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            Abstract
          
        

        
          Diversification of energy supply became necessary, and as part of efforts to reduce the emission of carbon dioxide, it is imperative to develop environmentally friendly clean energy sources such as wind power energy. The key factors for the success of wind power projects are identified through literature review and the previous studies. Among the various factors, “Feasibility analysis,” “Government tariff system” and “WTG selection,” and “Project Finance” are assumed to be the core factors and the effectiveness is analyzed, by applying to the case of Gangwon wind power (GAWIP). In particular, “Project Finance” is assessed to seriously affect the debt serviceability and the profitability of the project throughout its operating period due to its nature of volatility. This paper presents key risks and success factors of wind power projects and suggests mitigating measures against the risk of financial fluctuations.
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      1. Introduction
      Recently, as the importance of renewable energy such as oil price instability and UNFCCC (The United Nations Framework Convention on Climate Change) has been recognized again, diversification of energy supply method became necessary. As part of efforts to reduce the emission of coal-fired power plants, which produce carbon dioxide and greenhouse gasses causing global warming, it is imperative to develop and disseminate environmentally friendly clean energy.

      Renewable energy is a sort of alternative energy that can be used for pollution-free renewable energy such as solar energy, solar power, wind power, geothermal energy, etc. It is effective to reduce greenhouse gas emissions by replacing fossil fuel,

      Among them, wind power has the advantage of a relatively low generation cost among renewable energy sources which are permanent and pollution free, and researches and developments are thus being actively carried out worldwide. Wind power refers to converting wind energy into mechanical energy using a device such as a wind turbine and turning it back to produce electricity using this energy. Wind turbines can theoretically convert up to 59.3% of the wind energy into electrical energy, but in reality, there is a loss factor due to blade shape, mechanical friction, and generator efficiency, so the practical efficiency remains at 20-40%. Nonetheless, benefits of wind energy include climate change and reduction of environmental pollutants, employment promotion and growth of local economies, diversification of energy supply system and substitution of energy import, reduction of disputes between countries/territories for securing energy security and acquiring natural resources.

      This wind energy is considered to have a very large potential, and it is analyzed that the economics and development of the technology of wind energy are the most outstanding among the renewable energy sources. In recent years, it shows the possibility of securing competitiveness enough to compete with existing power generation sources. In fact, the area used for the wind farm occupies only 1% of the total area of the entire complex including the foundation of the wind power towers, the road, and the central control room, while the remaining 99% of the area is available for other uses such as livestock and agriculture.1) Also, Wind power is a type of renewable energy that is abundant in resources, constantly recycled, distributed over a wide area, clean, and a promising replacement for fossil energy depletion in the absence of greenhouse gas emissions during operation.2)

      For these reasons, wind power has become one of the world's fastest-growing sectors in the energy industry. As a result, the installed capacity of the world has increased six times over the past ten years (486,749MW at the end of 2016). Unit generation price has been continuously lowered with the economy of bigger scale and complex.

      In Korea, the development of 2 kW small wind turbines was started in 1975, and the “Alternative Energy Development Promotion Act” was enacted in December 1987 to establish a regulatory basis for the expansion and diffusion of new and renewable energy. In 2002, as part of a policy to expand stable and renewable energy, the FIT (Feed-In-Tariff) was introduced to support renewable energy generation cost and SMP (System Marginal Price). It contributed to the expansion of the initial renewable energy supply through stable profit guarantee of the project, but as the financial burden of the government has increased rapidly, the necessity of new measures has been continuously raised. As a consequence, the government decided to transfer the system to the Renewable Portfolio System (RPS), which is being implemented in the United States and globally. The FIT system in operation for ten years has thus become a new renewable energy supply mechanism for domestic renewable energy supply and industry development. Thanks to the government's continuous support policies and various financial benefits, local governments and power generation companies are competing in the wind power industry.

      This study intends to elucidate characteristics of wind power generation business and derives major factors for an efficient and successful operation of wind power projects. For this purpose, we will firstly identify the key success factors and find their theoretical bases through previous studies and literature review, and second, verify them with the analysis of the case of Gangwon Wind Power project (GAWIP). Third, we will examine the implications of the findings and the application of the factors under the RPS system.

