351: Power Systems Management and 
Associated Information Exchange Data and 
Communications Security

IEC 62357: Power Systems Management and 
Associated Information Exchange Part 1: 
Reference Architecture

IEC 62361: Power Systems Management 
and Associated Information Exchange 
Interoperability in the Long Term

IEC 62439: Industrial Communication Networks 
High Availability Automation Networks

IEC 62443: Security for Industrial Automation 
and Control Systems

IEC 62446: Photovoltaic (PV) Systems 
Requirements for Testing, Documentation, and 
Maintenance

IEC 62488-1: Power Line Communication 
Systems for Power Utility Applications Planning 
of Analogue and Digital PLC Systems

IEC 62541: OPC Unified Architecture



12

Guide to Power Systems Automation Standards

AFSEC – 50012-04-01:2025 Ed.1 - E

INSTITUTE OF ELECTRICAL AND ELECTRONICS 
ENGINEERS (IEEE)

IEEE 450: Maintenance of Vented Lead-Acid 
Batteries for Stationary Applications

IEEE 519: Recommended Practice and 
Requirements for Harmonic Control in Electric 
Power Systems

IEEE 1246: Guide for Temporary Protective 
Grounding Systems Used in Substations

IEEE 1402: Guide for Physical Security of Electric 
Power Substations

IEEE 1547: Standard for Interconnection and 
Interoperability of Distributed Energy Resources 
with Associated Electric Power Systems 
Interfaces

IEEE 1815 (DNP3): Distributed Network Protocol 
for Electric Power Systems Communication

IEEE 2030 Series: Guide for Smart Grid 
Interoperability of Energy Technology and 
Information Technology Operation

IEEE 2030.5 (SEP 2.0): Smart Energy Profile 
Application Protocol

IEEE C37 Series: Standards for Protective Relays 
and Related Equipment

IEEE C37.118: Standard for Synchrophasor 
Measurements for Power Systems

INTERNATIONAL ORGANIZATION FOR 
STANDARDIZATION (ISO) / ISO/IEC

ISO 8601: Data Elements and Interchange 
Formats Information Interchange Representation 
of Dates and Times

ISO 19142: Geographic Information Web Feature 
Service

ISO/IEC 7498-1: Information Technology Open 
Systems Interconnection Basic Reference Model

ISO/IEC 8802-1: Information Technology 
Telecommunications and Information Exchange 
Between Systems Local and Metropolitan Area 
Networks Specific Requirements

ISO/IEC 8802-3: Information Technology 
Telecommunications and Information Exchange 
Between Systems Requirements for Local and 
Metropolitan Area Networks

ISO/IEC 12139-1: Information Technology 
Telecommunications and Information Exchange 
Between Systems Powerline Communication 
(PLC) General Requirements

ISO/IEC 14908: Information Technology Control 
Network Protocol

ISO/IEC 15802: Information Technology 
Telecommunications and Information Exchange 
Between Systems Local and Metropolitan Area 
Networks Common Specifications

ISO/IEC 27001: Information Security, 
Cybersecurity and Privacy Protection Information 
Security Management Systems Requirements

ISO/IEC 27002: Information Security, 
Cybersecurity and Privacy Protection Information 
Security Controls
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1	 INTRODUCTION TO POWER 
SYSTEMS AUTOMATION

1.1	 Overview of Power Systems

Power systems are the foundation of reliable 
electricity delivery to industries, homes, and 
digital infrastructure. A standard power system 
includes the following key components:

•	 Generation Stations: 
These facilities produce electricity using 
a variety of sources, including fossil fuels 
(coal, gas), nuclear, hydro, renewables (solar, 
wind), and Distributed Energy Resources 
(DERs). Effective coordination is essential to 
ensure that electricity generation matches 
demand.

•	 Transmission Lines:
High-voltage lines transport electricity 
over long distances, minimizing losses and 
connecting generation facilities to urban 
centres.

•	 Substations:
Substations regulate voltage levels, manage 
power flow, and protect the grid from faults 
through advanced control systems and 
transformers.

•	 Distribution Networks:
Distribution networks deliver electricity 
to end-users at lower voltage levels, 
ensuring reliable and safe power supply for 
households, businesses, and industries.

The integration of renewable energy sources and 
DERs, such as wind, solar and battery storage, 
introduces complexity to power systems. 
However, this integration enhances flexibility and 
supports cleaner energy objectives. Automation 
technologies are critical for ensuring system 
stability, improving operational efficiency, and 
mitigating potential disruptions in this dynamic 
environment.

1.2	 Power Systems Automation (PSA)

What is Power Systems Automation?

PSA modernizes power systems by integrating 
advanced technologies, smart devices, and 
communication networks. It enables real-time 
monitoring, control, and protection of power 
infrastructure, making PSA a cornerstone of the 
transition to smart grids. PSA creates a more 
resilient and adaptive grid capable of meeting 
modern energy challenges.

As power systems evolve to meet growing 
energy demands, PSA addresses critical 
challenges such as renewable energy integration, 
grid decentralization, and the need for enhanced 
operational efficiency. Through automation, 
utilities can maintain system stability while 
responding dynamically to changes in load, 
generation, and grid conditions.

Industry standards like IEC 61850 and IEEE 1815 
(DNP3) ensure interoperability and consistency 
across power systems, facilitating seamless 
integration of diverse devices and technologies. 
These standards are vital in creating uniform, 
scalable, and future-proof solutions for utilities 
worldwide.

How PSA Works

PSA combines sensors, intelligent controllers, 
and communication systems to collect and 
analyse real-time data such as voltage, current, 
and equipment status. This interconnected 
ecosystem of devices and systems enables 
utilities to:

•	 Optimize Grid Performance:
Improve power flow, minimize losses, 
and maintain a balanced supply-demand 
equilibrium.

•	 Detect and Isolate Faults:
Quickly identify and localize faults to prevent 
cascading failures and reduce outage 
durations.

•	 Execute Automated Control Actions:
Respond to changing conditions, such as 
fluctuating demand or generation, through 
automated adjustments in power delivery.
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Key enabling technologies in PSA include:

•	 Intelligent Electronic Devices (IEDs):
These devices monitor, control, and protect 
electrical equipment, enabling rapid fault 
detection, isolation, and restoration.

•	 Phasor Measurement Units (PMUs):
PMUs provide precise, time-synchronized 
measurements of grid parameters, which 
are crucial for maintaining stability and 
identifying system disturbances.

•	 Supervisory Control and Data Acquisition 
(SCADA) Systems:
SCADA systems in PSA by aggregate data 
from field devices, enabling centralized 
control and visualization.

•	 Communication Networks:
Robust communication networks ensure 
seamless data flow between devices, 
enabling coordination and timely decision-
making. Protocols such as IEC 60870-5, IEEE 
1815 (DNP3), and IEC 61850 play a pivotal 
role in ensuring compatibility and efficiency 
across the grid.

PSA also supports advanced functionalities, 
including:

•	 Demand Management:
PSA helps balance power generation and 
consumption, allowing utilities to manage 
peak loads and reduce strain on infrastructure.

•	 Renewable Energy Integration:
Automation facilitates the integration of 
intermittent renewable energy sources, such 
as solar and wind, by dynamically adjusting 
grid operations to accommodate variability.

•	 Cybersecurity Enhancements:
Modern PSA systems incorporate robust 
cybersecurity measures to protect critical 
infrastructure from cyber threats, ensuring 
safe and reliable grid operations.

1.3	 Key Benefits and Advantages of Power 
Systems Automation

•	 Enhanced Reliability and Stability:
Detects and isolates faults swiftly, ensuring 
uninterrupted operations, reducing outages, 
and maintaining stable grid operations. 
Automated systems identify issues in real-
time, minimizing the impact of faults on the 
grid.

•	 Improved Operational Efficiency:
Optimizes power flow, balances loads, and 
reduces manual intervention through real-
time monitoring and control. This not only 
minimizes equipment stress but also lowers 
operational costs.

•	 Predictive Maintenance:
Automation enables early fault detection, 
allowing for predictive maintenance 
practices that extend asset lifespan and 
reduce maintenance expenses.

•	 Cost Reduction and Savings:
Remote monitoring and control reduce the 
need for on-site personnel, significantly 
lowering operational expenses. Automation 
systems can lower overall operational 
costs by up to 15% while improving system 
performance.

•	 Energy Management:
Enhances energy allocation, minimizes 
waste, and supports demand-side 
management. Automation ensures efficient 
use of resources, optimizing energy delivery 
to match demand.

•	 Increased Safety:
Automates hazardous processes, reducing 
human exposure to risks and ensuring faster, 
more effective fault responses, thereby 
creating a safer working environment.

•	 Environmental Sustainability:
Supports the integration of renewable energy 
sources by managing variable outputs from 
solar and wind, reducing reliance on fossil 
fuels, and promoting sustainable energy use.
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•	 Scalability and Flexibility:
Automation systems are scalable, allowing 
utilities to expand operations efficiently. 
They provide flexibility to adapt to evolving 
grid demands, including the integration of 
microgrids and distributed energy resources 
(DERs).

•	 Data-Driven Decision Making:
Automation systems collect and analyse 
real-time data, enabling informed decisions 
on grid operations, asset management, and 
future infrastructure investments.

•	 Improved Customer Experience:
Faster fault detection and resolution lead 
to fewer outages, ensuring better service 
reliability for customers. Smart metering 
and automated billing systems also enhance 
transparency and customer satisfaction.

•	 Cybersecurity and Resilience:
Modern automation systems incorporate 
advanced cybersecurity measures, 
safeguarding critical infrastructure from 
cyber threats and improving overall grid 
resilience.

•	 Regulatory Compliance:
Automation helps utilities meet regulatory 
standards by ensuring accurate reporting, 
efficient energy use, and integration of clean 
energy sources, aligning with government 
and international guidelines.

By leveraging PSA, utilities can build a smarter, 
more adaptive grid that responds proactively 
to challenges, improves service reliability, and 
supports the transition to cleaner energy systems. 
This transformative approach is paving the way 
for a sustainable and resilient energy future.

 
Figure 1. Next Generation Electric Grids

Source: S. Khoussi, A. Mattas, in Handbook of System Safety and Security, 2017

Evolution of Power Systems: Transition from Traditional to Modern Grid with Renewables and Active Management
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2	 KEY COMPONENTS IN POWER 
SYSTEMS AUTOMATION 

Automation is revolutionizing power systems by 
enhancing efficiency, reliability, and resilience 
across all segments. This chapter delves into 
the key components of automation in power 
generation, transmission, and distribution, along 
with the roles of control centres and regional 
power pools. It also addresses renewable 
energy integration and the critical infrastructure 
supporting these systems.

2.1	 Power Generation Automation

Automation in power generation ensures 
stability, efficiency, and emissions control across 
diverse energy sources, including fossil fuels, 
nuclear, and renewables.

 Key Components:
•	 Automatic Generation Control (AGC): Main-

tains frequency stability and ensures load 
balance by adjusting generator outputs 
dynamically.

•	 Turbine and Boiler Control: Optimizes fuel 
feed, steam flow, and combustion processes 
in thermal plants, reducing emissions and 
improving efficiency.

•	 Renewable Energy Management: Balances 
variable sources such as solar and wind by 
integrating energy storage and coordinating 
with backup generation to stabilize the grid.

 Example: 
In a solar farm, automation tracks sunlight 
intensity and panel performance, ensuring 
optimal energy capture and coordinating with 
storage systems during periods of low solar 
activity.

 Challenges: 
Increasing renewable penetration requires 
advanced forecasting tools, storage solutions, 
and real-time decision-making capabilities.

Relevant Standards:

IEC 61850, IEEE 421.1, ISO 50001, IEEE 1547, 
IEC 61400.

2.2	 Transmission System Automation

Transmission systems are vital for transferring 
bulk electricity across regions. Automation in this 
domain ensures reliability, capacity optimization, 
and fault management.

 Key Components:
•	 Fault Detection and Isolation: Intelligent 

Electronic Devices (IEDs) and relays quickly 
identify and isolate faults to prevent 
cascading failures.

•	 Dynamic Line Rating (DLR): Adapts line 
ratings in real-time based on weather 
and operating conditions, maximizing 
transmission capacity while preventing 
overheating.

•	 Voltage Control and Reactive Power 
Management: Automated systems stabilize 
voltage using advanced controllers, capacitor 
banks, and FACTS (Flexible AC Transmission 
Systems).

 Example: 
When a transmission line exceeds its thermal 
capacity, DLR systems adjust the load or reroute 
power to prevent damage, maintaining grid 
stability.

 Challenges: 
Aging infrastructure, cybersecurity vulnerabili-
ties, and the integration of large-scale renewa-
bles demand modernized and robust solutions.

Relevant Standards:

IEC 60255, IEEE C37.118, IEC 61970,  
IEEE 1686. 61850, IEC 60870-5
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2.3	 Distribution System Automation

Automation in distribution networks ensures fast 
fault resolution, efficient load management, and 
enhanced service quality for end-users.

 Key Components:
•	 Fault Detection, Isolation, and Restoration 

(FDIR): Quickly identifies and isolates faults 
while restoring unaffected sections of the 
grid.

•	 Automated Switching and Reclosers: Devices 
manage power flow, react to faults, and 
restore service autonomously.

•	 Load Management and Demand Response: 
Dynamically adjusts loads during peak 
demand using real-time data and consumer 
participation.

 Example: 
During a localized outage, automated systems 
isolate the affected segment, reroute power, and 
notify operators to expedite repair work.

 Challenges: 
Managing increased complexity with the 
integration of Distributed Energy Resources 
(DERs) like rooftop solar panels.  

Relevant Standards:

IEC 60870-5, IEEE 1815 (DNP3), IEEE 1547, 
IEC 61968, 61850, 608760-5/6, ICCP

2.4	 Distributed Energy Resources (DERs) 
Automation

Automation plays a pivotal role in the seamless 
integration of renewable energy sources like 
solar, wind, and hydropower into the grid. It 
ensures that variability in renewable energy 
output does not compromise grid stability 
or operational efficiency. With the increasing 
adoption of DERs, automation technologies are 
evolving to manage decentralized, dynamic grid 
environments.

 Key Functions: 
Grid Balancing:

•	 Automation dynamically adjusts supply 
and demand to account for fluctuations in 
renewable energy generation.

•	 It uses real-time data from DERs, weather 
forecasts, and load demand patterns to 
ensure consistent grid stability.

•	 Forecasting and Demand Response:
•	 Advanced weather prediction models and 

forecasting tools predict renewable energy 
output and align it with grid requirements.

•	 Demand response programs automate 
consumer load adjustments during peak 
periods or renewable generation surpluses.

Energy Storage Management:

•	 Automated battery energy storage systems 
(BESS) capture surplus energy during periods 
of high generation and release it during peak 
demand.

•	 Coordination between energy storage 
systems and renewable resources ensures 
energy availability when renewable 
generation is low.

Microgrids:

•	 Automation enables microgrids to integrate 
and manage DERs like rooftop solar panels 
and wind turbines.

•	 Microgrids can operate independently or 
coordinate with the main grid, providing 
localized power solutions in remote or 
underserved areas.
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DER Coordination:

•	 Automated systems monitor and control 
DERs to ensure their efficient integration into 
the grid.

•	 These systems handle bidirectional power 
flows, voltage regulation, and frequency 
stabilization.

 Example: 
 In a wind farm, automation combines forecasting 
tools with BESS to predict high wind speeds 
and store surplus energy ahead of time. This 
stored energy is released during periods of low 
wind activity, ensuring consistent power supply. 
Similarly, in a residential area, DER systems 
with rooftop solar and BESS are coordinated to 
reduce peak demand on the main grid.

 Challenges: 
•	 Storage Expansion: The capacity of energy 

storage systems must grow to accommodate 
the increasing penetration of renewables.

•	 Renewable Curtailment: Reducing the need 
to curtail renewable energy generation due 
to grid limitations requires better forecasting 
and grid flexibility.

•	 DER Management: Managing a diverse and 
decentralized set of DERs demands advanced 
automation, robust communication 
protocols, and real-time coordination.

Relevant Standards:

IEC 61850, IEEE 1547, ISO 50001, IEC 61400, 
IEC 61968, IEC 60870-5-104, IEC 62351.

2.5	 Regional Power Pools

Regional power pools are essential for optimizing 
interconnected power systems across multiple 
regions or countries. They facilitate energy trade, 
renewable integration, and grid reliability.

 Key Functions: 
•	 Real-Time Monitoring: Tracks grid conditions 

across regions, balancing supply and 
demand dynamically.

•	 Energy Scheduling and Dispatch: Automates 
generation and transmission schedules for 
economic and secure power delivery.

•	 Renewable Energy Integration: Coordinates 
renewable resources across member utilities, 
using advanced forecasting and energy 
storage to manage variability.

 Example: 
The Southern African Power Pool (SAPP) enables 
member countries to share renewable energy 
resources, reducing costs and enhancing 
reliability.

 Challenges: 
Harmonizing infrastructure and regulatory 
frameworks across countries, managing 
geopolitical risks, and scaling automation 
systems.

Relevant Standards:

IEC 61850, IEC 61970, IEC 62351, IEC 60870-6
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2.6	 Independent System Operator (ISO), 
National Grid Operator, and Market 
Operator (MO)

Africa’s power system landscape is a mosaic of 
challenges and opportunities, characterized by 
diverse market structures and the coexistence 
of ISOs, National Grid Operators, and MO. These 
entities fulfil distinct but sometimes overlapping 
roles, reflecting the continent’s mix of regulated 
and deregulated power systems.

Key Distinctions: 
•	 SO vs. ISO: System Operators (SO) focus on 

grid operation and stability, typically within 
national boundaries, while ISOs operate 
as neutral, independent entities managing 
transmission and facilitating regional 
coordination.

•	 MO vs. IMO: Market Operators (MO) func-
tion within national frameworks, whereas 
Independent Market Operators (IMOs) 
oversee cross-border or regional electri
city trading in deregulated environments. 

Independent System Operator (ISO)
ISOs in Africa serve as neutral bodies responsible 
for ensuring grid reliability, balancing demand 
and supply, and coordinating cross-border 
energy trade. These entities play a pivotal role 
in managing regional interconnections and 
fostering electricity markets across multiple 
jurisdictions.

 Key Functions: 
•	 Coordination of Cross-Border Energy Trade: 

Facilitate electricity transactions between 
countries, ensuring equitable resource 
allocation.

•	 Grid Stability Management: Monitor and bal-
ance supply and demand across inter
connected grids.

•	 Market Access Enablement: Provide fair 
access to energy markets and foster 
competition.

National Grid Operator (NGO)
National Grid Operators manage high- voltage 
transmission networks within individual  countries, 
focusing on infrastructure maintenance, reliabil-
ity, and renewable energy integration. These enti-
ties are central to domestic grid operations and 
international energy flows.

 Key Functions: 
•	 Infrastructure Management: Maintain and 

operate national grid infrastructure to ensure 
secure electricity delivery.

•	 Grid Reliability: Monitor and stabilize power 
transmission, preventing outages and 
inefficiencies.

•	 Integration of Renewable Energy: Enable grid 
connection for renewable energy projects 
and manage bidirectional power flows.

 Examples: 
Eskom and NTCSA (South Africa): The National 
Transmission Company South Africa (NTCSA) 
was launched in 2024 to unbundle Eskom’s opera-
tions, improve transparency, and foster competi-
tive electricity markets. NTCSA focuses on: 

•	 Transmission Management: Ensuring reliable 
electricity delivery.

•	 Grid Expansion: Investing in renewable 
energy connectivity to support clean energy 
transitions.

•	 Market Facilitation: Encouraging private 
sector investments and competitive practices.

Kenya Electricity Transmission Company 
(KETRACO): Enhances Kenya’s grid infrastructure, 
promoting renewable energy access and regional 
connectivity.

Nigeria Transmission Company (TCN): Manages 
Nigeria’s grid operations and supports cross-
border energy flows within the West African 
Power Pool (WAPP).
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Independent Market Operator (IMO)
IMOs oversee electricity markets, ensuring 
transparent, competitive, and efficient trading 
mechanisms. They are essential in regions with 
growing cross-border electricity trade, facilitating 
fair energy exchange and optimizing resource 
allocation.

 Key Functions: 
•	 Power Market Administration: Manage 

trading platforms for day-ahead, intra-day, 
and bilateral transactions.

•	 Transparency and Competition: Enforce fair 
trading rules and market compliance.

•	 Efficient Resource Use: Optimize generation 
dispatch to reduce costs and enhance grid 
efficiency.

 Examples: 
SAPP Competitive Market Mechanism: Facilitates 
electricity trading among member states with 
day-ahead and intra-day markets.

Ethiopia-Djibouti Power Trade: An example of 
bilateral trade, where Ethiopia supplies electricity 
to Djibouti, highlighting evolving IMO structures.

Uganda Electricity Market: Overseen by the 
Electricity Regulatory Authority, ensuring fair 
pricing and market access despite the absence of 
a formal IMO.

The interplay of ISOs, National Grid Operators, 
and IMOs underpins the functionality and 
modernization of Africa’s power systems. By 
leveraging advanced automation technologies 
and adhering to international standards, these 
entities enhance reliability, facilitate energy 
trade, and enable the integration of renewable 
energy. Continued harmonization of regulatory 
frameworks and investment in infrastructure 
will be critical for realizing Africa’s energy 
transition goals.

Power Pools in Africa

•	 Southern African Power Pool (SAPP):
SAPP acts as a quasi-Independent System 
Operator (ISO), coordinating power 
dispatch and energy trade among its 12 
member countries, which include Angola, 
Botswana, Democratic Republic of Congo, 
Eswatini, Lesotho, Malawi, Mozambique, 
Namibia, South Africa, Tanzania, Zambia, 
and Zimbabwe. The pool enhances reliability, 
promotes competitive electricity markets, 
and improves market efficiency through 
interconnected grid operations and regional 
energy trade.

•	 East African Power Pool (EAPP):
The EAPP focuses on harmonizing grid 
operations and improving energy trade in 
East Africa. Its member countries include 
Burundi, Djibouti, DR Congo, Egypt, Ethiopia, 
Kenya, Rwanda, South Sudan, Sudan, 
Tanzania, and Uganda. By leveraging shared 
resources like hydropower from Ethiopia 
and geothermal energy from Kenya, the 
EAPP reduces generation costs, boosts grid 
stability, and supports the region’s transition 
to renewable energy.

•	 West African Power Pool (WAPP):
WAPP integrates electricity markets in West 
Africa, comprising 14 member countries: 
Benin, Burkina Faso, Côte d’Ivoire, Ghana, 
Guinea, Guinea-Bissau, Liberia, Mali, Niger, 
Nigeria, Senegal, Sierra Leone, The Gambia, 
and Togo. WAPP facilitates cross-border 
energy trade, promotes the development 
of regional energy infrastructure, and 
strengthens grid interconnections to enhance 
supply reliability and reduce costs.

•	 Central African Power Pool (CAPP):
CAPP includes Angola, Burundi, Cameroon, 
Central African Republic, Chad, DR Congo, 
Equatorial Guinea, Gabon, Republic of 
Congo, Rwanda, and São Tomé and Príncipe. 
Its primary objective is to optimize resource 
use in the Central African region, facilitate 
energy trade, and promote the development 
of large-scale hydropower projects to meet 
regional energy needs.
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•	 North African Interconnection System:
This power pool covers the interconnected 
grids of North African countries, including 
Algeria, Egypt, Libya, Morocco, and Tunisia. 
The North African Interconnection focuses 
on facilitating energy exchange and 
integrating renewable energy sources like 
solar and wind, leveraging the region’s vast 
desert potential for clean energy generation. 
These interconnections also link North Africa 
with Europe via trans-Mediterranean power 
lines, enhancing global energy trade.

Relevant Standards:

ISO: IEC 61850, IEC 61970, ISO 55000,  
IEC 60870-6 (ICCP), IEC 60870-5

NGO: IEC 62351, ISO 27001, IEC 61968,  
IEC 60255, IEC 60870-5

IMO: IEC 61970, ISO 27001, IEC 60870-6,  
IEC 62351

2.7	 Control Centres

Control centres play a pivotal role in managing 
generation, transmission, and distribution 
operations. They integrate advanced monitoring 
and control technologies to ensure grid stability 
and operational efficiency.

 Key Roles:  
•	 Local Control Centres: Onsite facilities 

monitor specific areas of the grid, providing 
immediate fault detection and resolution.

•	 Remote Control Centres: Centralized facili-
ties use SCADA systems to oversee and 
coordinate large networks, streamlining fault 
responses and optimizing operations.

 Example: 
 A remote control centre monitors grid parameters 
across multiple substations, identifying faults 
and deploying crews for rapid intervention while 
rerouting power to minimize disruptions.

 Challenges: 
Scaling systems to handle increasing grid 
complexity while ensuring robust cybersecurity 
measures against evolving threats.

Relevant Standards:

IEC 60870-6, IEEE C37.1, IEC 62351,  
ISO 27001
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2.8	 Substations

Substations serve as critical nodes in power 
systems, enabling voltage transformation, fault 
isolation, and power routing.

 Key Components:  
•	 Transformers: Regulate voltage levels for 

transmission and distribution.

•	 IEDs: Enable real-time fault detection, 
monitoring, and control within substations.

•	 Protection Systems: Circuit breakers and 
relays safeguard the grid by isolating faults 
quickly.

