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Abstract: Tidal wave energy is a promising source of renewable energy, offering a 

predictable and consistent power generation potential. However, the efficiency and reliability 

of tidal wave power generation systems depend on various factors, including the design of the 

system, the site selection, and the control strategies employed. In recent years, the integration 

of Internet of Things (IoT) technologies has emerged as a promising approach to optimize 

tidal wave power generation systems. This review article provides a comprehensive overview 

of the recent advancements in the optimization of tidal wave power generation using IoT 

technologies. 

Keywords: Tidal wave energy, IoT, optimization, monitoring, control systems, site selection, 

resource assessment, design optimization, data analytics, decision support systems. 

1. Introduction 

 

1.1 Overview of tidal wave power generation 
Tidal wave power generation harnesses the kinetic energy of ocean tides to produce 

electricity. Tides are predictable and reliable, making tidal energy a promising source of 

renewable energy. Tidal power can be generated using various technologies, including tidal 

stream generators, tidal barrage systems, and tidal lagoon systems. Tidal stream generators, 

which resemble underwater wind turbines, are the most common technology used to harness 

tidal energy. These turbines are placed in areas with strong tidal currents, where they capture 

the energy of moving water and convert it into electricity. Tidal barrage systems use the 

potential energy of the water stored behind a dam, while tidal lagoon systems utilize the 

natural rise and fall of water in coastal lagoons. Tidal wave power generation offers 

numerous advantages, including predictability, high energy density, and minimal 

environmental impact. However, challenges such as high upfront costs, limited site 
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availability, and environmental concerns need to be addressed to realize its full potential. 

Importance of optimization in tidal wave power generation. 

 

1.2 Importance of optimization in tidal wave power generation 
Optimization is crucial in tidal wave power generation to maximize energy output, improve 

efficiency, and ensure the economic viability of tidal energy projects. By optimizing various 

aspects such as device design, site selection, control strategies, and maintenance procedures, 

the overall performance of tidal wave power generation systems can be significantly 

enhanced. Optimization helps in maximizing the capture of tidal energy, reducing operational 

costs, and increasing the reliability and lifespan of tidal energy devices. Additionally, 

optimization contributes to minimizing the environmental impact of tidal energy projects by 

ensuring efficient use of marine resources and reducing the disruption to marine ecosystems. 

 

1.3 Role of IoT in optimizing tidal wave power generation 
The Internet of Things (IoT) plays a crucial role in optimizing tidal wave power generation 

by providing real-time monitoring, control, and data analytics capabilities. IoT-enabled 

sensors installed on tidal energy devices continuously collect data on tidal conditions, energy 

production, and equipment performance. This data is then transmitted to a central control 

system, where it is analyzed to optimize power generation efficiency, predict maintenance 

needs, and identify potential issues. IoT technology enables remote monitoring and control of 

tidal energy systems, allowing operators to make real-time adjustments to maximize energy 

production and ensure system reliability. Additionally, IoT-based predictive analytics help in 

identifying trends and patterns in the data, enabling proactive maintenance and reducing 

downtime. Overall, IoT enhances the performance, efficiency, and reliability of tidal wave 

power generation systems, making them more cost-effective and sustainable.IoT-enabled 

Monitoring and Control Systems 

 

2. IoT-enabled Monitoring and Control Systems 
 

2.1  Real-time monitoring of tidal wave parameters 

Real-time monitoring of tidal wave parameters Real-time monitoring of tidal wave parameters is 

essential for optimizing tidal wave power generation systems. Internet of Things (IoT) technology 

enables the continuous monitoring of various parameters such as tidal current speed, water level, 

temperature, and turbine performance. Sensors installed on tidal energy devices collect data on these 

parameters and transmit it wirelessly to a central control system. This real-time data allows operators 

to assess tidal conditions, track energy production, and identify any issues or anomalies. By analyzing 

this data, operators can optimize the operation of tidal wave power generation systems, maximize 

energy output, and ensure system reliability. Real-time monitoring also enables early detection of 

potential problems, allowing for prompt maintenance and minimizing downtime. 

 

2.2 Control strategies for maximizing power output 

 

Control strategies play a crucial role in maximizing power output from tidal wave power 

generation systems. Advanced control algorithms are used to optimize the operation of tidal 

energy devices and maximize energy capture from tidal currents. One common control 

strategy is the use of variable pitch or variable speed mechanisms to adjust the rotor blades of 

tidal turbines based on tidal flow conditions, thus maximizing power extraction efficiency. 