    

    

  
    
      2. Literature Review and Theoretical Background
      
        2.1 Process of developing wind projects
        In general, as with any other power generation projects, wind power projects will begin with a feasibility study. After analyzing the site's wind resource and selecting a proper WTG model, it will estimate the cost of the project, which is the key concern of investors. A series of these preliminary preparations usually takes 2-3 years, depending on the complexity and it will be typically operated for 20-30 years after a 2-3 year construction period. The Figure below (Deloitte, 2014) illustrates this process well.
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            Process of development
          
          

          

        

        The development phase features setting up a project layout based on environmental, geological and wind study, for example. Turbines should be deployed such that soil and wind conditions favor lower capex but higher energy production. In addition, a preliminary financial model is established to assess whether the investment cases are economically feasible. Often financial advisers are appointed at the initial investment stage to evaluate their investment cases and introduce their experience and expertise to increase the likelihood of successful project launches.

        During the next phase of maturation, in parallel with completion of permissions from the competent authorities, wind power plant designs are refined to ensure optimal placement of wind facilities. Procurement contracts for construction elements and WTG service are conditioned on the construction start. New insights on energy production, tariffs, capex and opex are integrated into fixing the financial model which in turn supports consents from investors and lenders. After FID (Final Investment Decision), the project goes into the final stages of the project lifecycle, which includes construction and afterward operation.

      

      
        2.2 Literature review
        It is hard to find one global common package of success factors for the development and operation of wind power generation. There have been numerous researches on key drivers of the wind projects, but most of them are related to regulatory frameworks as they are very much dependent on the government supports3). For example, in an institutionally immature country, firm establishment of regulations and related technology development are analyzed as core drivers. Meanwhile, in the energy-advanced countries such as the United States, more commercial parameters like wind resource, electricity transmission, policy environment, ownership, and visibility are often cited as major factors to influence the success of the wind power (Blanco, 2009).

        As a theoretical ground for our purpose, we intend to refer to a recent study (Lyou et al., 2012) analyzing the key success factors of the wind power plant projects applicable in Korea. In the study, the focus group interview (FGI) was conducted for the wind power industry related experts to identify and determine the key success factors4). Based on the 25 factors identified from the interviews and literature review, the appropriateness of those factors was assessed and analyzed under two criteria of importance and performance.

        The results are comprehensively illustrated in the quadrant as shown in Figure 2: the Y-axis represents the degree of importance of certain factors to the success of the wind power project, and the X axis can be interpreted to mean the current level where the factor is managed in the actual project.
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            Quadrant Map of Key Success Factors
          
          

          

        

        Regarding the importance of core factors, “Wind Resource Survey (B2)”, “Feasibility Analysis (B1)”, “Market Research (A1)”, and “Power Plant Design (D1) are positioned in the Quadrant 1.It means those factors are well recognized in terms of the importance and well managed for performance in the market. In the meantime, the factors such as “Project Finance (A5)”, “A/S material procurement (F3)”, “Operation comparison (F4)”, “Government Tariff System (B3)”, and “Project evaluation at completion (E4)”, scattered in the Q2, are weak and poorly managed in the category of the performance, though having the moderate importance. Lyou (2012) identified and concluded four factors, among 25 factors, based on the score of difference between the importance and the performance, which implies the bigger, the more need improvement for the success5). Those four factors are “Project Finance (A5,2.22)”, “Feasibility analysis (B1,2.20)”, “Government tariff system (B3,1.89)” and “WTG selection (E1,1.78)”.

      

      
        2.3 Key success factors
        If the four factors, jointly or severally, fail to achieve a certain set of conditions or functions, it hampers the successful operation of a project and jeopardizes the project. It needs, therefore, proper and efficient management. Among the factors, “Feasibility Analysis (B1)” and “WTG Selection (E1)” have the nature of endogenous variables manageable by the sponsors of a project, while “Project Finance (A5)”, and “Government tariff system (B3)” are relatively exogenous, beyond the control of the project company. In other categorization, B1, E1, and B3 are more “a priori” as those should be clarified prior to finalization of investment decisions, while A5 would be subject to the satisfaction of the three factors.

        “Project Finance (PF)” is thus often more important in executing and maintaining the success of the project. It is very rare in reality for the project sponsors to carry out the project solely with their own funds because external financing is fundamentally necessary to improve the profitability of the project and maximize the investor’s return, i.e. IRR (Internal Rate of Return). In most cases, the funds needed for the project are financed by borrowing from financial institutions in the form of Project Finance.

