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With the commercialization of offshore wind and the continued advancement of wave energy technologies, the option of locating both in the same sea area has emerged. The joint development of offshore wind and wave energy can effectively address the challenges faced by offshore wind and wave energy development, reduce costs, and improve the stability of power generation and output. This article introduces the current status of sea area utilization and marine functional zoning in Zhejiang Province and proposes a site selection method to identify the most suitable sea area for the construction of co-located offshore wind and wave farms in Zhejiang. First, a geographic information systems database was developed to identify unsuitable areas for co-located offshore wind and wave farms. Then, a literature review was conducted to establish a system of resource, economic, and technical selection indicators, and the Delphi method was used to determine the weight of each indicator. Finally, the sea areas suitable for the construction of co-located offshore wind and wave farms were evaluated and ranked, and the order of power plant development was given. The results of the study illustrate the potential of developing co-located offshore wind and wave farms in Zhejiang, especially in the northern part of Zhoushan and the southern part of Taizhou.
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INTRODUCTION
Both offshore wind energy and wave energy belong to the ocean renewable energy, which is known as the most potential renewable energy. With the variation of global climate and environment, the effective development and utilization of offshore wind and wave energy resources have attracted great attention all over the world (Wan et al., 2016; Akpınar et al., 2019; Kamranzad and Lin, 2020; Kamranzad and Takara, 2020). Also, a series of policies and regulations have been formulated one after another. Europe was in a leading position for the utilization of ocean energy, whose installed capacity of offshore wind energy accounted for more than 90% of the world, and it aimed to meet 4% of Europe’s energy demand by 2020 (Kalogeri et al., 2017). China’s 13th Five-Year Plan of wind energy development stipulated that the installed capacity of offshore wind energy would reach about five million kW by 2020. Moreover, the global wave energy industry was still in the demonstration application stage, which was expected to be used for commercial purposes in the medium and short term (Magagna and Uihlein, 2015). The “European ocean energy strategic roadmap” aims to achieve the installed capacity of 100 GW for wave energy and tidal current energy in Europe by 2050. China’s 13th Five-Year Plan for the development of ocean renewable energy aims to build a wave energy demonstration base of 500 kW by 2020. Moreover, the 14th Five-Year Plan of energy development in Zhejiang Province focuses on promoting the development of offshore wind energy and intensively building a demonstration project of offshore wind energy + ocean energy + energy storage + hydrogen production + ocean pasture + onshore industrial base. During the 14th five-year plan of Zhejiang Province, offshore wind energy strives to increase the installed capacity by more than 4.5 GW.
Offshore wind and wave resources often coexist in the same locations (Clark et al., 2019), and the combination of these two promising energies is a solution to enhance the competitiveness of marine renewable energy and meet the carbon emission targets. The sea site selection and planning of wave–wind combined energy generation is an important link in the preliminary work of co-located offshore wind and wave farm (COWWF) construction project, which is the key to determine the good economic benefits of electric field construction. Evaluation of the complementarity of the wind and wave energy potential have been carried out in various studies around the world (Astariz and Iglesias, 2017; Azzellino et al., 2013; Kalogeri et al., 2017; Murphy et al., 2011; Rusu and Rusu, 2021a; Rusu et al., 2017; Rusu and Rusu, 2021b; Wan et al., 2018).
Many previous studies analyzed the combined wind–wave exploitation mostly focused on the characteristics of the resources themselves (Rusu et al., 2017; Wan et al., 2018), while the combined wave–wind site selection is not just a matter of resources, it is a complex and comprehensive evaluation process with multi-level, multi-objective, and multi-factor characteristics, which is restricted by many factors such as natural geography, ocean resources, transportation, power grid, and national-local policies. The effective decision-making needs clear methods to evaluate and rank the various options.
