
          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                        Volume: 08 Issue: 12 | Dec - 2024                           SJIF Rating: 8.448                                     ISSN: 2582-3930                                                                                                                                               

  

© 2024, IJSREM      | www.ijsrem.com                                                                                                                              |        Page 1 

 

Review Paper on Connecting High-Capacity Offshore Wind Turbines to Modular 

Multilevel Converters for Enhanced Energy Transfer 

 
  

Abstract - The integration of multi-megawatt offshore 

wind turbines with modular multilevel converters 

(MMCs) provides an efficient and scalable way to 

deliver long-term renewable energy. Offshore wind 

farms, which are often located far from the shore, face 

problems such as different energy sources and the need 

for high power transmission. MMCs, known for their 

design, provide better performance, fault tolerance, and 

reduced variability, making them ideal for use in high-

voltage direct current (HVDC) transmission. This paper 

examines how MMCs are used to influence offshore 

wind turbines, convert AC to DC power, and stabilize 

transmission to onshore grids. The system improves 

power quality, has good performance, and improves 

error-free operation, while advanced control strategies 

promote stable plans and black-start capabilities. 

Continuous research is aimed at improving reliability, 

improving control methods, and lower costs, placing 

MMC-based HVDC as a key technology for the 

development of Coastal winds. 
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I.  INTRODUCTION 

  

  In - Offshore wind energy has emerged as one of the 

fastest-growing renewable energy sources, driven by its 

ability to harness powerful and consistent wind speeds 

over ocean surfaces. With global capacity surpassing 60 

GW as of 2023, the offshore wind sector is poised for 

rapid expansion, with targets set to exceed 200 GW by 

2030, led by countries like China, the UK, and the 

United States. This growth has been fueled by 

significant technological advancements, particularly the 

development of larger wind turbines, with modern units 

now exceeding 12 MW in capacity. These advancements 

enable higher energy generation per turbine, making 

offshore wind farms an increasingly viable solution for 

meeting global energy demands. Additionally, offshore 

wind offers key advantages, including access  

to higher wind speeds and abundant space, allowing for 

large-scale installations that can operate with greater 

efficiency and reduced land-use conflicts compared to 

onshore wind farms. This introduction sets the stage for 

exploring the technological, economic, and 

environmental aspects of offshore wind energy as a 
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critical component of the global transition to clean 

energy. 

 The interfacing of multi-megawatt offshore wind 

turbines with modular multilevel converters (MMCs) 

enables efficient transmission of renewable energy from 

remote offshore locations to onshore grids. Offshore 

wind turbines generate alternating current (AC), which is 

converted to direct current (DC) by MMCs for high-

voltage direct current (HVDC) transmission, minimizing 

power losses over long distances. MMCs, known for 

their modularity and scalability, provide enhanced fault 

tolerance, improved power quality, and flexible control 

strategies to manage the fluctuating energy output from 

wind turbines. This integration ensures stable grid 

connections, supports reactive power control, and offers 

the ability for black-start operations. Research continues 

to focus on optimizing converter efficiency, reducing 

costs, and improving reliability, positioning MMC-based 

HVDC systems as a crucial technology for the large-

scale deployment of offshore wind energy. 

 2. LITERATURE REVIEW   

1. Control of Modular Multilevel Cascade Converters 

for Offshore Wind Energy Generation and 

Transmission byMatias Diaz, Felix Rojas 

The study focuses on the control of Modular Multilevel 

Cascade Converters (MMCC) for offshore wind energy 

generation and transmission. MMCCs are vital in 

efficiently converting and transmitting electrical power 

generated by offshore wind farms to the grid. The 

research addresses challenges such as voltage regulation, 

power quality, and grid stability. It proposes advanced 

control strategies to optimize the performance of 

MMCCs, enhancing their ability to manage fluctuations 

in wind energy output and ensuring reliable integration 

with the electrical grid. The findings suggest that 

effective control mechanisms can improve the overall 

efficiency and reliability of offshore wind energy 

systems, ultimately contributing to sustainable energy 

solutions. By leveraging these converters, the study 

highlights the potential for increased capacity and 

resilience in offshore wind energy transmission, paving 

the way for a more robust renewable energy 

infrastructure. 

 

 

2. Simulation of Wind Power Integration with 

Modular Multilevel Converter-Based High Voltage 

Direct Current Hua LI, Keqilao MENG*, Xiaoyan 

LI, Yufei PENG 

The paper explores the simulation of wind power 

integration using a Modular Multilevel Converter 

(MMC)-based High Voltage Direct Current (HVDC) 

system. The authors investigate the technical feasibility 

and performance of this integration method for 

enhancing the stability and efficiency of power 

transmission from offshore wind farms to the grid. 