        Looking more closely at the financing, Project Finance represents all financial means for a project in a broad sense, but here it refers to a type of financial technique based on future cash flows as a major reimbursement source. In such, a PF is not based on the credit or conventional assets of the project sponsors but based mainly on the projected cash flow that the project will generate in the future. Therefore, the bankability through project risk analysis and appropriate mitigation is an essential basis for lending decisions. In general, PF lenders have a conservative stance on risk and have the attitude of not accepting risks that are not adequately preassessable because they are likely to generate unexpected risks, or potentially unpredictable risks is. In this sense, the availability of PF can be attributed to the adequacy of risk analysis and mitigation measures to ensure the feasibility of financial support.

        This paper intends to confirm the effectiveness of the results of previous studies by applying them to an actual case of a wind power project and to draw some implications.

      

    

    

  
    
      3. Case Study: Gangwon Wind Power
      
        3.1 Summary of GAWIP
        The Gangwon Wind Power Project (Project, GAWIP), summarized in the table below, is a 98 MW wind power project, located in Pyungchang-County, Gangwon-Province, Korea, and was initiated by Unison Co., Ltd. (Unison), a KOSDAQ listed manufacturing company involved in the production of bridge support products, power generation related products and noise suppression equipment, who has been at the forefront of the development of the wind industry in Korea.

        
          Table 1. 
				
          

          
            Snapshot of GAWIP
          
          

        

        
        

        Originally the project company had the shareholding structure as shown below, comprising various investors led by Unison taking the role of EPC contractor as well, along with Korea Midland Power Co., Ltd., Military Mutual Aid Association, provincial and municipal governments, Marubeni, Eurus and Lahmeyer International (LI).6) LI also provided engineering and project management services to the Project on the sponsors’ side.
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            Project structure
          
          

          

        

        The EPC contract has been signed between an EPC consortium comprising Unison and Vestas Asia Pacific A/S (EPC Contractors) on a joint and several basis, on the one hand, and Gangwon Wind Power Co., Ltd. on the other hand. The plant was operated by Unison with a back to back operation and maintenance arrangement with Vestas for the first five years of operation, and after that by itself. Energy generated has been sold to the Korean Power Exchange Market, based on a subsidized price. KRW 107.66 per kWh was set for a period of 15 years post initial completion. The KPX is compensating for the difference between the pool price and the said fixed price undertaken by the government.

        The decision to develop the Project was supported by data from various stations of Korean Institute of Energy Research, GAWIP and four existing Gangwon Province’s wind turbines located in the center of the GAWIP’s wind farm site. The wind data obtained was also reviewed by PB Power, the lenders’ technical and wind source advisor. It showed the Project could support the envisaged debt as demonstrated by an average debt service coverage ratio (DSCR) of 1.83x (min 1.39x) on a conservative P75 basis, being the Base Case. On the P90 basis, the average and the minimum DSCRs are 1.77x and 1.33x, respectively.

      

      
        3.2 Location and wind resource
        The wind park site is located in the easterly part of the district Pyeongchang in the Gangwon-Province, approximately 9 km north of the city Hoenggye, 35 km inland from the eastern coast. The average elevation of the wind park area is 1,100 meters. Vegetation in the area is principally grass and is extensively free of the forest. A further advantage of the wind park site is the orientation of the ridges transversal to the two main wind directions southwest and northeast, which can optimally boost airflow and allow the wind turbines to be lined up without mutual shading. Because of the location, the site has long winter and has heavy snowfall yearly. The yearly mean temperature in the Taegwallyeong area is 6.7°C. The coldest temperatures usually occur in January with monthly averages from -8 to -6°C. The annual number of days with snowfall amounts to 107 days and the number of freezing days is reported with 165 days yearly (both 10-year averages). The annual precipitation amounts to 1,833 mm. However, the Korean peninsula is monsoonal, and there is great variation in the amount of rainfall over the seasons.

        
          Table 2. 
				
          

          
            Summary of environmental conditions
          
          

        

        
        

        The following table gives the general climatic conditions for ten years (1992~2001) in Taegwallyeong close to the wind park site, provided by Korean Meteorological Administration.

