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            Abstract
          
        

        
          In response to the climate change, the development of renewable energy sources is actively underway, with particular emphasis on a clean energy. Offshore wind generation is gaining importance due to its minimal geographical constraints for large-scale wind farm construction and its lack of pollutant emissions. However, there is a notable shortage of specialized vocational training within the wind industry, which is insufficient compared to the expanding scale of the industry. This study aims to assess the current situation of vocational competency training and to identify the developmental stages of the wind industry. Additionally, it aims to analyze domestic and international offshore wind training programs for industry related vocational training. As a result of this study, the existing domestic existent circumstances of wind industry training was identified and the stage for the introduction to wind industry was confirmed. In addition, the competency curriculum was analyzed by comparing domestic and international wind industry training. Through this, basic data were prepared for the introduction an offshore wind industry training system aiming to improve the technical skills of workers. This study proposes strategies for competency training curriculum development and for an educational system introduction to support wind industry workforce and technology advancement.
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      Ⅰ. Introduction
      Amid escalating concerns over the global energy crisis and the accelerating pace of climate change, the transition toward renewable and alternative energy sources has become increasingly urgent. The renewable energy sector has emerged as a key area of focus due to its dual role in reducing atmospheric pollutants and advancing national energy security objectives. The term “New and Renewable energy” refers to comprehensive concept that includes both “New energy”, such as fuel cell, hydrogen energy which produce energy by converting fossil fuels, and “Renewable energy”, such as wind, geothermal, solar and hydropower which generate energy by utilizing naturally renewable resources(Choi, 2024). Wind energy is a clean method of energy production that converts the mechanical energy generated by the rotation of blades, driven by natural wind, into electrical energy via turbines. Owing to its advantages, such as an abundant resource supply and significant potential for reducing environmental pollutants, extensive research is being conducted in this field(Lee et al, 2013). Major economies such as the United States, countries in Asia, and across Europe are actively investing in the development and operation of wind energy technologies.

      Wind power is typically classified into onshore wind power and offshore wind power systems. Offshore wind power, in particular, has gained prominence due to its minimal geographic constraints, lower transportation and installation barriers, and scalability(Song et al, 2015).

      The government of South Korea has announced policies such as “the Renewable Energy 3020 Implementation Plan” and the “11th Basic Plan for Long-term Electricity Supply and Demand,” aiming to increase the installed capacity of solar and wind power to 72 GW by 2038(Choi, 2023). To achieve this, various support measures are being promoted, including the establishment of clusters, and ports, including infrastructure development, and institutional improvements. In addition, the “National Carbon Neutral Green Growth Basic Plan” has also been announced, with the goal of expanding the share of renewable energy generation to over 30% of total power generation by 2036, through various government support initiatives(NCNGGBP, 2023).

      According to the GWEC(Global Wind Energy Council) Report 2024, global wind power capacity is projected to reach 130 GW by the end of 2024, driven by widespread implementation of carbon neutrality initiatives. This figure is expected to increase to 158 GW by 2028. The international wind energy market is anticipated to grow at an annual rate exceeding 9%, primarily led by major markets such as China, the United States, Europe, and South America(GWEC, 2024). The estimated total power generation capacity through 2028 is illustrated in [Fig. 1].

      
        
        

        [Fig. 1] 
				
        

        
          Estimated total amount of power generation in new wind power.
        
        

        

      

      According to the Annual Report released by the Global Wind Organization((hereinafter GWO), a non-profit body comprised of global wind energy companies responsible for standardizing wind technology and certifying training programs, the number of wind energy workers who received GWO-certified training reached 168,500 by the end of 2023—representing a 17% increase from 144,755 in 2022. Furthermore, the number of new participants in GWO-certified training programs rose by 24%, from 364,506 in 2022 to 454,102 in 2023. The number of valid GWO certificate holders reached 111,457 in 2024. Accordingly, it can be observed that the workforce is continuously increasing in line with the global expansion of the wind power industry.

      To estimate future workforce requirements in the wind energy sector, Korea’s “Renewable Energy 2030 Implementation Plan” aims to increase installed wind power capacity to 17 GW by 2030. Based on capital cost estimates of (KRW 4.8 billion per 100 MW) and labor cost ratios(capital-to-labor cost ratio of 5:1), the sector is projected to employ approximately 16,300 individuals with the average labor cost per worker set at KRW 100 million by 2030, and with about 1,080 workers needing offshore technical training.