 Example: 
 In a high-voltage substation, IEDs detect 
abnormal voltage levels and trigger breakers 
to prevent equipment damage and cascading 
failures.

 Challenges: 
 Upgrading aging infrastructure to incorporate 
modern automation systems and ensuring 
interoperability across devices from different 
manufacturers.

Relevant Standards:

IEC 61850, IEEE 2030.5, IEC 61970,  
IEC 60870-6 (ICCP), IEC 60870-5

2.9	 Supervisory Control and Data Acquisition 
(SCADA)

SCADA systems are critical for automation in 
power systems, providing centralized real-time 
monitoring, control, and data logging for efficient 
grid management.

 Key Components:  
•	 Monitoring: Tracks critical grid parameters 

such as voltage, frequency, and power flow, 
alerting operators to abnormalities for timely 
resolution. SCADA systems enable remote 
and distributed monitoring, making them 
indispensable for large and complex power 
grids.

•	 Control: Facilitates remote operation of 
devices like circuit breakers, transformers, 
and load switches, enabling operators to 
respond to grid disturbances without being 
physically present. This reduces response 
times and operational risks.

•	 Data Logging: Records historical data, 
including fault events, equipment 
performance, and maintenance schedules. 
This information is critical for diagnostics, 
predictive maintenance, and system 
optimization.

 Example: 
During fault conditions, SCADA systems play a 
critical role by monitoring real-time data from 
field devices, identifying fault locations, and 
coordinating the isolation of affected sections. 
They reroute power through alternate pathways 
to maintain service continuity and minimize 
disruption. SCADA systems also log detailed 
fault data, providing valuable insights for post-
event analysis and improvements to system 
reliability. 

Relevant Standards:

IEC 60870-5, IEEE 1815 (DNP3), IEC 62351
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2.10	 Remote Terminal Units (RTUs) & 
Programmable Logic Controllers (PLCs)

RTUs and PLCs are essential components for 
collecting field data and executing control actions 
in real-time automation systems.

 Key Components:  
•	 RTUs:

–	 Collect data from field sensors on variables 
like voltage levels, temperature, and fault 
signals.

–	 Transmit this data to SCADA systems or 
control centres using communication 
protocols such as DNP3 and Modbus.

•	 PLCs:
–	 Execute complex, real-time control logic 

for tasks such as tap changer operations, 
motor control, and automated switching.

–	 Operate with high precision to ensure 
system stability and efficiency in 
demanding environments.

 Example:
An RTU reports the status of a circuit breaker 
to the SCADA system, while a PLC manages 
automated reclosers to restore service after 
transient faults.

 Challenges: 
Integration of legacy RTUs with modern PLCs 
requires automation gateways for seamless 
communication.

Relevant Standards:

IEC 61850, IEEE 1547, IEC 61968, 
IEC 60870-5, IEEE 1815 (DNP3)

 

2.11	 Intelligent Electronic Devices (IEDs)

IEDs are advanced automation components 
capable of autonomous protection, monitoring, 
and control functions.

 Key Functions: 
•	 Protection: Detect and isolate electrical 

faults (e.g. overcurrent, undervoltage) within 
milliseconds to protect equipment and 
maintain service reliability.

•	 Control: Manage critical grid operations, such 
as voltage regulation and load balancing, by 
executing predefined logic.

•	 Monitoring and Communication: Provide 
real-time data to SCADA systems or RTUs, 
ensuring interoperability via standardized 
protocols like IEC 61850.

 Example: 
An IED detects a fault in a transmission line, 
communicates the fault location to the control 
centre, and isolates the affected section to 
prevent cascading failures.

 Challenges: 
 Ensuring seamless interoperability between IEDs 
from different vendors often requires adherence 
to strict standards.

Relevant Standards:

 IEC 61850, IEEE C37.118, IEC 60870-6
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2.12	 Automation Gateways

Automation gateways act as bridges between 
legacy systems and modern automation 
technologies, ensuring seamless communication 
and integration.

 Key Functions: 
•	 Protocol Conversion: Translates proprietary 

communication protocols into standardized 
formats, such as converting Modbus data for 
use with IEC 61850-based systems.

•	 Cybersecurity: Implements encryption, 
firewalls, and intrusion detection systems to 
safeguard communication channels against 
cyber threats.

•	 Data Aggregation: Consolidates data from 
multiple devices for real-time monitoring 
and analysis.

•	 Remote Access: Enables operators to 
monitor and control devices from centralized 
locations, improving operational flexibility 
and response times.

 Example: 
A gateway converts legacy RTU data into IEC 
61850 format, enabling integration with a modern 
SCADA system.

 Challenges: 
Cybersecurity concerns and the compatibility 
of older systems with newer technologies are 
ongoing issues.

M2M (Machine-to-Machine) Interactions refer 
to the direct communication between devices, 
systems, or machines without human intervention. 
In the context of power systems and automation, 
M2M interactions enable efficient data exchange 
and coordination between different components, 
ensuring seamless operation and control.

Relevant Standards:

IEC 61850, IEEE 1815 (DNP3), IEC 62351,  
IEC 60870-5, IEEE 1815 (DNP3)

Figure 2: Machine-to-machine (M2M) to smart grid systems 

Source: by Jae Shin Byung-Kwen Song and Doo-Seop Eom, Energies 2017 
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2.13	 Merging Units in PSA

Merging units (MUs) are critical components 
in modern PSA, particularly in substation 
environments. They serve as data aggregation 
points, collecting and processing information 
from multiple field sensors and devices. Merging 
units play an essential role in integrating diverse 
systems, enabling efficient communication and 
control in automated grids.

 Key Functions: 
•	 Data Aggregation:

–	 MUs collect real-time data from various 
sensors and Intelligent Electronic Devices 
(IEDs), such as voltage and current trans-
formers.

–	 They consolidate this information into 
standardized formats for seamless com-
munication with SCADA systems and pro-
tection relays.

•	 Interoperability and Standardization:
–	 By converting analog signals from conven-

tional sensors into digital formats (e.g., 
IEC 61850-9-2), MUs ensure compatibility 
across devices from multiple vendors.

–	 They support standardized communication 
protocols, allowing integrated operation in 
substations and distributed systems.

•	 Enhanced Monitoring and Protection:
–	 MUs provide precise, synchronized 

measurements essential for protection 
schemes, fault analysis, and grid stability 
monitoring.

–	 They enable fast, accurate relay operations 
by transmitting data with low latency, 
ensuring reliable fault detection and 
isolation.

•	 Integration with Distributed Energy 
Resources (DERs):
–	 MUs facilitate the integration of DERs 

by aggregating performance data from 
renewable energy systems like solar 
inverters, wind turbines, and battery 
energy storage systems (BESS).

–	 They support bidirectional power flow 
management and real-time data exchange 
between DERs and the central grid.

•	 Time Synchronization:
–	 MUs employ precision time protocols (e.g., 

IEEE 1588) to ensure synchronized data 
collection and transmission across the 
grid. This capability is critical for phasor 
measurement units (PMUs) and wide-area 
monitoring systems (WAMS).

 Example: 
In a digital substation, a merging unit collects data 
from multiple transformers and IEDs, converts 
it into IEC 61850 format, and transmits it to a 
protection relay and SCADA system. This allows 
operators to monitor substation performance in 
real time and respond promptly to faults.

Advantages:

•	 Scalability: Simplifies the expansion of 
automation systems by consolidating sensor 
outputs and reducing wiring complexity.

•	 Flexibility: Supports hybrid setups by inte-
grating legacy equipment with modern auto-
mation technologies.

•	 Reliability: Enhances system resilience 
by ensuring accurate, synchronized data 
transmission for critical applications like 
protection and control.

 Challenges: 
•	 Cybersecurity: Protecting MUs from 

unauthorized access and data tampering is 
essential to maintain grid security.

•	 Standardization Gaps: Ensuring seamless 
operation across diverse devices may require 
adherence to multiple evolving standards.

Future Trends in Merging Units:

•	 Edge Computing Integration: MUs will 
incorporate edge computing capabilities to 
process data locally, reducing the reliance on 
centralized systems and improving response 
times.

•	 AI and Machine Learning: Advanced algo-
rithms will enhance data analysis at the 
merging unit level, enabling predictive main-
tenance and proactive grid management.
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•	 Renewable-Ready MUs: Merging units 
designed specifically for DER integration will 
support dynamic energy markets and decen-
tralized grids.

MUs tailored for DER, incorporating IEC 
61850-9-2, IEC 61869-9, and IEC 62351, will 
support renewable integration and ensure 
grid interoperability. These units will:

Facilitate DER Integration:
–	 Renewable-Ready MUs will interface 

seamlessly with solar inverters, wind tur-
bines, and energy storage systems using 
IEC 61850 standards.

–	 IEC 61850-9-2: Provides process bus 
communication for real-time monitoring 
and control.

–	 IEC 61869-9: Defines digital interfaces for 
instrument transformers, ensuring com-
patibility with modern renewable systems.

Enable Energy Market Participation:
–	 MUs with integrated Accumulator Counters 

(ACC) will track cumulative energy 
production and usage, providing precise 
data for dynamic energy pricing and peer-
to-peer trading.

Coordinate with Energy Storage Systems:
–	 Renewable-Ready MUs monitor and 

manage BESS to optimize energy storage 
and dispatch.

–	 ACC functionality records energy flows, 
ensuring accurate diagnostics and 
operational planning.

Support Grid Stability:
–	 By using IEEE 1588 for precision time 

synchronization, Renewable-Ready MUs 
maintain stability during fluctuating 
renewable outputs.

–	 These units ensure bidirectional power flow 
management and prevent disturbances.

Use Cases for Renewable-Ready MUs:
Smart Solar Farms:
–	 MUs aggregate real-time data from solar 

panels and manage interactions with BESS 
using IEC standards.

–	 ACC tracks cumulative energy generated 
and stored, supporting grid balancing and 
peak shaving.

Microgrids:
–	 In islanded microgrids, Renewable-Ready 

MUs manage DER contributions and 
energy flows, ensuring uninterrupted 
power supply during disruptions.

–	 ACC data informs energy storage deploy-
ment and load prioritization.

Dynamic Energy Markets:
–	 MUs enable transparent energy accounting 

by tracking energy inputs and outputs, 
allowing DER owners to participate in 
decentralized energy trading.

By integrating MUs into PSA, utilities can improve 
grid efficiency, reliability, and adaptability. 
These devices bridge the gap between legacy 
equipment and advanced digital systems, laying 
the foundation for smart and sustainable grids of 
the future.

Relevant Standards:

IEC 61850-9-2, IEEE 1588, IEC 62351,  
ISO 27001, IEC 61869-9
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2.14	 Automation Hardware 

Hardware PSA, encompass a range of 
components that monitor, control, and protect 
the grid.

 Key Categories:  
•	 Sensors: Measure parameters such as 

temperature, current, and voltage to provide 
real-time data for automation systems.

•	 Controllers: Process data and execute 
control actions to maintain grid stability and 
operational efficiency.

•	 Relays: Provide fault protection by isolating 
affected sections of the grid.

•	 PMUs: Monitor grid dynamics and support 
WAMS.

 Challenges: 
Ensuring compatibility and interoperability 
between hardware from different manufacturers, 
especially when integrating legacy systems.

 Example: 
A substation incorporates advanced sensors, 
IEDs, and PMUs to enable real-time fault 
detection, isolation, and grid stability monitoring.

Future Outlook: As automation evolves, hardware 
will increasingly feature built-in intelligence and 
enhanced cybersecurity capabilities, supporting 
the development of smarter, more adaptive grids.

Reference Appendix 1:

For a detailed listing of hardware and 
Relevant Standards

 

2.15	 Advanced Metering Infrastructure (AMI) 
and Automation

2.15.1	 Billing Using Automated Metering Across 
Power System Stages

Automated metering, facilitated by AMI and 
related technologies, offers numerous benefits 
for billing processes across all stages of the 
power system generation, transmission, and 
distribution. These advantages contribute 
to operational efficiency, transparency, and 
customer satisfaction.

Generation Stage

•	 Accurate Cost Allocation:
Automated metering enables real-time 
tracking of energy generated, ensuring 
precise allocation of costs among utilities, grid 
operators, and energy market participants.

•	 Simplified Renewable Energy Accounting:
For generation involving renewable sources, 
automated metering aids in tracking 
production, calculating feed-in tariffs, and 
validating Renewable Energy Certificates 
(RECs).

•	 Streamlined Settlement in Energy Markets:
Automated meters provide verified data 
for market settlements, reducing disputes 
between power producers and grid operators. 

Transmission Stage

•	 Energy Loss Tracking:
Automated meters at transmission 
substations enable detailed monitoring of 
losses along high-voltage lines, helping 
in accurate billing of energy delivered 
downstream.

•	 Improved Inter-Utility Billing:
For interconnected grids, automated 
metering ensures precise billing between 
transmission operators for power exchanged 
or wheeled across regions.

•	 Dynamic Pricing Integration:
Real-time data from automated meters 
supports time-of-use billing and demand 
response programs at the transmission level.
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Distribution Stage

•	 Customer Billing Accuracy:
Automated meters at distribution points 
and consumer endpoints ensure precise 
measurement of electricity consumption, 
eliminating manual errors and estimated 
bills.

•	 Fraud Detection:
With continuous data monitoring, utilities 
can identify and address energy theft or 
tampering, reducing revenue loss.

•	 Enhanced Customer Transparency:
Consumers gain access to detailed 
consumption data through smart meters, 
promoting trust and enabling better energy 
management.

•	 Faster Dispute Resolution:
Automated data logging provides transparent 
records, simplifying the resolution of billing 
disputes.

•	 Prepaid and Postpaid Flexibility:
Automated systems support multiple billing 
models, such as prepaid meters or time-of-
use billing, catering to diverse customer 
preferences.

Unified Advantages Across All Stages

•	 Operational Efficiency:
Automation minimizes manual interventions 
in billing processes, reducing labour costs 
and operational delays.

•	 Revenue Assurance:
Accurate data collection and real-time 
reporting enhance revenue collection at all 
stages.

•	 Data-Driven Decision Making:
Utilities and grid operators can use metering 
data for demand forecasting, load balancing, 
and infrastructure planning.

•	 Regulatory Compliance:
Automated metering ensures adherence 
to billing standards and legal requirements 
across the power system.

2.15.2	 Prepaid Metering

Prepaid meters are a type of utility meter that 
allows consumers to pay for electricity usage 
in advance. This model empowers users to 
monitor and manage their consumption, 
avoiding unexpected bills and fostering energy 
conservation. Prepaid meters operate through 
either direct account payments or token-based 
systems, where consumers purchase tokens to 
load credit onto their meter. Token-based prepaid 
meters typically use unique codes or smartcards 
to validate and update the prepaid balance.

In the context of AMI and automation, prepaid 
meters have evolved significantly. AMI integrates 
advanced communication technologies and 
data management systems to enable real-time 
monitoring, remote control, and enhanced 
customer interactions. Token-based prepaid 
meters in an AMI environment provide several 
automation benefits, including:

1.	 Seamless Recharge and Monitoring: AMI-
enabled prepaid meters allow consumers to 
recharge via mobile apps, online platforms, 
or automated kiosks, reducing reliance on 
physical token distribution. Real-time data 
synchronization ensures immediate credit 
updates.

2.	 Remote Management: Utility companies can 
remotely monitor, update, and troubleshoot 
prepaid meters using AMI. This eliminates the 
need for on-site visits, enhancing operational 
efficiency.

3.	 Enhanced Consumer Insights: Prepaid meters 
integrated with AMI provide consumers with 
detailed consumption patterns and alerts 
through digital interfaces. This promotes 
better energy management and decision-
making.

4.	 Automated Disconnection and Reconnection: 
Automation in prepaid meters streamlines the 
process of disconnecting and reconnecting 
services based on credit availability. When 
the balance is exhausted, the system 
automatically disconnects the supply, and 
services resume seamlessly upon recharge.

5.	 Fraud Prevention: Token-based prepaid 
meters, coupled with AMI, enhance security 
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2.16	 Other Key Components and Concepts

PSA relies on a variety of tools and technologies 
that form the foundation for reliable, efficient, 
and secure grid operations.

 Other Key Components:
•	 Human-Machine Interfaces (HMIs): Provide 

operators with intuitive, graphical interfaces 
to monitor and control systems effectively.

•	 Phasor Measurement Units (PMUs): Deliver 
synchronized measurements of voltage and 
current waveforms to monitor grid stability 
and detect anomalies in real time.

•	 Automation Controllers: Implement 
advanced control strategies to maintain grid 
stability, including demand response and 
renewable energy integration.

•	 Cybersecurity Measures: Protect automation 
systems with encryption, firewalls, and 
multi-layered security frameworks to prevent 
unauthorized access and data breaches.

Relevant Standards:

IEC 61850, 61850-9-1, IEC 61970, ISO 27001

Modern PSA depends on a range of standards and 
protocols that enable interoperability, efficient 
communication, and secure operations. These 
standards provide the backbone for managing 
complex energy system. 

by leveraging encrypted communication 
for token validation, minimizing the risk of 
tampering or unauthorized use.

The fusion of prepaid meter technology with AMI 
and automation transforms traditional energy 
management into a more interactive, efficient, 
and consumer-centric model. This integration 
supports utilities in improving revenue assurance 
while empowering consumers with greater 
control and transparency over their energy 
consumption.

Relevant Standards:

IEC 60730-1; IEC 61158; IEC 61499;  
IEC 61784-2; IEC 61850 Series; IEC 61968-9; 
IEC 61970 Series; IEC 62052-11;  
IEC 62053 Series; IEC 62055 Series;  
IEC 62055-31; IEC 62055-41; IEC 62055-51;  
IEC 62056 Series; IEC 62056-21;  
IEC 62056-53; IEC 62056-62; 
IEC 62351 Series; IEEE 1547; IEEE 1901;  
IEEE 2030.5 (SEP 2.0); IEEE 802.15.4;  
ISO 50001; ISO/IEC 15118; ISO/IEC 17025; 
ISO/IEC 27001; ISO/IEC 27019; OpenADR; 
STS Specification
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3	 AUTOMATION STANDARDS & 
PROTOCOLS

3.1	 Communication Protocol and Standards: 
African Utilities Context

Over the past 50 years, African utilities have 
employed a diverse range of communication 
protocols for Power Systems Automation (PSA). 
These protocols reflect a progression from 
proprietary systems to modern standardized and 
interoperable frameworks, supporting evolving 
energy demands.

3.1.1	 Legacy Communication Protocols 
(1970s–1990s)

These protocols formed the foundation of 
early automation systems, providing basic 
communication capabilities.

•	 PLCC (Power Line Carrier Communication):
–	 Features: Narrowband communication 

over power lines (30–500 kHz).
–	 Usage: Widely used for teleprotection, 

SCADA, and control in transmission 
systems.

•	 Modbus (1979):
–	 Features: Serial communication (RS-232/

RS-485); simple and robust.
–	 Usage: Common in generation and 

distribution for SCADA and metering.

•	 DNP3 (Distributed Network Protocol, 1990s):
–	 Features: Standardized SCADA protocol 

supporting telemetry and control.
–	 Usage: Frequently used for substation 

automation, especially in distribution 
systems.

•	 Profibus (1989):
–	 Features: High-speed fieldbus protocol for 

industrial control.
–	 Usage: Industrial automation in power 

plants.

•	 IEC 60870-5 (1988):
–	 Features: Real-time telecontrol protocol.
–	 Usage: Widely adopted for SCADA systems 

in transmission and distribution.

3.1.2	 Transition to Modern Protocols  
(2000s–Present)

Modern protocols introduced standardization, 
interoperability, and support for advanced 
automation needs.

•	 IEC 61850 (2004):
–	 Features: Object-oriented, interoperable 

standard for substation automation.
–	 Usage: Increasingly adopted for 

modernizing substations and integrating 
renewable energy sources.

•	 Ethernet/IP:
–	 Features: Industrial protocol over Ethernet; 

supports high-speed data transfer.
–	 Usage: Deployed in smart substations and 

industrial control systems.

•	 MMS (Manufacturing Message Specification, 
1987):
–	 Features: Layered protocol supporting IEC 

61850.
–	 Usage: Core protocol for data exchange in 

IEC 61850-based systems.

•	 GSM/GPRS/3G/4G/5G:
–	 Features: Wireless communication for 

Advanced Metering Infrastructure (AMI) 
and grid management.

–	 Challenges: Many African utilities remain 
reliant on 2G and 3G networks, hindering 
the adoption of advanced solutions like 
5G-enabled smart grids.

•	 Zigbee (2004):
–	 Features: Wireless, low-power protocol for 

mesh networks.
–	 Usage: Applied in smart metering and 

distribution automation.

•	 WiMAX (2005):
–	 Features: Wireless broadband technology 

for wide-area monitoring.
–	 Usage: Used in Wide Area Monitoring for 

real-time data acquisition in distribution 
networks.
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•	 LoRa/LoRaWAN:
Ideal for remote monitoring and smart 
metering
–	 Features:

–	 Low power consumption for remote 
devices.

–	 Long-range communication suitable for 
rural areas.

–	 Applications:
–	 Smart metering in remote areas.
–	 Monitoring in substations.

3.2	 Communication Mediums and Trends

Fiber-Optic Communication (1990s–Present):
•	 Protocols: Ethernet-based protocols like 

MPLS, IEC 61850.
•	 Applications: High-speed SCADA networks, 

substation interconnectivity.

Satellite Communication (1980s–Present):
•	 Protocols: IP-based or proprietary telemetry 

systems.
•	 Applications: Remote monitoring of rural 

substations or isolated generation assets.

Power Line Carrier Communication (PLCC):
•	 Applications: Still widely used where fibre 

or cellular infrastructure is unavailable, tran-
sitioning to broadband PLCC for higher data 
rates.

3.3	 Communication Protocol and Standards: 
Challenges in African Utilities

•	 Legacy Infrastructure:
Many utilities still rely on older protocols like 
PLCC, Modbus, and IEC 60870-5-101 due to 
limited budgets and expertise.

•	 Limited Interoperability:
Proprietary systems hindered integration, 
prompting a shift to IEC 61850.

•	 Connectivity Issues:
Cellular and satellite communication play 
vital roles in areas lacking fibre networks.

•	 Modern Protocol Adoption:
Transitioning to IEC 61850 and wireless 
protocols is growing, driven by renewable 
energy and smart grid initiatives.

3.4	 Selecting Communication Protocols - 
Example

The IEC 60870-5-101 and IEC 60870-5-104 
protocols are integral to Supervisory Control and 
Data Acquisition (SCADA) systems, facilitating 
communication between control centres and 
remote field devices. These protocols belong to 
the IEC 60870-5 series and are widely adopted 
for remote monitoring and control in power 
transmission networks, each tailored for specific 
operational and technological contexts.

Here’s a breakdown of their differences:

Summary Table 

Feature IEC 60870-5-101 IEC 60870-5-104

Transport Layer Serial (RS-232/RS-485) TCP/IP (Ethernet)

Communication Mode Master-Slave (Polling) Client-Server (Event-driven)

Speed Low High

Addressing Limited Large and scalable

Network Topology Point-to-point or star Flexible (star, ring, mesh)

Time Synchronization Manual or command-based Automatic (e.g., Network Time Protocol - NTP)

Security Minimal Advanced (e.g., encryption)

Application Legacy and small-scale systems Modern, large-scale systems
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3.5	 Overview of the 60870-5 Protocols

•	 IEC 60870-5-101:
–	 Designed for legacy systems using serial 

communication.
–	 Operates on a master-slave model with low-

speed transmission over asynchronous 
links like RS-232 or RS-485.

–	 Best suited for remote locations with 
limited bandwidth or older infrastructure, 
offering simplicity and reliability.

–	 Uses poll/response mechanisms, ensuring 
a predictable and stable communication 
cycle.

•	 IEC 60870-5-104:
–	 An evolution of 101, adapted for modern 

IP-based networks.
–	 Operates over TCP/IP, enabling high-speed, 

reliable, and scalable communication.
–	 Supports event-driven communication, 

reducing latency and improving efficiency 
in real-time data transmission.

–	 Well-suited for systems requiring frequent 
updates, high volumes of data, and 
integration with IT networks.

Figure 3: Typical Communication Protocols Used in a Power System

Source: IEEE PES ‘09. Power & Energy Society General Meeting, Salman Mohagheghi 2009. 
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3.7	 Key Considerations for Protocol Selection

•	 Operational Constraints:
–	 Latency: IEC 60870-5-104’s IP-based 

communication minimizes delays, making 
it suitable for applications requiring rapid 
responses.

–	 Bandwidth: 101 is better for low-bandwidth 
environments, while 104 excels in systems 
with high-speed requirements.

•	 Infrastructure Compatibility:
–	 Legacy transmission systems may require 

101 due to existing serial communication 
hardware.

–	 Modern networks with Ethernet and IP 
infrastructure favour 104 for its scalability 
and integration capabilities.

•	 Security:
–	 IEC 60870-5-104 supports enhanced 

security features, such as Transport Layer 
Security (TLS) encryption, critical for 
protecting IP-based communications.

–	 101 lacks built-in security mechanisms, 
relying on isolated networks or external 
measures for data protection.

•	 Cost and Scalability:
–	 Transitioning from 101 to 104 may involve 

significant infrastructure upgrades but 
provides long-term scalability.