Additionally, predictive control algorithms are employed to anticipate changes in tidal flow 

and adjust turbine operation accordingly, ensuring optimal power generation. Furthermore, 

coordination and synchronization of multiple tidal energy devices within an array are 

essential for maximizing overall power output. 
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2.3 Predictive maintenance and fault detection 

 
Predictive maintenance and fault detection are essential aspects of optimizing tidal wave 

power generation systems. By using Internet of Things (IoT) technology, data from sensors 

installed on tidal energy devices can be analyzed in real-time to predict potential equipment 

failures and schedule maintenance activities accordingly. Predictive maintenance techniques, 

such as vibration analysis, temperature monitoring, and lubrication analysis, can help identify 

early signs of equipment degradation or malfunction, allowing for timely intervention and 

preventing costly downtime. Additionally, advanced fault detection algorithms can 

automatically detect and diagnose equipment faults, enabling rapid response and minimizing 

the impact on power generation. 

3 Site Selection and Resource Assessment 

 

3.1 Utilization of IoT for site characterization 
The utilization of Internet of Things (IoT) technology for site characterization in tidal wave 

power generation involves the deployment of sensors to collect real-time data on 

environmental conditions such as tidal currents, water depth, seabed topography, and marine 

life. These IoT-enabled sensors provide valuable information for assessing the suitability of 

potential sites for tidal energy projects. By continuously monitoring and analyzing 

environmental data, developers can identify sites with optimal tidal conditions for maximum 

energy extraction while minimizing environmental impact. Furthermore, IoT technology 

enables remote monitoring, allowing for the collection of data from remote or inaccessible 

locations, thus reducing the need for expensive and time-consuming site visits. 

 

3.2 Assessment of tidal resource potential 

 
Assessing tidal resource potential is crucial for identifying suitable locations for tidal wave 

power generation projects. IoT technology plays a vital role in this assessment by providing 

real-time data on tidal currents, water levels, and other relevant parameters. By analyzing this 

data, developers can determine the energy potential of a given site and assess its suitability 

for tidal energy projects. Various methods, including numerical modeling, bathymetric 

surveys, and environmental monitoring, are used to evaluate tidal resource potential. IoT-

enabled sensors installed at potential project sites continuously collect data, allowing for 

detailed analysis and accurate predictions of tidal energy production. This information helps 

developers make informed decisions about site selection and project planning, ultimately 

maximizing the efficiency and profitability of tidal wave power generation projects. 

 

3.3 Environmental monitoring and impact assessment 

 

Environmental monitoring and impact assessment are critical aspects of tidal wave power 

generation projects to ensure minimal ecological disturbance. IoT technology facilitates real-

time monitoring of environmental parameters such as water quality, marine life, and seabed 

habitat. By continuously collecting and analyzing this data, developers can assess the 

potential environmental impacts of tidal energy projects and implement mitigation measures 

as needed. IoT-enabled sensors provide valuable information for monitoring changes in water 

quality, detecting any adverse effects on marine life, and assessing the long-term 

environmental sustainability of tidal energy projects. Environmental impact assessments help 

ensure that tidal wave power generation projects are developed in an environmentally 
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responsible manner, minimizing harm to marine ecosystems and maximizing the overall 

sustainability of the project. 

4 Design Optimization of Tidal Wave Energy Converters 

 

4.1 IoT-based design optimization techniques 

 
IoT-based design optimization techniques play a crucial role in improving the efficiency and 

performance of tidal wave power generation systems. By integrating IoT technology into the 

design process, developers can gather real-time data on tidal conditions, equipment 

performance, and environmental factors. This data enables the optimization of various 

aspects of tidal energy device design, including blade shape, turbine size, and placement. 

Advanced computational models and optimization algorithms use this data to iteratively 

improve design parameters, maximizing energy capture and minimizing costs. Additionally, 

IoT-enabled sensors provide valuable feedback on equipment performance, allowing for 

continuous refinement and optimization throughout the design process. Overall, IoT-based 

design optimization techniques help developers create more efficient, reliable, and cost-

effective tidal wave power generation systems. 

 

4.2 Integration of IoT for improving efficiency and reliability 

 
The integration of Internet of Things (IoT) technology is instrumental in improving the 

efficiency and reliability of tidal wave power generation systems. By incorporating IoT-

enabled sensors and monitoring systems, real-time data on tidal conditions, equipment 

performance, and environmental factors can be continuously collected and analyzed. This 

data provides valuable insights into the operation of tidal energy devices, allowing for 

proactive maintenance, optimization of performance, and early detection of potential issues 

or faults. IoT technology enables remote monitoring and control of tidal energy systems, 

allowing operators to make timely adjustments to maximize energy output and ensure system 

reliability. Overall, the integration of IoT enhances the efficiency, reliability, and cost-

effectiveness of tidal wave power generation, making it a more sustainable and viable 

renewable energy solution. 

 

4.3 Case studies and examples 

 
Several case studies demonstrate the successful integration of IoT technology for optimizing 

tidal wave power generation. For instance, the European-funded DTOcean project developed 

a suite of design tools that utilize IoT data for optimizing the design and deployment of tidal 

energy devices. Additionally, the European Marine Energy Centre (EMEC) in Orkney, 

Scotland, has implemented IoT-enabled monitoring systems to assess the performance of 

tidal energy devices in real-world conditions. These case studies showcase how IoT 

technology can be used to improve the efficiency, reliability, and performance of tidal wave 

power generation systems, ultimately making them more cost-effective and sustainable. 

