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1. Introduction

It is common sense that an intelligent administration of energy resources represents a
unique way to respect the environment and equally redistribute and reutilize resources.
In today’s energy systems, control and optimization techniques and algorithms play a
decisive role. In fact, energy optimization represents a crucial issue in smart-grid /micro-
grid energy flow, renewable energy, electrical and hybrid vehicles, as well as in traditional
engines, energy storage devices, electrical motors, and in any kind of actuator, including
alternative actuators.

In terms of energy, all of these systems, from the biggest to the smallest, play an
extremely important role. Any kinds of small motors and actuators (electrical, hydraulic,
pneumatic, etc.), which are devoted to the transformation of energy into movement because
of their widespread application, should be considered in this process of global, intelligent
energy optimization.

This Special Issue of Energies will explore the latest developments in intelligent control
algorithms and techniques dedicated to the optimal management of energy in the systems
listed above, or in any kind of system in which an algorithm or a technique plays a decisive
role in terms of energy optimization and performance. This Special Issue brings together
cutting-edge research on advanced control techniques aimed at improving the energy
efficiency of actuators, motors, and power generation systems. These technologies are
crucial to reducing energy consumption, enhancing system performance, and minimizing
environmental impact.

Recent announcements, such as the European Commission’s new Green Deal initia-
tives and updated emissions targets for 2030, underscore the urgency of developing smart
energy solutions. Likewise, the U.S. Department of Energy’s latest funding round for
Al-driven grid optimization tools highlights the growing investment in intelligent systems
that enhance energy reliability and efficiency.

The issue covers a diverse range of topics, including, but not limited to, model-based
control strategies, adaptive control, smart grid integration, and the application of artificial
intelligence in optimizing power output.

By providing insights into both theoretical advancements and practical implementa-
tion, this Special Issue aims to offer a comprehensive view of the latest developments in
the field. It is intended to foster collaboration among researchers, engineers, and practi-
tioners working towards the common goal of creating more energy-efficient, reliable, and
sustainable systems.
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2. Presentation of the Research Papers

Contribution 1 explores a low-cost silver-coated polyamide (PA6) as a thermorespon-
sive metal-polymer hybrid actuator. PA6’s properties are influenced by humidity and water
absorption, affecting mass, resistance, and surface morphology. The material’s resistance
dynamics are modeled using hysteresis, and a switching logic algorithm is introduced to
control the actuator force.

In 2, a multi-objective optimization model for large-scale wind power generation
planning is proposed, considering power flow, investment costs, and network loss. The im-
proved differential evolution (IDE) algorithm is used to calculate Pareto optimal solutions,
ranked by entropy weights and finalized with TOPSIS. The model is tested on China’s 2020
power grid, achieving optimized wind power integration.

Contribution 3 proposes a fault-tolerant control (FTC) scheme for a distributed high-
speed generator system to maintain operation despite four simultaneous generator faults.
The FTC consists of a baseline controller and a lower layer for fault diagnosis, tested
through simulations with various actuator faults.

Contribution 4 focuses on a model for wind turbines developed with direct-drive
permanent magnet synchronous generators, accounting for active power losses in power
system simulations. Analytical assessments and simulations validate the model, emphasiz-
ing the importance of active power losses in wind turbine control.

The applicability of tie-line bias control (TBC) in multi-area load frequency control
(LFC) systems is re-examined in 5. A new LFC mode is proposed for ring networks where
TBC is unsuitable, guiding future LFC designs for complex topologies.

Contribution 6 introduces a new power control scheme for multi-terminal low-
frequency AC transmission systems using cycloconverters and virtual synchronous genera-
tor (VSG) control. The scheme eliminates the need for communication links for frequency
synchronization, and is tested with a two-phase LFAC system.

Contribution 7 shows a hybrid propulsion system to reduce fuel consumption and
emissions in off-highway applications. A causal optimization-based power management
algorithm is introduced to optimize power split in hybrid powertrains. Simulations show
the algorithm'’s potential to reduce fuel consumption in a diesel multiple-unit train.

In 8, a new fault-tolerant control strategy for a five-phase permanent-magnet vernier
(FT-PMV) machine under short-circuit faults is proposed. The strategy minimizes torque
ripple and compensates for faults using remedial currents. Simulations and experiments
validate its effectiveness.

Contribution 9 defines a method for determining reserve margins in power systems
based on short-term reliability of balance. Cost analysis compares this method with
conventional approaches, showing greater reliability and efficiency, particularly for wind
power generation.

The compound-structure permanent-magnet (CSPM) motor for hybrid electric ve-
hicles (HEVs) is studied in 10. Magnetic coupling and design parameters are optimized
using finite element analysis, leading to a proposed decoupling scheme for improved
HEYV performance.

In 11, a new power system operation model incorporates the output characteristics of
wind and solar power generation. The model, tested on China’s Northwest power grid,
optimizes the integration of large-scale new energy power generation (NEPG).

A feedback linearization controller for a doubly-fed induction generator-based wind
turbine is proposed in 12. The controller ensures system stability and track-desired states,
and is validated by simulation results.

In Contribution 13, the impact of curtailment on the capacity factors of wind and solar
power in Germany’s renewable energy system is studied. Simulation results show that
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curtailment significantly reduces capacity factors, emphasizing the need for enhanced the
transmission infrastructure.

In Contribution 14, an adaptive variable-rated sliding mode controller (ASMC) is
designed for Bearingless Induction Motors (BIM) to improve performance under large
disturbances. Simulations and experiments demonstrate reduced chattering and improved
dynamic performance.

In Contribution 15, two optimization frameworks for hybrid vehicle design are com-
pared: nested optimization and enhanced iterative optimization. The iterative approach,
applied to a hybrid electric bus, is more computationally efficient and robust compared to
varying parameters.

Contribution 16 presents a 3D blade redesign for a five-stage axial compressor using
multi-stage CFD methods. The redesign improves stall margin by 13% while maintaining
efficiency, which is validated through aerodynamic analysis.

In Contribution 17, a steady-state identification method and optimization scheme
for electric variable-pitch propellers in quadrotors are proposed. This method improves
endurance and positioning accuracy, and is validated through experimental results.

In 18 a new framework for designing offshore wind farms (OWFs) optimizes layout
and electrical infrastructure simultaneously, considering trade-offs like wake losses and
collection system length. The framework, applied to the Dutch Borssele area, shows
potential for cost savings and more efficient designs.

3. Conclusions

In conclusion, the efficient and intelligent management of energy resources is integral
for achieving sustainability and optimizing the performance of modern systems. As we
continue to integrate diverse technologies such as smart grids, renewable energy, electric
vehicles, and various actuators, the role of advanced control and optimization algorithms
becomes increasingly critical. By enhancing energy utilization across a wide spectrum of
applications—from small motors to large-scale systems—we can reduce waste, improve
efficiency, and foster a more sustainable future. This Special Issue aims to highlight the
cutting-edge research and innovations in intelligent energy-efficient systems that benefit
both the environment and society. Moreover, it presents a wide variety of research papers
that highlight the central importance of energy-related issues in defining control in all
possible systems.
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