–	 A hybrid approach can be adopted, where 
both protocols coexist during phased 
modernization efforts.

3.6	  Applications in Remote Transmission

•	 IEC 60870-5-101 in Remote Transmission:
–	 Ideal for legacy transmission networks 

where simplicity and robustness are 
critical.

–	 Commonly deployed in rural or remote 
areas with limited communication 
infrastructure, leveraging existing serial 
connections.

–	 Provides cost-effective solutions for 
systems where bandwidth constraints and 
low-speed requirements are acceptable.

–	 Supports critical monitoring and control 
tasks in areas where modern IP-based 
systems are not yet feasible.

•	 IEC 60870-5-104 in Remote Transmission:
–	 Perfect for modern transmission systems 

requiring high-speed, high-volume data 
exchange.

–	 Frequently used in urban and interregional 
transmission networks where IP-based 
infrastructure is widely available.

–	 Facilitates advanced functionalities, such as: 
–	 Dynamic data exchange for real-time 

grid monitoring.
–	 Event-triggered updates to reduce 

unnecessary communication overhead.
–	 Integration with Wide Area Monitoring 

Systems (WAMS) and control systems 
for renewable energy sources.

–	 Enables seamless integration with other 
protocols, such as IEC 61850, for unified 
communication across substations and 
control centres.
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3.9	 Future Trends and Recommendations

•	 Transition Planning:
Utilities should conduct comprehensive 
assessments of their transmission networks 
to determine the feasibility of transitioning 
from 101 to 104. Factors like bandwidth 
availability, latency requirements, and 
infrastructure readiness must be evaluated.

•	 Integration with Advanced Protocols:
IEC 60870-5-104’s compatibility with protocols 
like IEC 61850 positions it as a cornerstone 
for future-ready transmission systems.

•	 Cybersecurity:
As reliance on IP-based protocols like 104 
grows, implementing robust cybersecurity 
measures is essential to safeguard remote 
transmission systems from potential threats.

The IEC 60870-5-101 and IEC 60870-5-104 
protocols serve distinct yet complementary 
roles in remote transmission systems. While 
101 remains relevant for legacy systems with 
limited communication infrastructure, 104 is 
indispensable for modern, IP-based networks 
demanding high-speed, scalable, and secure 
communication. Selecting the appropriate 
protocol or adopting a hybrid approach ensures 
utilities can balance current needs with future 
growth, optimizing performance and reliability in 
power transmission systems.

Key considerations include operational con-
straints (latency, bandwidth), security (e.g., 
encryption for IP-based protocols), and compat-
ibility with existing infrastructure. 

A thorough system assessment is essential 
to ensure the selected protocol meets current 
and future needs, avoiding costly errors and 
enhancing long-term performance.

3.8	 Case Studies in Remote Transmission

IEC 60870-5-101 for Legacy Systems:
Ethiopia: The Ethiopian Electric Power 
Corporation (EEPCo) has historically utilized IEC 
60870-5-101 for monitoring and controlling its 
extensive network of remote substations. This 
protocol’s low bandwidth requirements align well 
with the country’s existing serial communication 
infrastructure, enabling effective telecontrol 
without necessitating significant upgrades.

IEC 60870-5-104 for Modern Networks:
South Africa: Eskom, South Africa’s primary 
electricity supplier, is in the process of 
evaluating the implementation of IEC 60870-5-
104 in its transmission network, ensuring future 
compatibility with IP based telecommunication 
systems.

Hybrid Deployment:
Morocco: The National Office of Electricity 
and Drinking Water (ONEE) in Morocco has 
adopted a hybrid approach. In this system, 
IEC 60870-5-101 is maintained for remote sites 
with legacy infrastructure, while IEC 60870-5-
104 is implemented in urban areas equipped 
with IP-based networks. This strategy allows 
for gradual modernization without disrupting 
ongoing operations.

These examples demonstrate how African 
utilities are strategically implementing IEC 60870-
5-101 and IEC 60870-5-104 protocols to balance 
modernization efforts with existing infrastructure 
capabilities, ensuring efficient and reliable power 
system operations across diverse regions.



35

Guide to Power Systems Automation Standards

AFSEC – 50012-04-01:2025 Ed.1 - E

3.10	 Overview of IEC 61850 

IEC 61850 is the cornerstone of power 
utility automation, particularly in substation 
environments. It enables seamless 
communication, modularity, and interoperability 
across Intelligent Electronic Devices (IEDs).

Key IEC 61850 Standards

•	 IEC 61850-1: Introduction and Overview
Provides the general scope, objectives, 
and principles of IEC 61850 for substation 
automation systems.

•	 IEC 61850-2: Glossary
Defines terminology and abbreviations used 
across IEC 61850 standards.

•	 IEC 61850-3: General Requirements
Specifies environmental, electromagnetic, 
and safety requirements for substation 
communication systems.

•	 IEC 61850-4: System and Project Management
Details principles for system engineering, 
specification, and implementation.

•	 IEC 61850-5: Communication Requirements 
for Functions and Device Models
Outlines communication needs for protection, 
control, monitoring, and automation 
functions.

•	 IEC 61850-6: Substation Configuration 
Language (SCL)
Introduces the Substation Configuration 
Language (SCL), a standardized XML-based 
language for describing the configuration of 
substation automation systems.

SCL Benefits: 
–	 Ensures consistency in system design and 

configuration.
–	 Simplifies interoperability testing by 

providing a clear system description.
–	 Enables automated generation of device 

configurations from the system description.

•	 IEC 61850-7 Series:
–	 IEC 61850-7-1: Defines the basic communi-

cation structure for power systems.
–	 IEC 61850-7-2: Abstract Communica-

tion Service Interface (ACSI), facilitating 
interaction between Logical Nodes and 
communication systems.

–	 IEC 61850-7-3: Common Data Classes 
(CDC), which structure data objects for 
consistency.

–	 IEC 61850-7-4: Logical Node Classes and 
Data Object Classes, cataloguing functions 
like protection and measurement.

•	 IEC 61850-8-1: Mapping to MMS and Ethernet
Specifies how messages are mapped to MMS 
(Manufacturing Message Specification) and 
Ethernet for communication.

•	 IEC 61850-9 Series:
–	 IEC 61850-9-1: Sampled Values over Serial 

Links, largely replaced by IEC 61850-9-2.
–	 IEC 61850-9-2: Sampled Values over 

Ethernet for real-time analog data 
transmission.

•	 IEC 61850-10: Conformance Testing
Defines standardized test procedures to 
ensure that devices comply with IEC 61850 
requirements, enabling interoperability 
between products from different vendors.
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width, and interference-resistant com-
munication. It is particularly suitable for 
mission-critical applications like substation 
automation and high-speed data transfer in 
transmission systems.

•	 Copper Cables:
Commonly deployed in legacy systems or 
for shorter distances within substations 
and control centres. Shielded copper cables 
provide robustness against electromagnetic 
interference (EMI).

•	 Wireless Technologies:
Wireless communication is increasingly 
integrated into PSA for its flexibility and 
cost-effectiveness in situations where wired 
infrastructure is impractical. Examples 
include:

–	 Wi-Fi (IEEE 802.11): Used for smart metering 
and localized device communication.

–	 ZigBee (IEEE 802.15.4): Facilitates low-
power, short-range communication in dis-
tribution automation.

–	 Cellular Networks (4G, 5G): Provide wide-
area connectivity for remote monitoring 
of substations, renewable energy sources, 
and Distributed Energy Resources (DERs).

–	 LoRaWAN: Supports low-bandwidth, long-
range communication in rural or remote 
PSA sites.

–	 Satellite Communication: Ideal for 
geographically isolated generation plants 
or offshore installations.

–	 Wireless options enhance scalability by 
reducing infrastructure deployment costs 
and enabling rapid integration of IoT 
devices across the grid.

Data Link Layer
The Data Link Layer ensures reliable data transfer 
over the physical medium. It manages error 
detection and correction, as well as medium 
access control. In PSA, the key standard is:

Ethernet (ISO/IEC 8802-3):
Provides high-speed, low-latency communication 
for real-time data exchange. Industrial Ethernet 
variants like IEC 61850 GOOSE messaging are 
extensively used in substation automation.

3.11	  IEC 61850 Substation 

IEC 61850 defines a hierarchical structure 
for substation communication, integrating 
Logical Nodes (LNs), Substation Buses, and 
Communication Layers.

Key Components

•	 Logical Nodes (LNs):
Standardized data models representing 
substation functions like protection, control, 
and measurement.

Examples:
–	 CSWI (Switch Controller): Control functions.
–	 PTOC (Overcurrent Protection): Protection 

functions.
–	 MMXU (Measurement Unit): Measurement 

functions.

•	 Substation Buses:
Define communication pathways at different 
levels:

–	 Station Bus: Connects HMIs, gateways, and 
SCADA systems using MMS over Ethernet 
for supervision and control.

–	 Process Bus: Transmits real-time data from 
sensors and merging units to IEDs using 
protocols like GOOSE and SV.

–	 Bay-Level Communication: Facilitates local-
ized operations for interlocking and control. 

3.11.1	 Communication Layers

In PSA, communication layers are aligned with 
the OSI model to ensure scalability, flexibility, 
and reliability across diverse applications and 
infrastructures. These layers define how data 
is transmitted, routed, and managed within the 
automation system.

Physical Layer
The Physical Layer is responsible for the 
hardware-based transmission of raw data signals. 
It supports various mediums to accommodate 
the unique requirements of PSA, including:

•	 Fiber Optics:
Widely used for long-distance, high-band-
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•	 Sampled Values (SV): Transfers real-time 
measurement data for relay operations and 
fault detection.

•	 TCP (Transmission Control Protocol): Provides 
reliable, connection-oriented communication 
for applications requiring data integrity, such 
as:

•	 MMS (Manufacturing Message Specification): 
Supports secure communication of system 
status, configuration, and monitoring data in 
automation systems.

The communication layers in PSA, aligned with 
the OSI model, ensure robust and efficient data 
exchange. 

Expanding the Physical Layer with wireless 
technologies offers added flexibility, scalability, 
and cost-efficiency, enabling the integration of 
advanced monitoring, control, and IoT-based 
solutions across all levels of the power grid. 
This layered approach underpins the reliability 
and interoperability essential for modern grid 
infrastructure.

Network Layer
The Network Layer manages data routing and 
addressing across different nodes in the network. 
Its primary function is to ensure data packets 
reach their intended destination. The PSA relies 
on:

IP Addressing (IPv4/IPv6):
Enables data routing between devices, 
substations, and control centres over local and 
wide-area networks. IPv6 is increasingly adopted 
for scalability and enhanced security.

Transport Layer
The Transport Layer provides end-to-end 
communication services, ensuring data integrity 
and proper sequencing. Two protocols are widely 
used in PSA:

UDP (User Datagram Protocol):

Suited for low-latency, time-critical applications 
such as:

•	 GOOSE Messaging: Ensures rapid commu-
nication for protection and control signals in 
substation automation.

Figure 4:  EC 61850-90-5 Protocol Stack Mapping to OSI Model

Source: IEEE Access, Real-Time Control and Monitoring in Smart Grid, June 2017
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•	 UDP (User Datagram Protocol) – A lightweight, 
connectionless transport protocol used 
for fast, low-latency communication in 
networked applications.

•	 TCP (Transmission Control Protocol) – A 
transport protocol that provides reliable, 
connection-oriented communication 
between networked devices.

•	 IP (Internet Protocol) – The core protocol 
of the Internet, responsible for addressing 
and routing packets between devices in a 
network.

•	 ISO/IEC 8802-3 Ethernet – The IEEE 802.3 
Ethernet standard that defines wired 
networking technologies for local area 
networks (LANs).

These protocols and standards are fundamental 
for real-time communication, protection, and 
automation in smart grids and substation 
automation systems.

Application Domain:
•	 Sampled Values (SV) – A protocol in IEC 61850 

used to transmit digitized current and voltage 
measurements in electrical substations in 
real time.

•	 GOOSE (Generic Object Oriented Substation 
Event) – A multicast messaging protocol 
in IEC 61850 used for fast, time-critical 
messages such as protection and control 
signals in power systems.

•	 TimeSync (SNTP - Simple Network Time 
Protocol) – A protocol used for time 
synchronization in networked devices with 
lower precision than full NTP.

•	 ACSI (Abstract Communication Service 
Interface) – A communication interface in 
IEC 61850 that defines a set of services for 
substation automation systems.

•	 GDOI (Group Domain of Interpretation) – 
A security protocol used for secure group 
communications, including encryption key 
distribution for multicast traffic.

Communication Stack:

•	 IEC 61850 – An international standard for 
communication networks and systems in 
substations, defining protocols for data 
exchange in Power Systems Automation.

•	 IEC 61850-90-5 – An extension of IEC 61850 
that provides mechanisms for transmitting 
data over wide-area networks, such as real-
time synchrophasor data and protection 
signals.

•	 MMS (Manufacturing Message Specification) 
– A messaging protocol used in industrial 
automation and substations for real-time 
data exchange.
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Figure 5: System Design, Parameterization, and Documentation Flow in Substation Automation (IEC 61850 Standard), Source: IEC 61850

3.11.2	 Substation Configuration Language (SCL)

SCL is a key feature of IEC 61850, providing 
a standardized framework for system design, 
configuration, and documentation.

Key Features of SCL:
•	 System Description: Defines the overall 

system configuration, including Logical 
Nodes, communication paths, and device 
attributes.

•	 IED Configuration: Provides detailed 
configurations for individual IEDs, ensuring 
seamless integration into the overall system.

•	 Engineering Process Support: Simplifies 
system engineering by automating 
configuration generation and ensuring 
consistency across devices.

Benefits of SCL:
•	 Reduces engineering time and complexity 

by providing a structured, reusable system 
configuration.

•	 Ensures consistent and error-free documen-
tation for substation automation systems.

•	 Facilitates interoperability testing by 
standardizing system descriptions.

 

3.11.3	 IEC 61850 Testing

IEC 61850 includes comprehensive testing 
requirements to verify compliance and 
interoperability.

Types of Testing:
•	 Conformance Testing (IEC 61850-10): Ensures 

devices meet IEC 61850 standards, validating 
their functionality, performance, and 
interoperability.

•	 Interoperability Testing: Verifies that 
devices from different manufacturers can 
work together seamlessly in an IEC 61850 
environment.

•	 Factory Acceptance Testing (FAT): Conducted 
in controlled environments to validate the 
integration of devices and their configurations 
before deployment.

•	 Site Acceptance Testing (SAT): Performed 
on-site to ensure the system operates 
correctly in its real-world environment.

Tools and Practices for Testing:
•	 Simulators and Test Tools: Used to mimic 

substation conditions and validate device 
behaviour.

•	 Automated Testing Frameworks: Enhance 
efficiency by automating repetitive testing 
processes.
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3.11.4	 Integration of SCL, Logical Nodes, Substa-
tion Buses, and Communication Layers

IEC 61850 combines Logical Nodes, Substation 
Buses, and Communication Layers into a 
cohesive framework, with SCL serving as the 
configuration fundamentals.

•	 Logical Nodes: Abstract functions like 
protection and control for consistent 
communication.

•	 Substation Buses: Provide hierarchical 
pathways for data flow, modularity, and 
scalability.

•	 SCL: Centralizes and standardizes system 
configuration, simplifying engineering and 
testing.

•	 Communication Layers: Leverage Ethernet-
based networking and redundancy (PRP/
HSR) for reliability.

IEC 61850 provides a robust framework for 
substation automation, integrating Logical 
Nodes, hierarchical buses, and layered 
communication with standardized configuration 
via SCL. Its testing provisions ensure compliance 
and interoperability, making it the cornerstone 
for modern power utility automation.

Figure 6: IEC 61850 Substation Bus Architecture  

Source: Jean-Charles Tournier, T. Werner, IEEE PES General Meeting 25 July 2010 
Engineering, Environmental Science IEEE PES General Meeting
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a) Centralized						      (b) Decentralised 

Figure 7: Centralized and Decentralized Control Structures in Power Systems

4	 POWER SYSTEMS AUTOMA-
TION ARCHITECTURES

4.1	 4.1 Centralized vs. Decentralized Systems

PSA architectures are classified as centralized 
or decentralized, with each approach suited to 
specific operational needs based on grid size, 
response time requirements, and reliability 
objectives.

Centralized Systems: Control centres aggregate 
data from the entire network to make decisions.

•	 Advantages: Unified grid view simplifies 
coordination, data management, and 
security.

•	 Challenges: Slower response times due to 
data transmission delays and reliance on 
a single control centre, which is a potential 
point of failure.

Decentralized Systems: Control is distributed to 
local devices, such as IEDs, enabling independent 
or cooperative decision-making.

•	 Advantages: Faster responses and greater 
resilience since local faults do not disrupt the 
entire system.

•	 Challenges: Synchronizing data across 
multiple points and maintaining a cohesive 
system overview is complex.

Centralized systems work well for compact urban 
grids, while decentralized systems are ideal 
for geographically dispersed grids requiring 
localized decision-making.

Relevant Standards:

IEC 61850, IEEE 1547, ISO 50001
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 Example: 
A substation uses an integrated system to handle 
voltage regulation, fault isolation, and monitoring 
through a unified interface, reducing complexity 
and enhancing reliability.

Relevant Standards:

IEC 61850, IEEE C37.118, IEC 62351

4.4	 Cloud-Based and Edge-Based 
Architectures

Cloud and edge computing are transforming 
PSA by providing innovative methods for data 
processing and storage.

Cloud-Based Architectures: Transmit data to 
remote servers for storage and analysis.

•	 Benefits: Scalability, cost-effective infrastruc-
ture, and support for long-term predictive 
analytics.

 Challenges:  Higher latency and cybersecurity 
vulnerabilities make it less suitable for real-time 
control.

Edge-Based Architectures: Process data locally, 
close to the source, such as in substations or field 
devices.

Benefits:
Low latency, real-time fault protection, and reduced 
communication bandwidth requirements.

 Challenges:  
Higher hardware costs and increased complexity 
in managing distributed systems.

 Example: 
A hybrid system combines edge computing 
for time-sensitive tasks like fault isolation with 
cloud computing for scalable data storage and 
advanced analytics.

Relevant Standards:

IEC 61968, ISO 27001, IEEE 2030

4.2	 Hierarchical Automation Structures

Hierarchical structures organize PSA into distinct 
levels, each performing specific roles, ensuring 
efficient and systematic operations.

•	 Field Level: Includes devices like IEDs and 
RTUs that monitor and control equipment 
such as transformers and circuit breakers. 
Handles real-time data and performs 
autonomous actions.

•	 Station Level: Aggregates field-level data, 
manages local automation, and stabilizes 
operations using localized SCADA systems.

•	 Network Control Level: Oversees the broader 
grid, performing tasks like load balancing 
and demand response through centralized 
decision-making.

 Example: 
In a fault scenario, the field level isolates the 
issue, the station level ensures local stability, and 
the network control level maintains continuity 
across the entire grid.

Relevant Standards:

IEC 61850, IEEE 2030.5, IEC 61970

4.3	 Integrated Control Systems

Integrated control systems unify protection, con-
trol, and monitoring into a cohesive framework, 
replacing traditional separate systems.

Benefits: 
Streamlined operations, reduced device and 
communication complexity, and simplified 
maintenance.

Interoperability: 
Standards like IEC 61850 facilitate seamless 
device communication and integration.

Enhanced Coordination:
A single device can manage protection, logging, 
and alerts, improving overall system efficiency 
and oversight.
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5	 COMMUNICATION AND DATA 
MANAGEMENT

5.1	 Robust Communication Network Design 
in Power Systems Automation

Robust network design is essential for ensuring 
efficient, secure, and reliable data communication 
in Power Systems Automation (PSA). Key 
considerations include minimizing latency, 
maximizing throughput, ensuring precise time 
synchronization, and incorporating redundancy 
to maintain system integrity across Local Area 
Networks (LANs), Wide Area Networks (WANs), 
and Ethernet-based systems. The following 
provides some insights into the redundancy of 
communication networks.

5.1.1	 Physical and Logical Topologies

•	 Types of Topologies: 
–	 Star Topology: Features a central hub 

or switch to which all devices connect. 
While simple and easy to manage, its 
dependence on a single point of failure 
makes it less resilient for critical power 
system applications, especially in Ethernet-
based LANs.

–	 Ring Topology: Devices are connected in a 
circular loop, enabling data to flow in both 

directions. This topology provides higher 
fault tolerance compared to star networks, 
as communication can reroute when a link 
fails. Often implemented in Ethernet-based 
LANs for substation communication.

–	 Mesh Topology: Every device connects to 
multiple other devices, providing numerous 
alternative data paths. Mesh networks 
offer exceptional resilience, making them 
ideal for WANs and large-scale systems, 
though they are more complex to design 
and manage. 

•	 Hybrid Topologies: Combines multiple basic 
topologies (e.g., star within a ring) to balance 
resilience, complexity, and cost for large-
scale PSA systems. For example, substations 
may use a star topology within the substation 
and connect to a ring or mesh network at the 
transmission level.

•	 Application in PSA: Ring and mesh topologies 
are particularly favoured for transmission 
and distribution systems due to their fault 
tolerance, scalability, and ability to handle 
high data traffic over Ethernet and WAN 
infrastructure.

Figure 8: Common Network Topologies in Communication Systems
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5.1.2	 Redundancy and Resilience

Dual Communication Paths: 
Networks implement dual paths to ensure 
uninterrupted data flow, even during physical 
disruptions like cable cuts or hardware failures. 
Dual paths are critical for both LANs (e.g., within 
substations) and WANs (e.g., across transmission 
networks).

•	 Commonly used protocols for redundancy 
include: 

–	 High-availability Seamless Redundancy 
(HSR): 

–	 HSR is a zero-recovery-time redundancy 
protocol specifically designed for critical 
systems requiring real-time performance.

–	 It duplicates data packets and sends them 
in both directions across a ring network. If 
one path fails, the packets automatically 
reach their destination via the alternate 
path.

Advantages of HSR: 

–	 Instantaneous failover with no data loss.

–	 Ideal for protection and control systems 
requiring high-speed data delivery over 
Ethernet LANs, such as those using GOOSE 

or Sampled Values (SV) protocols in IEC 
61850-based systems.

–	 Simplifies fault detection and recovery in 
substations.

Parallel Redundancy Protocol (PRP): 

–	 PRP operates by duplicating traffic 
and sending it over two completely 
independent networks, making it highly 
suitable for critical WAN and Ethernet-
based applications.

–	 Unlike HSR, PRP is not restricted to ring 
topologies, offering flexibility for use in 
diverse network designs.

–	 Spanning Tree Protocol (STP): 

–	 STP ensures loop-free operation in Ethernet 
networks by blocking redundant paths 
until needed. It prevents data flooding and 
maintains network stability.

–	 Common in non-real-time industrial appli-
cations but less suitable for PSA systems 
with stringent latency requirements.

Redundant designs are critical for both LANs 
within substations and WANs connecting 
distributed assets in large-scale grid systems. 

 
Figure 9: Comparison of High-Availability Seamless Redundancy (HSR) and Parallel Redundancy 
Protocol (PRP) in Network Communication
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5.1.3	 Time Synchronisation and GPS Clocks

Accurate time synchronization is crucial in 
Substation Automation Systems and PSA to 
ensure precise event correlation, real-time 
monitoring, and system reliability. Various time 
synchronization methods, including PTP, NTP, 
SNTP, and IRIG-B, work together to maintain 
system-wide synchronization, improving fault 
analysis, synchrophasor applications, and 
protection coordination.

5.1.3.1		 Precision Time Protocol (PTP)

•	 PTP, standardized by IEEE 1588 and IEC 
61588, provides microsecond-level time 
synchronization across networked devices.

•	 It is essential for Wide-Area Measurement 
Systems (WAMS), Synchrophasors, Digital 
Fault Recorders (DFRs), and protection relays, 
where high-precision event correlation is 
required.

•	 PTP operates over Ethernet LANs, ensuring 
precise synchronization even in high-speed 
networks.

•	 It is often combined with High-availability 
Seamless Redundancy (HSR) or Parallel 
Redundancy Protocol (PRP) to maintain 
synchronization even during network failures.

5.1.3.2		 Network Time Protocol (NTP) and Simple 
Network Time Protocol (SNTP)

•	 NTP is a widely used protocol for synchroniz-
ing clocks in networked systems, ensuring 
millisecond to sub-millisecond accuracy.

•	 SNTP is a simplified version of NTP with 
reduced complexity, offering millisecond-
level accuracy without compensating for 
network delays.

Use in Power Systems

•	 NTP is used for SCADA systems, event 
logging, network monitoring, and control 
system synchronization, where high accuracy 
is beneficial but not critical.

•	 SNTP is often used in station-level devices like 
HMIs (Human-Machine Interfaces), remote 

monitoring systems, and network switches 
that require basic time synchronization.

Comparison to PTP:

•	 While PTP provides sub-microsecond 
accuracy, NTP and SNTP are more suited for 
general-purpose timekeeping in substations 
and control centres.

•	 NTP and SNTP work efficiently over LAN and 
WAN but are less precise than PTP, making 
them unsuitable for sampled value (SV) 
synchronization in process bus applications.

5.1.3.3		 IRIG-B

•	 IRIG-B is a time synchronization protocol that 
provides precise timing signals for various 
industrial and power system applications.