Different indexes and methods are proposed to evaluate wave–wind exploitation. The CLF index (co-location feasibility index) was defined by Astariz and Iglesias, (2016) and Astariz and Iglesias, (2017) to encompass the factors when searching for the best location for a co-located wave and wind energy farm. The best location of co-located wave and wind energy farms in the central and southern North Sea was assessed while balancing the environmental conservation and economic development. The MSP method (marine spatial planning) was utilized by Azzellino et al. (2013) to select the best site for wind and wave energy in the North Sea of Denmark, which considered the characteristics of wind and wave resources, channel, fishery, and other planning indicators. The EU ORECCA project (Murphy et al., 2011) comprehensively considered the site selection indicators such as resources and water depth, which had been successfully applied to the joint site selection of offshore wind energy, wave energy, and/or tidal energy in the North Sea, Baltic Sea, Atlantic coast, Mediterranean Sea and Black Sea.
MCDM (multi-criteria decision-making) methods have become increasingly popular in site selection decision-making of renewable energy power plants because they consider multiple conflicting goals and decision-maker preferences (Shao et al., 2020). Vasileiou et al. (2017) used the AHP (analytic hierarchy process) and comprehensively considered the economic, technical, social, and political factors, to carry out the site selection for Greece’s offshore wind and wave combined energy system. Ribeiro et al. (2021) applied the Delphi method to classify the wave energy resources along the northwest coast of the Iberian Peninsula, while seven indices were considered including wave resource, stability, risk, and installation and maintenance costs. These environmental, political, and technological factors must be considered to determine the best site for the co-location of offshore wind and wave farms.
The hindcast datasets were widely used directly (Martinez and Iglesias, 2020; Rusu and Rusu, 2021a; Rusu and Rusu, 2021b), or to form the input data for wave simulation models such as Swan, WAVEWATCH-III, and WAM in wave–wind energy resource assessments and co-location evaluation. (Zheng et al., 2013; Kalogeri et al., 2017; Kamranzad and Lin, 2020; Kamranzad and Takara, 2020; Gideon and Bou-Zeid, 2021). Kamranzad and Takara, (2020) utilized the JRA-55 wind dataset (developed by the Japan Meteorological Agency) as the input data for Swan to generate the simulated waves. Gideon and Bou-Zeid, (2021) used NOAA and Hywind data as the input data to analyze the variability of wave–wind power farms in different sites. The ERA-5 database was chosen by Martinez and Iglesias, (2020), Rusu and Rusu, (2021a), and Rusu and Rusu, (2021b). Wan et al. (2018) selected the ERA-Interim reanalysis data, and some scholars used the satellite data (Rusu and Rusu, 2021a; Wan et al., 2016).
Chinese researchers have conducted a series of studies to assess wave and wind energy in the China Sea. Zheng (2011) and Zheng et al. (2013) evaluated the distributions of wave and wind energy around the East China Sea and South China Sea. Wan et al. (2018) assessed the joint potential of wave and wind energy in the South China sea. While most studies focused on the China Sea are the traditional single-criterion approaches, the assessment mainly just considered the characteristics of wave and wind energy, the influence on the marine environment, and future socioeconomic benefits that need to be considered in the selection of co-location offshore wind and wave farms.
The MCDM site selection method for the COWWF construction in the suitable sea area of Zhejiang Province, China, was presented in this article based on the literature survey method, Delphi, and GIS. According to ERA-Interim reanalysis datasets and a set of restricted indexes, the sea areas that are not suitable for the COWWF construction are determined. The restricted indexes were different from Vasileiou et al. (2017), and the selected exclusion criteria taken into account in this studywere based on the China marine environment, policies, technology, and regulations. For example, the annual average wind speed of less than 5.6 m/s was considered not suitable for the site selection in China, while a wind speed smaller than 6 m/s was considered unsuitable by Vasileiou et al. (2017).
A GIS database is developed, and a thematic map is prepared according to the aforementioned restricted indexes. Then, the resource, economy, technology, and other planning index system are established according to the literature survey method, and the Delphi method is used to determine the weight of each index.
Scholars have proposed different evaluation index systems for site selection, such as Astariz and Iglesias, (2016), Astariz and Iglesias, (2017), Ribeiro et al. (2021), and Vasileiou et al. (2017). The opinions of 18 experts from 14 enterprises, universities, and scientific research institutes are integrated totally in this article, which makes the evaluation index system more representative. Finally, the sea areas which meet the construction conditions and do not meet the exclusion index are evaluated and ranked, and the sea areas suitable for the COWWF construction in Zhejiang Province are determined.