      As previously mentioned, although the domestic wind power market in Korea is expected to expand steadily, the rate of increase in specialized personnel remains largely unchanged compared to the projected market growth(KEA, 2023). Furthermore, the current structure of the domestic wind power industry is limited to manufacturing and a small number of component companies(Kim and Song, 2020). In contrast, Denmark demonstrates robust industry-academia-government collaboration by establishing R&D consortia among institutions such as the Technical University of Denmark(DTU), Aalborg University(AAU), and industrial leaders like Vestas, thereby fostering a systematic workforce development system and leading the global wind power sector(Riso, 2002). Similarly, Germany has established specialized education institutions such as the OffTEC offshore wind certification and training center, where legal mandates require safety and technical training for offshore wind personnel, further strengthening professional expertise in the sector. Conversely, Korea has not yet established dedicated institutions for training specialized operation and maintenance(O&M) personnel in offshore wind, and financial support for workforce development remains insufficient. These factors present significant obstacles to the sustainable growth and international competitiveness of Korea’s offshore wind industry.

      Therefore this study analyzes the necessity of dedicated competency training for offshore wind industry and compares existing domestic curricula with internationally approved standards. Through this report, the study aims to propose effective educational strategies that will underpin workforce development and technological advancement in the offshore wind industry.

    

    

  
    
      Ⅱ. Research method
      This study investigates the current status of competency programs developed for workers in the domestic offshore wind industry and conducts a comparative analysis with similar international cases. It examines relevant regulations and application cases pertaining to offshore wind education both domestically and abroad. Additionally, the study analyzes the structure of technical training programs currently implemented overseas and compares them with those being conducted in Korea. Based on this analysis, the research proposes a model and procedural framework for the development of technical training programs tailored to senior-level professionals in the offshore wind industry.

    

    

  
    
      Ⅲ. Research results
      
        1. Characteristics of development stage in the offshore wind industry
        The offshore wind power development is typically divided into four stages according to the characteristics of the development process. These stages include site development, purchasing and manufacturing, installation and construction, and operation. The scope of work and corresponding roles for each stage are presented in <Table 1>.

        
          <Table 1> 
				
          

          
            Offshore wind power project stage and related duties
          
          

        

        
          
            
              	Item
              	Scope of work
              	Job & competency
            

          
          
            	Project Development Phase
          

          
            	Planning
            	1. Market research & feasibility analysis
2. Environmental assessment & permit management
3. Project operating capital management
            	Finance, Legal, Permitting, Asset Management, Environmental assessment, Feasibility study
          

          
            	Design
            	1. Wind turbine & foundation structure design
2. Offshore power distribution network design
3 Simulation and modeling design
            	Engineering, Network programmer, Design Engineering, Environmental analysis
          

          
            	Procurement & Manufacturing Phase
          

          
            	Procurement and Manufacturing
            	1. Manufacturing of wind turbine components, manufacturing of foundation substructure components and procurement of other Equipment
2. Contract negotiation
            	Component manufacturing and production, Supply chain management, Quality assurance & control
          

          
            	Installation & Construction Phase
          

          
            	Construction and Installation
            	1. Installation of structures
2. Wind turbine assembly and installation
3. Offshore power distribution network construction
4. Subsea cable installation
5. Floating structure installation
            	Construction, Marine Industry(Vessel Operation), Power technology management
          

          
            	Operation Phase
          

          
            	Operation and Maintenance
            	1. Operation management & performance monitoring
2. Regular inspection & maintenance
3. Repair
4. Decommissioning & disposal
            	Operation, Maintenance
          

        

        
          
            Source: KWEIA, (https://www.kweia.or.kr/) 2025.03.21.
          

        

        

        A systematic approach is required to effectively manage the tasks involved from the procurement and manufacturing stage through to the operation phase of offshore wind power facilities. During procurement and manufacturing stages, the production of wind turbine structure components and the sourcing of materials are carried out, necessitating expertise in design engineering and related specialized engineering. In the construction and installation phase, basic engineering skills for civil engineering and construction are needed, as well as expertise in the maritime industry due to the characteristics of the offshore wind environment. In the operation and maintenance phase, efficient maintenance and repair of the power plant are conducted, which demands advanced knowledge in engineering fields such as electrical, mechanical, and fluid engineering.