•	 Provides sub-millisecond accuracy, making 
it suitable for event recording, fault analysis, 
and protection systems.

•	 Provides backup synchronization in case of 
GPS failure or PTP (Precision Time Protocol) 
disruptions.

•	 Frequently used in substation automation to 
maintain event logging accuracy.

Comparison with Other Synchronization 
Protocols

•	 More accurate than SNTP but less precise 
than PTP.

•	 IRIG-B is independent of network congestion 
since it does not rely on packet-based 
communication like NTP or PTP.

•	 Can work alongside GPS, NTP, and PTP 
for redundancy in time synchronization 
architectures.
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5.1.3.4		 Global Positioning System (GPS) Clocks

•	 GPS-based clocks provide a universal time 
reference, achieving nanosecond-level accu-
racy.

•	 Used in substations and control centres, GPS 
ensures reliable synchronization for protec-
tion, control, and measurement systems.

•	 GPS clocks integrate with multiple 
synchronization protocols, including PTP, 
NTP, SNTP, and IRIG-B, allowing seamless 
distribution of accurate time across LAN and 
WAN networks.

5.1.3.5	5.1.3.5 Redundancy in Time Sources

•	 Multiple GPS clocks are deployed in sub-
stations to ensure continuous synchroniza-

tion and avoid dependency on a single time 
source.

•	 Backup mechanisms:

–	 PTP can take over if GPS signals are lost.
–	 IRIG-B signals serve as an additional 

backup to maintain synchronization.
–	 NTP/SNTP servers provide an extra layer of 

redundancy for station-level systems.

This redundancy ensures system stability, 
preventing cascading failures in substation 
automation due to loss of time synchronization.

Figure 10 shows the interaction between GPS 
clocks, time servers, Intelligent Electronic Devices 
(IEDs), Merging Units (MUs), and communication 
protocols (SNTP, IEEE 1588 PTP, IRIG-B, and 
MMS).

Figure 10: Illustration of Redundancy for time synchronization in a substation automation 	 system
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SNTP (Simple Network Time Protocol) - Red Line

•	 Used for station bus time synchronization.

•	 Provides millisecond-level accuracy, mainly 
for control systems, event logging, and 
monitoring.

IEEE 1588 PTP (Precision Time Protocol) - Green 
Line

•	 Used for high-accuracy synchronization in 
the process bus.

•	 Supports sub-microsecond accuracy, crucial 
for Sampled Values (SV) in Merging Units 
and protection relays.

•	 Uses Transparent Clocks (1588 TC) in network 
switches to maintain precision.

IRIG-B (Inter-Range Instrumentation Group Time 
Code B) - Yellow Line

•	 Used as a backup time synchronization 
method.

•	 Provides sub-millisecond accuracy.

•	 Commonly used in Protection Relays, 
Digital Fault Recorders (DFRs), and Phasor 
Measurement Units (PMUs).

Primary GPS-based synchronization (via SNTP, 
IEEE 1588 PTP, and IRIG-B).

Redundant synchronization using IEEE 1588 PTP 
and IRIG-B in case of GPS failure.

Station Level (Top Layer)

•	 GPS 1 & GPS 2: These are redundant GPS 
clock sources that provide highly accurate 
time synchronization.

•	 Time Server: Acts as a central time 
distribution unit, receiving time signals from 
GPS clocks and distributing them across the 
network using SNTP (red lines) and IRIG-B 
(yellow lines).

•	 Monitoring PC, Control System, and Remote 
Device: These systems receive SNTP-based 
time synchronization for general network 
timekeeping and logging purposes.

Bay Level (Middle Layer)

•	 Intelligent Electronic Devices (IEDs): These are 
protection, control, and automation devices 
that rely on precise time synchronization for 
event correlation, monitoring, and control 
functions.

•	 Merging Units (MUs): Convert analog 
signals from current/voltage transformers 
into digitized Sampled Values (SV) based 
on IEC 61850-9-2 and require precise 
synchronization.

•	 IEEE 1588 (PTP) - Green Lines: Used for high-
accuracy synchronization in the process bus, 
enabling sub-microsecond precision for 
Sampled Values (SV) and event correlation.

•	 IRIG-B (Yellow Lines): Provides backup 
synchronization, ensuring continued 
operation if GPS or PTP synchronization is 
lost.

•	 1588 TC (Transparent Clock): Network 
switches support IEEE 1588 Transparent 
Clock (TC) functionality to minimize time 
synchronization errors across the Ethernet 
network.

Process Level (Bottom Layer)

•	 Process Bus: Connects Merging Units (MUs) 
and IEDs, using IEEE 1588 PTP.(Green Lines) 
for high-precision time synchronization in 
measurement and protection functions.

•	 Current & Voltage Transformers (CTs/VTs): 
Measure electrical signals and send them 
to Merging Units for digitization and further 
processing.

This setup is essential for modern IEC 61850-
based substation automation systems, ensuring 
accurate event correlation, fault analysis, and 
system reliability.
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5.1.4	 Security Considerations

Cybersecurity Measures: 
•	 Firewalls, Virtual Private Networks (VPNs), 

and encryption secure LAN and WAN 
communication from external threats.

•	 Access Control Lists (ACLs) and multi-factor 
authentication add layers of protection for 
critical infrastructure, particularly in Ethernet-
based systems.

Resilience Against Attacks: 
•	 Redundancy protocols like HSR and PRP 

enhance resilience against cyberattacks 
by ensuring communication paths remain 
operational even during disruptions.

•	 Time synchronization systems, including 
GPS clocks, are secured against spoofing 
and jamming attacks through encryption and 
secure protocols.

Compliance Standards: 
•	 Cybersecurity guidelines from standards like 

IEC 62351 ensure secure implementation 
and operation of Ethernet and WAN-based 
communication networks in PSA.

5.1.5	 Example Application: Redundant Topolo-
gies in PSA

Ring Topology with HSR: 
•	 A substation network connects Intelligent 

Electronic Devices (IEDs) in a loop using 
HSR over an Ethernet LAN. Even if one link 
fails, data packets reroute seamlessly via the 
alternate path without any delay or packet loss. 
This is critical for time-sensitive applications 
like protection trips and interlocking.

•	 GPS clocks ensure synchronized time across 
the network for event correlation and accurate 
fault analysis.

Mesh Topology in Transmission Networks: 
•	 Large transmission networks often employ 

mesh topologies combined with PRP over 
WANs, ensuring high resilience by providing 
multiple independent paths for data flow. 
In case of multiple link failures, the network 
dynamically reroutes data using alternate 
paths, maintaining system reliability.

Redundancy with PRP:
PRP ensures that all data packets are transmitted 
simultaneously over two independent networks 
(LAN A and LAN B).

If one path fails, the receiving device uses the 
packet from the alternate path without any data 
loss or delay.

Mesh Connectivity:
Nodes and Quadboxes are interconnected, 
creating multiple redundant paths for data flow.

In case of multiple link failures, the system 
dynamically reroutes traffic through the 
remaining paths.

High Reliability:
The combination of PRP and mesh topology 
ensures uninterrupted communication even in 
fault scenarios.

Quadboxes play a critical role in managing these 
paths and maintaining network integrity.

5.1.6	 Key Benefits of Advanced Redundancy and 
Time Synchronization

•	 Minimized Downtime: Zero-recovery-time 
protocols like HSR eliminate communication 
delays during faults, maintaining grid 
stability across LANs and WANs.

•	 Improved Reliability: Dual networks and 
multiple data paths in Ethernet and WAN-
based systems ensure uninterrupted 
communication in critical applications.

•	 Accurate Time Coordination: GPS clocks and 
PTP ensure precise time synchronization for 
fault recording, protection coordination, and 
phasor measurements.

•	 Scalable and Flexible Designs: Mesh and 
hybrid topologies, combined with redundancy 
protocols, enable networks to expand and 
adapt to evolving grid requirements.

•	 Enhanced Data Integrity and Security: 
Redundant communication paths, secure 
time synchronization, and cybersecurity 
protocols ensure data accuracy and protect 
against unauthorized access.
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Relevant Standards:

IEC 61850, IEC 62351, IEC 61588, IEEE 1588, 
IEEE 519, IEC 60870-5, IEC 60870-6, IEEE 
C37.118, IEEE 1815, IEC 62056, IEC 61334, 
IEC 61400

5.2	 Data Acquisition and Monitoring

Data acquisition collects real-time parameters 
inter-alia voltage, current, power factor and 
frequency for monitoring and analysis to 
maintain grid stability.

•	 Sensor Integration: Sensors monitor param-
eters like load conditions, power quality, and 
equipment health, ensuring accurate real-
time data collection.

•	 Data Concentrators: Aggregate data from 
multiple sensors and devices for efficient 
communication with control centres, 
prioritizing critical information.

•	 Visualization and Alarming: SCADA systems 
display real-time data visually and trigger 
alarms when safe thresholds are breached, 
enabling prompt action.

 Example: 
Voltage sensors in a distribution network detect 
abnormal fluctuations, triggering alarms that 
prompt operators to address the issue before 
faults occur.

Relevant Standards:

IEC 60870-5, IEEE C37.1, IEC 61970

5.3	 Data Analytics and Decision Making

Data analytics transforms raw data into action-
able insights, enhancing decision-making and 
optimizing PSA operations.

•	 Predictive Maintenance: Analyses equipment 
performance to predict failures, reducing 
downtime and repair costs.

•	 Load Forecasting: Uses historical data to 
predict demand, enabling better resource 
allocation and avoiding overloads.

•	 Anomaly Detection: Identifies unusual 
behaviour or faults in the grid, allowing 
proactive responses to prevent major 
disruptions.

•	 Optimal Power Flow (OPF): Optimizes elec-
tricity distribution by calculating the most 
efficient routes, minimizing losses and ensur-
ing demand is met.

 Example: 
Predictive analytics in a wind farm monitors 
turbine performance to schedule maintenance 
before failures occur, reducing costs and 
downtime.

Relevant Standards:

IEC 61968-4, ISO 55001, IEEE 2030.5
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5.4	 5.4 Data Management

In PSA, a Plant Information System (PIS) or 
Historian plays a vital role in archiving and 
managing data from SCADA (Supervisory 
Control and Data Acquisition) systems. This data 
supports operational decisions, performance 
analysis, compliance reporting, and predictive 
maintenance.

5.4.1	 SCADA and Historian Functions

SCADA systems provide real-time monitoring 
and control by collecting data from sensors and 
Intelligent Electronic Devices (IEDs). Historians 
complement SCADA by storing this data long-
term for extended use.

Key Functions:

•	 Real-Time Data Collection: Captures 
operational data like voltage, current, and 
breaker statuses.

•	 Data Archival: Stores data in a time-series 
format for efficient long-term use.

•	 Data Analysis: Supports trend analysis, KPI 
generation, and performance visualization.

•	 Event Management: Logs and timestamps 
critical events for future review.

•	 Integration: Interfaces with EMS (Energy 
Management Systems) and other enterprise 
systems for holistic operational insights.

5.4.2	 Components of SCADA and Historian 
Systems

•	 Field Devices:
Sensors and IEDs provide real-time data 
collection and control.

•	 Communication Infrastructure:
–	 The communication infrastructure 

facilitates data exchange between field 
devices, SCADA systems, and the Historian, 
ensuring reliable and accurate information 
flow. Key components include:

–	 Protocols: Standards like IEC 61850 and 
DNP3 enable efficient and interoperable 

communication across various devices 
and systems.

–	 Gateways and RTUs: Gateways aggregate 
data from multiple field devices, while 
Remote Terminal Units (RTUs) process and 
transmit this data to SCADA for further 
analysis.

•	 Communication Media:
–	 Fiber Optics: Offers high-speed and long-

distance communication with minimal 
latency, suitable for critical applications.

–	 Copper Wires: Common in legacy systems 
and for shorter-distance communications.

–	 Wireless Technologies: Includes radio, 
Wi-Fi, and cellular networks, providing 
flexibility and ease of deployment in 
remote or challenging environments.

•	 SCADA Master Station:
–	 HMI (Human-Machine Interface): Provides 

real-time visualization and control to 
operators.

–	 Data Acquisition: Processes collected data 
for storage in the Historian.

•	 Historian Database:
Specialized time-series databases designed 
to store high-resolution data securely over 
time.

•	 Analytics and Cybersecurity:
–	 Analytics: Tools for trend reporting, KPI 

analysis, and predictive insights.
–	 Cybersecurity: Mechanisms for protecting 

sensitive operational data and ensuring 
regulatory compliance.

5.4.3	 Enhancing SCADA and Historian with 
Remote Access

Modern SCADA and Historian systems 
increasingly leverage secure remote access to 
improve operational flexibility and response 
times. Key benefits include:

•	 Alarm Alerts: Operators can receive instant 
notifications on critical alarms via mobile 
devices or email, ensuring timely responses.

•	 Troubleshooting: Engineers and technicians 
can remotely access system data to diagnose 
and address issues without being on-site, 
reducing downtime.
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•	 Monitoring: Supervisors and decision-makers 
can continuously monitor performance 
and trends from any location, supporting 
proactive decision-making.

To ensure secure and reliable remote access:

•	 Use VPNs (Virtual Private Networks) and 
firewalls to establish secure communication 
channels.

•	 Implement multi-factor authentication to 
protect against unauthorized access.

•	 Regularly update firmware and software to 
address emerging vulnerabilities.

By combining SCADA and Historian systems 
with advanced features like remote access, 
utilities can enhance their capabilities for secure, 
efficient, and data-driven PSA. This ensures 
operational resilience, regulatory compliance, 
and improved system reliability.

Relevant Standards:

61850, IEC 61970/61968,  
OPC UA (IEC 62541), IEEE C37.118,  
IEC 62351, ISO 27001

5.5	 Application Integration: Common 
Information Model (CIM) for Network 
Operations

The Common Information Model (CIM) provides 
a standardized data structure that facilitates 
integration and interoperability across PSA 
applications.

•	 Standardized Data Structure: Ensures 
seamless data exchange between systems 
like SCADA, GIS, and outage management.

•	 Enhanced Interoperability: Enables 
integration of diverse equipment and 
software from different vendors without 
compatibility issues.

•	 GIS Integration: Combines network data 
with geographic visuals for efficient fault 
detection, maintenance planning, and 
situational awareness.

•	 Advanced Applications: Supports demand 
response and DER management, improving 
grid flexibility and efficiency.

 Example: 
A utility uses CIM to integrate SCADA, GIS, and 
outage systems, enabling operators to pinpoint 
outage locations on a map and dispatch crews 
efficiently.

Relevant Standards:

IEC 61968, IEC 61970, ISO 191151
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5.6.4	 Distribution Management System (DMS):

•	 DMS provides real-time monitoring and 
control of distribution networks. It manages 
tasks like Fault Detection, Isolation, and 
Restoration (FDIR) and load balancing.

•	 Automation Benefit: Enhances operational 
efficiency by optimizing power flow and 
reducing downtime in the distribution grid.

5.6.5	 Work Management System (WMS):

•	 WMS coordinates fieldwork, including 
repairs, inspections, and maintenance 
schedules. It integrates with AMS and GIS for 
efficient resource allocation.

•	 Automation Benefit: Improves workforce 
productivity and ensures timely response to 
system issues.

5.6.6	 Geographic Information System (GIS):

•	 GIS provides spatial visualization of grid 
assets, infrastructure, and outages. It 
integrates with OMS, DMS, and WMS for 
precise location-based decision-making.

•	 Automation Benefit: Enhances planning and 
fault resolution through geospatial analytics 
and real-time mapping of network assets.

•	

5.6	 Utility Systems Integration

In modern power systems, operational 
efficiency, reliability, and adaptability are crucial. 
Integrating specialized systems such as OMS, 
CIS, EMS, DMS, AMS, WMS, and GIS is essential 
for achieving these goals, particularly within the 
scope of PSA. 

These systems collectively enhance data-driven 
decision-making, operational coordination, and 
resource management.

5.6.1	 Outage Management System (OMS):

•	 OMS identifies, analyses, and tracks outages 
across the grid, enabling faster restoration. It 
integrates with SCADA and GIS to pinpoint 
fault locations and reroute power.

•	 Automation Benefit: Reduces outage 
durations and improves customer satisfaction 
through rapid fault isolation and resolution.

5.6.2	 Customer Information System (CIS):

•	 CIS manages customer data, including billing, 
service requests, and outage notifications. 
Integration with OMS ensures proactive 
customer communication during disruptions.

•	 Automation Benefit: Enhances customer 
experience by providing timely information 
and streamlining account management.

5.6.3	 Energy Management System (EMS):

•	 EMS oversees the generation, transmission, 
and energy balance, optimizing grid 
performance. It includes functionalities such 
as load forecasting, generation dispatch, and 
voltage control.

•	 Automation Benefit: Increases grid reliability 
and supports renewable energy integration 
through predictive and adaptive controls.
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5.6.7	 Asset Management System (AMS):

In Africa, where infrastructure varies widely in 
maturity, Asset Management Systems (AMS) are 
vital in modern PSA. AMS provides a framework 
to monitor, analyse, and maintain the health 
of power infrastructure, ensuring efficient 
management of assets across both urban and 
rural regions. These systems utilize sensor data 
to support predictive maintenance, optimize 
the lifecycle of critical equipment, and improve 
reliability in power delivery a necessity for 
addressing challenges like energy access, ageing 
infrastructure, and renewable integration.

5.6.7.1	 	 Core Functions of AMS in Power Systems 
Automation

•	 Condition Monitoring:
–	 Sensors monitor parameters such as 

temperature, vibration, oil levels, and 
electrical  currents in transformers, circuit 
breakers, and substations.

–	 In Africa’s diverse climates, such as extreme 
heat or humidity, condition monitoring 
detects trends or anomalies indicative of 
potential failures.

•	 Predictive Maintenance:
–	 Uses advanced analytics and machine 

learning to predict when components will 
fail, preventing unplanned outages.

–	 For example, predictive maintenance is 
applied in regions where logistical chal-
lenges make reactive repairs costly and 
time-consuming.

•	 Lifecycle Management:
–	 Tracks asset histories, including installa-

tion dates, operating conditions, and main-
tenance records.

–	 Enables informed decisions for repair or 
replacement, helping utilities in Africa 
extend the life of costly equipment like 
high-voltage transformers.

•	 Fault Diagnostics:
–	 Rapidly identifies root causes of 

malfunctions using historical and real-time 
data.

–	 Supports faster restoration of power in 
remote or underserved areas, reducing 
service disruptions.

•	 Integration with Other Systems:
–	 AMS integrates with Supervisory Control 

and Data Acquisition (SCADA), Energy 
Management Systems (EMS), and 
Distributed Control Systems (DCS).

–	 In grids, this integration ensures a unified 
approach to operations across diverse 
infrastructure setups.

5.6.7.2	 	 Automation Benefits of AMS in Africa

•	 Extends Asset Life: 
By proactively monitoring infrastructure, 
AMS helps utilities in Africa extend the 
operational life of assets under challenging 
environmental conditions.

•	 Reduces Unplanned Outages: 
Predictive analytics are crucial for minimizing 
outages in areas where reliable power is 
critical for economic and social development.

•	 Optimizes Maintenance Schedules: 
Maintenance is performed based on equip-
ment conditions, saving resources and 
addressing shortages in technical expertise.

•	 Improves Safety: 
Early issue detection prevents catastrophic 
failures, enhancing safety in urban and rural 
setups alike.

5.6.7.3	 	 Modern Standards and Protocols in AMS

AMS in Africa benefits from international 
standards tailored to local needs. Key standards 
include:

•	 IEC 61850:
–	 Widely adopted for substation 

automation, enabling AMS to standardize 
communication across diverse systems.

–	 Supports real-time communication critical 
for renewable energy integration in Africa.

•	 IEC 61970/61968 (CIM - Common Information 
Model):
Ensures seamless data exchange between 
AMS, SCADA, and EMS for efficient grid 
management.
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•	 DNP3 (Distributed Network Protocol):
Commonly used in remote monitoring where 
telecommunication infrastructure is limited 
or unreliable.

•	 OPC-UA (Open Platform Communications – 
Unified Architecture):
Enables platform-independent and secure 
communication between AMS and devices, 
particularly useful for decentralized 
renewable energy systems.

•	 ISO 55000 Asset Management Standard:
Provides best practices for asset 
management, focusing on maximizing value 
and reliability while reducing risks, aligning 
well with Africa’s evolving infrastructure 
goals.

5.6.7.4	 	 Technologies Used in AMS

•	 IoT Sensors:
Examples include low-power sensors 
deployed on remote transmission lines or 
substations in rural Africa to track tempera-
ture, humidity, and other key parameters.

LoRaWAN and NB-IoT are frequently used to 
connect these sensors over long distances.

•	 Edge Computing:
Processes data locally, reducing reliance on 
intermittent internet connectivity in remote 
regions.

•	 Big Data Analytics:
Processes large datasets from diverse 
sources, enabling insights into asset 
performance trends and maintenance needs.

•	 AI and Machine Learning:
Supports predictive maintenance and 
anomaly detection in grids with aging or 
mixed infrastructure.

•	 Cloud Platforms:
Centralized platforms store data from 
multiple regions, enabling utilities to oversee 
operations and maintenance efficiently.

5.6.7.5	 	 Examples of AMS in Practice in Africa

•	 Transformer Monitoring:
Utilities in Southern Africa use AMS to 
monitor transformer oil temperature and gas 
levels, reducing costly failures and extending 
equipment life.

•	 Example: Integration of Siemens Transformer 
Asset Monitoring with IEC 61850 systems.

•	 Remote Substation Monitoring:
In rural Kenya, AMS integrates with SCADA 
to remotely monitor substations, reducing 
the need for on-site inspections.

•	 Renewable Energy Management:
Solar farms in North Africa use AMS to monitor 
panel efficiency, predict maintenance needs, 
and ensure continuous power delivery.

•	 Distribution Network Fault Management:
In South Africa, AMS-equipped fault detec-
tion systems reduce response times to grid 
disruptions, improving reliability.

5.6.7.6	 	 Challenges and Considerations

•	 Data Integration: 
Utilities in Africa must manage diverse 
infrastructure, often combining modern and 
legacy systems.

•	 Cybersecurity: 
Protecting data integrity and ensuring secure 
communication is critical as automation 
grows.

•	 Scalability: 
AMS must adapt to expanding grids and 
increased data volumes, especially with the 
rapid growth of renewable energy projects.

Asset Management Systems are essential 
for Africa’s power sector, enabling utilities to 
improve efficiency, reduce operational costs, and 
meet the growing demand for reliable electricity. 
By leveraging advanced technologies like IoT, 
AI, and machine learning, AMS supports the 
modernization of grids, promotes sustainable 
energy use, and ensures that critical infrastructure 
can meet the continent’s development goals.
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5.7	 5.7 Integration and Automation in Power 
Systems:

The integration of these systems enables utilities 
to automate and streamline operations. For 
example:

•	 OMS and GIS Integration: Allows for rapid 
fault location identification and precise crew 
dispatch during outages.

•	 DMS and AMS Coordination: Enables predic-
tive asset maintenance based on real-time 
grid conditions, reducing failures.

•	 EMS and CIS Connectivity: Links demand 
forecasting with customer billing and con-
sumption patterns, supporting demand 
response programs.

By leveraging these systems and adhering to 
global standards, utilities can develop highly 
automated and efficient power networks, capable 
of meeting modern challenges such as renewable 
energy integration, cybersecurity, and growing 
consumer expectations.

Relevant Standards:

IEC 61850, IEC 61968, IEC 61970, IEC 62351, 
ISO 55000, IEEE 1815, ISO 27001,  
IEC 60870-5-1041

5.8	 Communication Technologies and IEC 
61850 Compatibility

5.8.1	 Power Line Carrier Communication (PLCC)

 Compatibility with IEC 61850:
•	 Limited compatibility due to PLCC’s low 

bandwidth and high latency, insufficient for 
IEC 61850 features like GOOSE messaging or 
Sampled Values (SV).

•	 Suitable for basic SCADA functions and low-
bandwidth teleprotection signals but not 
ideal for advanced PSA.

 Challenges: 
Noise and Interference: Power line noise 
degrades signal quality.

•	 Low Bandwidth: Cannot support high-speed, 
high-volume data transmission.

•	 Cost of Transition: Upgrading from PLCC to 
modern systems is costly.

 Opportunities for Transition:
•	 Can serve as a fallback communication 

option.

•	 Phased upgrades to fibre optics or wireless 
can help utilities transition effectively.

5.8.2	 Microwave Communication

 Compatibility with IEC 61850:
•	 Moderately compatible; supports real-time 

applications like GOOSE messaging and 
SCADA systems with low latency.

•	 Adequate bandwidth (up to several hundred 
Mbps) for most IEC 61850 applications but 
struggles with data-intensive tasks over long 
distances.

 Challenges: 
•	 Line-of-Sight Dependency: Obstructions limit 

deployment.

•	 Weather Sensitivity: Degrades under adverse 
conditions.

•	 Security Risks: Vulnerable to interception and 
jamming.
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 Opportunities for Transition:
•	 Reliable interim solution for regional grids.

•	 Serves as a redundancy layer for critical 
communication.

5.8.3	 VHF/UHF Radio Communication

 Compatibility with IEC 61850:
•	 Limited compatibility due to lower bandwidth 

and higher latency compared to fibre optics 
or microwave systems.

