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T
THE URGENT NEED FOR A SIG­
nificant ­reduction of greenhouse emis­
sions (around 50% by 2030 and net 
zero by 2050) is driving an accelera­
tion of major technological upgrades 
in electrical power systems. This is 
gradually translating into new archi­
tectures of transmission and distribu­
tion networks. Ideally, the upgraded 
networks enable the technoeconomic, 
reliable, and environmentally friendly 
deployment of a high share of emerg­
ing technologies, primarily based on 
power electronic converters. Such 
major upgrades occur in renewable 
power generation, responsive demand 
(including data centers and electrolysis 
plants), electrical and nonelectrical en­
ergy conversion and storage, and flex­
ible compensation devices.

Engineers and researchers worldwide 
face unprecedented operating conditions 
arising in the progressively upgraded 
high-voltage direct current–high-voltage 
alternating current (HVdc–HVac) net­
works. Understanding the nature of such 
conditions and their relation with chang­
ing properties over different time scales 
constitutes a major challenge. Differ­
ent new approaches are being proposed 
to improve or replace existing methods 
for applications in energy management 
systems, including off-line/real-time 
model tuning, off-line/real-time simu­
lation-based stability assessment, and 
real-time measurement-based stability 

assessment. This is being done to sup­
port the trustworthy analysis and effec­
tive mitigation of undesirable threats that 
jeopardize compliance with steady-state 
and dynamic stability criteria.

This special issue focuses on the 
“wide-area” (WA) concept, which utiliz­
es synchronized measurements, such as 
phasor measurement units (PMUs) and 
waveform measurement units for vari­
ous advanced applications, including 
monitoring-focused (WAMS) applica­
tions; control-focused applications; and 
comprehensive monitoring, protection, 
and control (WAMPAC) applications. 
The aforementioned WA applications 
have undergone significant advance­
ments in both theoretical design and 
practical implementations to overcome 
widely recognized resiliency challenges 
related to factors such as data accuracy, 
synchrony, time-variant and fast chang­
ing multiconverter dynamics, and the 
nondeterministic nature and latency of 
modern communication infrastructure. 
Hence, the eight articles in this special 
issue provide an overview and discuss 
recent important developments, trends, 
and real-world experiences related to 
the implementation and uses of differ­
ent WA applications.

The definition of practical road­
maps for the adoption and deployment 
of prioritized WA applications in ac­
tive distribution systems is thoroughly 
discussed in [A1]. These roadmaps 
comprehensively take into account 
diverse technoeconomic objectives, 

which are pragmatically framed within 
utility-specific technical requirements, 
in addition to operational and devel­
opmental challenges.

Different recent experiences in 
systems from different continents, 
each with unique steady-state and 
dynamic properties and operational 
challenges, are addressed in the subse­
quent articles. To illustrate the diverse 
practical challenges that have been 
identified and resolved, selected ex­
amples are provided.

The multitool based collabora­
tive centralized analysis frameworks 
developed for the Indian system are 
covered in [A2]. They were created to 
address various practical implementa­
tion challenges, which concern the use 
of WAMS data for locating and char­
acterizing single or multiple excited 
dynamic phenomena (e.g., electrome­
chanical oscillations) caused by differ­
ent types of disturbances.

WA measurement-supported state 
estimation in the Malaysian system 
is presented in [A3], highlighting 
­breakthroughs in handling measure­
ment errors, network topology chang­
es, and system uncertainties. 

The integration of off-line and re­
al-time analysis tools with data from 
the WA measurements and the com­
munication infrastructure of the Ec­
uadorian power system is discussed in 
[A4]. The implementation and testing 
of big data analytics and artificial 
intelligence-based applications are 
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described for various tasks related 
to the Ecuadorian WAMPAC. These 
capabilities have led to significant 
enhancements in operational security 
for real-time operation and short-term 
operational planning.

The rationale for an emerging tech­
nology related to synchro-waveform 
measurements is provided in [A5], 
reflecting on its potential benefits, 
main drawbacks, and improvements 
for significantly enhanced capabilities 
of WA applications in converter-dom­
inated electrical networks.

The development and testing of 
novel WAMPAC services in the Hel­
lenic system are outlined in [A6], high­
lighting significant improvements in 
the system performance through the 
effective management of controllable 
assets. This supports, for instance, 
the achievement of healthy voltage 
profiles, timely damping of critical 
low-frequency oscillations, adaptive 
deployment of dynamic line rating, and 
timely detection of risks related to loss 
of synchronism.

The value of the WA concept from 
the perspective of extra-high-voltage 
transmission network expansion, in the 
context of accelerated energy transition 
in Brazil, is insightfully discussed in 
[A7]. As a proof of concept, it demon­
strates how time-synchronized ­control 
can be incorporated into the outer con­
trol loops of the converter stations of 
HVdc transmission systems to opti­
mally manage power transfers, achieve 
significant reduction of losses, and 
mitigate the adverse impacts of loop 
power flows.

Finally, a network-based concept for 
time synchronization in a South Korean 
system is presented in [A8]. This article 
highlights improvements in the reli­
ability of PMU measurements achieved 
through the use of atomic clocks syn­
chronized with a country’s national 
standard time via optical cables. 
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