      

      
        2. Review of Offshore wind competency training course
        
          a) Current situation of domestic wind industry training
          Wind power generation is classified under “Electricity, Gas, Steam, and Air Conditioning Supply” in the Korean standard industrial classification. Under Article 29 of the Occupational Safety and Health Act, employers are required to provide safety and health training for workers. This includes “General safety and health training”, “Regular safety and health training for Supervisors” and “Training at the time of employment and when job Change” such as those for common training.

          In South Korea, various institutions are conducting training programs for wind power industry workers to promote the renewable energy sector, as shown in <Table 2>. Most of the training courses are independently operated and are not internationally certified.

          
            <Table 2> 
				
            

            
              Domestic Wind Power Training Programs
            
            

          

          
            
              
                	No.
                	Institution
                	Course Title
                	Duration
              

            
            
              	1
              	Korea New & Renewable Energy Association
              	Practical training for wind power plant construction
              	6 hour
            

            
              	2
              	Korea New & Renewable Energy Association
              	Operation & maintenance of wind power plants
              	6 hour
            

            
              	3
              	Korea New & Renewable Energy Association
              	Wind farm development training
              	14 hour
            

            
              	4
              	Korean Register of Shipping
              	Technical elements for offshore wind development
              	16 hour
            

            
              	5
              	Korea Power Human Resources Development Institute
              	Offshore wind power practical course
              	19 hour
            

            
              	6
              	Korea Power Human Resources Development Institute
              	Integrated wind power training
              	19 hour
            

            
              	7
              	Korea Power Human Resources Development Institute
              	Renewable energy basics(Solar, Wind, Fuel Cell)
              	20 hour
            

          

          
            
              Source: www.knrea.or.kr, http://academy.krs.co.kr, https://kiphrd.co.kr/,	2025.03.21.
            

          

          

        

        
          b) Current situation of overseas wind industry training
          A number of European countries, such as Germany, Spain, United Kingdom, Denmark and Netherlands, have implemented offshore wind power systems and require internationally recognized training programs to ensure both accident prevention and workforce competence. The GWO has established comprehensive standards governing training content, delivery methods, and institutional requirements, and it maintains oversight through annual external audits of accredited centers. The GWO curriculum integrates safety training specific to offshore environments alongside job-related technical instruction.

          The Offshore Petroleum Industry Training Organization(hereinafter OPITO) similarly provides international standards for safety and occupational training across the oil and gas, renewable energy, and maritime industries, and has recently extended its framework to include wind industry. The OPITO enforces quality assurance through regular audits of its approved providers.

          As a result, compliance with the GWO or the OPITO standards has become a common requirement among industry participants, and these practices are increasingly being adopted outside Europe to support the global expansion of the offshore wind industry.

        

      

      
        3. Analysis of the Offshore Wind Training course
        
          a) GWO training
          (1) Type of GWO training program

          The GWO training program is designed for personnel working in the wind power industry and related wind power environments. In response to the worldwide growth of the wind industry, the GWO safety training program was collaboratively developed by members of the GWO to enhance accident prevention and promote safe working practices. Competency training programs are developed to prepare personnel for specific tasks performed in the wind power industry, with a particular focus on high-risk operations. Individuals who complete the GWO training are eligible to obtain international recognized certification for the competencies related to the completed course. Verification of training record is available through Wind Instry Database(hereinafter WINDA), which is official database server of the GWO. All the course is indicated as <Table 3>.