        On top of wind resource survey conducted by LI, PB Power, the lenders’ technical and wind source advisor, has carried out an independent wind resource and energy production assessment for the GAWIP. There are four monitoring towers located on the site of the proposed wind farm. PB Power considers the wind monitoring equipment and recorded datasets to be acceptable. The data collected from each of the monitoring towers was cross-correlated with 10-year long-term wind speed data from four surrounding reference sites of Taegwallyong, Military Radar Station, Chin Bu, and upper air data from Pohang Station, as well as the actual production data from the four existing Gangwon Province’s wind turbines located in the centre of the GAWIP’s wind farm site.

        PB Power used an industry standard modeling tool (WAsP), in conjunction with proprietary software developed in-house to calculate the energy production. PB Power’s proprietary tools have been designed and verified based on their Quality Management procedures and guidelines. From the computational wind flow modeling of the GAWIP, the net average annual energy output produced by the wind farm’s 49 WTGs was predicted to be 253 GWh, for 96% availability.

        
          Table 3. 
				
          

          
            Probability of exceedance
          
          

        

        
        

        A statistical uncertainty analysis was carried out to study the parameters contributing to the variability and uncertainty of the results. The net energy yield for certainty levels of 50%, 75%, 80%, 90%, and 95%, are given in the table for one year, ten year and 20 year periods as shown below.
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            Probability of exceedance
          
          

          

        

      

      
        3.3 Wind farm and turbine generator
        The wind farm consists of three main components:

        
● Wind turbines, 49 WTGs;
● Balance of plant, consisting of the internal electrical reticulation systems, roads, hard stands, and foundations;
● Grid connection consisting of an on-site 22.9/154 kV substations, approximately 7 km of 154 kV overhead transmission and 2.7 km 154 kV underground cable.
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            Site map
          
          

          

        

        The Project installed 49 units of V80-2.0 MW wind turbine generators (WTGs) with state-of-the-art pitch regulation control technology to be provided by Vestas, the world leader in WTGs with over 35% of the global market. At that time, more than 1,145 units of this turbine type were installed worldwide. Vestas updated V80 with relevant improvements based on its experience, and it should be considered proven technology, provided that it has been sold since 2001.

        
          Table 4. 
				
          

          
            Specification of WTG
          
          

        

        
        

        49 wind turbine generators were lined up with a relatively low spacing of three rotor diameters, along with the two ridges, transversal to the main wind direction. This layout is assessed to be the most favorable about total energy production, wind farm efficiency and minimum turbulence loads on the equipment. The availabilities of typical V80 units well-met industry standard above 96%. The EPC contract also guaranteed a level of 96% availability. The EPC contract specifies a warranted power curve for various operating conditions i.e. Power Curve Performance LDs effectively compensate GAWIP for lost revenues for each percentage of power curve below 95% that is not achieved and similarly for the availability below 96% in the five years of the warranty period.

        This warranted power curve is based on the site’s typical air density and is in line with measurements for V80-2 MW turbine type carried out by credible international measurement institutes. PB Power was of the opinion that the availability level warranted for this turbine type is reasonable and achievable.

      

      
        3.4 Regulatory Framework
        In 1987, the “Alternative Energy Development Promotion Act” was enacted to establish a regulatory basis for the promotion of renewable energy in Korea. The FIT system was introduced in 2002 to support renewable energy generation cost.

        In these regulatory frameworks, electricity produced by the wind power generators are sold to KPX on a priority basis based on a price of KRW 107.66 /kWh for 15 years (Standard Price). This policy allows the Project to mitigate the risk of price fluctuation, one of the major variables that may cause revenue instability. This tariff structure was applicable for 15 years post initial completion, on the condition that the accumulated capacity of the wind producers is within 250 MW and is commissioned prior to 11 October 2006. This tariff support together with the subsidized funding via the KEMCO loan program was also in line with the governmental policy of promoting renewable energy and expanding the portion of generation in Korea from its 2.3% in 2005 to 5% by 2011.

      

      
        3.5 Funding
        The Project was funded through a combination of equity and limited-recourse Project Finance debt. KRW37,862 million was funded by equity, representing 23.6% of the Project Cost. The equity was funded upfront (i.e., before drawdown of any debt) to save some interest during construction from the Sponsors’ perspective and to mitigate the equity funding risk from the lenders’ perspective. The debt, representing 76.4% of the project cost consisted of (1) an EKF supported EUR36 million 10-year amortizing loan fully guaranteed by EKF, the Danish ECA; (2) an EUR27.7 million uncovered commercial 11.5-year amortizing loan; and (3) a KRW40 billion 15-year amortizing KEMCO loan. The Project financing structure for the project cost is summarized below:

        
          Table 5. 
				