 

5 Data Analytics and Decision Support Systems 

 

5.1 Data-driven optimization approaches 

 

Data-driven optimization approaches are essential for maximizing the efficiency and 

performance of tidal wave power generation systems. By leveraging the vast amounts of data 

collected through IoT-enabled sensors, advanced optimization algorithms can be developed 
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to improve various aspects of tidal energy device operation. Machine learning techniques, 

such as neural networks and genetic algorithms, can analyze historical data on tidal 

conditions, equipment performance, and environmental factors to identify patterns and trends. 

This data-driven approach enables the development of predictive models that can optimize 

turbine operation, maintenance schedules, and energy output. By continuously analyzing real-

time data, these optimization algorithms can adapt to changing conditions and continuously 

improve the performance of tidal wave power generation systems. 

 

5.2 Machine learning and AI for predictive analytics 

 

Machine learning (ML) and artificial intelligence (AI) techniques are increasingly being used 

for predictive analytics in tidal wave power generation. By analyzing vast amounts of data 

collected from IoT-enabled sensors, ML and AI algorithms can identify patterns, correlations, 

and trends to make accurate predictions about tidal conditions, energy production, and 

equipment performance. For example, ML algorithms can predict tidal currents and water 

levels, allowing operators to optimize turbine operation and maximize energy output. AI-

based predictive maintenance algorithms can anticipate equipment failures and schedule 

maintenance activities to prevent costly downtime. Additionally, ML techniques can optimize 

control strategies for tidal energy devices, improving overall system efficiency and reliability. 

 

5.3 Decision support systems for optimal operation 

 
Decision support systems (DSS) are vital for the optimal operation of tidal wave power 

generation systems. By integrating data from IoT-enabled sensors with advanced analytics 

and optimization algorithms, DSS can provide real-time insights and recommendations to 

operators. These systems use historical and real-time data to forecast tidal conditions, predict 

energy production, and optimize turbine operation. DSS can also recommend maintenance 

schedules based on equipment performance and predicted failures, helping to minimize 

downtime and maximize system reliability. Additionally, DSS can assist in planning and 

scheduling operations, such as turbine deployment and retrieval, to optimize energy 

production and efficiency. 

 

6 Challenges and Future Directions 
 

6.1 Technological challenges and limitations 
 

Despite its potential, tidal wave power generation faces several technological challenges and 

limitations. One significant challenge is the harsh marine environment, which can cause 

corrosion, fouling, and mechanical stress on tidal energy devices, leading to decreased 

performance and reliability. Additionally, the high cost of installation, maintenance, and grid 

connection presents a significant barrier to the widespread adoption of tidal energy 

technology. Furthermore, limited site availability and competition with other marine 

activities, such as shipping and fishing, restrict the deployment of tidal energy devices in 

suitable locations. Moreover, the intermittent nature of tidal currents and the variability of 

tidal patterns pose challenges for consistent energy production. Addressing these 

technological challenges and limitations requires further research and development in areas 

such as material science, device design, and control strategies. 
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6.2 Regulatory and policy considerations 

 
Regulatory and policy considerations play a crucial role in the development and deployment 

of tidal wave power generation projects. One of the primary challenges is navigating complex 

regulatory frameworks and obtaining permits for project development. Environmental impact 

assessments, stakeholder consultations, and licensing requirements are often lengthy and 

expensive processes that can delay project implementation. Additionally, uncertainty 

surrounding government incentives, subsidies, and tariffs for tidal energy projects can impact 

investor confidence and project viability. Furthermore, the lack of standardized regulations 

and guidelines for tidal energy development hinders industry growth and innovation. To 

promote the growth of the tidal energy sector, policymakers need to establish clear and 

consistent regulatory frameworks, streamline permitting processes, and provide financial 

incentives and support for research and development. 

 

6.3 Future trends and research directions 

 
Future trends and research directions in tidal wave power generation focus on overcoming 

existing challenges and unlocking the full potential of this renewable energy source. One 

significant trend is the development of next-generation tidal energy technologies, including 

floating tidal platforms, innovative turbine designs, and modular systems. These technologies 

aim to reduce installation and maintenance costs, increase energy capture efficiency, and 

expand the range of suitable deployment sites. Additionally, there is growing interest in 

hybrid energy systems that combine tidal energy with other renewable energy sources, such 

as wind and solar, to provide a more stable and reliable power supply. Furthermore, 

advancements in predictive analytics, machine learning, and AI are expected to play a 

significant role in optimizing tidal energy system performance, improving reliability, and 

reducing operational costs. 

 

7 Conclusion 

This review article aims to provide researchers, engineers, and policymakers with a 

comprehensive understanding of the latest developments, challenges, and future directions in 

the optimization of tidal wave power generation using IoT technologies. 
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