          
            <Table 3> 
				
            

            
              GWO training program
            
            

          

          
            
              
                	Course / Module
                	Duration
              

            
            
              	Safety training
            

            
              	1. Basic Safety Training and Refresher training
            

            
              	　Training in knowledge and skills to provide first aid, work safely at heights, perform manual handling, recognize fire hazards, survive at sea, evacuate during emergencies, conduct rescues, and administer appropriate first aid in wind turbine environments
              	40 hour / 
Refresher 27 hour 40 min
            

            
              	2. Control of Harzadous Energies
            

            
              	　Training on hazardous energy management in wind turbine environments
              	21 hour 45 min
            

            
              	3. Advanced Rescue Training and Refresher training
            

            
              	　Training on the use of industry-standard rescue equipment and advanced rescue methods and techniques that exceed basic working at heights requirements
              	29 hour / 
Refresher 14 hour
            

            
              	4. Enhanced First Aid and Refresher training
            

            
              	　Training that provides knowledge and abilities in advanced first aid, enabling participants to administer first aid at the worksite using advanced emergency equipment.
              	24 hour / 
Refresher 16 hour
            

            
              	5. Wind Limited Access standard
            

            
              	　Safety training provided for individuals who do not frequently visit wind turbine environments, when accompanied by two or more people holding GWO Basic Ssafety Training certification
              	3 hour 30 min
            

            
              	Competency training
            

            
              	1. Blade Repair Standard
            

            
              	　Training on the knowledge, skills, and abilities related to blade repair
              	70 hour
            

            
              	2. Slinger Signaller standard
            

            
              	　Training on the knowledge and skills necessary for workers to correctly use slinging signals in the wind industry
              	15 hour 40 min
            

            
              	3. Basic Technical Training
            

            
              	　This course consists of four modules (Mechanical, Electrical, Hydraulics, and Bolt Installation) and provides foundational knowledge and skills training for workers
              	32 hour
            

            
              	4. Service Lift Training Standard
            

            
              	　Training on the operation and support of lifting operations in the wind industry
              	14 hour
            

            
              	5. Crane and Hoist standard
            

            
              	　Training on the operation and maintenance of small cranes and hoists in basic lifting operations for onshore and offshore wind industries
              	25 hour 30 min
            

          

          
            
              Source: GWO, (https://thehubopito.com/QualificationUnit/),	2025.03.21.
            

          

          

          For training course that include practical exercise, delegate is required to provide proof of health status to ensure ability to safely engage in practical activities. Accordingly, each training institution is required to establish its own procedures for verifying the health status of delegates.

          (2) GWO approval process

          In order to operate the GWO certified training program, the training institution must is required to satisfy the requirements recommended by GWO and undergo an approval audit to assess compliance with GWO standards. Approval is granted according to the individual criteria established for each module within the training courses. Accordingly, appropriate instructor, management system, training equipment, and facilities must be provided to meet the requirements of each module. Such approval is conducted through Accredited Certification Bodies which is regionally designated and registered on GWO website.

          This approval process is carried out by Accredited Certification Bodies, which are registered on the GWO website and categorized by region. The training institution is permitted to operate training programs following initial approval, and periodic recertification is required annually. The approval process proceeds through four stages, as illustrated in [Fig. 2].

          
            
            

            [Fig. 2] 
				
            

            
              GWO approval process stage.
            
            

            

          

          Initially, compliance with the requirements for four key elements(management systems, physical resources, human resources, and assessment) is verified for the relevant training module. Then the approval process proceeds with the training module being conducted under the supervision of an accredited the GWO auditor. Upon successful completion of all evaluations, the training institution is granted a license by the GWO to deliver the training program, and regular audits are subsequently conducted to ensure continued adherence to the GWO quality standards.

        

        
          b) OPITO training
          (1) Type of OPITO training program

          The OPITO has historically provided internationally recognized certification training for the offshore oil and gas industry. In response to the rapid growth of the wind power industry, the OPITO has recently developed and implemented additional training programs specifically designed for renewable energy industry. These programs offer a broad spectrum of content, including emergency response safety training and modules focused on both fundamental technical skills and specialized technical competencies. The OPITO is strengthening safety training standards in the wind power industry and contributing to the development of industry personnel capable of working safely.