•	 Suitable for low-bandwidth applications like 
telemetry and basic SCADA functions.

 Challenges: 
•	 Bandwidth Limitation: Cannot handle high 

data volumes required for advanced IEC 
61850 features.

•	 Interference: Congested radio frequencies 
degrade signals.

•	 Latency and Range: UHF has shorter range 
and higher latency than VHF.

 Opportunities for Transition:
•	 Practical for rural and remote areas with cost 

constraints.

•	 Serves as a backup or interim solution for 
basic PSA applications.

5.8.4	 Fiber Optic Networks

 Compatibility with IEC 61850:
•	 The gold standard for IEC 61850, supporting 

all communication requirements, including 
GOOSE messaging, MMS, and SV.

•	 High bandwidth, low latency, and immunity 
to electromagnetic interference make it ideal 
for advanced PSA applications.

 Challenges: 
•	 High Installation Costs: Expensive in rural or 

rugged areas.

•	 Physical Vulnerability: Prone to theft and 
damage.

•	 Infrastructure Gaps: Deployment limitations 
in underdeveloped regions.

 Opportunities for Transition:
•	 Incremental deployment through partner-

ships and hybrid models.

•	 Protective measures like burying cables 
reduce theft and damage risks.

5.8.5	 5G and Other Wireless Technologies

 Compatibility with IEC 61850:
•	 Highly compatible, offering ultra-low latency 

(<1 ms) and high bandwidth (up to 10 Gbps).

•	 Supports emerging applications like Industrial 
IoT (IIoT) and digital twins, enhancing PSA 
capabilities.

 Challenges: 
•	 Limited Availability: Infrastructure outside 

urban areas is lacking.

•	 High Costs: Expensive deployment and spec-
trum licensing.

•	 Integration Complexity: Significant invest-
ment needed for existing systems.

 Opportunities for Transition:
•	 Deployment in urban areas and industrial 

hubs where cost recovery is feasible.

•	 Targeted use for high-priority applications, 
such as real-time fault detection.

5.8.6	 Copper Wire Communication

 Compatibility with IEC 61850:
•	 Limited compatibility due to bandwidth and 

latency constraints.

•	 Suitable for short-distance process-level 
communication in substations.

 Challenges: 
•	 Signal Attenuation: Degradation over long 

distances, limiting practical use beyond a 
few kilometres.
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•	 Electromagnetic Interference (EMI): High 
susceptibility to interference from nearby 
electrical equipment.

•	 Maintenance Needs: Prone to wear and 
corrosion in harsh environments.

•	 Process-Level Communication Applications:

•	 Copper wire is ideal for short-distance 
communication at the process level, such 
as connecting sensors and actuators within 
substations.  

•	 Used where high-speed or high-bandwidth 
communication is unnecessary but reliability 
is critical.

 Opportunities for Transition:
•	 Acts as a cost-effective secondary commu-

nication medium in hybrid setups with fibre 
optics or wireless technologies.

•	 Gradual replacement with fibre optics in 
critical areas can balance performance and 
cost-effectiveness.

•	 Advanced shielding techniques can reduce 
EMI and extend its reliability in specific 
applications.

Distance Limitations:
•	 While suitable for process-level 

communication, copper wires cannot support 
long-distance communication effectively 
without significant signal amplification or 
repeaters.

•	 Typically limited to distances under a 
few kilometres, especially in high-noise 
environments.

5.8.7	 Summary of Communication Technologies 
in PSA

The choice of communication technology 
depends on the specific application, budget, and 
regional constraints. Fiber optics and 5G are ideal 
for IEC 61850’s advanced features but require 
significant investment. Microwave and VHF/UHF 
radio communication provide cost-effective and 
reliable solutions for low-bandwidth or backup 
applications, while PLCC remains Relevant for 
legacy systems and basic functionality. Utilities 
must adopt hybrid models to bridge the gap 
between legacy systems and modern IEC 61850 
requirements.

Summary Table 

Technology Compatibility Challenges Best Use Cases

PLCC Limited for IEC 61850 Noise,  
low bandwidth,  
high latency

Legacy systems,  
fallback communication

Microwave Moderately compatible Line-of-sight,  
weather sensitivity

Regional grids,  
redundancy

VHF/UHF Radio Limited for advanced IEC 61850 Low bandwidth,  
interference

Rural and remote areas

Fiber Optics Fully compatible High cost,  
physical vulnerabilities

Advanced PSA,  
WAMS

5G Wireless Highly compatible High costs,  
infrastructure gaps

Urban grids,  
IIoT applications

Copper Wire Limited for advanced IEC 61850 EMI,  
distance limitations

Process-level communication
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6	 AUTOMATION SYSTEM 
DESIGN AND PLANNING

6.1	 Defining Automation Objectives

Automation objectives guide the design and 
deployment of Power Systems Automation 
(PSA) to align with operational, economic, and 
environmental goals.

 Key Considerations: 
•	 Reliability: Implement real-time fault 

detection, isolation, and service restoration 
capabilities to minimize downtime.

•	 Efficiency: Optimize energy resources, 
balance supply and demand dynamically, 
and reduce transmission losses through 
automated control systems.

•	 Scalability: Design systems capable of future 
expansion to accommodate DERs, renewable 
energy integration, and growing loads.

•	 Interoperability: Employ open communication 
standards such as IEC 61850 to facilitate 
seamless data exchange between devices 
from multiple vendors.

•	 Cybersecurity: Integrate robust measures 
to protect against threats, ensuring data 
integrity and system resilience.

 Automation Goals in Practice:
•	 Establish metrics for performance, reliability, 

and sustainability that are measurable and 
achievable through automation.

•	 Focus on regional energy priorities, such as 
integrating renewable energy or enhancing 
rural electrification reliability.

Relevant Standards:

IEC 61850 (Interoperability and Substation 
Automation)

ISO 50001 (Energy Management Systems 
for Operational Efficiency)

IEEE 1547 (Integration of Distributed Energy 
Resources with Utility Systems)

6.2	 System Integration and Interoperability

System integration consolidates various auto-
mation components into a unified framework, 
while interoperability ensures diverse devices 
and systems work together seamlessly.

 Best Practices:
•	 Leverage IEC 61850 for defining standardized 

data models and protocols to streamline 
communication between devices.

•	 Deploy gateways to integrate legacy systems, 
enabling them to communicate using modern 
protocols like IEC 60870 or DNP3.

•	 Use the Common Information Model 
(CIM, IEC 61970/61968) to standardize 
data structures for energy management, 
reducing compatibility issues and enhancing 
operational efficiency.

 Technical Challenges: 
•	 Integrating devices from multiple vendors 

with varying protocols.

•	 Achieving low-latency, high-reliability 
communication in critical systems.

•	 Synchronizing distributed systems across 
large geographic areas.

Outcomes:
•	 A successfully integrated system provides 

a single, cohesive view of power system 
operations, enabling better decision-making 
and faster response times.

Relevant Standards:

IEC 61970/61968 (CIM for EMS/DMS 
Integration)

IEEE 2030 (Smart Grid Interoperability and 
DER Integration)

IEC 62325 (Communication for Deregulated 
Energy Markets)
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6.3	 Cost-Benefit Analysis of Automation 
Projects

Conducting a detailed cost-benefit analysis 
ensures financial justification and strategic align-
ment of automation projects.

 Key Steps: 
•	 Cost Estimation: 

–	 Assess initial capital expenditure (CAPEX) 
for hardware, software, and installation.

–	 Calculate operational expenditure (OPEX), 
including maintenance, training, and 
cybersecurity.

•	 Benefit Analysis: 
–	 Quantify operational savings through 

reduced outages, improved asset life, and 
lower manual labour costs.

–	 Project long-term benefits such as 
enhanced customer satisfaction and 
regulatory compliance.

•	 Risk Assessment: 
–	 Evaluate potential risks, such as 

cybersecurity breaches or cost overruns, 
and incorporate contingency measures.

Tools and Frameworks:
•	 Use ISO 55000 for lifecycle asset management 

to optimize operational and maintenance 
costs.

•	 Implement ROI and NPV calculations to 
assess financial performance over time.

Relevant Standards:

ISO 55000 (Asset Management Framework)

IEC 62351 (Costs Associated with 
Cybersecurity in Automation)

IEEE 1815 (DNP3 Protocol Cost-Efficiency)

6.4	 Risk Management in Automation

Risk management involves identifying, assessing, 
and mitigating potential threats to the operation 
and security of automation systems.

Types of Risks:

•	 Operational Risks: Include equipment 
malfunctions, communication failures, and 
human errors.

•	 Cyber Risks: Arise from unauthorized access, 
data breaches, or ransomware attacks.

•	 Financial Risks: Include budget overruns, 
delays, and unforeseen expenses during 
implementation.

Risk Mitigation Strategies:

•	 Perform regular audits and vulnerability 
assessments as per ISO 27001.

•	 Build redundancy into system designs to 
minimize single points of failure, following 
IEC 61850 guidelines.

•	 Train operators in cybersecurity protocols 
and secure system operation.

 Case Example:
A utility implementing IEC 62351 protocols 
enhanced cybersecurity by encrypting all 
communication and isolating critical systems 
from public networks, mitigating risks of 
intrusion.

Relevant Standards:

ISO 27001, IEC 61508, IEC 62443
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7	 IMPLEMENTATION OF POWER 
SYSTEMS AUTOMATION

7.1	 Planning and Project Management

Project management in PSA ensures that 
objectives are achieved efficiently and within 
budget constraints.

Steps in Planning:

•	 Define project scope and set measurable 
objectives.

•	 Develop a phased implementation timeline, 
prioritizing critical systems.

•	 Assign responsibilities to ensure account-
ability across all project stages.

Project Management Techniques:

•	 Employ Gantt charts and resource allocation 
matrices for detailed planning.

•	 Use Agile methodologies to accommodate 
changes dynamically during implementation.

Relevant Standards:

ISO 21500 (Project Management Guidelines)

IEC 61850 (Planning Standards for 
Automation)

7.2	 Hardware and Software Requirements

Defining appropriate hardware and software 
ensures the reliability, scalability, and 
compatibility of PSA systems.

Hardware:

•	 IEDs, RTUs, and PLCs for local data acquisition 
and control.

•	 High-speed communication gateways for 
integrating legacy systems.

Software:

•	 Advanced SCADA platforms for centralized 
monitoring and control.

•	 EMS/DMS software for system-wide 
optimization.

Considerations:

Ensure that all equipment is compliant with 
international standards for interoperability and 
security.

Relevant Standards:

IEC 61850 (IED and Communication 
Standard)

IEEE 1815 (SCADA Compatibility)
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7.3	 7.3 Conformance, Testing and 
Commissioning

Testing and commissioning are vital processes in 
PSA, ensuring that systems perform as intended 
and comply with technical and safety standards. 
These steps validate the functionality, reliability, 
and integration of automation components into 
the power grid. A well-executed testing and 
commissioning process minimizes operational 
risks, improves system stability, and ensures 
compliance with international standards such 
as IEC 61850, which defines frameworks for 
communication and interoperability in PSA.

7.3.1	 Factory Capability Assessment

Before manufacturing, a factory capability 
assessment is conducted to evaluate the ability 
of a facility to produce automation equipment 
that meets industry standards and customer 
requirements. This assessment reviews 
production processes, quality control measures, 
and adherence to relevant IEC and ISO standards, 
ensuring a reliable foundation for automation 
systems.

7.3.2	 Type Tests

Type tests verify that a product meets its design 
specifications and complies with relevant 
IEC standards under simulated operational 
conditions. These tests include electrical, 
mechanical, and environmental assessments 
to ensure durability, safety, and proper 
functionality of equipment such as Intelligent 
Electronic Devices (IEDs), relays, and automation 
controllers.

7.3.3	 Factory Acceptance Testing (FAT)

FAT is performed under controlled conditions 
at the manufacturer’s facility to verify that 
individual components and subsystems meet 
design specifications before delivery. These tests 
confirm hardware and software functionality, 
compliance with communication protocols, 
and adherence to standards like IEC 61850. For 
example, an IED may undergo FAT to assess 
its integration with a SCADA system, ensuring 
proper GOOSE messaging and Sampled Values 
(SV) exchange.

7.3.4	 Routine Tests

Routine tests are conducted on production 
units to ensure consistent quality and reliability. 
Unlike type tests, which are performed on 
prototype units, routine tests focus on verifying 
fundamental operational parameters, such 
as insulation resistance, voltage withstand 
capability, and communication performance, for 
each manufactured device.

7.3.5	 Site Acceptance Testing (SAT)

SAT is conducted after system installation to 
validate the integration of all components in the 
operational environment. This stage ensures that 
automation systems such as protection relays, 
controllers, and communication devices function 
seamlessly under real-world conditions. SAT 
procedures often include:

•	 End-to-end communication performance 
testing

•	 Time synchronization verification using 
Precision Time Protocol (PTP) as per IEC 
61588

•	 System fault simulations to assess automa-
tion reliability

A structured conformity assessment and testing 
process ensures that automation solutions 
meet global standards, enhancing system 
performance, interoperability, and long-term 
reliability.

Figure 11: Testing Framework for Conformity Assessment in 
Automation Systems

Source: IEC 61850



62

Guide to Power Systems Automation Standards

AFSEC – 50012-04-01:2025 Ed.1 - E

they tested protection relays in compliance 
with IEC 60255 for accuracy in fault detection 
and response times. During SAT, they validated 
end-to-end GOOSE communication between 
relays and control systems under simulated fault 
scenarios. The system’s ability to isolate faults and 
communicate with SCADA during disturbances 
ensured compliance and operational readiness.

Relevant Standards:

IEC 60255: Governs the performance and 
testing of measuring relays and protection 
equipment.

ISO 17025: Specifies the competence 
requirements for testing and calibration 
laboratories to ensure reliable test results.

IEC 61850: Provides the communication 
framework for Power Systems Automation, 
ensuring interoperability between devices 
in substations and beyond.

IEC 61588: Defines time synchronization 
protocols critical for automation and fault 
recording systems.

By adhering to these rigorous testing and 
commissioning processes and leveraging 
standards like IEC 61850, utilities can ensure 
reliable, efficient, and future-proof automation 
systems that meet the demands of modern 
power grids. [Refer Appendix 2 for more details] 

7.3.6	 Commissioning Components

Commissioning integrates the system into the 
operational network, ensuring that all elements 
function cohesively and meet operational 
requirements. Key components of commissioning 
include:

System Configuration: Verifying communication 
mappings and parameter settings, such as 
those defined in IEC 61850 Substation Con-
figuration Language (SCL) files.

Functional Verification: Confirming the correct 
operation of protection schemes, automation 
logic, and supervisory controls.

Communication Testing: Ensuring compliance 
with IEC 61850 for interoperability between 
devices and communication with SCADA 
systems.

Load and Stress Testing: Simulating real-world 
conditions to test the system’s performance 
under peak loads and fault conditions.

Operational Training: Familiarizing operators 
with system functionality, tools, and 
troubleshooting techniques to ensure smooth 
operation.

7.3.7	 Real-World Example

A power utility implemented IEC 61850-compliant 
systems for substation automation. During FAT, 

Figure 12: Testing Framework for Power Systems Automation (IEC 61850 Standard); Source: IEC 61850
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Compliance with Standards:
Regulatory changes or updates to industry 
standards often necessitate firmware 
modifications to maintain compliance.

Feature Upgrades:
Updates can enable new functionalities or 
improve existing ones, extending the lifecycle of 
deployed devices.

7.5.2	 Firmware Update Mechanisms

Over-the-Air (OTA) Updates:
OTA updates allow devices to receive firmware 
upgrades wirelessly, reducing the need for manual 
intervention. This mechanism is commonly used 
in Advanced Metering Infrastructure (AMI) and 
other distributed systems.

Remote Updates via Centralized Systems:
Power utilities often use centralized control 
systems to push updates to field devices. Secure 
communication protocols ensure the integrity of 
updates during transmission.

Local Updates:
Some devices require physical access for 
firmware updates, typically through USB ports or 
other interfaces. This method is less efficient but 
is used in systems without network connectivity.

Fail-Safe Mechanisms:
Firmware update processes include fail-safe 
features to prevent device bricking. For example, 
devices may use dual firmware storage banks to 
revert to the previous version if an update fails.

7.5.3	 Challenges and Considerations

Cybersecurity Risks:
Updates must be cryptographically signed and 
validated to prevent unauthorized tampering.

Device Interoperability:
Ensuring that updates work seamlessly across 
diverse devices from multiple vendors is critical 
in heterogeneous systems.

Update Scheduling:
Timing updates to minimize operational 
disruptions is essential in critical infrastructure.

7.4	  Training and Skill Development for 
Operators

Effective training programs empower operators 
to maximize system capabilities and respond 
effectively to challenges.

Key Focus Areas:

•	 Real-time system operation using SCADA 
interfaces.

•	 Troubleshooting techniques for common 
automation system issues.

•	 Cybersecurity protocols and emergency 
response strategies.

Relevant Standards:

ISO 45001 (Occupational Safety Training)

IEC 62351 (Cybersecurity Skill Development)

7.5	 Firmware Update Mechanisms and 
Standards in SA 

Firmware updates play a crucial role in the 
lifecycle of devices used in PSA, including smart 
meters, controllers, relays, and other Intelligent 
Electronic Devices (IEDs). These updates ensure 
that devices remain secure, functional, and 
compliant with evolving standards, making 
firmware update mechanisms a vital component 
in modern power systems.

7.5.1	 Importance of Firmware Updates

Security Patches:
As new vulnerabilities emerge, firmware updates 
provide critical patches to protect devices from 
cyber threats.

Performance Enhancements:
Updates may introduce optimizations that 
improve device efficiency, reliability, or 
compatibility with other systems.
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Regulatory Compliance:
Firmware update mechanisms must adhere to 
local and international standards to ensure legal 
and operational compliance.

Including robust firmware update mechanisms 
and adhering to relevant standards are 
essential for maintaining the security, reliability, 
and longevity of PSA devices. Utilities and 
manufacturers should prioritize secure, efficient, 
and standards-compliant update processes 
to safeguard their infrastructure and adapt 
to evolving technological and regulatory 
landscapes.

Relevant Standards:

IEC 62351, IEEE 1686, NIST IR 7628,  
ISO/IEC 27001, IEC 60870-5, IEC 61850, 
OpenADR
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8	 MAINTENANCE, MONITORING, 
AND TROUBLESHOOTING

8.1	 8.1 Maintenance of Automated Systems

Regular maintenance ensures the continued effi-
ciency and reliability of Power Systems Automa-
tion (PSA) systems, preventing unexpected fail-
ures and extending the lifespan of equipment.

Types of Maintenance:

•	 Preventive Maintenance: Includes routine 
checks and servicing of equipment to prevent 
issues before they arise, such as cleaning 
sensors, calibrating protection relays, and 
checking communication networks.

•	 Predictive Maintenance: Predictive main-
tenance in PSA leverages advanced tools 
and techniques to monitor the condition of 
critical equipment and predict potential fail-
ures before they occur, ensuring reliability 
and efficiency across the power grid. Key 
approaches include:

Condition Monitoring: Technologies like 
partial discharge monitoring, transformer 
oil analysis, and thermography are used 
to assess the health of key assets such as 
transformers, circuit breakers, and cables. 
These methods provide early warning signs 
of insulation degradation, overheating, or oil 
contamination, which are common failure 
precursors in power systems.

Advanced Diagnostics for Rotating Equip-
ment: Vibration analysis specifically  applies 
to rotating equipment like turbines, motors, 
and generators. In PSA, this ensures the reli-
ability of auxiliary systems that support the 
main power infrastructure, such as backup 
generators and motor-driven pumps in sub-
stations.

AI and Machine Learning: These technologies 
analyse large datasets from SCADA systems, 
historians, and condition-monitoring sensors 
to identify 	anomalies, trends, and patterns. 
For example:

Load Tap Changer (LTC) Monitoring: AI 
models can detect wear or misalignment 
in LTC mechanisms, which are critical for 
maintaining voltage stability in transformers.

Circuit Breaker Operation Timing: Analysing 
breaker operation times can highlight issues 
with spring mechanisms or lubrication, 
ensuring timely 	 repairs.

Thermographic Imaging: Identifies hot spots 
in switchgear, busbars, or connectors that 
may indicate loose connections or impending 
failures in 	 substation equipment.

•	 Corrective Maintenance: Involves fixing 
issues identified during operations or 
maintenance. It should be minimized through 
effective preventive and predictive strategies.

Maintenance Strategies:

•	 Deploy a Computerized Maintenance 
Management System (CMMS) to automate 
and streamline maintenance management 
processes. This system tracks all maintenance 
activities, optimizes scheduling based on 
asset condition and usage, and ensures 
compliance with industry standards and 
regulations. By centralizing maintenance 
data, a CMMS enhances visibility, improves 
decision-making, and reduces downtime 
through proactive maintenance planning.

•	 Keep detailed maintenance logs for each 
piece of equipment, which is essential for 
long-term asset management and operational 
auditing.

Relevant Standards:

ISO 55000 (Asset Management)

IEC 62351 (Cybersecurity Maintenance)

IEC 61850 (Substation Equipment 
Maintenance)
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8.3	 Diagnostic Techniques for System Failures

Diagnostic techniques are essential for identifying 
the root causes of system failures, enabling quick 
recovery and minimizing disruptions.

Diagnostic Approaches:
Event Recorders and Fault Recorders: Record 
system disturbances such as voltage dips, over 
currents, and protection trips, helping operators 
pinpoint fault locations and causes. The Fault 
Recorder is a critical device in PSA used to 
monitor, analyse, and document events related 
to electrical faults within the power grid. It 
provides detailed data on disturbances, enabling 
utilities to detect, diagnose, and address issues 
efficiently.

•	 Digital Fault Recorders (DFRs): Advanced 
devices that use digital technology to capture 
and store high-speed data. Sample Rates: 
Typically operate at rates between 1 kHz 
to 10 kHz, providing detailed data for fault 
analysis. Offer higher accuracy, greater 
storage capacity, and integration with 
modern communication protocols.

•	 Transient Fault Recorders (TFRs): Specifically 
designed to capture fast-changing events like 
transients, which occur during high-speed 
disturbances. Sample Rates: Often operate 
at rates up to 100 kHz or more, making them 
ideal for capturing high-frequency transients.

Smart Sensors: Use sensors for real-time data 
collection, which is analysed to detect abnormal 
system behaviour like overheating or pressure 
drops in equipment.

Data Analytics: Implement machine learning 
algorithms to detect patterns in system behaviour 
that may precede a failure, enabling proactive 
maintenance and fault prevention.

8.2	 Real-Time Monitoring Tools

Real-time monitoring tools provide essential 
data for managing grid operations, identifying 
anomalies, and ensuring system health.

Key Monitoring Tools:
•	 SCADA: Provides centralized monitoring of 

system parameters like voltage, current, and 
frequency. SCADA systems enable operators 
to control remote devices and respond to 
alarms and events.

•	 Phasor Measurement Units (PMUs): Measure 
electrical waveforms in real-time and provide 
data on the synchronicity of grid components.

•	 Power Quality Monitors: Measure parameters 
such as harmonics, voltage sags, and swells, 
ensuring that grid quality is maintained 
within acceptable limits.

Benefits of Real-Time Monitoring:
•	 Enables immediate fault detection and 

system response, minimizing downtime and 
ensuring power stability.

•	 Provides detailed historical data that can be 
used for predictive analytics and long-term 
system optimization.

Relevant Standards:

IEEE C37.118 (Synchrophasor Measurements 
for PMUs)

IEC 60870-5-104 (SCADA Communication 
Standard)

IEC 61000-4-30 (Power Quality Monitoring)
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 Example: 
A fault recorder in a substation detects an over-
voltage event, triggers an alarm, and provides 
data that can be used to identify the specific 
cause whether it’s a malfunctioning transformer 
or an external event.

Relevant Standards:

IEC 60255-24 (Fault Recorders)

IEEE 1159 (Power Quality and Fault 
Monitoring)

ISO 55001 (Asset Management and 
Diagnostic Reporting)

8.4	 Troubleshooting and Incident Response

A structured incident response process is critical 
for minimizing downtime and restoring normal 
operations following failures.

Incident Response Phases:
•	 Detection: Use monitoring tools to detect 

issues as soon as they occur. SCADA systems 
provide real-time alerts, while PMUs can help 
detect power quality disturbances.

•	 Isolation: Automatically isolate faulted 
sections of the grid using IEDs and protection 
relays to prevent cascading failures.

•	 Recovery: Restoring service using redundant 
systems, backup generators, or rerouting 
power around faulted areas. This can be 
automated or require manual intervention 
depending on the severity of the issue.

Incident Management Systems:
Implement an incident management system 
(IMS) to log, track, and prioritize system issues, 
ensuring quick and coordinated responses. IMS 
software can integrate with SCADA for real-time 
reporting.

Relevant Standards:

IEC 62351 (Cybersecurity Incident 
Management)

ISO 27035 (Information Security Incident 
Management)

IEC 60870-6 (Incident Response for Remote 
Control Systems)
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9	 RECENT TRENDS IN POWER 
SYSTEMS AUTOMATION

9.1	 Smart Grids, Microgrids, and Smart Cities

Smart grids, microgrids, and smart cities 
represent a paradigm shift in how electricity 
and energy systems are managed, integrating 
advanced technologies for greater efficiency, 
reliability, and sustainability. These innovations 
enable the integration of renewable energy, 
enhance grid reliability, and support advanced 
automation for urban and localized energy 
systems.