Through simulation, the study analyzes key parameters 

such as voltage control, power flow management, and 

system response to disturbances. The findings indicate 

that MMC-based HVDC systems significantly improve 

the reliability and flexibility of wind power integration, 

effectively managing fluctuations in wind energy 

generation. The research concludes that this approach 

offers a promising solution for optimizing offshore wind 

energy transmission, ensuring seamless connectivity 

with existing power grids while supporting the growth of 

renewable energy sources. Overall, the study 

demonstrates the potential of MMC-based HVDC 

technology in facilitating the large-scale deployment of 

wind power. 

The paper by Popova et al. investigates the device 

loading of Modular Multilevel Converters (MMCs) in 

wind power applications. Focusing on the operational 

efficiency of MMCs, the authors analyze the thermal and 

electrical stresses experienced by the converter devices 

during various operating conditions. The study employs 

simulation methods to evaluate how different loading 

scenarios affect device performance and reliability. Key 

findings indicate that optimizing the loading conditions 

can enhance the overall efficiency and lifespan of 

MMCs used in wind energy systems. The research 

highlights the importance of understanding device 

loading characteristics to improve the design and 

operation of MMCs, ultimately supporting the 

integration of renewable energy sources into the grid. By 

addressing potential failure modes and suggesting 

strategies for optimal device loading, the paper 

contributes valuable insights for engineers and 

researchers working in the field of power electronics and 

renewable energy integration. 
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III. SYSTEM COMPONENTS OF OFFSHORE 

WIND ENERGY INTEGRATION 

 
Fig.1  MMCCs for offshore Wind Energy Generation 

and Transmission. 

 1. Wind Turbine: 

• Blades: The primary function of the turbine blades is 

to capture wind energy, converting it into rotational 

mechanical energy. As wind flows over the blades, it 

creates lift, causing them to rotate around a hub. 

• Gearbox (Optional): In some wind turbine designs, 

a gearbox is used to step up or down the rotational 

speed of the turbine blades to match the optimal speed 

requirements of the generator. However, many modern 

turbines utilize direct-drive systems that eliminate the 

need for a gearbox. 

• Generator: The generator converts the mechanical 

energy from the turbine into variable-frequency 

alternating current (AC) electrical power. Often, 

permanent magnet synchronous generators (PMSGs) are 

used due to their efficiency and performance in variable 

wind conditions. 

2. Power Converter (AC-DC): 

• Rectifier Stage: This component is crucial for 

converting the variable AC power generated by the wind 

turbine into direct current (DC). The rectifier typically 

uses diodes or thyristors to perform this conversion, 

enabling stable power transmission. 

• DC-Link: The DC-link serves as a smoothing 

component that stabilizes the DC power output. It helps 

to minimize voltage fluctuations and provides a buffer 

between the rectifier and the modular multilevel 

converter (MMC). 

3. Modular Multilevel Converter (MMC): 

• Submodules: The MMC consists of multiple 

interconnected converter submodules that operate at 

different voltage levels, ensuring smoother power 

conversion and improving the quality of the output 

waveform. 

• Control System: This system is essential for 

managing voltage balancing across the submodules, 

controlling power flow, and implementing fault 

management strategies to enhance reliability and 

performance. 

• HVDC Interface: The output stage of the MMC is 

responsible for transmitting high-voltage direct current 

(HVDC) to the shore, allowing for efficient long-

distance power transport. 

4. Transmission System: 

• HVDC Cables: These specialized cables transmit 

the converted DC power from the offshore platform to 

the onshore grid with minimal power loss, making them 

ideal for long-distance energy transmission. 

• Offshore Substation: An intermediate platform that 

houses control, protection, and communication 

equipment, the offshore substation plays a critical role in 

monitoring and managing power transmission from the 

wind farm to the onshore grid. 

5. Grid-Side MMC Inverter (DC-AC): 

• MMC Submodules (Inverter): At the onshore end, 

the inverter submodules reconvert the DC power back 

into grid-compatible AC power for distribution. This 

conversion is vital for integrating wind energy into the 

existing electrical grid. 

• Filter: To ensure that the output power is clean and 

suitable for grid integration, filters are employed to 

remove any high-frequency harmonics generated by the 

conversion process. 

• Transformer: A transformer steps up the voltage of 

the AC power to match the requirements of the grid for 

transmission, ensuring compatibility with the electrical 

infrastructure. 

6.  Onshore Grid: 

• The final component of the system, the onshore grid, 

integrates the power generated from the offshore wind 
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farm for distribution to consumers. This integration 

involves coordinating with other power sources and 

managing supply and demand to maintain grid stability 

and reliability. 

 III.I  MMC IN WIND ENERGY APPLICATIONS 

Modular multilevel converters (mmcs) offer numerous 

advantages in wind energy applications, particularly in 

offshore wind farms. one of the primary benefits is their 

high efficiency, as mmcs minimize power losses during 

the conversion of alternating current (ac) generated by 

wind turbines to direct current (dc) for high-voltage 

direct current (hvdc) transmission. this efficiency is 

critical for long-distance transmission from offshore 

farms to the mainland, where power losses can otherwise 

be significant. additionally, mmcs are scalable and 

modular, allowing wind farms to increase capacity by 

adding more converter submodules as needed, without 

requiring significant redesigns. this modularity also 

enhances fault tolerance—if a submodule fails, the 

system can bypass the fault and continue operating, 

which is crucial in remote offshore locations where 

maintenance is difficult and costly. 