          
            <Table 4> 
				
            

            
              OPITO Wind Turbine training program
            
            

          

          
            
              
                	Course / Module
                	Duration
              

            
            
              	Safety training
            

            
              	1. Emergency Coordinator for Renewable Energy(Wind)
            

            
              	　Emergency response coordination within a	 simulation environment
              	Differences by level
            

            
              	2. (MEMIR) for Renewable Energy (Wind) Theory / Practical
            

            
              	　Emergency management theory / Practical for handling critical emergencies, including facility information management, pre-planning and preparedness maintenance, and stress management, communication, emergency assessment, and team management.
              	Differences by level
            

            
              	Competency training
            

            
              	1. Introduction to Wind Energy Theory and Production Processes
            

            
              	　The basic wind energy theory, wind energy production
              	10 hour
            

            
              	2. Basic Electrical, Mechanical Systems of Wind Turbines
            

            
              	　The basic electrical & mechanical systems and equipment
              	10 hour
            

            
              	3. Wind Energy Theory
            

            
              	　The theoretical principles of wind power and wind power generation
              	10 hour
            

            
              	4. Operation of Wind Turbines
            

            
              	　The operation of wind turbines, and control of output voltage and frequency
              	10 hour
            

            
              	5. Wind Turbine Electrical Systems
            

            
              	　The electrical systems operation and maintenance in wind turbine
              	20 hour
            

            
              	6. Principles of Exterior and Interior Integrity of Wind Turbine Towers
            

            
              	　The principles of inspecting the internal/external wind turbine towers
              	20 hour
            

            
              	7. The case for Wind Power and its role in delivering Net Zero
            

            
              	　The principles of inspecting the internal/external wind turbine towers
              	10 hour
            

            
              	8. Wind Power Fuel, Measurements, Design and Testing
            

            
              	　Measuring wind and ocean conditions, analyzing related data, and understanding blade principles
              	10 hour
            

            
              	9. Wind Power Regulation, Communities, Finance and Life Extension
            

            
              	　Training on blade erosion, blade maintenance, and design testing
              	10 hour
            

            
              	10. Wind Power Structures: Fixed and Floating
            

            
              	　Basic knowledge of fixed and floating wind tower structures
              	10 hour
            

            
              	11. Wind Power Cables, Offshore Grid, Control and Simulation
            

            
              	　The cables, offshore power grid control systems, and simulation strategies
              	10 hour
            

          

          
            
              Source: OPITO, (https://thehubopito.com/QualificationUnit/),	2025.03.21.
            

          

          

          (2) OPITO approval process

          To operate OPITO training programs, institutions must complete the OPITO approval process, which includes multiple steps as illustrated in [Fig. 3]. Each training module must meet specific OPITO standard to be eligible for training before implementation.

          
            
            

            [Fig. 3] 
				
            

            
              OPITO approval process according stage.
            
            

            

          

          The first step requires the training provider needs to attend a pre-approval workshop held by OPITO headquarters, As the first step of the OPITO approval process, training provider seeking OPITO certification are required to participate in a pre-approval workshop conducted by OPITO headquarters, during which it receive guidance on the approval process and standards, and to submit the necessary audit request forms for each course to OPITO headquarters. As the second stage, the training provider’s management system and training programs undergo an online audit(desktop audit) to assess compliance with OPITO standards. This stage involves a thorough review of documents related to the management system, facilities, staff allocation, and training program/assessment procedures. As the third step, if the training provider passes an online audit(desktop audit), OPITO sends inspectors to conduct an on-site audit. During the audit, the training provider's management system and evidence, staff allocation and qualification, training facilities and equipment, lecture evaluation, and training programs are evaluated to confirm compliance with OPITO standards.

          Once a training privider passes all stages, it is authorized to operate OPITO training independently. After approval, the training provider undergoes continuous monitoring to ensure ongoing compliance with OPITO standards.

        

      

      
        4. Suggestions
        
          a) Development of Competency training matrix for offshore wind training
          Currently, there are no standardized educational criteria for the offshore wind industry in Korea. Ensuring a stable supply of skilled personnel at each stage of project development is crucial to avoid delays resulting from workforce shortages. For this reason, a detailed analysis of the required roles and tasks across the various phases of offshore wind development is warranted. In this study, a competency matrix has been developed to outline the essential training pathways for workforce cultivation in the offshore wind power, based on job analyses corresponding to each stage of domestic offshore wind power projects which is showed in <Table 5>.