Smart Grids:

Smart grids utilize cutting-edge automation 
technologies to dynamically monitor and 
manage grid operations. These grids incorporate 
IoT devices, Advanced Metering Infrastructure 
(AMI), and machine learning algorithms for load 
forecasting, fault detection, and optimization.

 Key Features: 
Real-time monitoring and control through SCADA 
and Energy Management Systems (EMS).

•	 Two-way communication between the grid 
and consumers for demand response and 
energy efficiency.

•	 Enhanced resilience through automated fault 
detection and isolation.

Standards in Use:

IEC 61970/61968 (Common Information 
Model for Smart Grids)

IEEE 2030 (Smart Grid Interoperability)

Microgrids:

Microgrids are localized systems capable of 
operating independently or alongside the main 
grid. They are particularly effective for integrating 
distributed energy resources (DERs) like solar 
panels, wind turbines, and battery storage.

Applications: 

•	 Provide energy access to remote or under-
served areas.

•	 Enhance grid stability during outages or 
natural disasters.

•	 Support renewable energy adoption in urban 
and rural areas.

Standards in Use:

IEC 62898 (Microgrid Standardization)

IEEE 1547 (Interconnection and Operation 
of DERs)

Smart Cities:

Smart cities integrate smart grids, IoT, and AI 
technologies to optimize urban energy systems 
while enhancing sustainability and quality of life. 
Energy-efficient lighting, EV charging networks, 
and automated energy management systems are 
key features of smart cities.

Standards in Use:

ISO 37120 (Indicators for Smart Cities)

IEC 62264 (Enterprise-Control System 
Integration)
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9.2	 Digital Twin Technology

Digital twins are virtual representations of 
physical systems used in PSA to enhance 
operational efficiency, planning, and resilience.

Applications: 

•	 Real-time simulation of grid operations to 
predict outcomes and optimize performance.

•	 Monitoring and managing DERs by 
simulating their impact on grid stability.

•	 Supporting predictive maintenance 
by identifying vulnerabilities in critical 
infrastructure.

Benefits: 

•	 Enables proactive grid management by 
testing scenarios without affecting real 
systems.

•	 Reduces downtime through enhanced 
system diagnostics and fault detection.

•	 Improves planning and decision-making with 
advanced analytics and simulations.

Standards in Use:

ISO/IEC 30182 (Smart Cities – Conceptual 
Model)

IEC 61850 (Communication Networks for 
Power Utility Automation)

9.3	 Role of Artificial Intelligence and Machine 
Learning

AI and ML are transforming PSA by enabling 
predictive analytics, anomaly detection, and 
system optimization.

Applications: 

•	 Predictive Maintenance: AI identifies potential 
failures in equipment, reducing downtime.

•	 Load Forecasting: ML predicts demand 
patterns for optimal resource allocation.

•	 Grid Optimization: AI minimizes power losses 
and ensures voltage stability.

•	 Anomaly Detection: ML detects deviations 
like cyberattacks or equipment malfunctions.

Standards in Use:

ISO/IEC 20546 (Big Data Analytics)

IEEE 1686 (Intelligent Device Security)
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9.5	 Challenges and Opportunities

The evolution of PSA presents unique challenges 
and opportunities for global adoption:

 Challenges: : 
•	 Cybersecurity vulnerabilities due to increased 

digitization (addressed by IEC 62351 and ISO 
27001).

•	 Integration of legacy systems with modern 
technologies.

•	 Regulatory and policy barriers for smart grids 
and DERs.

•	 High upfront costs, particularly in developing 
regions.

 Opportunities: 
•	 Seamless renewable energy integration.

•	 Empowering consumers with smart devices 
for energy monitoring and control.

•	 Enhancing grid resilience and reliability 
through automation.

•	 Promoting global collaboration on automa-
tion technologies.

9.4	 Internet of Things (IoT) in Power Systems

The IoT enables seamless communication 
among grid components, sensors, and consumer 
devices, revolutionizing PSA.

Applications: 

•	 Remote Monitoring: Real-time grid 
performance tracking from centralized 
locations.

•	 Demand Response: Smart devices optimize 
energy usage during peak demand.

•	 Energy Management: IoT automates control 
of DERs like solar panels and battery storage.

•	 Asset Management: Tracks equipment health, 
enabling predictive maintenance.

Standards in Use:

ISO/IEC 30141 (IoT Reference Architecture)

IEC 62541 (OPC Unified Architecture)
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10	CYBERSECURITY IN POWER 
SYSTEMS AUTOMATION

10.1	 Cyber Threats in Power Systems

Digitization of power systems has increased 
their exposure to cyber threats that compromise 
operations, data integrity, and system reliability.

•	 Malware: Includes ransomware that corrupts 
data or disrupts systems, often locking 
operators out until payment is made.

•	 Denial of Service (DoS) Attacks: Overloads 
networks or servers with excessive requests, 
impairing monitoring and control capabilities.

•	 Phishing and Social Engineering: Tricks 
employees into disclosing sensitive 
information, enabling unauthorized system 
access.

•	 Insider Threats: Involves individuals with 
legitimate access intentionally or accidentally 
causing harm.

Relevant Standards:

IEC 62443, IEC 62351, ISO/IEC 27001

10.2	 Securing Communication Protocols and 
Networks

Secure communication protocols and networks 
are essential to safeguarding data and preventing 
unauthorized access.

•	 Encryption: Protects data during transmission 
using technologies like TLS to secure control 
commands and reports.

•	 Authentication and Authorization: Ensures 
only authorized personnel access systems, 
employing techniques like two-factor 
authentication.

•	 Network Segmentation: Isolates critical 
systems like SCADA servers from non-critical 
ones to minimize risks.

•	 Virtual Private Networks (VPNs): Enables 
secure remote access through encrypted 
channels.

 Example: 
 A substation uses encrypted protocols and VPNs 
to secure data transmission between IEDs and 
control centres, even during remote access.

Relevant Standards:

IEC 62351, IEEE 2030.5, ISO 27001

10.3	 Role of Firewalls, Intrusion Detection, and 
Prevention Systems

Firewalls, IDS, and IPS protect control networks 
from unauthorized access and malicious activity.

•	 Firewalls: Act as barriers, allowing only 
trusted IP addresses and ports to access 
systems.

•	 Intrusion Detection Systems (IDS): Monitor 
network traffic for suspicious activities, 
alerting operators to potential threats.

•	 Intrusion Prevention Systems (IPS): Extend 
IDS capabilities by actively blocking malicious 
traffic in real time.

 Example: 
In a control centre, firewalls restrict SCADA 
access, and IDS detect unusual traffic patterns, 
alerting operators to investigate potential 
breaches.

Relevant Standards:

IEC 62443, ISO 27001, IEEE 1686
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10.4	 Security Standards and Compliance

Adherence to cybersecurity standards ensures 
consistent best practices for protecting critical 
infrastructure.

•	 IEC 62443 Outlines cybersecurity standards 
for industrial automation and control systems 
(IACS), in industrial and critical infrastructure, 
including the energy sector.

•	 IEC 62351: Focuses on securing communica-
tion protocols, emphasizing encryption and 
authentication for SCADA and automation 
systems.

•	 ISO/IEC 27001: Provides a framework for 
managing information security, widely 
applied in the energy sector.

10.5	 Role of Artificial Intelligence in 
Cybersecurity

AI enhances cybersecurity by providing real-
time threat detection, anomaly detection, and 
automated responses.

•	 Real-Time Threat Detection: Identifies 
suspicious activity in network traffic, such as 
unusual login patterns.

•	 Anomaly Detection: Learns normal system 
behaviour to detect deviations that may 
indicate zero-day attacks.

•	 Automated Response: Blocks threats like 
breaches or DoS attacks by isolating affected 
systems or adjusting firewall rules.

•	 Predictive Analysis: Uses historical data 
to forecast future threats and strengthen 
defences proactively.

 Example: 
AI in a control centre detects abnormal data 
patterns, isolates affected systems, and alerts 
personnel, preventing a data breach.

Relevant Standards:

IEC 62443, ISO 27001, IEEE 1686

10.6	 Cybersecurity Best Practices in Power 
Systems Automation

Best practices strengthen security and resilience 
against cyber threats.

•	 Regular Updates and Patch Management: 
Keeps software and firmware up-to-date to 
address vulnerabilities.

•	 Employee Training: Teaches staff to identify 
phishing attempts and follow security 
protocols.

•	 Network Segmentation and Access Control: 
Isolates control systems and restricts access 
to authorized personnel.

•	 Security Audits and Vulnerability 
Assessments: Regular evaluations identify 
and address system weaknesses.

•	 Multi-Factor Authentication (MFA): Adds 
layers of protection for critical systems, 
especially for remote access.

 Example: 
 A utility enforces MFA, conducts cybersecurity 
training, and applies software updates regularly, 
significantly reducing its vulnerability to attacks.

Relevant Standards:

ISO 27001, IEC 62351
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10.7	 Regulatory and Compliance in 
Cybersecurity for Power Systems 
Automation 

Regulatory compliance in Africa’s power sector 
is becoming increasingly critical as digital 
transformation introduces vulnerabilities to 
critical infrastructure. Compliance frameworks 
ensure legal and industry standards are met to 
mitigate cybersecurity risks.

National and Regional Regulations
•	 Critical Infrastructure Protection Laws 

(e.g., South Africa): South Africa’s Critical 
Infrastructure Protection Act emphasizes 
securing infrastructure, including energy 
systems, against cyber threats. It mandates 
risk assessments, incident response plans, 
and regular reporting.

•	 African Union Convention on Cybersecurity 
and Personal Data Protection (Malabo 
Convention): Serves as a continental 
framework for member states to adopt 
cybersecurity policies, protect critical 
infrastructure, and establish legal measures 
for cybercrime prevention.

•	 Regional Power Pools: Organizations like 
the Southern African Power Pool (SAPP) and 
West African Power Pool (WAPP) encourage 
members to adopt cybersecurity practices 
for cross-border grid interconnections, 
improving regional energy security.

Industry Standards
•	 ISO 27001: African utilities increasingly adopt 

this standard to build Information Security 
Management Systems (ISMS), ensuring 
secure data handling and operational 
resilience.

•	 IEC 62351: Utilities in Africa are exploring 
IEC 62351 to secure SCADA and other 
communication protocols, aligning with 
global cybersecurity trends.

Reporting and Incident Management
•	 Utilities must report incidents promptly to 

regulatory bodies and maintain updated 
incident response frameworks to address 
emerging cyber threats.

Documentation and Audit
•	 Regular internal audits and external 

evaluations ensure that utilities align with 
international standards, especially as global 
investments demand compliance with 
frameworks like ISO 27001 and IEC 62351.

Risk Management
•	 African utilities focus on managing risks 

associated with third-party systems and 
interconnections within regional grids, given 
the growing reliance on shared infrastructure.

 Example: 
An East African utility strengthens cybersecurity 
by adopting ISO 27001 for managing sensitive 
data and aligning with the Malabo Convention 
for a legal framework. It also collaborates with 
the East African Power Pool (EAPP) to secure 
cross-border energy interconnections. Regular 
training, vulnerability assessments, and incident 
simulations enhance the utility’s resilience to 
cyberattacks.

By integrating local and regional frameworks with 
international standards, utilities can improve the 
security and reliability of PSA while fostering a 
culture of proactive compliance.
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11	POWER SYSTEMS 
AUTOMATION IN THE AFRICAN 
REGIONAL CONTEXT

Power Systems Automation (PSA) is increasingly 
critical to meet growing energy demands, 
integrate renewable energy sources, and 
improve grid reliability. However, African utilities 
face unique challenges, particularly the presence 
of legacy systems from older Original Equipment 
Manufacturers (OEMs). These outdated systems 
complicate the transition to modern, automated 
power infrastructure.

11.1	 Challenges in Power Systems Automation

Energy Demand and Integration Needs
Rapid industrialization and population growth 
are driving a significant rise in energy demand 
across Africa. The integration of renewable 
energy sources such as solar, wind, and hydro 
further adds complexity. PSA is vital to managing 
these variable energy sources while maintaining 
grid stability through real-time monitoring, 
control, and optimization.

Fragmented Infrastructure
African power grids are often fragmented, 
combining legacy and modern technologies. 
Older equipment lacks the communication 
capabilities needed for seamless integration with 
contemporary systems, hindering the creation of 
unified, automated power grids.

Economic Constraints
Limited budgets and reliance on international 
aid slow the adoption of advanced automation 
technologies. The high upfront costs of 
modernization, combined with ongoing 
maintenance expenses, pose financial challenges 
for utilities striving to upgrade their systems.

Lack of Standardization
Inconsistent adoption of international standards 
like IEC 61850 (for substation automation) and 
IEEE 1547 (for integrating Distributed Energy 
Resources, or DERs) restricts scalability and 
interoperability, complicating the deployment of 
automated systems.

Dependence on Legacy Systems
African utilities heavily rely on legacy systems 
from older or obsolete OEMs, leading to:

•	 Proprietary Protocols: Limiting interoperabil-
ity with modern systems and necessitating 
costly gateways.

•	 Obsolescence: Outdated components and 
unavailable spare parts increase reliance on 
makeshift repairs.

•	 Limited Data Capabilities: Reducing efficiency 
due to a lack of real-time monitoring and 
control.

•	 High Maintenance Costs: Manual oversight 
and frequent repairs demand significant 
investment.

•	 Cybersecurity Risks: Older systems lack 
modern protections, leaving them vulnerable 
to cyber threats.

11.2	  Vandalism of Infrastructure

Vandalism poses a significant challenge to PSA, 
particularly in regions with critical infrastructure 
in remote or high-risk areas. The deliberate 
damage to substations, transmission lines, and 
other essential power assets disrupts operations, 
compromises grid reliability, and leads to costly 
repairs. In Africa, vandalism is often motivated 
by economic factors, such as the theft of valuable 
materials like copper conductors, or by socio-
political tensions.

Impact of Vandalism on PSA Systems
•	 Operational Disruptions: Damage to 

communication lines or SCADA equipment 
can result in the loss of real-time monitoring 
and control, affecting grid stability.

•	 Increased Downtime: Repairs to vandalized 
equipment require significant time and 
resources, prolonging outages and increasing 
costs.

•	 Financial Losses: The replacement of stolen 
or damaged components, combined with 
operational downtime, results in substantial 
economic burdens for utilities.

•	 Safety Hazards: Vandalized equipment can 
pose safety risks to both utility workers and 
the public, particularly when live conductors 
or exposed circuits are involved.

Mitigation Strategies to Address Vandalism
•	 Improved Security Measures

–	 Deploy surveillance systems, such 
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as cameras and drones, for real-time 
monitoring of critical infrastructure.

–	 Implement access control measures, 
including fencing, security guards, and 
biometric entry systems, at substations 
and control centres.

–	 Utilize smart surveillance technologies, 
such as motion detectors and automated 
alarms, to alert authorities to potential 
threats.

•	 Robust Infrastructure Design
–	 Use tamper-resistant designs for 

components such as cables, junction 
boxes, and equipment housings to deter 
theft and damage.

–	 Replace vulnerable materials, such as 
copper, with less valuable alternatives 
(e.g., aluminium) to reduce the incentive 
for theft.

–	 Design critical equipment to withstand 
intentional damage, incorporating 
protective enclosures or underground 
installations where feasible.

•	 Community Engagement and Awareness
–	 Partner with local communities to raise 

awareness of the importance of power 
infrastructure and the consequences of 
vandalism.

–	 Create reporting mechanisms that encour-
age communities to alert utilities about 
suspicious activities near power assets.

–	 Collaborate with local governments 
and law enforcement to enforce stricter 
penalties for vandalism-related offenses.

•	 Technology-Driven Solutions
–	 Integrate IoT sensors to detect tampering 

or breaches in real time, enabling faster 
response to potential vandalism incidents.

–	 Employ geographic information systems 
(GIS) to map and monitor vulnerable assets 
for proactive risk management.

•	 Policy and Regulatory Measures
–	 Advocate for stronger legislation to combat 

vandalism, including harsher penalties for 
offenders and stricter controls on scrap 
metal trading.

–	 Work with regulators to prioritize funding 
for security upgrades in high-risk areas.

By addressing vandalism through a combina-
tion of security enhancements, infrastructure 
improvements, community engagement, and 
policy interventions, utilities can safeguard PSA 
systems, reduce operational disruptions, and 
ensure the reliability of power delivery.

11.3	 Capacity Building for Power Systems 
Automation in the African Context

The transition to modern PSA systems, such as 
those built on the IEC 61850 standard, requires 
a skilled and knowledgeable workforce. African 
utilities face challenges in this area due to a 
shortage of specialized personnel capable of 
designing, deploying, and maintaining these 
advanced systems. Addressing this gap is critical 
for the successful modernization of power grids, 
integration of renewable energy sources, and 
overall energy efficiency in the region.

11.3.1	 Key Aspects of Capacity Building

Training Programs:
•	 Customized Training: Develop training 

programs tailored to the unique challenges 
of African power systems, focusing on 
IEC 61850, smart grid technologies, and 
integration of Distributed Energy Resources 
(DERs).

•	 Certification Courses: Encourage collabora-
tion with global organizations like IEC, IEEE, 
and AFSEC to offer internationally recognized 
certifications for power system engineers.

•	 In-Service Training: Provide on-the-job train-
ing for existing utility staff to bridge skill gaps 
in real-time.

Training Laboratories:
•	 Practical Exposure: Establish state-of-the-art 

training laboratories in collaboration with 
universities and technical institutions. These 
labs can simulate real-world scenarios using 
tools like Intelligent Electronic Devices (IEDs), 
Phasor Measurement Units (PMUs), and 
communication protocols such as IEC 61850.

•	 Regional Training Hubs: Create centralized 
training facilities serving multiple countries, 
reducing costs and enabling knowledge 
sharing across borders.
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11.3.2	 Challenges in Capacity Building

Resource Constraints: 
Many utilities operate under tight budgets, 
limiting investments in training and skill 
development.

Lack of Training Infrastructure: 
Few institutions in Africa currently have the 
facilities or expertise to provide hands-on training 
in advanced PSA technologies.

Retention of Skilled Personnel: 
Competition from other industries or global 
markets can result in brain drain, with skilled 
engineers seeking opportunities abroad.

Awareness and Motivation: 
Limited awareness among young professionals 
and students about opportunities in PSA can 
hinder recruitment into the sector.

11.3.3	 Case Studies and Initiatives

Kenya Power Training School:
Established by Kenya Power, this facility 
trains engineers and technicians in substation 
automation, focusing on IEC 61850 standards 
and renewable integration.

South African Renewable Energy Training 
Program:
A collaboration between South African utilities 
and technical colleges to train students in 
renewable energy technologies and their 
integration into the grid.

West African Power Pool (WAPP) Capacity 
Building:
WAPP’s programs train engineers and technicians 
in modern grid technologies, focusing on cross-
border power systems and interoperability.

11.3.4	 The Role of Training Laboratories

Skills Testing and Certification: 
Labs can serve as centres for certifying proficiency 
in PSA technologies, offering standardized tests 
for engineers and technicians.

Innovation and Research: 
Encourage R&D in automation technologies 

•	 Hands-On Experience: Equip labs with 
hardware and software platforms for testing 
and practicing PSA deployments, including 
substation automation and grid monitoring.

University and Technical Education Partnerships:
•	 Curriculum Development: Partner with 

African universities and technical colleges 
to incorporate PSA-focused courses into 
engineering and technology programs.

•	 Internships and Co-op Programs: Facilitate 
collaboration between academic institutions 
and utilities to provide students with 
practical experience through internships or 
cooperative education programs.

•	 Scholarships and Fellowships: Offer financial 
support for students specializing in PSA, 
ensuring access to education for a wider pool 
of talent.

Industry Collaboration:
•	 Partnerships with Technology Providers: 

Work with global PSA vendors to conduct 
workshops and training sessions for utility 
engineers.

•	 Knowledge Sharing: Encourage partnerships 
between African utilities and international 
organizations to exchange expertise and best 
practices.

Government and Policy Support:
•	 Policy Frameworks: Develop policies that 

mandate a minimum level of training and 
certification for personnel working on PSA 
systems.

•	 Funding Mechanisms: Establish funding 
mechanisms to support capacity-building 
programs, leveraging contributions from 
governments, international donors, and 
private investors.

•	 Incentives: Provide incentives for utilities to 
invest in training and skill development, such 
as tax rebates or subsidies.
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11.4	 Regional Insights on Modernization

Southern Africa:
South Africa is a regional leader, leveraging 
robust fibre optic networks and 5G pilots. 
Neighbouring nations like Namibia and Botswana 
are progressively upgrading but still rely on 
legacy systems in rural areas.

East Africa:
Utilities in Kenya and Tanzania are exploring IEC 
61850 for new substations, but face barriers such 
as high costs and limited technical expertise. 
Microwave systems are commonly used to 
bridge communication gaps.

North Africa:
Countries like Egypt and Morocco have well-
established fibre optic networks supporting smart 
grid initiatives. However, rural electrification 
projects still rely on older technologies like PLCC.

West and Central Africa:
Nigeria and Ghana are integrating IEC 61850 for 
new substations and interconnection projects, 
but economic constraints and infrastructure gaps 
slow progress. Legacy systems remain prevalent 
in many areas.

tailored to Africa’s unique power system 
needs, such as microgrid solutions and rural 
electrification.

Continuous Learning: 
Regular training sessions in labs keep personnel 
updated on evolving standards, such as updates 
to IEC 61850 or new cybersecurity protocols for 
PSA.

11.3.5	 Benefits of Capacity Building in PSA

Improved System Reliability: 
A skilled workforce ensures proper design, 
deployment, and maintenance of automated 
systems, reducing faults and outages.

Enhanced Job Creation: 
Developing expertise in PSA creates jobs and 
opportunities for engineers, technicians, and 
trainers across Africa.

Sustainable Energy Transition: 
Skilled personnel are crucial for managing the 
integration of renewable energy sources and 
implementing smart grid technologies.

Regional Competitiveness: 
A trained workforce positions African utilities 
to compete globally and attract investments in 
energy infrastructure projects.

Capacity building is a cornerstone of Africa’s 
transition to automated, modern power systems. 
Through training programs, laboratories, and 
collaboration with industry and academia, 
utilities can bridge the skills gap, ensuring the 
successful adoption and maintenance of IEC 
61850 systems and other PSA technologies. This 
investment in human capital is vital for achieving 
reliable, sustainable, and future-ready energy 
systems across the continent.
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11.5	 Opportunities and Strategies for IEC 
61850 Adoption

Infrastructure Readiness
While many utilities still use legacy systems 
like PLCC, transitioning to IEC 61850 requires 
significant investment in fibre optics and 
advanced wireless technologies to support real-
time communication.

Economic Viability
Balancing the costs of modernization with 
priorities like expanding electricity access 
is essential. Public-private partnerships and 
phased investment approaches can help mitigate 
financial constraints.

Capacity Building
Utilities must address the lack of skilled personnel 
through training programs and capacity-building 
initiatives, ensuring the workforce is equipped to 
design, deploy, and maintain IEC 61850 systems.

Policy and Regulation
Harmonizing regulations, such as those for 
wireless spectrum allocation, and enforcing 
standardized protocols are necessary to 
streamline modernization efforts. Governments 
must provide incentives for utilities to adopt 
modern communication technologies.

Cybersecurity
The adoption of IEC 61850 increases exposure to 
cyber threats, necessitating robust frameworks 
like IEC 62351 to safeguard infrastructure against 
evolving risks.

11.6	 Staged Approach to Power Systems 
Automation

A phased strategy ensures cost-effective 
modernization while minimizing operational 
disruptions:

Phase 1: Assessment and Standardization

•	 Conduct detailed inventories to identify 
obsolete systems and prioritize critical 
upgrades.

•	 Embrace international standards like IEC 
61850 to enable seamless communication.

•	 Develop capacity-building programs to train 
engineers and operators.

Phase 2: Hybrid Integration

•	 Use communication gateways to connect 
legacy systems with modern SCADA and 
EMS platforms.

•	 Retrofit high-priority substations with 
Intelligent Electronic Devices (IEDs) that 
comply with IEC 61850.

•	 Deploy real-time monitoring and analytics 
tools to enhance visibility and decision-
making.

Phase 3: Incremental Replacement

•	 Gradually replace outdated infrastructure, 
prioritizing critical systems.

•	 Expand automation to secondary substa-
tions and integrate DERs using IEEE 1547 
standards.

•	 Strengthen cybersecurity with protocols 
aligned to IEC 62351.

Phase 4: Advanced Automation and Optimization

•	 Deploy smart grid technologies, such as 
Advanced Distribution Management Systems 
(ADMS) and IoT-enabled devices.

•	 Enhance renewable energy integration and 
optimize operations with AI and machine 
learning.
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11.7	 Key Recommendations for Modernization

Invest in Global Standards:
•	 Adopt IEC 61850 to ensure scalability, 

interoperability, and efficient renewable 
energy integration.

•	 Encourage hybrid solutions combining 
legacy systems with modern technologies for 
a smoother transition.