MMCS also improve power quality by reducing 

harmonic distortion, ensuring smoother integration of 

wind power into the grid, and reducing the need for 

additional filtering equipment. their flexible control of 

both active and reactive power allows them to quickly 

respond to changes in wind speed, stabilizing the voltage 

and ensuring a steady power supply. this flexibility is 

especially important for hvdc transmission, which is 

often the preferred method for transmitting large 

amounts of energy over long distances from offshore 

wind farms. 

Moreover, mmcs offer black-start capabilities, 

meaning they can help restart the grid in case of a failure 

without relying on external power sources, enhancing 

grid resilience. their reduced maintenance costs also 

stem from their modular design, which allows individual 

components to be serviced or replaced without shutting 

down the entire system. lastly, mmcs support the 

integration of future energy systems, such as energy 

storage or smart grids, making them a versatile solution 

for the expanding renewable energy sector. overall, 

mmcs enable highly efficient, reliable, and flexible 

operation of offshore wind farms, making them essential 

for the continued growth and success of wind energy 

worldwide. 

IV. OBJECTIVES AND LIMITATIONS OF 

INTERFACING MULTI-MEGAWATT 

OFFSHORE WIND TURBINES WITH MODULAR 

MULTILEVEL CONVERTERS 

OBJECTIVE 

1. Efficient Energy Conversion:To facilitate the 

efficient conversion of variable-frequency AC power 

generated by multi-megawatt offshore wind turbines into 

stable direct current (DC) for high-voltage direct current 

(HVDC) transmission, thereby minimizing power losses. 

2. Seamless Integration with the Grid:To ensure the 

smooth reconversion of DC power back into grid-

compatible AC power, allowing for effective integration 

of offshore wind energy into existing electrical grids 

while maintaining grid stability and reliability. 

3. Enhanced Power Quality:To improve the quality of 

power delivered to the grid by utilizing modular 

multilevel converters (MMCs), which minimize 

harmonic distortion and voltage fluctuations through 

advanced control strategies. 

4. Scalability and Flexibility:To design an 

adaptable system that can easily scale with increasing 

turbine capacity and output, allowing for future 

expansions of offshore wind farms without significant 

redesigns. 

5. Fault Tolerance and Reliability: To implement a 

fault management system within the MMC that ensures 

continuous operation during component failures, 

enhancing the overall reliability of offshore wind energy 

systems. 

6. Support for Long-Distance Transmission: To 

provide an effective solution for transmitting power 

over long distances from offshore platforms to onshore 

grids, optimizing the use of HVDC cables to minimize 

transmission losses. 

7. Sustainability and Renewable Energy 

Integration:To contribute to the global transition 

towards sustainable energy sources by effectively 
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harnessing wind energy and facilitating its integration 

into the energy mix. 

LIMITATION 

1. Complexity of System Design:The interfacing of 

multi-megawatt offshore wind turbines with MMCs 

introduces complexity in system design and control, 

requiring sophisticated engineering and advanced control 

algorithms to manage the various components 

effectively. 

2. High Initial Costs:The installation and integration of 

MMCs and associated HVDC systems can be expensive, 

posing financial challenges for developers and investors, 

particularly in the early stages of offshore wind projects. 

3. Maintenance Challenges:Although MMCs offer 

modularity that simplifies maintenance, the offshore 

environment presents significant challenges in 

accessing components for repair or replacement, 

leading to potentially increased downtime and 

operational costs. 

4. Environmental Considerations:The installation of 

offshore wind farms and associated infrastructure may 

have environmental impacts on marine ecosystems, 

necessitating careful planning and regulatory 

compliance. 

5. Dependence on Weather Conditions: The 

generation of power from offshore wind turbines is 

inherently variable, dependent on wind conditions, 

which can lead to fluctuations in power output and 

complicate grid management. 

V.CONCLUSION 

The integration of multi-megawatt offshore wind 

turbines with modular multilevel converters (MMCs) 

represents a significant advancement in renewable 

energy technology, enabling the efficient and reliable 

transmission of wind-generated electricity to onshore 

grids. This approach addresses several critical challenges 

associated with offshore wind energy, such as power 

conversion, transmission losses, and grid integration. 

By utilizing MMCs, the system can achieve high 

efficiency in converting variable-frequency alternating 

current (AC) generated by wind turbines into stable 

high-voltage direct current (HVDC), thereby minimizing 

losses during long-distance transmission. The modular 

nature of MMCs not only allows for scalability to 

accommodate increasing turbine capacities but also 

enhances fault tolerance and simplifies maintenance, 

which is crucial in the challenging offshore environment. 
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