          

          
            Sources of funds
          
          

        

        
        

        At the financial closing, the GAWIP was required to lock into hedging arrangements for both construction and operation phases i.e. interest rate swap for 100% of the uncovered commercial loan from Euro floating interest rate to Euro fixed interest rate for the construction phase. No such requirement was asked for the EKF loan, and KEMCO loan as a fixed rate of CIRR7) applies to EKF loan and the project benefits from a low and stable interest rate for KEMCO loan. For the operation phase, it was required to enter into cross-currency, and interest rate swaps for all Euro denominated loans to have a fixed KRW interest rate and a fixed KRW principal repayment profile to hedge the KRW denominated revenue stream. Again, no such requirement was needed for KEMCO loan due to natural currency hedging and a low and stable interest rate provided by KEMCO.

        All the three tranches of the debt were ranked pari passu together with swap payments in respect of security and lender rights. The principal repayment profile was sculpted and achieved an average debt service cover ratio of 1.83x in the P75 case (the base case, which itself is a conservative case as compared to P50) and a minimum debt service coverage ratio of 1.39x. The ratios gave lenders a fairly high degree of comfort, compared with other similar power projects.

      

    

    

  
    
      4. Results and analysis
      Based on the facts and data obtained from the GAWIP, we will review individual factors and see how well the GAWIP has implemented for the four key success factors discussed earlier.

      
        4.1 Feasibility Analysis (B1)
        For an in-depth analysis of the feasibility, the previous study suggested five criteria: plural independent technical consulting firms for the survey, economies of scale, easy connection to the grid, infrastructure for construction and, lastly, site location remote from a residential area.

        In Gangwon case, it has an ideal location with proven wind resource so that the above criteria are well met. LI, on the sponsor side, and PB Power, on the lender side, conducted separately the wind resource survey using the dataset accumulated from four monitoring sites on top of existing dataset of relevant authorities and the surveys produced reliable results. Meanwhile, all other infrastructure was properly arranged for grid connection, construction, transportation of materials, fairly remote from the residential area, including but not limited to the benefits of economy of scale. In fact, GAWIP is still the biggest wind farm commercially operating in Korea.

      

      
        4.2 Wind Turbine Generator (E1)
        Needless to say, wind turbine generator is a key device in wind power generation system. It has an organic relationship with other key success factors so needs to perform optimally in consideration of other elements including the convenience of service and parts procurement, the cost-efficiency of maintenance, and quick troubleshooting to minimize the idle period.

        GAWIP deployed the technically proven wind turbines of Vestas, which ranks the top manufacture in the global wind turbine market. The availabilities of typical V80 units well meet industry standard above 96%. The EPC contract also provided a guarantee for a level of 96% availability.

        The Figure below is a graph of the actual operating results over the last 12 years. The blue line is the monthly average wind speed, the gray line is the capacity factor, and the red line at the top of the graph indicates the availability of the WTG. It is seen that the seasonal effect is apparent and the capacity factor is very proportional to the wind speed. Availability of WTG went down temporarily as low as 85.3% at the start stage, but it recovered immediately and perform very stably during operation until now.

        
          
          

          Fig. 6. 
				
          

          
            Wind performance
          
          

          

        

      

      
        4.3 Government Tariff System (B3)
        Due to the nature of the renewable energy generation, the cost of generating electricity is higher than that of conventional fossil fuels, so a variety of regulatory supports are needed to guarantee the profitability of the power generation. The FIT system, which compensates a certain portion of the gap between SMP and the standard price, has expired in 2011 and is now substituted with the RPS scheme.
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            Electricity sale price
          
          

          

        

        GAWIP is guaranteed to secure a minimum price of 107.66 / KWh for 15 years for electricity sales. Moreover, if the SMP exceeds this Standard Price, the higher price is automatically adapted for the sale, so GAWIP benefits from the minimum standard price and more as highlighted in green in the graph. In recent unusual situation caused by low oil price, SMP remains below the Standard Price, even touching the level of KRW60/kWh but sales have been systematically guaranteed, contributing significantly to the stable profit structure of the company.