REGIONAL OVERVIEW
Geographical Location of Zhejiang Province
Zhejiang Province is located in the south wing of the Yangtze River Delta and the middle of the southeast coast. The sea area is adjacent to Shanghai and Fujian Province with the geographical coordinates ranging from 121°11′58″ to 123°23′38″ east longitude and 27°2′47″ to 30°41′30″ north latitude (as shown in Figure 1). The territorial sea and the internal water area within the province is 44,400 square kilometers, including the jurisdictional contiguous zone, the exclusive economic zone, and the continental shelf with an area of 260,000 square kilometers. Zhejiang Province had a total coastline of about 6,700 km, more than 4,300 islands, and 2,878 islands with an area of more than 500 square meters (The People’s Government of Zhejiang Province, 2012).
[image: Figure 1]FIGURE 1 | Study area.
Ocean Wind and Wave Resources in Zhejiang Province
The ERA-Interim data are hosted at the European Centre for Medium-Range Weather Forecasts (ECMWF), which is a new production after the ERA-40. Its time resolution is 6 hourly intervals. The spatial resolution covers 0.125 ° × 0.125 °, 0.25 ° × 0.25 °, 0.5 ° × 0.5 °, ..., 2.5 ° × 2.5 °. In this study, the spatial resolution of data is 0.125 ° × 0.125 °, the time resolution is 6 h, and the time span is from 1 January 1986 to 31 December 2015 (30 years in total). ERA-Interim data can be downloaded from the ECMWF Public Datasets web interface. For detailed documentation of the ERA-Interim Archive see Berrisford et al. (2011).
The effective wind time counted the cumulative hours of wind speed between three and 25 m/s in one year (GB/T 18710--2002, 2002). The effective wave time counted the cumulative hours of effective wave height between 1 and 4 m in one year (GB/T 34910.3 - 2017). Figures 1, 2 show the distribution map of offshore wind and wave energy resources in Zhejiang waters for 30 years. It can be seen that the wind and wave resources in Zhejiang Province gradually increase from the north to the south and from the west to the east. Also, the variation of the nearshore sea area is obvious. The annual average wind speed in most sea areas of Zhejiang was 5.6–7.0 m/s, which could be applied to the grid-connected wind energy generation (GB/T 18710--2002, 2002). The effective wind time was 6,500–7,500 h, and the annual average wave energy density of most offshore waters in Zhejiang Province was less than 2 kW/m, and the results were consistent with Rusu and Rusu, (2021b), which was not suitable for wave energy development and utilization (GB/T 34910.3-2017). The maximum value was located in the offshore waters in the north of Zhoushan and the south of Taizhou. Moreover, the annual average wave energy current density exceeded 6 kW/m. In most sea areas, the effective wave duration was 1,000–2000 h, and the maximum value was located in the south of Taizhou, and the effective wave duration could reach 5,000 h.
[image: Figure 2]FIGURE 2 | Spatial distribution of the annual mean in Zhejiang Province. (A) Annual average wind speed, (B) effective offshore wind time, (C) annual average wave energy density, and (D) effective wave time, for the period 1986–2015.
Figures 3, 4 show the seasonal behavior of the offshore wind and wave energy in winter (December–January–February, DJF), spring (March–April–May, MAM), summer (June–July–August, JJA), and autumn (September–October–November, SON). The seasonal variation of offshore wind energy and wave energy in the Zhejiang sea area is not obvious. The wind energy is maximum in summer (mean 230 W/m2), medium in winter (mean 220 W/m2) and autumn (mean 208 W/m2), and minimum in spring (mean 202 W/m2). The wave energy is maximum in winter (mean 2.8 kW/m), medium in summer (mean 2.3 kW/m) and autumn (mean 1.9 kW/m), and minimum in spring (mean 1.8 kW/m). Under the influence of the typhoon in summer and the northeast monsoon in winter, offshore wind energy and wave energy are relatively abundant in these two seasons.