Collaborate with Experienced Vendors:
Partner with skilled vendors to integrate legacy 
systems into modern automation frameworks 
seamlessly.

Promote Regional Collaboration:
•	 Share best practices, resources, and training 

across utilities to reduce costs and enhance 
knowledge transfer.

•	 Align modernization strategies regionally for 
coordinated investments.

Invest in Infrastructure and Capacity Building:
•	 Upgrade communication infrastructure, 

focusing on fibre optics, 5G, and cost-
effective interim solutions like VHF/UHF and 
microwave systems.

•	 Establish robust training programs to build 
technical expertise.

Adopt Scalable and Resilient Solutions:
•	 Focus on phased modernization strategies 

to enable gradual upgrades and enhance 
scalability.

•	 Incorporate resilient designs to address 
environmental challenges, infrastructure 
theft, and cybersecurity threats.

Strengthen Policy and Regulatory Frameworks:
•	 Enforce Standardized Protocols: Mandate 

the adoption of global standards like IEC 
61850 and IEC 62351 to ensure system 
interoperability, security, and 	 scalability. 
These standards simplify integration, reduce 
costs, and eliminate vendor lock-in, providing 
clear compliance timelines for utilities

•	 Streamline Regulatory Processes: Expedite 
technology approvals by fast-tracking 
certifications and environmental clearances. 

Harmonize regulations across local and 
national levels to avoid conflicts and allow 
utilities to test innovations through regulatory 
sandboxes.

•	 Provide Incentives for Grid Modernization: 
Offer tax benefits, subsidies, and 
performance-based rewards to encourage 
investment in automation. Co-investment 
programs and grants can address funding 
challenges in resource-constrained regions.

•	 Address Wireless Spectrum Allocation: 
Allocate dedicated spectrum bands for utility 
operations to ensure reliable communication. 
Policies should prioritize grid-critical 	
functions and explore dynamic spectrum 
sharing to optimize usage.

•	 Develop Robust Cybersecurity Frameworks; 
Enforce cybersecurity standards like ISO 
27001 and IEC 62351. Require incident 
response plans, regular audits, and timely 
reporting of breaches. Provide funding 
support for cybersecurity improvements, 
especially for smaller utilities.

•	 Streamlining regulations, offering incentives, 
and addressing key challenges like spectrum 
allocation and cybersecurity will drive 
efficient grid modernization and resilience.

The journey toward automated power grids 
in Africa faces challenges like fragmented 
infrastructure, legacy systems, economic 
constraints, vandalism, and workforce gaps.

Targeted investments in communication 
technologies, capacity-building, and security can 
create resilient, future-ready systems. Adopting 
standards like IEC 61850, hybrid modernization 
approaches, and regional collaboration enable 
scalable and secure PSA solutions.

A phased strategy from standardization to 
advanced optimization ensures cost-effective, 
gradual modernization. Collaboration among 
utilities, governments, private sectors, and 
communities will drive Africa’s transition to 
automated grids that meet energy demands, 
integrate renewables, and ensure long-term 
sustainability.
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12	REGIONAL CASE STUDIES 

Notable case studies highlighting the adoption of 
communication protocols in African utilities for 
power systems automation (PSA):

12.1	 Eskom (South Africa)

Project: Integration of IEC 61850 for Substation 
Automation

Background: Eskom, Africa’s largest utility, is in 
the process of modernization of its substations 
to improve reliability, reduce downtime, and 
facilitate renewable energy integration. Legacy 
systems based on PLCC, Modbus, and DNP3 
were inefficient for growing energy demands 
and interconnectivity.

Implementation: 
•	 Adoption of IEC 60870-5/104,  IEC 61850 for 

substation automation, replacing proprietary 
protocols.

•	 Fiber-optic cables were deployed for high-
speed communication between Intelligent 
Electronic Devices (IEDs).

•	 MMS (Manufacturing Message Specification) 
was used for exchanging messages in real 
time within substations.

•	 Ethernet networks replaced older serial 
communication systems (RS-485).

Outcome:
•	 Improved interoperability across devices 

from multiple vendors.

•	 Enhanced fault detection and isolation using 
GOOSE messaging.

•	 Support for integrating renewables like wind 
and solar farms into the national grid.

12.2	 Kenya Power and Lighting Company (KPLC)

Project: Advanced Metering Infrastructure (AMI) 
Deployment Using GSM/GPRS

Background: KPLC needed an efficient system 
for metering, billing, and monitoring electricity 
consumption. Traditional manual meter reading 
was prone to errors and delays.

Implementation: 
•	 GSM/GPRS-based communication was 

adopted for remote data collection from 
smart meters.

•	 Integration with DNP3 protocol for SCADA 
systems to manage data flow between 
substations and control centres.

•	 Wireless mesh networks were used in urban 
areas for low-cost communication between 
meters.

Outcome:
Reduced non-technical losses due to better 
monitoring and billing accuracy.

Enhanced customer satisfaction with faster 
response times for complaints.

Laid the groundwork for future AMI expansions 
with 4G and 5G networks.
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12.3	 Nigeria: Niger Delta Power Holding 
Company (NDPHC)

Project: Rural Electrification Using Power Line 
Carrier Communication (PLCC)

Background: In rural and remote parts of Nigeria, 
high-speed fibre-optic or wireless connectivity 
was unavailable, necessitating the use of PLCC 
for grid communication.

Implementation:
•	 Narrowband PLCC (30-500 kHz) was 

deployed for remote control and monitoring 
of substations.

•	 FSK modulation was used for reliable 
communication over noisy high-voltage 
power lines.

•	 Integration of PLCC with legacy SCADA 
systems (IEC 60870-5 protocol).

Outcome:
•	 Reliable communication over long distances 

with minimal additional infrastructure.

•	 Improved load management and fault 
detection in remote substations.

•	 Cost-effective solution for expanding grid 
operations in underserved regions.

12.4	 Ghana Grid Company Limited (GRIDCo)

Project: Substation Automation with DNP3

Background: GRIDCo modernized its transmission 
network to enhance power reliability and meet 
growing energy demands. They faced challenges 
with outdated SCADA systems and limited 
protocol standardization.

Implementation:
•	 Deployment of DNP3 protocol in transmission 

substations for real-time data collection and 
control.

•	 SCADA integration to centralize monitoring 
of power flow and substation performance.

•	 Use of fibre-optic communication to connect 
critical substations to the control centre.

Outcome:
•	 Enhanced data accuracy and reduced 

operational delays.

•	 Improved fault detection and faster 
restoration times.

•	 Greater reliability and resilience in the 
transmission network.
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12.5	 Morocco (ONEE - Office National de 
l’Électricité et de l’Eau Potable)

Project: Broadband Power Line Communication 
(BPLC) for Smart Grids

Background:Morocco initiated a smart grid 
program to integrate renewable energy and 
improve grid efficiency. Many areas lacked 
modern communication infrastructure.

Implementation:
•	 Broadband PLC based on OFDM was 

deployed for high-speed communication 
across distribution networks.

•	 Integration with IEC 61850 for automated 
substation and smart metering.

•	 Control systems utilized GOOSE messaging 
for fast switching and protection.

Outcome:
•	 Enabled remote monitoring of renewable 

energy plants (solar and wind).

•	 Reduced grid losses and enhanced energy 
distribution efficiency.

•	 Improved infrastructure for load balancing 
and demand-side management.

12.6	 Uganda: Rural Electrification Agency (REA)

Project: Wireless Communication for Remote 
Monitoring

Background: Uganda’s rural electrification pro-
grams required low-cost solutions for monitor-
ing and maintaining remote grid infrastructure.

Implementation:
•	 Zigbee and LoRaWAN protocols were used for 

telemetry and low-data-rate communication.

•	 GSM/GPRS was adopted for integrating 
remote monitoring systems with central 
control centres.

•	 DNP3 was used at central hubs for 
aggregating and processing field data.

Outcome:
•	 Reduced operational costs for monitoring 

rural substations.

•	 Extended grid reliability and reach in 
previously underserved areas.

•	 Improved asset management and planning 
for rural grid expansion.

Key Takeaways:

Protocols like PLCC, Modbus, and DNP3 played 
significant roles in legacy systems, particularly 
for rural areas and basic SCADA applications.

Modern systems in South Africa, Morocco, and 
Kenya are leveraging IEC 61850, Broadband PLC, 
and wireless protocols (GSM, 4G, Zigbee) for 
smart grid and renewable energy integration.

Challenges in Africa: Infrastructure limitations 
and high costs of modern technologies have 
resulted in mixed adoption, with legacy systems 
coexisting alongside advanced solutions.

13.	 Conclusion
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13	CONCLUSION

Power Systems Automation (PSA) stands as 
a transformative force in modernizing Africa’s 
energy systems, addressing challenges such as 
growing demand, renewable energy integration, 
and grid decentralization. By leveraging advanced 
technologies, including SCADA, Intelligent 
Electronic Devices (IEDs), and predictive analytics, 
PSA enhances grid performance, reliability, and 
efficiency. The adoption of global standards, such 
as IEC 61850 and IEEE 1547, ensures seamless 
interoperability, scalability, and compatibility 
between legacy and modern systems, forming 
the foundation for sustainable energy networks.

13.1	 Key Takeaways 

Standardization:
•	 The alignment with global standards facili-

tates interoperability and efficiency while 
supporting the integration of diverse energy 
sources and systems.

•	 Standards like IEC 61850 and CIM (Common 
Information Model) enable harmonized 
operations across utilities, enhancing 
reliability and fostering cross-border energy 
trade.

Optimization:
•	 PSA technologies drive operational efficiency 

by enabling automated fault detection, 
real-time load balancing, and predictive 
maintenance.

•	 Tools such as WAMS, Dynamic Line Rating 
(DLR), and advanced data analytics optimize 
system capacity, reduce outages, and extend 
infrastructure lifespan.

Cybersecurity:
•	 As PSA systems become increasingly 

interconnected, robust cybersecurity 
frameworks like IEC 62351 and ISO 27001 are 
critical to safeguarding infrastructure against 
evolving cyber threats.

•	 Emerging solutions, including AI-driven 
anomaly detection and adaptive security 
measures, bolster resilience in the face of 
growing vulnerabilities.

Economic Viability:
•	 Incremental implementation strategies 

and the adoption of hybrid systems offer 
cost-effective modernization pathways, 
especially in regions constrained by legacy 
infrastructure and limited resources.

•	 Collaborative investments and public-private 
partnerships are vital for bridging funding 
and expertise gaps.

Despite hurdles such as fragmented infrastruc-
ture, economic limitations, and skill shortages, 
regional initiatives and international partner-
ships demonstrate the potential to address 
these challenges. A phased, strategic approach 
allows utilities to modernize while maintaining 
operational continuity and fostering long-term 
resilience.

13.2	 Future Outlook

The evolution of PSA is poised to redefine energy 
systems across Africa, driven by innovation, 
growing renewable energy adoption, and a 
heightened focus on sustainability. Future trends 
include:

Renewable Energy Integration:
•	 PSA will facilitate seamless integration 

of renewable energy sources by enabling 
advanced forecasting, energy storage, and 
dynamic load management.

•	 Decentralized microgrids will enhance 
energy access, particularly in underserved 
rural regions, while reducing reliance on 
centralized grids.

Emerging Technologies:
•	 Artificial intelligence and IoT will enable 

autonomous grid functionalities, such as self-
healing networks and real-time optimization, 
significantly improving reliability and 
efficiency.

•	 Advanced analytics and machine learning 
will empower proactive decision-making, 
reducing operational risks and costs.
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Cybersecurity Advancements:
•	 AI-powered threat detection, blockchain-

based secure communications, and adaptive 
security architectures will mitigate risks in 
interconnected PSA systems.

Smart Grids and Regional Collaboration:
•	 Smart grid technologies will integrate 

distributed energy resources (DERs) and 
demand-side management tools, optimizing 
energy distribution and urban grid efficiency.

•	 Regional cooperation will promote harmo-
nized standards, shared investments, and 
exchange of best practices, accelerating PSA 
adoption across the continent.

Sustainability and Resilience:
•	 PSA will be pivotal in achieving decarboniza-

tion goals, supporting climate resilience, and 
adapting to rising energy demands.

•	 Automation will enable utilities to adopt envi-
ronmentally friendly practices while main-
taining robust and adaptable grid systems.

By embracing these innovations and focusing 
on scalability, African utilities can unlock the full 
potential of PSA, transforming energy systems 
into sustainable, reliable, and resilient networks. 
The path to modernization lies in harmonizing 
cutting-edge technology with practical, region-
specific solutions to ensure an inclusive energy 
future for the continent.



85

Guide to Power Systems Automation Standards

AFSEC – 50012-04-01:2025 Ed.1 - E

Appendices

Appendix 1: PSA  Hardware & Associated Standards

Category Hardware Standards

1. Field Devices (Primary Equipment)

Power Transformers Transformers with sensors for temperature, oil 
level, and winding currents.

IEC 60076, IEEE C57.12

Circuit Breakers Remotely controlled circuit breakers with position 
sensors.

IEC 62271-100, IEEE C37.04/
C37.09

Current Transformers (CTs) and Volt-
age Transformers (VTs/PTs)

Instrument transformers for current and voltage 
measurement.

IEC 61869, IEEE C57.13

Switchgear Relays, switches, and disconnectors for protection 
and isolation.

IEC 62271, IEEE C37.20

Renewable Energy Equipment Solar inverters, wind turbines, and control systems. IEC 62109, IEEE 1547

2. Protection and Control Equipment

Protection Relays Fault detection devices (e.g., distance, overcurrent, 
and directional relays).

IEC 60255, IEEE C37.90

Intelligent Electronic Devices (IEDs) Devices combining protection, control,  
and monitoring.

IEC 61850

Programmable Logic Controllers 
(PLCs)

Controllers for automation tasks in substations. IEC 61131

Remote Terminal Units (RTUs) and 
Automation Controllers

Devices for data collection and control execution. IEC 60870-5, IEEE 1815 (DNP3)

Merging Units Devices combining multiple analog and digital sig-
nals into a unified format for IEC 61850 systems.

IEC 61850-9-2, IEEE C37.118

3. Monitoring and Measurement Devices

Phasor Measurement Units (PMUs) Devices for synchrophasor measurements in WAMS. IEEE C37.118

Power Quality Monitors Devices for measuring harmonics, voltage sags/
swells, and other quality parameters.

IEC 61000-4-30, IEEE 1159

Fault Recorders and Event Loggers High-speed devices for capturing disturbances. IEC 60255-24

Energy Meters Devices for billing and performance measurement. IEC 62053, IEEE C12.20

4. Communication Infrastructure

Communication Gateways Protocol converters for legacy and modern systems 
integration.

IEC 61850-7-2

Networking Equipment Industrial Ethernet switches, routers, and hubs. IEC 61850-8-1, IEEE 802.3

Fiber Optic Communication Devices 
(e.g., OPGW, ADSS)

Media converters and fibre termination units. IEC 60874, IEEE 1596

Wireless Communication Systems Radios and 5G modules for remote monitoring. IEC 62541 (OPC UA), IEEE 
802.11

5. Data Acquisition and Processing

Human-Machine Interfaces (HMIs) Operator control and monitoring systems. IEC 61499

Data Concentrators Devices aggregating data for SCADA. IEC 60870-6

Data Historian Servers Long-term storage systems for time-series data. IEC 61970
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Category Hardware Standards

Time Synchronization Devices GPS clocks and IEEE 1588 devices. IEEE 1588

6. Control Room Equipment

SCADA Systems Centralized systems for monitoring and control. IEC 60870-5-104, IEEE 1815 
(DNP3)

Energy Management Systems (EMS) Systems for grid optimization and forecasting. IEC 61970

Distribution Management Systems 
(DMS)

Systems for distribution network management. IEC 61968

7. Cybersecurity Hardware

Firewalls and Secure Networks Industrial-grade security devices. IEC 62351, IEEE 1686

Intrusion Detection/Prevention  
Systems (IDS/IPS)

Systems for monitoring and preventing  
unauthorized access.

IEC 62443

VPN Devices Systems for secure remote access. IEC 62351-9

8. Renewable Integration Hardware

Microgrid Controllers Devices for optimizing microgrid energy management. IEC 62898, IEEE 2030.7

Battery Energy Storage Systems 
(BESS)

Battery management systems and inverters. IEC 62933, IEEE 1547.9

Inverter Controllers Controllers for solar panels and wind turbines. IEC 62116, IEEE 1547-2018

9. Testing and Maintenance Equipment

Relay Test Kits Devices for testing and calibrating relays. IEC 60255-121

Power Analysers Instruments for system performance evaluation. IEC 61000-4-7

Diagnostic Tools Tools for equipment health assessment  
(e.g., thermal cameras).

IEC 60567
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Appendix 2: Checklist – Guidance for Compliance to Automation Standards

# Checklist Item Details Standards/References
Post-Selection Testing,  
FAT, and SAT

1 Adherence to 
Communica-
tion Standards

Supports open protocols for interoperability 
(e.g., IEC 61850 for substation automation, 
IEC 60870-5-104 for SCADA).

IEC 61850,  
IEC 60870-5-104,  
OPC UA, GOOSE, 
MMS

Conduct IEC 61850 con-
formance tests in FAT and 
validate communication with 
SCADA/RTU systems during 
SAT.

2 Cybersecurity 
Compliance

Implements encryption, authentication, and 
access controls in compliance with cyberse-
curity standards.

IEC 62351,  
ISO/IEC 27001

Simulate cyberattacks to vali-
date detection and response 
mechanisms in FAT. Test 
secure configurations in SAT.

3 Integration 
with Existing 
Systems

Demonstrates seamless integration with 
legacy systems using protocol converters if 
necessary.

IEC 61970 (CIM for 
energy management 
systems)

Conduct integration tests 
with legacy devices during 
FAT. Validate field integration 
during SAT.

4 Independent 
Testing and 
Certification

Equipment must pass independent certifica-
tion tests for compliance with standards.

UCA-certified  
IEC 61850 testing,  
ISO/IEC certifications

Verify certifications and 
replicate compliance tests 
during FAT.

5 Support for 
Renewable 
Energy 
Integration

Enables integration of Distributed Energy 
Resources (DERs), including advanced me-
tering and renewable controllers.

IEEE 1547 (Integration 
of DERs)

Simulate DER integration 
scenarios during FAT. Vali-
date performance under real 
DER conditions during SAT.

6
Performance 
Benchmarks

Guarantees compliance with latency 
requirements for real-time communication 
(e.g., GOOSE messaging <4ms).

IEC 61850 GOOSE 
latency benchmarks

Measure latency and fault 
recovery in FAT. Test under 
grid operating conditions 
during SAT.

7 Environmental 
and  
Local Stand-
ards

Equipment must comply with environmen-
tal operating standards (e.g., ambient tem-
perature, humidity, and dust resistance).

IP54/IP65 compliance, 
IEC 60068 standards

Perform type tests dur-
ing FAT (e.g., temperature 
cycling, dust/humidity resist-
ance). Revalidate in SAT.

8 Scalability and 
Future-Proofing

Equipment design must support scalability 
for future upgrades and emerging technolo-
gies, such as IIoT and digital twins.

IEC 61850 for scalabil-
ity, IEC 61970/61968 
for future energy 
management require-
ments

Add modular components 
to test scalability during FAT 
and validate integration dur-
ing SAT.

9 Grid Code 
Compliance

Equipment and systems must comply 
with grid code requirements for frequency 
control, voltage stability, and operational 
coordination.

Regional grid codes: 
SAPP, WAPP, EAPP

Verify compliance with grid 
code requirements during 
SAT, including load scenarios 
and fault simulations.

10 Regulatory 
Compliance

Systems must comply with local and na-
tional regulations for grid safety, cybersecu-
rity, and environmental impact.

African utility regula-
tions, regional power 
pool codes

Review regulatory documen-
tation and validate adher-
ence through SAT.

11 Documentation 
and Training

Vendor provides comprehensive user manu-
als, wiring diagrams, and system documen-
tation.

Validate the accuracy and 
usability of documentation 
during FAT and field com-
missioning during SAT.

Offers training for engineers and opera-
tors, ensuring understanding of automation 
standards and system operation.

12 Warranty and 
After-Sales 
Support

Clear warranties and SLAs covering 
standards compliance, maintenance, and 
software updates.

Validate SLA response times 
during SAT through simu-
lated fault conditions.
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Section Details

1. Objective Verify system performance and compliance with technical specifications and standards 
before shipment.

2. Pre-FAT Activities Review vendor test plans and verify alignment with project specifications and stand-
ards.- Ensure the test environment mirrors site conditions (e.g., communication protocols, 
configurations).

3. Tests Performed in FAT Functional Testing: Verify core functionality of automation equipment (e.g., protection re-
lays, SCADA components).Performance Testing: Measure latency, fault recovery, and com-
munication reliability under operational scenarios. Interoperability Testing: Validate seam-
less integration with multi-vendor equipment and legacy systems. Cybersecurity Testing: 
Simulate threats and test encryption, authentication, and role-based access. Environmental 
and Stress Testing: Test equipment resilience to temperature extremes, humidity, and dust 
(as per IEC 60068 standards).Standards Compliance Testing: - IEC 61850 conformance (pro-
tocols, GOOSE messaging).- IEC 62351 for cybersecurity.- IP54 or higher for environmental 
durability.

4. Type Tests (Based on IEC 
Standards)

Dielectric Tests: Test insulation capabilities. Thermal Cycling: Assess performance under 
temperature variations. Vibration and Shock: Validate mechanical durability. Humidity and 
Dust Resistance: Verify compliance with IP ratings. Short Circuit Tests: Ensure protection 
against short circuits.

5. Post-FAT Documentation Prepare and deliver a FAT report, including: - Test results, observed issues, and corrective 
actions taken.- Certifications for standards compliance.- Recommendations for site installa-
tion and commissioning.

Usage Stage Action

Pre-Selection Use the checklist for initial vendor evaluation.

Post-Selection Implement FAT using the plan, ensuring vendors comply with standards and specifications.

Post-FAT Use results as a baseline for site commissioning and future system performance tracking.

FAT Plan

How to Use the PSA Compliance Checklist Table and FAT Plan
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Section Details

1. Objective Ensure systems perform as specified under real-world operating conditions and integrate 
seamlessly with existing infrastructure.

2. Pre-SAT Activities Review FAT reports and ensure any identified issues have been resolved.- Prepare the test 
environment, including field devices, communication systems, and power sources.

3. Tests Performed in SAT End-to-End Functional Testing: Test the communication flow from field devices (e.g., IEDs, 
sensors) to SCADA and control centres. Verify all hardware and software perform their in-
tended functions. Performance Testing: Test response times for critical events, such as relay 
tripping and GOOSE message transmission (<4ms latency). Measure system performance 
under peak load conditions. Integration Testing: Validate seamless integration of new sys-
tems with legacy equipment and SCADA systems. Test interoperability with other devices 
using protocols like IEC 61850, IEC 60870-5-104, and OPC UA.Grid Code Compliance Testing: 
Test equipment under scenarios required by local grid codes, such as frequency variations, 
voltage dips, and black start conditions. Validate stability during load changes and fault 
simulations. Cybersecurity Testing: Validate secure communication configurations, includ-
ing encryption, authentication, and role-based access control. Perform penetration tests 
and simulated attacks to test system defences. Environmental and Stress Testing: Ensure 
systems operate effectively in the local environment, considering temperature, humidity, 
and dust conditions.

4. Post-SAT Documentation Prepare a SAT report, including: - Test results for each scenario.- Identified issues and reso-
lutions.- Final validation of system readiness for live operation.

Section Details

1. Grid Code Requirements

Ensure compliance with local grid codes for: - Voltage and frequency stability.- Fault ride-
through capabilities.- Data sharing and communication protocols. Regional Examples: 
- SAPP Grid Code: Emphasizes interconnection performance and operational standards.- 
WAPP Grid Code: Focuses on harmonized operational standards for West African countries.- 
EAPP Grid Code: Covers interconnection requirements for East African utilities.

2. Regulatory Validation
Ensure documentation and certifications are in line with: - National energy regulations.- Envi-
ronmental impact assessments.- Renewable energy integration mandates.

Usage Stage Action

During RFP Use the checklist to define compliance and testing criteria for vendors.

After Vendor Selection Use the FAT and SAT plans to validate compliance and system performance.

Post-SAT
Use test results to ensure systems are operationally ready and meet regulatory standards 
before full deployment.

Integration of Grid Codes and Regulatory Compliance

Usage of the PSA Compliance Checklist Table and SAT Plan

SAT Plan
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Appendix 3: Checklist - PSA Projects

Below are practical details to guide utilities in automation projects for modernizing or retrofitting legacy 
automation systems:

Checklist 
Category

Key Considerations Practical Details References/Notes

1 Preliminary 
Assessment

Conduct a feasibility study 
and gap analysis of existing 
systems.

Identify legacy equipment, communication 
protocols, and areas needing upgrades or 
replacements. Analyse system bottlenecks 
and operational inefficiencies.

Align with IEC 61850 
and IEC/TR 61850-
2 for migration 
guidance.

Identify critical components 
for modernization or replace-
ment.

Prioritize upgrades based on criticality to 
grid operations (e.g., substations, SCADA, 
protection systems).

Engage stakeholders to define 
project objectives and priori-
ties.

Include operators, engineers, management, 
and regulators to balance technical and 
business goals.

