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Extended Abstract
Introduction

Tidal energy, a predictable and sustainable renewable source, offers significant potential for reducing dependence on
fossil fuels. However, scaling this technology for industrial deployment requires a thorough evaluation of its technical
and economic components, particularly tidal current turbines and their electrical generators. This review paper analyzes
recent advancements in tidal energy system design and performance, with a novel focus on the application of induction
switched reluctance generators. Findings reveal that by eliminating permanent magnets and incorporating rotor
windings, these generators reduce manufacturing costs while enhancing efficiency and torque output compared to
conventional switched reluctance machines and permanent magnet generators. These advantages position them as a
promising technology for integration into tidal current turbines. The paper also examines fault-tolerant control strategies
for sensor failures, operational distinctions between wind and tidal turbines, and technical challenges such as power grid
short-circuit faults. Finally, a comparative analysis of various turbo-generators is provided, presenting a practical
framework for selecting and optimizing technologies in the tidal energy sector.

Literature Scope and Selection

This study synthesizes findings from peer-reviewed journals, PhD theses, and technical reports published between 2018
and 2025. The selected literature encompasses comparative analyses of generator topologies, fault-tolerant control
strategies, and performance metrics under marine conditions.

Generator Classification

The reviewed tidal energy generators are classified into four primary types:

Permanent Magnet Synchronous Generators (PMSG)

Switched Reluctance Machines (SRM)

Induction Machines (IM)

Induction Switched Reluctance Machines (ISRM)

Each type is evaluated based on key criteria, including torque density, efficiency, manufacturing cost, fault tolerance,
and suitability for direct-drive tidal turbine applications.

ISRM Design Principles

The ISRM design eliminates the dependency on rare-earth magnets by incorporating windings into the rotor, thereby
enhancing magnetic flux control. This configuration offers dual advantages: a reduction in manufacturing costs and a
significant improvement in torque output. Finite Element Analysis (FEA) models were employed to simulate
electromagnetic behavior and assess mechanical stress under realistic tidal loading conditions.


mailto:h.saghafi@iau.ac.ir

Technical Strategies in Water Systems
https://sanad.iau.ir/journal/tsws

ISSN (Online): 2981-1449

Summer 2025: Vol 3, Issue 2, 191-215 s, gl
https://doi.org/10.82185/tsws.2025.1208603 “egios i\

SWUOCL

&
st ems

Results and Discussion

Simulations of tidal conditions demonstrated that ISRM generators achieve superior torque output and efficiency
compared to both conventional Switched Reluctance (SRM) and Permanent Magnet Synchronous Generators (PMSG).
The key performance findings are summarized as follows:

Torque Density: ISRM > SRM =~ PMSG

Efficiency: ISRM achieved peak efficiency of up to 92%, outperforming PMSG (88%) and SRM (85%).

Cost Reduction: The elimination of permanent magnets in ISRM designs reduces material costs by an estimated 30—
40%.

Despite these advantages, ISRM systems present specific challenges, including:

Complex control requirements to manage highly dynamic tidal flows.

Potential grid synchronization difficulties during post-fault recovery.

The study concludes with a detailed comparative table of generator types across multiple technical parameters. This
resource provides a practical framework for selecting and optimizing generator technology based on site-specific tidal
characteristics.

Conclusion

The marine current energy sector is undergoing a significant transformation driven by technological innovation. As a
clean and renewable resource, tidal energy presents considerable potential to displace fossil fuels. This study
contributes to this transition by evaluating and comparing the performance of key generator technologies—namely
induction machines, switched reluctance machines, permanent magnet synchronous generators, and induction switched
reluctance machines—while also addressing their associated technical challenges. The research scope encompasses an
analysis of marine current turbine design, integrated generator/flywheel storage systems, fault-tolerant sensor control
strategies for marine environments, and a comparative assessment of wind versus tidal turbine operational principles.
Realizing a sustainable energy future will necessitate continued investment in research, the advancement of technical
expertise, and strengthened collaboration among stakeholders to enable the effective integration of tidal energy into the
global energy mix.
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Fig 1. Capacity growth of tidal power plants (Renewable Energy World, 2024)
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Table 2. Global energy production and consumption with share of renewable sources (International Energy Agency,
2023; Renewable Energy World, 2024)
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Fig 3. Delta-stream unit including: main base frame, horizontal pipe, rock foot, turbine generator nacelle, turbine
blades, hydraulic yaw control system, and tower (end module) (Freeman et al., 2009)
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Fig 4. Schematic diagram of a tidal turbine system based on PMSG (Zhou et al., 2014; Carbon Trust, 2014)
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Fig 5. Schematic diagram of grid-connected marine current energy conversion system (Zhou et al., 2014)
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Fig 9. Efficiency comparison between ISRM and conventional switched reluctance machine at different output power
levels (Jazi et al., 2021)
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Fig 11. (a) Line-to-ground short circuit fault, (b) Line-to-line short circuit fault, (c) Line-to-line-to-ground short circuit
fault, (d) Three-phase short circuit fault (Benbouzid et al., 2015)
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