          
            <Table 5> 
				
            

            
              Wind industry competency training matrix
            
            

          

          
            
              
                	Stage
                	Required competency
                	
                	Training module
                	Training level
              

            
            
              	Planing
              	Project management
              	→
              	Project manager
              	Advanced
            

            
              	Environmental survey
              	→
              	Environmental assessment education
            

            
              	Regulatory Affairs
              	→
              	Permitting and regulatory understanding
            

            
              	Finance
              	→
              	Finance study & analysis
            

            
              	Industry trend Analysis
              	→
              	Feasibility study
            

            
              	Design
              	Technical Design, Simulation
              	→
              	Basic design engineering(Electrical, Mechanical), Numerical analysis
              	Advanced
            

            
              	Network
              	→
              	Network programmer
            

            
              	Structure design
              	→
              	CAD Practice, software design
            

            
              	Environmental analysis
              	→
              	Marine and Geotechnical survey
            

            
              	Procurement& Manufacturing
              	Supply chain management
              	→
              	Supply chain management training
              	Intermediate – Advanced
            

            
              	Manufacturing process & Quality control
              	→
              	ISO Quality Assurance /Quality Control training
            

            
              	Plant, Machine operator and assembler
              	→
              	Industrial Safety & Health education
            

            
              	Installation
              	Construction operation
              	→
              	Industrial Safety & Health education, Crane & Hoist operations, IRATA Work at height and Rope access, GWO Basic Technical Training, OPITO Wind power structures
              	Intermediate – Advanced
            

            
              	Basic understanding of installation process
              	
              	Mechanical engineering, OPITO Basic Mechnical system, OPITO Basic Electrical system, GWO service lift training, GWO Slinger signaller
            

            
              	Turbine & Electric
              	
              	Electrical engineer training, OPITO operation of wind turbines
            

            
              	Subsea Cable Installation & Offshore Installation operation
              	→
              	IMO course, IMCA Offshore cable laying in the renewable energy industry, Cable Engineering, Dynamic Position officer, Crane & Hoist operations
            

            
              	Crew transport
              	→
              	IMO course(Offic Engineer)
            

            
              	Safety training
              	→
              	IMO course 
GWO Basic Safety Training, GWO Wind limited access
OPITO Emergency response training
OPITO Emergency coordinator
            

            
              	Maintenance
              	Turbine maintenance
              	→
              	Electrical engineer training, OPITO operation of wind turbines
              	Intermediate
            

            
              	Basic understanding of maintenance process
              	→
              	Mechanical engineering, OPITO Basic Mechnical system, OPITO Basic Electrical system, GWO blade repair, GWO service lift training, GWO Slinger signaller
            

            
              	Remote data monitoring
              	→
              	Data analysis
            

            
              	Crew transport
              	→
              	IMO course(Officer, Engineer)
            

            
              	Safety training
              	→s
              	IMO course
Dynamic Position officer
GWO Basic Safety Training
GWO Wind limited access
OPITO Emergency response training
OPITO Emergency coordinator
            

          

          
            
              ※ IMO : International Maritime Organization
            

            
              ※ IRATA : International industrial Rope Access Trade Association
            

            
              ※ IMCA : International Marine Contractors Association
            

          

          

          In the offshore wind industry, career transition and entry opportunity for seafarers encompass a diverse range of fields, including offshore wind installation, crew transfer, environment assessment, and turbine operation & maintenance(CECS, 2023). Vessel operations play an important role throughout offshore wind projects, from the Construction & Installation phase to the Operation & Maintenance phase. Seafarers can serve on various types of vessels such as Crew Transfer Vessel(CTV), Service Operation Vessel(SOV), Wind Turbine Installation Vessels (WTIV), and cable-laying vessels. Furthermore, individuals with a background as marine engineers can advance to technical roles responsible for turbine inspection and maintenance. To perform these duties effectively, seafarers require not only the foundational training mandated by the STCW Convention but also additional specialized education and training tailored to the specific demands of the offshore wind industry(NOOWOEM, 2021).

          The proposed matrix identifies core competencies, recommended training programs, and appropriate training levels for each phase of industry development, offering a practical framework for workforce planning. Furthermore, the integration of internationally recognized certification programs is expected to strengthen the global competitiveness of Korea’s offshore wind workforce.

          During the initial development stage, specialized knowledge and certified qualifications in areas such as law, finance, and environmental assessment are required, which presents challenges for rapid workforce training. As such, the involvement of professional educational institutions in delivering targeted training is essential. Personnel engaged in the design phase need academic grounding and practical experience in disciplines including mechanics, engineering fundamentals, naval architecture, geology, electrical engineering, and materials science. This underscores the importance of collaborative training initiatives between universities and industry(BETWTOS, 2013). For the procurement and manufacturing stage, engineering education focused on component production is necessary, while the installation, construction, and operational phases demand technical expertise in civil engineering, construction, marine operations, and power systems. Notably, these latter stages are well suited to safety and job-specific training programs that can be extended to a broader pool of participants, thereby facilitating wider workforce development.

