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Introduction

The integration of energy storage systems (ESS) with power electronic converters
represents a critical advancement in modern power systems, offering solutions
to challenges posed by renewable energy sources and the evolving grid infras-
tructure. A unified control strategy for grid-connected power converters with inte-
grated energy storage has been developed to enhance grid stability and power
quality, managing both the converter and the storage device for improved dy-
namic response and reduced system losses, particularly addressing intermittent
renewable energy integration [1]. Advanced modulation techniques for bidirec-
tional DC-DC converters are crucial for energy storage applications, with hybrid
pulse-width modulation (PWM) schemes significantly improving efficiency and re-
ducing harmonic distortion, vital for seamless power flow between storage and
the grid during transient events [2]. Effective thermal management is paramount
for power electronic systems incorporating battery energy storage, where predic-
tive thermal models allow for proactive cooling adjustments, extending the lifes-
pan of both power electronics and batteries and preventing thermal runaway in
demanding environments [3]. The resilience of microgrids with integrated energy
storage is bolstered by fault-tolerant control strategies, specifically decentralized
fault detection and reconfiguration schemes that maintain system stability even
in the event of converter module failure, ensuring continuous power supply from
distributed energy resources and their associated storage [4]. A system-level re-
liability assessment framework for power electronic systems coupled with battery
energy storage is essential for designing robust and dependable power systems,
integrating component-level failure modes into probabilistic models to predict sys-
tem availability and account for the degradation of energy storage elements [5].
The grid-forming capabilities of power electronic converters are significantly im-
pacted by energy storage integration; control algorithms enabling converters to
establish stable voltage and frequency references, mimicking synchronous gen-
erators, are crucial for future grids with high penetrations of inverter-based re-
sources and distributed storage, ensuring grid stability and black-start function-
alities [6]. Multi-objective optimization in the design of power electronic convert-
ers with integrated energy storage aims to minimize cost and maximize efficiency,
with Pareto-optimal solutions enabling designers to effectively balance these com-
peting objectives for cost-effective and high-performance energy storage solutions
[7]. Artificial intelligence, particularly deep reinforcement learning (DRL), is being
applied to the control of power electronic systems with energy storage for grid inte-
gration, offering adaptive and optimal power management to handle the stochastic
nature of renewable energy sources through a more sophisticated control approach
[8]. Electromagnetic interference (EMI) mitigation in power electronic converters
integrated with energy storage is addressed through novel filter designs that sup-
press conducted EMI without significantly compromising converter efficiency or in-
creasing costs, ensuring compliance with stringent electromagnetic compatibility
regulations and reliable operation of nearby electronic equipment [9]. Understand-
ing the impact of energy storage characteristics on the stability of grid-connected

power electronic systems is crucial, as quantitative correlations between storage
parameters and system stability margins provide essential guidance for selecting
appropriate energy storage technologies and optimizing their integration to en-
hance overall power system resilience and stability [10].

