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Marine microgrids, integrating renewable energy sources, 
represent a promising solution for providing sustainable and 
reliable power to isolated maritime environments. However, the 
variability and intermittency of these energy sources pose 
significant challenges for frequency stability and energy 
management.
This study proposes an advanced strategy for energy management 
and frequency control, combining wind turbines, hydraulic 
turbines, photovoltaic panels, fuel cells, and diesel generators with 
hybrid energy storage systems. These storage systems, including 
Superconducting Magnetic Energy Storage (SMESS), ultra-
capacitors (UC), and batteries, are designed to meet power and 
energy intensity needs while extending the battery lifespan [5].
Using optimized PIDN controllers and a filtration-based control 
method (FBC), this research explores four microgrid configurations 
to evaluate their performance in terms of frequency stability and 
efficient energy management. The results highlight the 
effectiveness of UC/battery [9] and SMESS/FC hybrid systems [2], 
underscoring their potential to enhance the resilience, 
sustainability, and longevity of marine microgrids. 

An advanced strategy for optimizing energy management and frequency control in marine 
microgrids was presented in this work. Four configurations were simulated to evaluate system 
performance. The results demonstrate that PIDN controllers and filtration-based management 
(FBC) enhance frequency stability. The integration of PV and SMES diversifies energy sources, 
requiring advanced management to maintain stability.The effectiveness of UC/battery and 
SMES/FC hybrid systems is shown, providing a sustainable solution for marine microgrids while 
extending battery life and reducing reliance on fossil fuels.
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Fig. 1 configuration of the studied marine hybrid PG/HESS.
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System Configuration

The configuration of the proposed marine microgrids, integrating renewable energy sources and hybrid 

energy storage devices, is shown in Fig. 1. This hybrid energy generation and storage system studied in this 

research includes the following components: [1] [3][7]

Net Power generated

Mathematical Models and Transfer Functions

PIDN controllers regulate the components of 

the microgrid for fast and precise responses

Management and Control Method

We use a filtration-based 

strategy [4] [8] to manage 

energy, distributing power 

among storage devices and 

reducing fluctuations.
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Block diagram of the studied marine HPG/HESS

[1]T. Senjyu, T. Nakaji, K. Uezato, and T. Funabashi, ‘A Hybrid Power System Using Alternative Energy Facilities in Isolated Island’, IEEE Trans. On Energy Conversion, vol. 20, no. 2, pp. 406–414, Jun. 2005, doi: 

10.1109/TEC.2004.837275.[2]P. G. Papageorgiou, K. O. Oureilidis, and G. C. Christoforidis, ‘A systematic review of hybrid superconducting magnetic/battery energy storage systems: Applications, control strategies, 

benefits, limitations and future prospects’, Renewable and Sustainable Energy Reviews, vol. 183, p. 113436, Sep. 2023, doi: 10.1016/j.rser.2023.113436.[3]L. Wang, D.-J. Lee, W.-J. Lee, and Z. Chen, ‘Analysis of a novel 

autonomous marine hybrid power generation/energy storage system with a high-voltage direct current link’, Journal of Power Sources, vol. 185, no. 2, pp. 1284–1292, Dec. 2008, doi: 

10.1016/j.jpowsour.2008.08.037.[4]G. A. Ramos and R. Costa-Castelló, ‘Energy Management Strategies for Hybrid Energy Storage Systems Based on Filter Control: Analysis and Comparison’, Electronics, vol. 11, no. 

10, p. 1631, May 2022, doi: 10.3390/electronics11101631.[5]S. R. and M. Kowsalya, ‘HESS-based microgrid control techniques empowered by artificial intelligence: A systematic review of grid-connected and 

standalone systems’, Journal of Energy Storage, vol. 84, p. 111012, Apr. 2024, doi: 10.1016/j.est.2024.111012.[6]X. Li, D. Hui, X. Lai, and T. Y, ‘Power Quality Control in Wind/Fuel Cell/Battery/Hydrogen Electrolyzer 

Hybrid Micro-grid Power System’, in Applications and Experiences of Quality Control, O. Ivanov, Ed., InTech, 2011. doi: 10.5772/14559.[7]D.-J. Lee and L. Wang, ‘Small-Signal Stability Analysis of an Autonomous Hybrid 

Renewable Energy Power Generation/Energy Storage System Part I: Time-Domain Simulations’, IEEE Trans. On Energy Conversion, vol. 23, no. 1, pp. 311–320, Mar. 2008, doi: 10.1109/TEC.2007.914309.[8]B. Liu, F. 

Zhuo, Y. Zhu, and H. Yi, ‘System Operation and Energy Management of a Renewable Energy-Based DC Micro-Grid for High Penetration Depth Application’, IEEE Trans. Smart Grid, vol. 6, no. 3, pp. 1147–1155, May 

2015, doi: 10.1109/TSG.2014.2374163.[9]A. Saha and L. C. Saikia, ‘Utilisation of ultra‐capacitor in load frequency control under restructured STPP‐thermal power systems using WOA optimised PIDN‐FOPD controller’, 

IET Generation, Transmission &amp; Distribution, vol. 11, no. 13, pp. 3318–3331, Sep. 2017, doi: 10.1049/iet-gtd.2017.0083.

Ph

1

2HS + D

LOAD 

MODEL

MG

KWETG

TWETG + 1

KUC

TUC + 1

KBATT

TBATT + 

1

KAQUA

TAQUA + 1

KSMESS

TSMESS + 1

KHVDC

THVDC + 1

KFC

TFC + 1

KWTG

TWTG + 

1

KPV

TPV + 1

KDEG

TDEG + 

1

∑

∑

∑
+

∑

∑

+
-

+

LPF1LPF2

PIDN

∑

-

-

PWETG

PWTG

𝜙

PAdj

Pl Pnet

PPV

PUC

PSMESS

PDEG

PBATT Ps

PLoad

PFC

0.6

0.4

1/R-

+
0

0.8 p.u

0

0.5 p.u

0

0.3 p.u

0

0.3 p.u

𝛽

Case 1: Basic Configuration, Sources:(WTG),(WETG), (FC),(UC), (Batt), (DEG)./Control: DEG: Primary(droop), secondary (PI)./UC ,Batt: On-Off control.

Case 2: Improved Control, Configuration Sources: Same as in Case 1.Control DEG: Primary(droop) and secondary control (PIDN). UC and Batt: PIDN.

Case 3: Addition of PV and SMESS, Configuration Sources: Addition of (PV) and SMESS in Case 2. Control: Same as in Case 2, PIDN also applied to SMESS.

Case 4: Advanced Management Strategy (FBC), Configuration, Sources: Same Case 3.Control: Using the FBC management strategy.

PIDN values
P=0.45
I=0.31
D=0.04
N=1.6

FBC values
LPF1:30sec
LPF2:3 mins
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