2 Regulatory 
& Standards 
Compliance

Ensure adherence to IEC, IEEE, 
and local standards for auto-
mation systems.

Use IEC 61850 for communication and inter-
operability, and IEEE 1547 for DER integra-
tion where applicable. Ensure compatibility 
with regional and national standards.

Verify compliance with na-
tional grid codes and cyberse-
curity regulations.

Review national regulations regarding grid 
reliability, data security, and renewable 
energy integration.

3 Utility 
Specifications

Develop clear, detailed utility 
specifications.

Include requirements for hardware, soft-
ware, communication protocols, testing 
procedures, and cybersecurity. Define inter-
operability requirements for IEDs, SCADA 
systems, and RTUs.

Tailor to utility-specific 
needs while referenc-
ing IEC 61850 and IEC 
61970 standards for 
system modelling.

Specify performance metrics. Define expected performance levels for 
system reliability, latency, and fault recovery 
times.

Document acceptance criteria. Define conditions for system handover, test-
ing results, and compliance documentation 
from vendors.

4 System 
Design & 
Specification

Develop a detailed automation 
architecture (centralized,  
decentralized, or hybrid).

Create architecture diagrams detailing con-
trol centre, substations, and communication 
layers. Use IEC 61850 system configuration 
language (SCL) for modelling.

Specify hardware and software 
requirements with an empha-
sis on open protocols.

Ensure compatibility with existing systems 
while supporting future scalability and up-
grades. Include standardized protocols such 
as MMS, GOOSE, and OPC UA.

Plan for integration of renew-
able energy sources and 
microgrids.

Include distributed energy resource (DER) 
controllers, protection schemes, and ad-
vanced metering systems.

5 Vendor & 
Technology 
Selection

Evaluate vendors based on 
track record, technical support, 
and local presence.

Assess vendors’ experience in the automa-
tion markets and their ability to offer local-
ized support.

Prioritize solutions that sup-
port Industrial IoT (IIoT) and 
digital twins.

Ensure selected technologies offer real-time 
monitoring, predictive analytics, and virtual 
system modelling.

Assess interoperability and 
compatibility with existing 
equipment.

Use independent testing or certifications 
to validate compliance with IEC 61850 and 
other standards.
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Checklist 
Category

Key Considerations Practical Details References/Notes

6 Project Im-
plementation 
Planning

Develop a phased imple-
mentation plan to minimize 
disruptions.

Start with non-critical systems for pilot 
testing, then scale to critical systems based 
on results. Include redundancy measures to 
maintain grid reliability.

Include training for utility 
personnel on modernized 
systems.

Conduct hands-on workshops and provide 
detailed documentation for operational and 
maintenance teams.

Set clear milestones, KPIs, 
and deliverables for project 
monitoring.

Examples include timeline adherence, 
budget control, and system performance 
metrics during commissioning.

7 Cybersecurity 
& Data  
Protection

Implement robust cyberse-
curity measures, including 
firewalls and secure communi-
cation protocols.

Use IEC 62351 for securing communication 
and authentication in automation systems.

Develop a data governance 
policy for secure data handling 
and storage.

Define data access controls, retention poli-
cies, and procedures for handling breaches.

8 Testing & 
Commission-
ing

Conduct rigorous system 
integration and functionality 
testing.

Perform end-to-end tests covering SCADA, 
IEDs, protection relays, and communication 
protocols.

Refer to IEC 61850 
conformance testing 
standards.

Validate performance under 
different operating conditions.

Test under normal, abnormal, and fault 
scenarios to ensure system reliability and 
resilience.

9 Post- 
Implementa-
tion Support

Establish a maintenance and 
support framework, includ-
ing service level agreements 
(SLAs) with vendors.

Define response times for system faults, 
update cycles, and spare parts availability.

Set up monitoring systems 
for real-time diagnostics and 
predictive maintenance.

Use IIoT sensors and software for anomaly 
detection and performance optimization.

10 Sustainability 
& Scalability

Design for scalability to 
accommodate future load 
growth and technology up-
dates.

Consider modular solutions for ease of 
expansion and upgrades.

Incorporate energy-efficient 
technologies and practices.

Implement solutions that optimize energy 
use, reduce losses, and integrate renewable 
resources.
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Appendix 4: Checklist - Utility Specifications

Utility specifications are the cornerstone of successful automation projects. They ensure clarity and 
alignment between the utility and vendors. Specifications should:

•	 Be as detailed as possible, covering technical, operational, and performance aspects.
•	 Include references to international and local standards to ensure compliance and best practices.
•	 Address environmental considerations, especially for equipment operating in harsh climates.
•	 Clearly define roles and responsibilities during implementation and post-commissioning support.

Example of Utility Specification
Below is an example of format specification for Substation Automation and SCADA System Upgrades, 
designed to guide utilities through modernization and retrofit projects.

Specification Details References/Notes

1 Substation Automation Upgrade Specification

1.1 Introduction Project Overview: Upgrade substation to comply with 
IEC 61850 for interoperability, enhanced protection, 
and real-time monitoring.

Substation Name: XYZ 132/33 kV Substation.

Existing Systems: Legacy RTUs and proprietary 
protection relays.

Objective: Replace legacy equipment to en-
able centralized and remote operation.

1.2 Relevant 
Standards

IEC 61850: Communication for substation automation.

IEC 60870-5-104: Communication between control 
centres and substations.

IEC 62351: Cybersecurity in power system control and 
automation.

1.3 System 
Architecture 
and Design

Architecture: Decentralized with redundant IEC 
61850-compliant IEDs, centralized SCADA receiving 
real-time data via IEC 60870-5-104.

Communication Infrastructure: Fiber-optic network, 
Ethernet switches, GOOSE messaging (<4ms latency).

Integration Requirements: Protocol converters for 
interfacing with legacy equipment during migration.

1.4 Hardware 
Requirements

IEDs: Multifunctional protection relays supporting dif-
ferential, overcurrent, and distance protection.

Capability to support GOOSE messaging and 
MMS.

HMI Panel: Touchscreen interface for real-time moni-
toring and control.

Substation Gateway: Protocol conversion, data 
aggregation, secure SCADA communication.

Network Equipment: Managed Ethernet switches with 
RSTP for redundancy.

1.5 Testing and 
Validation

FAT: Verify IEC 61850 conformance, validate 
communication network latency.

SAT: Test end-to-end communication, simulate fault 
scenarios for protection relay functionality.

1.6 Environmen-
tal and Local 
Considerations

Devices to operate within -10°C to +50°C. Compliance with IP54 or higher for dust and 
humidity resistance.
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Specification Details References/Notes

2 SCADA System Upgrade Specification

2.1 Introduction Project Overview: Upgrade SCADA to improve real-
time data acquisition, control, and integration of 
renewable systems.

Objective: Deploy modular SCADA platform 
for scalability and integration with IIoT and 
DERs.

Existing System: Proprietary SCADA platform with 
limited functionality.

2.2 Relevant 
Standards

IEC 61970: CIM for EMS interoperability.

IEC 61968: Application integration for distributed 
systems.

IEC 62351: Cybersecurity for data and communication 
systems.

2.3 System 
Architecture 
and Design

Architecture: Distributed with redundant master 
servers; real-time data from substations via  
IEC 60870-5-104, DER integration via MQTT.

User Interfaces: Web-based HMI, mobile access for 
field operators with role-based authentication.

2.4 Software 
Requirements

SCADA Platform: Modular design supporting EMS and 
DMS extensions, real-time alarms, trending, analytics 
dashboards.

Historian database for up to 5 years of 
operational data.

Cybersecurity: End-to-end encryption, role-based 
access control, audit logging.

Integration: Native support for IIoT sensors and DER 
controllers.

2.5 Hardware 
Requirements

Servers: Dual redundant with failover capability (64 
GB RAM, 10 TB storage, quad-core processors).

Networking: Redundant firewalls, managed switches, 
high-speed communication links.

2.6 Testing and 
Validation

FAT: Simulate data acquisition and control, validate 
historian database performance under high loads.

SAT: Test integration with DERs, IIoT devices, and 
verify real-time alarms during operation.

2.7 Maintenance 
and Support

SLAs: Vendor response time (<4 hours for critical 
faults), quarterly updates for software/firmware.

Training: Sessions for SCADA operators and IT 
teams on cybersecurity best practices and system 
maintenance.

Final Notes:
1.	 Scalability: Both examples incorporate designs that allow for future expansion,  

such as integrating additional substations or DERs.

2.	 Local Adaptation: Specifications emphasize local environmental conditions and  
workforce training to ensure long-term success.

3.	 Standards Alignment: International standards (e.g., IEC 61850, IEC 61970) ensure  
interoperability and best practices in system design.
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Appendix 5: Checklist - Vendor Selection Criteria for Power Systems Automation Projects

Selecting the right vendor is critical for the success of substation and SCADA upgrade projects. Below 
is a detailed breakdown of the criteria and practical steps for evaluating vendors.

Category Details

1. Technical Capability and Standards Compliance

Experience with International Standards Vendors must demonstrate compliance with standards such as:
- IEC 61850: Interoperability for substation automation systems.
- IEC 61970/61968: For SCADA systems and energy management.
- IEC 62351: For cybersecurity.

Track Record in Similar Projects - Provide references for projects of similar scope and complexity (e.g., substa-
tion retrofits, SCADA overhauls).

- Include case studies, certifications, and performance benchmarks.

Testing Capabilities - Vendor must provide proof of independent conformance testing (e.g., UCA-
certified IEC 61850 testing).

2. Local and Regional Presence

On-Site Support Vendors with local presence can provide faster support, including hardware 
repairs, software updates, and training.

Knowledge of Local Regulations Must understand regional grid codes, environmental conditions, and 
compliance requirements.

Partnerships with Local Firms Evaluate vendors collaborating with local integrators or service providers to 
strengthen regional capacity.

3. Product Features and Interoperability

Interoperability with Existing Systems Proposed solutions must integrate seamlessly with legacy equipment, using 
protocol converters if necessary.

- Prioritize solutions supporting open protocols (e.g., GOOSE, MMS, OPC UA).

Future-Proofing - Check for compatibility with IIoT, digital twins, and renewable energy integra-
tion.

- Modular and scalable designs to accommodate load growth and emerging 
technologies.

4. Customization and Flexibility

Tailored Solutions Ability to adapt systems to utility-specific requirements, such as local environ-
mental conditions (e.g., extreme heat, humidity).

Support for Multi-Vendor Ecosystems Vendors should demonstrate how their systems operate in environments with 
devices from multiple manufacturers.

5. Training and Knowledge Transfer

Training Programs Vendors must provide hands-on training for operators, engineers, and mainte-
nance teams, covering operational use, maintenance, and troubleshooting.

Documentation Provide detailed user manuals, wiring diagrams, and troubleshooting guides.

6. Cybersecurity Measures

Built-in Security Features Encryption for communication channels, authentication mechanisms, and role-
based access controls.

Compliance with Cybersecurity 
Standards

Systems must adhere to IEC 62351 or similar frameworks.
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Category Details

Incident Response Vendors should offer tools for monitoring, detecting, and responding to cyber-
security threats.

7. Financial Stability and Cost

Financial Viability Evaluate the vendor’s financial stability to ensure long-term support and 
updates.

Competitive Pricing Solutions should provide value for money without compromising quality.

Warranty and After-Sales Service Specify warranty periods and the scope of post-implementation support.

8. Implementation Support and Timelines

Phased Implementation Capability Vendors should provide a clear implementation plan, including pilot projects 
and phased rollouts.

On-Site and Remote Support Ensure availability of both on-site technicians and remote troubleshooting dur-
ing installation and commissioning.

Compliance with Deadlines Vendor must demonstrate adherence to tight project timelines and milestones.

9. Evaluation Process for Vendor Selection

Develop a Request for Proposal (RFP) Include detailed project requirements, system specifications, and evaluation 
criteria.

Shortlist Vendors Based on Preliminary 
Responses

Assess their experience, references, and technical capability.

Conduct Technical and Financial 
Evaluation

Review proposals for compliance with specifications; analyse total cost of 
ownership, including installation, training, and maintenance.

Request for Demonstration and Testing Ask vendors to demonstrate systems with real-world scenarios (e.g., interop-
erability, latency tests, fault injection).

Site Visits and References Visit vendor-implemented facilities and speak to clients to assess performance 
and after-sales support.

Finalize Vendor Selection and Negotiate 
Contract

Include SLAs covering performance, maintenance, and support.
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Appendix 6: Key Implementation Phases for Substation and SCADA Upgrades

Selecting the right vendor is critical for the success of substation and SCADA upgrade projects.  
Below is a detailed breakdown of the criteria and practical steps for evaluating vendors.

Phase Details Notes

1 Pilot Phase Test the proposed solution in a low-risk 
environment (e.g., a single substation or 
part of the SCADA system).

Evaluate performance metrics, interoperability, 
and ease of use before scaling.

2 Legacy System 
Coexistence

Maintain dual operation of legacy and up-
graded systems during the transition.

Use protocol converters and gateways to enable 
communication between old and new systems.

3 Full Deployment Gradually replace legacy components with 
minimal downtime.

Implement a phased approach, starting with non-
critical areas and scaling to critical infrastructure.

4 Post-
Implementation 
Testing

Perform end-to-end system validation. Simulate fault scenarios to confirm system 
reliability and failover mechanisms.

5 Continuous 
Monitoring and 
Support

Use IIoT and advanced monitoring tools 
for predictive maintenance.

Conduct periodic reviews to ensure systems 
remain secure and perform optimally.
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IEC & ISO Standards Mapping for Smart Grids 

Smart Grid Map � https:// mapping.iec.ch/#/maps/1

The IEC & ISO Standards Mapping for Smart Grids is a structured framework that connects international 
standards to smart grid applications, including energy markets, SCADA, EMS, and intra-centre 
integration. This mapping is essential for ensuring interoperability, cybersecurity, and efficient data 
exchange, enabling stakeholders to align implementations with global standards and seamlessly 
integrate automation into modern power systems.

By visually mapping relevant IEC and ISO standards to specific use cases, the tool simplifies standard 
selection, ensures compatibility, and reduces integration costs. 

Users can navigate different sections to find applicable standards for their domain, making it a valuable 
resource for power systems automation stakeholders.
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Accessing International and National Standards  

Organizations such as the International Electro-
technical Commission (IEC), International Organ-
ization for Standardization (ISO), Institute of Elec-
trical and Electronics Engineers (IEEE), and the 
African Electrotechnical Standardization Com-
mission (AFSEC) provide global and regional 
standards to support the continent’s power infra-
structure. National standards bodies in African 
countries also develop localized versions tailored 
to regional needs.

1. International and Regional Standards 
Organizations

AFSEC (African Electrotechnical 
Standardization Commission)

www.afsec-africa.org

Role: AFSEC is the African regional counterpart 
to IEC, focusing on harmonizing electrical and 
energy-related standards across the continent. 
It works with African Union (AU), the African 
Organization for Standardization (ARSO), IEC, 
and national bodies to ensure a unified approach 
to Power Systems Automation.

Access & Purchase:
•	 AFSEC publishes and harmonizes electro-

technical standards derived from IEC and ISO 
standards.

•	 Standards are accessible via national stand-
ardization bodies in AFSEC member states.

Subscription Options:
•	 AFSEC collaborates with African power 

utilities and regulatory agencies, providing 
industry access to critical standards.

IEC (International Electrotechnical 
Commission)

www.iec.ch

Access & Purchase:
•	 Standards can be purchased from the IEC 

Webstore (https://webstore.iec.ch).
•	 Some African national standardization bod-

ies distribute IEC standards locally.

Subscription Options:

•	 IEC offers digital subscriptions via IEC Stand-
ards+ for organizations needing multiple 
standards.

ISO (International Organization 
for Standardization)

www.iso.org

Access & Purchase:
•	 ISO standards are available through the ISO 

Store (www.iso.org/store.html) or through 
African national standardization bodies.

Subscription Options:
•	 African institutions and companies can sub-

scribe to ISO’s Online Browsing Platform 
(OBP) for digital access.

IEEE (Institute of 
Electrical and Electronics 
Engineers)

www.ieee.org

Access & Purchase:
•	 Standards can be purchased via the IEEE 

Xplore Digital Library (https://ieeexplore.
ieee.org).

Subscription Options:
•	 Corporate and institutional IEEE subscrip-

tions are available.
•	 IEEE SA (Standards Association) Member-

ship provides discounts and exclusive access.

http://www.afsec-africa.org
https://www.iec.ch/homepage
http://www.iso.org
http://www.ieee.org
https://ieeexplore.ieee.org/Xplore/home.jsp
https://ieeexplore.ieee.org/Xplore/home.jsp
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2. African Regional and National Standards 	
Bodies

Several African national and regional standards 
organizations facilitate access to IEC, ISO, IEEE, 
and AFSEC standards while developing their 
own localized standards.

African Organization for 
Standardization (ARSO)

www.arso-oran.org

Role: ARSO promotes standardization across 
African countries and works with AFSEC, IEC, 
and ISO to harmonize technical regulations.

Key National Standards Bodies in Africa

•	 South African Bureau of Standards (SABS) 
 https://www.sabs.co.za

•	 Kenya Bureau of Standards (KEBS) 
https://www.kebs.org

•	 Ghana Standards Authority (GSA) 
https://www.gsa.gov.gh

•	 Nigeria Standards Organization (SON) 
https://www.son.gov.ng

•	 Egyptian Organization for Standardization (EOS) 
https://www.eos.org.eg

These national bodies provide access to IEC, ISO, 
IEEE, and AFSEC standards, ensuring compliance 
with both international best practices and 
national regulatory requirements.

3. 	Additional Sources for Standards Access in 	
Africa

•	 AFSEC Working Groups & Publications: 
AFSEC publishes regional standards and tech-
nical guidelines accessible through utilities, 
regulators, and national standards bodies.

•	 Regional Economic Communities (RECs): 
Organizations such as ECOWAS, SADC, and 
COMESA promote the harmonization of elec-
trotechnical standards across member states.

•	 University & Research Institutions: Many 
universities provide IEEE, IEC, and ISO stand-
ards through library subscriptions.

•	 Industry Associations & Power Utilities: Enti-
ties such as the African Power Pools (EAPP, 
WAPP, SAPP, CAPP) often have access to key 
Power Systems Automation standards.

Professionals and organizations in Power 
Systems Automation should acquire official 
standards from recognized national, regional, 
or international bodies to ensure full regulatory 
compliance, interoperability, and adherence to 
best practices.

https://www.sabs.co.za
https://www.kebs.org
https://www.gsa.gov.gh
https://www.son.gov.ng
https://www.eos.org.eg
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Glossary of Terms 

Below is a glossary to provide clarity and 
understanding of key terms and acronyms used 
in Power Systems Automation (PSA) and in this 
document.

ABC	 Activity-Based Costing

ACC	 Accumulator Counters: Devices tracking 
cumulative events or quantities, such as 
energy or pulses, supporting diagnostics 
and planning.

ACLs	 Access Control Lists: Security 
mechanisms controlling resource access 
in a network to ensure only authorized 
entities interact with critical systems.

AFSEC	 African Electrotechnical Standardization 
Commission: A body established to 
harmonize standards across Africa, 
supporting energy system development 
and the African Continental Free Trade 
Area (AfCFTA).

AGC	 Automatic Generation Control: A system 
adjusting power output from generators 
to maintain grid frequency and balance 
demand with supply.

AGL	 Automatic Generation Levelling: Balances 
power generation across sources for grid 
stability.

AI	 Analog Input: Continuous input signals 
like voltage or current measurements 
used for monitoring and control.

AMI	 Advanced Metering Infrastructure: Sys-
tems enabling real-time communication 
between utilities and smart meters for 
billing and demand response.

AMS	 Asset Management System: Monitors 
infrastructure health and supports 
predictive maintenance.

ASCI	 American Standard Code for Information 
Interchange.

BESS	 Battery Energy Storage System: 
Technology for storing electricity to 
improve grid reliability and renewable 
energy integration.

CAPP	 Central African Power Pool.

CDC	 Common Data Classes.

CIM	 Common Information Model: A 
standardized data model ensuring 
interoperability in energy systems.

CIS	 Customer Information System: Manages 
customer data, including billing and 
service requests.

CMMS	 Computerized Maintenance Management 
System.

CoAP	 Constrained Application Protocol.

COS	 Change of State: Logged events when 
devices transition between operational 
states, aiding fault and performance 
analysis.

DFR	 Digital Fault Recorder: Devices capturing 
system fault data for analysis.

DFS	 Distributed Feeder Switch: Manages fault 
isolation and load balancing in power 
distribution.

Digital Twin	Virtual models of physical systems for 
predictive maintenance and optimization.

DLR	 Dynamic Line Rating: Real-time 
determination of transmission line 
capacity.

DMS	 Distribution Management System: 
Tools for monitoring and optimizing 
distribution grids.

DNP3	 Distributed Network Protocol Version 3.

DoS	 Denial of Service.

EAPP	 Eastern African Power Pool.

EMS	 Energy Management System: Optimizes 
grid operations like load balancing and 
demand response.

FACTS	 Flexible AC Transmission Systems: 
Enhances AC transmission stability and 
controllability.

FAT	 Factory Acceptance Testing.

FDIR	 Fault Detection, Isolation, and 
Restoration.

GIS	 Geographic Information System: Provides 
mapping and spatial visualization for grid 
management.

GOOSE	 Generic Object-Oriented Substation 
Event: High-speed IEC 61850 protocol for 
substation communications.

GPS	 Global Positioning System.

GSM/GPRS	Global System for Mobile 
Communications/General Packet Radio 
Service: Technologies for AMI and remote 
grid management.

HMI	 Human-Machine Interface: Interfaces 
for operators to monitor and control 
automation systems.

HSR	 High-availability Seamless Redundancy.

IEC	 International Electrotechnical 
Commission.

IEC 60870	 Standards for telecontrol and SCADA 
communications.

IEC 61850	 Standards for communication in power 
utility automation.
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IEC 61968	 Focuses on integration at utilities for 
distribution management.

IEC 61970	 Provides interfaces for EMS and energy 
markets based on CIM.

IEC 62351	 Cybersecurity standards for power 
system communication protocols.

IED	 Intelligent Electronic Device: Performs 
protection, monitoring, and control tasks 
autonomously.

IEEE	 Institute of Electrical and Electronics 
Engineers.

IIoT	 Industrial Internet of Things.

IMS	 Incident Management Systems.

IoT	 Internet of Things: Connects grid 
components, devices, and sensors for 
smart operations.

IP	 Internet Protocol.

IPV4/IPV6	 Internet Protocol versions.

ISMS	 Information Security Management 
System.

ISO	 International Organization for 
Standardization.

KEBS	 Kenya Bureau of Standards.

LAN	 Local Area Network: Networks for 
communication in localized areas like 
substations.

LNs	 Logical Nodes.

LTC	 Load Tap Changer.

MFA	 Multi-Factor Authentication.

ML	 Machine Learning.

MMS	 Manufacturing Message Specification.

MPLS	 Multiprotocol Label Switching: 
Networking technology for efficient data 
routing.

MU	 Merging Unit.

NTP/SNTP	 Network Time Protocol/Simple NTP.

NGO	 Non-Governmental Organization.

NTCSA	 National Transmission Company of South 
Africa.

OFDM	 Orthogonal Frequency Division 
Multiplexing.

OpenADR	 Open Automated Demand Response.

OMS	 Outage Management System: Tracks and 
resolves power outages.

OPC UA	 Open Platform Communications Unified 
Architecture.

OSI	 Open Systems Interconnection.

OTA	 Over-the-Air updates.

PIS	 Process Information System.

PLCs	 Programmable Logic Controllers: Execute 
control logic for grid automation tasks.

PLCC	 Power Line Carrier Communication.

PMU	 Phasor Measurement Unit: Devices 
measuring waveforms for real-time grid 
stability.

PPP	 Public-Private Partnership.

PRP	 Parallel Redundancy Protocol: Ensures 
communication reliability by duplicating 
data paths.

PSA	 Power Systems Automation.

PTB	 Physikalisch-Technische Bundesanstalt 
(Germany’s National Metrology Institute).

RECs	 Regional Economic Communities.

RTU	 Remote Terminal Unit: Collects field data 
and communicates with SCADA systems.

SAPP	 Southern African Power Pool.

SAT	 Site Acceptance Testing.

SCADA	 Supervisory Control and Data Acquisition: 
Centralized systems for real-time grid 
monitoring and control.

SDGs	 Sustainable Development Goals.

SCL	 Substation Configuration Language.

SNTP	 Simple Network Time Protocol.

STP	 Spanning Tree Protocol.

SV	 Sampled Values.

TCP/TCP/IP	Transmission Control Protocol.

TCN	 Transmission Company of Nigeria.

UDP	 User Datagram Protocol.

UHF/VHF	 Ultra-High Frequency/Very High 
Frequency.

VPP	 Virtual Power Plant: Aggregates 
distributed energy resources to operate 
as a single power entity.

WAMS	 Wide Area Monitoring Systems: Monitors 
grid stability using synchronized phasor 
data.

WAN	 Wide Area Network.

WiMAX	 Worldwide Interoperability for Microwave 
Access: Wireless technology for high-
speed grid communication.

XML	 Extensible Markup Language.

Zigbee	 Low-power wireless protocol for IoT-
based energy management.
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