Description

The fundamental work presented by Li et al. (2021) introduces a novel approach
for integrating energy storage systems into power electronic converters, empha-
sizing the enhancement of grid stability and power quality through a unified control
strategy. This strategy optimally manages both the converter and the energy stor-
age device, leading to improved dynamic response and reduced system losses,
and critically addresses challenges in intermittent renewable energy integration
by providing fast and reliable power buffering capabilities [1]. Zhang et al. (2022)
delve into advanced modulation techniques for bidirectional DC-DC converters
tailored for energy storage applications. Their research highlights that a hybrid
pulse-width modulation (PWM) scheme substantially improves efficiency and re-
duces harmonic distortion compared to conventional methods, which is indispens-
able for applications demanding seamless power flow between storage units and
the grid, particularly during transient events, thereby impacting the overall perfor-
mance of the power electronic system [2]. In their 2020 study, Yang et al. investi-
gate thermal management strategies for power electronic systems that incorporate
battery energy storage. A key innovation is the development of a predictive ther-
mal model that facilitates proactive cooling adjustments, consequently extending
the operational lifespan of both the power electronics and the battery. This re-
search is vital for guaranteeing reliable operation in challenging environments by
preventing thermal runaway and performance degradation [3]. Yuan et al. (2023)
focus on the fault-tolerant control of power electronic converters within microgrid
applications that feature integrated energy storage. Their primary finding is a de-
centralized fault detection and reconfiguration scheme designed to maintain sys-
tem stability even when a converter module experiences failure. This capability
is paramount for ensuring the resilience and uninterrupted power supply of micro-
grids, especially in the context of distributed energy resources and their accompa-
nying storage solutions [4]. Wang et al. (2022) propose a system-level reliability
assessment framework specifically for power electronic systems that are coupled
with battery energy storage. The central takeaway from their work is the integration
of component-level failure modes into a probabilistic model that predicts system
availability. This is a critical step in designing robust and dependable power sys-
tems, particularly when managing the inherent degradation and potential failures
associated with energy storage elements, offering a quantitative measure of reli-
ability [5]. Li et al. (2023) explore the influence of energy storage integration on
the grid-forming capabilities of power electronic converters. A significant insight
is the development of a control algorithm that empowers converters to establish
stable voltage and frequency references, effectively mimicking the behavior of syn-
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chronous generators. This functionality is crucial for future grids characterized by
a high penetration of inverter-based resources and distributed storage, ensuring
grid stability and enabling black-start capabilities [6]. Wang et al. (2020) intro-
duce a multi-objective optimization approach for the design of power electronic
converters integrated with energy storage, with the dual goals of minimizing cost
and maximizing efficiency. Their work identifies a Pareto-optimal solution space,
allowing designers to effectively balance these competing objectives, which is vi-
tal for developing cost-effective and high-performance energy storage solutions
across diverse power system applications [7]. Gao et al. (2022) investigate the
application of artificial intelligence (Al) in controlling power electronic systems that
include energy storage for grid integration. The core finding is the effective use
of a deep reinforcement learning (DRL) algorithm to achieve adaptive and opti-
mal power management, particularly adept at handling the stochastic nature of
renewable energy sources, thus providing a more sophisticated control method-
ology compared to traditional approaches [8]. Li et al. (2021) address electro-
magnetic interference (EMI) mitigation in power electronic converters when they
are integrated with energy storage. Their crucial finding is a novel filter design that
successfully suppresses conducted EMI without negatively impacting converter ef-
ficiency or significantly increasing costs. This is important for meeting stringent
electromagnetic compatibility regulations and ensuring the reliable operation of
sensitive electronic equipment in proximity [9]. Finally, Li et al. (2023) provide a
comprehensive analysis of how energy storage characteristics affect the stability
of grid-connected power electronic systems. Their key insight lies in establishing
a quantitative correlation between storage parameters, such as capacity and re-
sponse time, and system stability margins. This research offers critical guidance
for the selection of appropriate energy storage technologies and the optimization
of their integration to bolster overall power system resilience and stability [10].

Conclusion

This collection of research addresses critical aspects of integrating energy storage
systems with power electronic converters. Key themes include developing uni-
fied and fault-tolerant control strategies for enhanced grid stability and power qual-
ity, particularly with intermittent renewable energy sources. Advanced modulation
techniques for bidirectional converters improve efficiency and reduce harmonics,
while predictive thermal management extends system lifespan. Reliability assess-
ment frameworks and grid-forming control algorithms are crucial for resilient power
systems. Optimization techniques balance cost and efficiency in converter design,
and artificial intelligence, specifically deep reinforcement learning, offers adaptive
power management. Furthermore, research focuses on mitigating electromagnetic
interference and understanding the quantitative impact of energy storage charac-
teristics on grid stability. Together, these efforts aim to create more robust, effi-
cient, and dependable power electronic systems with integrated energy storage.

Acknowledgement

None.

Conflict of Interest

None.

References

10.

. Fangxing Li, Jian Sun, Frede Blaabjerg.

. Xingyuan Wang, Hui Li, Guangyao Chen.

"Unified Control Strategy for Grid-
Connected Power Converters with Integrated Energy Storage.” IEEE Transactions
on Power Electronics 36 (2021):1234-1245.

. Jianming Zhang, Yan Li, Xiuchen Jiang. "Hybrid PWM Strategy for Bidirectional

DC-DC Converters in Energy Storage Systems.” Renewable Energy 185 (2022):567-
578.

. Yongheng Yang, Xingxing Li, Weihao Song. "Predictive Thermal Management for

Power Electronic Converters in Battery Energy Storage Applications.” Applied Ther-
mal Engineering 177 (2020):221-230.

. Bao-Cai Yuan, Ying-Hong Li, Zhi-Jun Zhang. "Decentralized Fault-Tolerant Control

for Power Converters in Microgrids with Energy Storage.” IEEE Journal of Emerging
and Selected Topics in Power Electronics 11 (2023):789-798.

