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Voltage control is facing new challenges in the context of smart
grids. The first challenge comes from rapidly fluctuating voltages
that are due to the uncertain and variable nature of renewable
energies which are increasingly integrated into smart grids. It is
important to mitigate the voltage fluctuation; otherwise voltage
violations and even cascading tripping of wind turbines may occur.
Another challenge results from the fact that more high voltage
direct current (HVDC) lines are paralleled with high voltage
alternating current (HVAC) lines and fed into load centres. This
new network configuration may lead to voltage stability issues,
especially when there is a fault on the DC side. The third challenge
lies in the voltage control demand in micro-grids, especially when
they are working in an islanded mode.

This Special Issue on Smart Grid Voltage Control contains 11
high-quality papers that are relevant to several important topics in
the voltage control, such as reactive power optimization for wind
and HVDC, voltage control for active distribution grids and micro-
grids, voltage control with demand side management, stability
issues in the voltage control and field applications of voltage
control systems.

 Reactive power optimization for wind and HVDC
Wind power has a strong stochastic nature that should be
considered in the reactive power optimization. The paper Solution
of Reactive Power Optimization Including Interval Uncertainty
Using Genetic Algorithm by Cong Zhang et al. considers the
uncertainty in the input data of a power system and designs a
genetic algorithm based solution to an uncertain bi-objective
reactive power optimization. The Pareto front was established as
the solution. In comparison with the chance-constrained
programming method, this method is more efficient.

As for the HVDC integration, the paper Second Order Cone
Programming (SOCP) Relaxation Based Optimal Power Flow with
Hybrid VSC-HVDC Transmission and Active Distribution by Tao
Ding et al. develops an OPF model with the hybrid voltage-source
converter (VSC)-HVDC transmission and active distribution
networks to optimally schedule the generation output and voltage
regulation of both networks. A second-order cone programming
(SOCP) relaxation approach is applied for an efficient solution.

Moreover, optimal sizing of reactive sources can further
improve the effect of reactive power optimisation. The paper
Optimisation of Dynamic Reactive Power Sources Using Mesh
Adaptive Direct Search by Weihong Huang et al. proposes a new
approach for solving an optimal sizing of dynamic reactive power
sources by using the mesh adaptive direct search algorithm
interfaced with a power system simulator. Both a single
contingency and multiple contingencies are considered in this
method.

 Voltage control for micro-grids
Islanded micro-grid voltage and frequency control is very
important for the grid operation. The paper Decentralised
Secondary Voltage and Frequency Control Scheme for Islanded
Microgrid Based on Adaptive State Estimator by Guannan Luo et
al. proposes a decentralised secondary voltage and frequency
control based on the state estimation principle and cooperative
strategy in an islanded microgrid. The proposed secondary control

is implemented in a fully decentralised structure such that each
distributed generation requires its own information only.

DC micro-grids propagate in parallel with AC micro-grid
development. The paper Energy Management in DC Microgrid
with Energy Storage and Model Predictive Controlled AC-DC
Converter by Md Rana proposes effective energy management and
model predictive controller control techniques for a photovoltaic-
based DC microgrid. The real-time controller hardware-in-the-loop
experiment validates the effectiveness of the proposed control
strategy for energy management in the microgrid.

 Voltage control with demand side management
Direct and indirect control both can be used in the demand side
management. The paper Switching Model Analysis and
Implementation of Electric Spring for Voltage Regulation in Smart
Grids by Mohammad Abido proposes a new switching model for
steady-state and dynamic analysis of an electric spring to make a
better utilization of demand side resources in voltage regulation.
Hardware-in-loop simulation results have validated the proposed
controller design approach to enhance greatly the reliability of the
distribution network considered.

For the indirect control, the paper Multi-Agent Transactive
Energy Management System Considering High Levels of
Renewable Energy Source and Electric Vehicles by Divsheli
Hasanpor presents a real-time pricing based on Cournot oligopoly
competition model to indirectly control demand and supply in the
presence of high levels of renewable energy sources (RESs) and
electric vehicles (EVs) to compensate RESs' fluctuations in
addition to satisfying voltage regulation constraints.

 Stability issues in the voltage control
The paper Voltage Stability Analysis in Radial Smart Distribution
Grids by Hamdi Abdi et al. presents two novel fast voltage
stability indices (VSIs) applicable to the radial distribution smart
grids (SGs) based on the real-time measured voltage data only. The
comparison results demonstrate that the proposed VSIs are fast and
effective to identify the most sensitive node of the radial grids to
the voltage collapse.

The paper Measurement-based Voltage Stability Assessment for
Load Areas Addressing n-1 Contingencies by Kai Sun et al. utilizes
real-time synchro-phasor measurements on N boundary buses and
online state estimation on the load area to estimate the voltage
stability margin of power transfer to each boundary bus under an
anticipated N − 1 condition. Its effect is demonstrated on a
Northeast Power Coordinating Council 48-machine, 140-bus power
system.

The paper Mode Identification of Low Frequency Oscillations
in Power Systems Based on Fourth Order Mixed Mean Cumulant
and Improved TLS-ESPRIT Algorithm by Tao Jin et al. proposes a
method to identify the low-frequency oscillation modes of a single-
channel measurement of the power system based on the
combination of the fourth-order mixed mean cumulant and the
improved total least square-estimation parameter space rotation
invariant technique (TLS-ESPRIT). The simulation results show
that the proposed method has better anti-noise performance and
higher accuracy of fitting than other methods reported in literature.
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 Field applications of voltage control systems
The paper Balancing Distribution Systems with Three-phase Active
Front End Rectifiers: Field Experiment Results by Philip Douglass
describes field tests of alternative methods to control three-phase
active rectifiers to reduce voltage unbalance in low-voltage (LV)
distribution systems. The tests show that per-phase control of
active power of two residential loads can significantly reduce
unbalance throughout an LV feeder.

 Summary/Conclusion
All of the papers selected for this Special Issue show a deep
understanding of the emerging voltage problems, and more
importantly, the development of more advanced voltage control
methods for both transmission and distribution grids. We believe
that this Special Issue will provide readers with new theories,
technologies and field tests for the smart grid voltage control.
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