[image: Figure 3]FIGURE 3 | Spatial distribution of the seasonal behavior of the mean wind power density for the period 1986–2015. The selected seasons are: (A) winter (DJF); (B) spring (MAM); (C) summer (JJA); and (D) autumn (SON).
[image: Figure 4]FIGURE 4 | Spatial distribution of the seasonal behavior of the mean wave energy flux for the period 1986–2015. The selected seasons are: (A) winter (DJF); (B) spring (MAM); (C) summer (JJA); and (D) autumn (SON).
Research of Wen et al. (2022) shows that the Zhejiang coast experiences the lowest correlation between the two resources; therefore, wind and wave joint development is more conducive to stable power output (Muliawan et al., 2012; Kalogeri et al., 2017; Zhu et al., 2019).
CURRENT SITUATION OF SEA AREA DEVELOPMENT AS WELL AS UTILIZATION AND OCEAN FUNCTION ZONING IN ZHEJIANG PROVINCE
Current Situation of Sea Area Development and Utilization in Zhejiang Province
The coastline length of Zhejiang Province ranked first in the country, and the beach resources lied at the top in the country, but the degree of development and utilization was high. Meanwhile, the demand and use intensity of land reclamation as well as the deep-water coastline increased day by day. More than 40% of the coastline in Zhejiang Province had been developed and utilized. The deep-water coastline resources with a water depth of more than 10 m were about 500 km, and 80% of them were concentrated in Ningbo and Zhoushan (Planning of Zhejiang Marine Functional Area). On the one hand, the large-scale reclamation had brought great pressure on the ocean ecological environment protection and the sea area use management. On the other hand, the over exploitation of nearshore was serious; the available shoreline, beach space, and shallow sea biological resources were decreasing day by day, and the ocean reserve resources were insufficient (Planning of Zhejiang Marine Functional Area).
Ocean Functional Zoning in Zhejiang Province
According to the natural environment characteristics, natural resource advantages, and socio-economic development needs of sea areas in Zhejiang Province, the ocean functional areas in Zhejiang Province could be divided into eight first-class categories: agricultural and fishery areas, port and shipping areas, industrial and urban sea areas, mining and energy areas, tourism, leisure, and entertainment areas, ocean protection areas, special utilization areas, and reserved areas, with a total of 223 ocean basic functional areas divided (Shao et al., 2020). The development of ocean energy was prohibited for port shipping areas, tourism, leisure, and entertainment areas, ocean reserves, and special utilization areas [as shown in Planning of Zhejiang Marine Functional Area (2017)].
DATA AND METHODS
Site Selection Method of COWWF
To determine the most suitable sea area for COWWF construction in Zhejiang Province, we develop and apply a site selection method, which is based on the combination of the literature survey method, Delphi method, and GIS, including three stages. The purpose of the first stage (exclusion stage) was to exclude the sea areas that are not suitable for COWWF construction, so as to determine the possible suitable ocean areas, which are the alternative areas to be further evaluated. For this purpose, the GIS database has been developed to generate a thematic map of exclusion indicators for utilization restrictions (including resources, economy, technology, and policy constraints). By superimposing the aforementioned map, the sea areas unsuitable for COWWF construction are determined, while the other areas represent the areas where COWWF may be constructed, namely, the selected assessment alternative sea areas. As for the second stage (evaluation index establishment stage), the literature survey method is used to determine the evaluation index of COWWF site selection, and the Delphi method is used to determine each index weight. As for the third stage (comprehensive evaluation stage), the alternative sea areas determined in the first stage are comprehensively evaluated by using the evaluation indexes and weights designed in the second stage. According to the evaluation results, the appropriate sea areas of COWWF are selected to give the development sequence of starting the electric field.
Exclusion Indicators
To determine the sea area which is not suitable for COWWF construction in Zhejiang Province, a set of exclusion indicators is considered. These indicators describe the resource, economic, technological, and social constraints of wind and wave development as well as utilization. According to Zhejiang Province water functional zoning (2011–2020) (Marine function zoning in Zhejiang Province), the sea areas which could not be compatible with wind and wave development as well as utilization were analyzed and determined. The remaining restrictions mainly consider the economic, the technical feasibility, and the policy compliance. A total of eightexclusion indicators are selected in this study, as shown in Table 1. The selection of exclusion indicators refers to the references, namely, Vasileiou et al. (2017), Planning of Zhejiang Marine Functional Area, and Shao et al. (2020).