      

      
        4.4 Project Finance (A5)
        Renewable energy projects, including wind power generation, in general, require large-scale funding for the purchase of wind turbine generators and site construction. In most cases, external borrowing from the pool of financial institutions is common at the debt-to-equity ratio of 80:20 for the project cost. The higher the debt ratio, the higher return the borrowers can expect on their equity from the viewpoint of the leverage effect, but the greater the repayment obligation and risk. Therefore, it is important to calculate and set up the appropriate ratio according to the size of the project or the expected sales.

        Once project finance is utilized, lenders are interested in reducing the risk of relatively low return on their lending and/or the non-payment risk. Thus the gearing level is limited by the lenders, while putting vigorous covenants to restrict the size and the use of the loan. For instance, Debt Service Coverage Ratio (DSCR), which indicates the ability to pay interest and installments in the cash flow of a project, is one of the most widely used financial covenants. The ratio can be simply calculated for the net cash flow to principal and interest obligations. A DSCR that is below 1 implies a negative cash flow. For instance, a DSCR of 0.90 indicates that the company’s cash flow available for the debt service is enough to cover only 90% of its annual debt payments. The DSCR is, therefore, a benchmark used to measure the cash generating ability of a project entity to cover its debt payments.

        It was analyzed that GWAIP can support the envisaged debt as demonstrated by an average debt service coverage ratio (DSCR) of 1.83x (min 1.39x) on a conservative P75 basis, being the Base Case. On the P90 basis, the average and the minimum DSCRs are 1.77x and 1.33x, respectively.

        
          
          

          Fig. 8. 
				
          

          
            DSCR trend
          
          

          

        

        Looking at the DSCR trend over the past ten years, GAWIP demonstrated it was fully feasible to meet the debt service with the cash flows as originally scheduled, even though showing a temporary breach below the minimum DSCR in 2009 due to the shortage of electricity production. Overall, DSCR, an indicator of healthy financial status, has far exceeded the minimum level that was established. As of the end of 2016, it stands at 1.2, which implies that foreign-currency borrowings are to be repaid in full as of March of this year, and no need to further comply with the ratio, which indicates more dividends are available to shareholders. The fact that the DSCR covenant is in good compliance without problems means that the project has been operating according to the original cash flow projection.

        Another noteworthy point is GAWIP was structured to well protect from financial risks such as interest rate and exchange rate. Of the borrowings, approximately 68%, which are Euro denominated, have a fixed rate through either a fixed rate of CIRR (in respect of EKF tranche) or an interest rate swap (in respect of Uncovered Commercial tranche) during the construction phase. All have a fixed KRW interest rate through a cross currency and interest rate swap during the operation phase. This creates no risk arising from interest rate change linked to these tranches. All hedging transactions were entered into as a conditions precedent to drawdown.

        
          
          

          Fig. 9. 
				
          

          
            EURIBOR and FX rate
          
          

          

        

        As can be seen from the above graph, fluctuation trend of the interest rate and the exchange rate over the past ten years show that the fluctuation is extremely large. In the case of the exchange rate, the fluctuation of the lowest point about the peak was more than 60%, and the interest rate has changed from the level of 5% to the recent negative rate. Without proper hedging, the project may be put in great danger.

      

    

    

  
    
      5. Conclusion and Implications
      In this paper, we intended to analyze the effectiveness of the success key factors of wind power projects referring to the previous study by applying them to the case of Gangwon wind power generation which is being operated with successful results.

      Among the various factors, “Feasibility analysis,” “Government tariff system” and “WTG selection,” and “Project Finance” are selected to be the key factors for the success. When they fall below a certain level, they will hamper investors' profitability and may drive the project into a catastrophic situation in some cases. In particular, Project Finance, as opposed to the three other factors determined or assumed at the project planning stage, would seriously affect the profitability of the project throughout its operating period due to its nature of volatility. For example, daily fluctuations of interest rates and exchange rates would significantly affect the debt serviceability for foreign currency borrowings and trigger the default in the worst situation. It is, therefore, necessary to arrange adequate countermeasures against such fluctuations at the project modeling stage and carefully manage them during the operation period.