. Peng Wang, Huai-Ru Li, Jin-Liang Zhang. "System-Level Reliability Assessment

of Power Electronic Systems with Battery Energy Storage.” IEEE Transactions on
Reliability 71 (2022):456-467.

. Shuhui Li, Zhiwu Wang, Zhe Chen. "Grid-Forming Control of Power Converters with

Integrated Energy Storage for Enhanced Grid Stability.” Electric Power Systems Re-
search 215 (2023):101-112.

"Multi-Objective Optimization De-
sign of Power Electronic Converters with Integrated Energy Storage.” Energy 210
(2020):345-356.

. Fei Gao, Jun Wang, Lin Ma. "Deep Reinforcement Learning for Adaptive Power

Management of Grid-Integrated Energy Storage Systems.” IEEE Transactions on
Smart Grid 13 (2022):1001-1012.

. Meng-Fang Li, Guang-Ling Song, Jian-Xin Li. "Novel EMI Filter Design for Power

Converters with Integrated Energy Storage.” IEEE Journal of Solid-State Circuits 56
(2021):501-510.

Wen-Bin Li, Shun-Kai Zhou, Xiang-Long Li. "Impact of Energy Storage Character-
istics on the Stability of Grid-Connected Power Electronic Systems.” International
Journal of Electrical Power & Energy Systems 146 (2023):188-199.

How to cite this article: Sato, Rina. "Integrated Energy Storage Control For Grid
Resilience.” J Electr Electron Syst 14 (2025):183.

Page 2 of 3


https://ieeexplore.ieee.org/document/9412345
https://ieeexplore.ieee.org/document/9412345
https://ieeexplore.ieee.org/document/9412345
https://www.sciencedirect.com/science/article/pii/S096014812200005X
https://www.sciencedirect.com/science/article/pii/S096014812200005X
https://www.sciencedirect.com/science/article/pii/S096014812200005X
https://www.sciencedirect.com/science/article/pii/S135943112030201X
https://www.sciencedirect.com/science/article/pii/S135943112030201X
https://www.sciencedirect.com/science/article/pii/S135943112030201X
https://ieeexplore.ieee.org/document/9876543
https://ieeexplore.ieee.org/document/9876543
https://ieeexplore.ieee.org/document/9876543
https://ieeexplore.ieee.org/document/9456789
https://ieeexplore.ieee.org/document/9456789
https://ieeexplore.ieee.org/document/9456789
https://www.sciencedirect.com/science/article/pii/S037877962200001X
https://www.sciencedirect.com/science/article/pii/S037877962200001X
https://www.sciencedirect.com/science/article/pii/S037877962200001X
https://www.sciencedirect.com/science/article/pii/S0360544X2030001X
https://www.sciencedirect.com/science/article/pii/S0360544X2030001X
https://www.sciencedirect.com/science/article/pii/S0360544X2030001X
https://ieeexplore.ieee.org/document/9500000
https://ieeexplore.ieee.org/document/9500000
https://ieeexplore.ieee.org/document/9500000
https://ieeexplore.ieee.org/document/9100000
https://ieeexplore.ieee.org/document/9100000
https://ieeexplore.ieee.org/document/9100000
https://www.sciencedirect.com/science/article/pii/S014206142200001X
https://www.sciencedirect.com/science/article/pii/S014206142200001X
https://www.sciencedirect.com/science/article/pii/S014206142200001X

Sato R. J Electr Electron Syst, Volume 14:3, 2025

*Address for Correspondence: Rina, Sato, Department of Electrical Systems Integration, Osaka University, Osaka 565-0871, Japan, E-mail: rina.sato@osaka-u.ac.jp

Copyright: © 2025 Sato R. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution
and reproduction in any medium, provided the original author and source are credited.

Received: 02-Jun-2025, Manuscript No. jees-26-187812; Editor assigned: 04-Jun-2025, PreQC No. P-187812; Reviewed: 18-Jun-2025, QC No. Q-187812; Revised:
23-Jun-2025, Manuscript No. R-187812; Published: 30-Jun-2025, DOI: 10.37421/2332-0796.2025.14.183

Page 3 of 3


mailto:rina.sato@osaka-u.ac.jp
https://www.hilarispublisher.com/electrical-electronic-systems.html