TABLE 1 | Exclusion criteria for COWWF siting in Zhejiang Province.
[image: Table 1]The first four exclusion indexes (EC1 ∼ EC4) are related to the use restrictions of ocean functional zoning. Specifically, the following ocean functional areas are excluded:
The port shipping areas: these sea areas are used to develop and utilize the port shipping resources for the construction of ports, waterways, and anchorages.
The tourism, leisure, and entertainment area: the development of the sea area should pay attention to the protection of coastal natural landscape and beach resources. Also, the non-public welfare facilities are prohibited from occupying public tourism resources.
The ocean protected areas: the sea areas dedicated to ocean resources, environment, and ecological protection.
The special utilization area: it refers to the sea area used for other special purposes such as submarine pipeline laying, road and bridge construction, sewage discharge up to standard, and dumping, which is prohibited to build other permanent buildings within the sea area.
Exclusion indicators of EC5–EC7 are related to the economic and technical constraints, and EC8 is related to the policy impact. These exclusion indicators are described as follows:
The annual average wind speed: the available offshore wind potential determines the economic and technical feasibility of the COWWF project. This potential can be expressed quantitatively by the annual average wind speed at 10 m height. The sea area with an annual average wind speed of less than 5.6 m/s was considered not suitable for the site selection of COWWF (GB/T 34910.3-2017).
The annual average wave energy flow density: the COWWF project aims to develop offshore wind energy and wave energy at the same time. Therefore, the economic and technical feasibility of this hybrid energy system also largely depends on the available wave energy. It was generally considered that the annual average wave energy density was greater than 2kW/m (GB/T 34910.3-2017; Measures for the management of offshore wind power development and construction).
The water depth: the spatial limitation of water depth on-site selection is based on the basic design of COWWF. The pile foundation type is generally applicable to the water depth within 50 m. Although the floating type overcomes the shortcomings of water depth limitation and develops to the deep-water area of hundreds of meters, the main challenges of the floating foundation are how to maintain the foundation stability, limit the foundation displacement, the efficient anchor chain system, and reduce the design, the installation, and the maintenance costs. At present, the Hywind demo of the deepest floating wind farm has a water depth of 220 m. On account of the forward-looking principle, the depth is limited to 250 m in this article.
The offshore distance: the COWWF construction near the coast would have a negative impact on the environment, such as the impact of vision and noise, which might affect the safety of various existing human activities (such as fishing and leisure activities) in the corresponding coastal areas (Vasileiou et al., 2017). Zhang et al. (2013) stipulated that offshore wind farms should comprehensively consider the development intensity, resource, and environmental carrying capacity in accordance with the requirements of ecological civilization construction. In principle, they should be arranged in the sea area with a water depth of no less than 10 m when the offshore distance was not less than 10 km and the beach width was more than 10 km (State Energy Administration and State Oceanic Administration, 2016).
Evaluation Indicators
To determine the COWWF site and development sequence, the alternative sea area needs to be evaluated. Therefore, the site selection index system of resources, economy, and technology is established according to the literature survey method (Flocard et al., 2016; Zheng et al., 2018; Shao et al., 2020). Also, the preliminarily established index system has 14 indexes. The Delphi method is used to determine the weight of each index and solicit the first round of opinions from 18 experts of 14 enterprises, universities, and scientific research institutes, who score the weight of 14 indexes preliminarily selected. Meanwhile, the opinions of 18 experts are integrated, and five indexes with a weight less than 0.02 are deleted. Moreover, the second round of opinions is solicited from 18 experts for the remaining 9 indexes, and the final results are shown in Table 2 (Zheng et al., 2019; Zheng, 2021).
TABLE 2 | Evaluation criteria for COWWF siting in Zhejiang Province.