      In this paper, we can see how these key risks and success factors were analyzed and effectively managed in the case of Gangwon Wind Power, which is proven to be profitable and successful for the past ten years. As for the financial risk related to project financing, the core factor of success, several measures can be suggested to mitigate the foreign exchange risk. First, localization of WTGs and encouragement to use for domestic wind farms would fundamentally exclude engagement of foreign currency loan and the relevant risk. However, this assumes the technical reliability of domestic WTGs and the manufacturer’s capability of warranty. Second, it is needed to expedite development of various financial derivatives in the market so as to provide appropriate hedging products to cover the financial risks.

      Limitations of this paper show that it would not be feasible to quantify the degree of interrelations between the four key success factors nor to draw quantitative measurements of the analysis results. And, Gangwon wind power, which is used for a case study, has operated under the FIT system and it is still receiving benefits from the mechanism of standard price, while all renewable energy projects are put under the RPS system since its launching in 2012, being applied with REC (Renewable Energy Certificate). Therefore, the key success factors under the new system are subject to revaluation in the context of new market conditions and business environments. In order to support and encourage development of renewable energy projects, it is of significance to study in depth and measure the appropriateness of REC price in association with the key success factors.

    

    

  
    
      subscript
      
        
          	
          	
        

        
          	
            WTG : 
          
          	
            wind turbine generator
          
        

        
          	
            FIT : 
          
          	
            Feed-In-Tariff
          
        

        
          	
            RPS : 
          
          	
            Renewable Portfolio System
          
        

        
          	
            SMP : 
          
          	
            System Marginal Price
          
        

        
          	
            PF : 
          
          	
            Project Finance
          
        

        
          	
            GAWIP : 
          
          	
            Gangwon Wind Project
          
        

        
          	
            DSCR : 
          
          	
            Debt Service Coverage Ratio
          
        

      

    

    

  
    
      Notes
      
        1) Generally, the required area for wind power generation is known to be 1,335 m2/GWh for wind power generation, 3,642 m2/GWh for coal, 3,561 m2/GWh for solar power, and 3,237 m2/ GWh for photovoltaic power generation.
      

      
        2) Wind power generation is very effective in reducing pollutants. If a 1.5 MW wind turbine generates a power of 400,000 kWh for one year, it may replace about 120~200 tons of coal, 3.2 tons of NOx, 1.2 to 2.4 tons of NOx, 300 to 500 tons of CO2, 16 to 28 tons of slag and dust, and has the effect of suppressing the discharge of about 160~280 kg per year of the suspended matter.
      

      
        3) Ali (2008) listed, as success factors, development of renewable technology and improvement of policy and financial frameworks. Scalone (2009) pointed out that stable and predictable regulatory frameworks and participation in a form of consortium would be key success factors.
      

      
        4) The questionnaire survey was conducted on 50 questions by applying the criterion of the importance (the importance of the factors in the successful execution of the wind power project project) and the performance (current management level of the factors) to the 25 key success factors respectively. As for the internal consistency of the survey results from a total of 218 experts with an average career years of 8.3 years in related fields including academia and industry i.e. 43 in development, 124 in design/engineering, 40 in construction and 11 in O&M area. Cronbach's Alpha coefficient was 0.9 or more, indicating it statistically reliable.
      

      
        5) 25 factors are as follows in the order of factor name, code and the degree of difference between the importance and the performance; project financing (A5,2.22), feasibility analysis (B1,2.20), government tariff system (B3,1.89), A / S material procurement (F3,1.82) WTG selection (E1,1.78), operation comparison (F4,1.71), business assessment (E4, 1.53), wind resource survey (B2,1.50), market survey (A1, 1.36), permission (C1,1.35), operating technology (F2,1.33), plant maintenance (F1,1.28), site selection (A3,1.25), area tourism (D2,1.24), plant design (D1,1.13), environmental analysis (D3,1.11), residents consents (C2,0.98), entry strategies (A2,0.95), preliminary F/S (A4,0.85), construction technology (E3,0.81), land lease (B5,0.75), project schedule (D4,0.74), change of oil price (B4,0.70), selection of auxiliary facilities (E2,0.48), cultural properties survey (C3,0.33)
      

      
        6) The shareholding structure was changed recently as Unison decided to transfer its shares to the 3rd parties.
      

      
        7) CIRR, standing for Commercial Interest Reference Rates, is the official fixed lending rate of Export Credit Agencies. EKF, the Danish export credit agency, provided an EUR-denominated fixed rate loan in relation to purchase of Vestas WTG.
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