          Given the advanced technical requirements and multidisciplinary nature of the offshore wind industry, it is difficult for a single institution to meet all training demands. Therefore, a systematic collaborative model involving universities, specialized training centers, and industry partners is necessary for the effective development and delivery of educational programs. Such inter-institutional cooperation will enable the cultivation of a workforce that is both practically skilled and aligned with the evolving needs of the sector.

        

        
          b) Development of a training management framework
          The development strategy for domestic wind power industry education was established as follows.

          A comprehensive training management framework is essential for the quantitative assessment of workforce competencies and the systematic administration of qualifications and training records across various occupational sectors within the wind power industry.

          The government institution that already manages seafarers’ training records domestically can also oversee the integrated management of educational histories for wind power industry personnel, thereby improving efficiency. The Universities are responsible for foundational academic disciplines of the wind industry and mainly conduct research activities related to the industry. Therefore, universities handle foundational theoretical education and technical research for the wind power sector. General safety and competency training require collaboration between wind company and government institution. The training programs must meet companies’ educational demands according to the development stages of the wind power industry. Government institutions, which can ensure continuity by providing training without interruption, should cooperate with companies to implement general safety and competency training. The overall governance of the industry’s workforce development is led by the government, which assumes responsibility for the unified operation and administration of the entire system.

          This framework enables industry personnel to efficiently track and verify their training and certification records both domestically and internationally, thereby enhancing the transparency and practical utility of such documentation. Furthermore, an integrated management system facilitates the timely dissemination of regulatory changes, industry trends, and technological advancements to relevant stakeholders, supporting ongoing improvements in workforce development practices. practices.

        

        
          c) Establishment of wind power industry training development strategies
          The wind power training development strategy in Korea has been established as illustrated in [Fig. 4].

          
            
            

            [Fig. 4] 
				
            

            
              Offshore wind training system development strategy.
            
            

            

          

          This strategy can be summarized into three key directions. First, it begins with internationally certified training programs that emphasize safety training and competency enhancement to cultivate essential personnel for the field. Second, the strategy focuses on expanding educational infrastructure tailored to domestic conditions, while fostering practical, field-oriented training systems through collaboration among industry, academia, and public institutions. Third, relevant laws and regulations are revised to mandate the completion of certified training and the acquisition of qualifications, thereby elevating the capabilities of the domestic workforce to an international standard and contributing to the enhancement of global competitiveness.

        

      

    

    

  
    
      Ⅳ. Conclusion
      A variety of training programs for the development and operation of the wind power industry are currently being implemented internationally. Although the number of personnel in this sector is anticipated to increase in response to government policies promoting renewable energy expansion, these programs are primarily limited to safety training. Furthermore, the infrastructure for basic vocational training targeting senior personnel is insufficient when compared to the expected scale of industry growth. Accordingly, this paper examines job roles associated with offshore wind power and analyzes internationally recognized vocational training systems in order to propose a framework for the education of senior-level workers in the offshore wind industry.

      First, as the number of wind power facilities under construction in Korea continues to grow, the demand for vocational training is likewise expected to increase, thereby making job training for senior personnel essential. To enhance job suitability and technical competency among offshore wind industry workers, it is necessary to adopt and implement internationally validated training programs in the short term, while developing and operating training programs tailored to the domestic environment in the long term through a phased approach.

      Second, in order to strengthen the wind power industry, it is necessary to establish and continuously implement support policies that ensure the ongoing operation and maintenance of the educational system. To this end, the government and relevant agencies should develop training programs related to offshore wind facilities and make efforts to institutionalize these programs through legislation.

      Finally, to advance the domestic wind power industry and enhance its competitiveness in the global market, it is essential to secure and develop technological capabilities within the related sectors. Therefore, along with the development of the basic vocational training programs proposed in this paper, ongoing research on the education and qualification of workers engaged in high-risk jobs in the offshore wind industry is required.
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