[image: Table 2]To comprehensively evaluate the indicators of different dimensions in Table 2, the normalization is used in this study. The normalization is a way to simplify the calculation, namely, the dimensional values being transformed into dimensionless values. By means of using the linear normalization function, the evaluation index is transformed into the standardization factor. C1–C4 represent the resource potential of wind and wave energy. Also, the resource richness increases with the increasing value, and the conversion method is shown in Equation 1:
[image: image]
where x is the value before conversion; y is the standardized value after conversion, which is dimensionless with the range of 0–1 (1 being the best and 0 being the worst); MaxValue is the maximum value of the sample; and MinValue is the minimum value of the sample.
C5, C8, and C9 are the operating water depth and the distance to the nearest port or coastline, respectively, which have a great impact on the construction and maintenance cost of the power station. C6 and C7 are the maximum wave height and the maximum wind speed, respectively, once in 50 years, which are used to evaluate the survival level of the device under extreme conditions. Moreover, the conversion method is shown as Equation 2:
[image: image]
where x is the value before conversion, y is the standardized value after conversion, MaxValue is the maximum value of the sample, and MinValue is the minimum value of the sample.
According to the weighted linear combination, namely, each standardized value being multiplied by the corresponding weight in Table 2. Also, the results are summed to obtain a location suitability index of COWWF, as shown in Equation 3:
[image: image]
where SI is the site suitability index of COWWF, wi is the weight of ith evaluation index, and yi is the ith standardized value.
RESULTS
Exclusion of Unsuitable Sea Areas
After determining the exclusion indicators shown in Table 1, the corresponding thematic map is formed by means of GIS. According to GIS superposition, the sea areas unsuitable for COWWF construction are determined (as shown in Figure 5), and the other sea areas are alternative sea areas that may be suitable for COWWF construction.
[image: Figure 5]FIGURE 5 | Unsuitable areas for the siting of COWWF in Zhejiang Province.
Major Criteria Classification
All the alternative sea areas are divided into many units with 0.125 ° × 0.125 ° for the evaluation and ranking to determine the priority of COWWF site selection. The evaluation criteria layer was designed to take into account the annual average wind speed, annual effective wind time, annual average wave energy current density, annual effective wave time, water depth, maximum wave height once in 50 years, maximum wind speed once in 50 years, port distance, and offshore distance at the suitable areas previously calculated. Each of these nine factors was normalized using formulation Eq. 1 or Eq. 2, attributed to the weights given in Table 2.
The annual average wind speed, annual effective wind time, annual average wave energy current density, and annual effective wave time represent the potential of wind and wave energy resources, with site suitability increasing with this criterion value. Each of the four factors was normalized using formulation Eq. 1, attributed a weight (Table 2), and combined to create the layer using the GIS.
The water depth, port distance, and offshore distance have a great impact on the construction and maintenance cost of the power station. The maximum wave height once in 50 years and maximum wind speed once in 50 years are used to evaluate the survival level of the device under extreme conditions. It can be observed that, contrary to the results of the five parameters, they were normalized using formulation Eq. 2, the same attributed a weight (Table 2), and combined to create the layer using the GIS.
Site Classification
The spatial restrictions are associated with the resource, economic, technological, and social constraints as well as conflict of use (Table 1 and Figure 5). Using the formulation (Eq. 3), the previously defined major criteria were in turn combined using the major weights given in Table 2.
According to the location suitability index (SI), it is divided into three categories: class I area (SI ≥ 0.70), class II area (0.70 ≥ SI > 0.65), and class III area (0.65 ≥ SI > 0.60). The final results for the base case in Figure 6 show that the areas of class I are located in the north of Zhoushan and south of Taizhou, accounting for more than 0.13% of the study area. This is mainly due to the fact that these areas yield the highest values of offshore wind and wave energy and they are also in close proximity to important infrastructure such as a harbor facility. The areas of class II are located in the northeast of Zhoushan, middle of Zhoushan, south of Taizhou, north of Taizhou, and north of Wenzhou, accounting for more than 0.58% of the study area. The areas of class III are located in the east of Zhoushan, middle and south of Taizhou, and east and middle of Wenzhou, accounting for more than 1.51% of the study area.
[image: Figure 6]FIGURE 6 | COWWF zoning in Zhejiang Province.
According to the geographical location and zoning level, the potential sea area for COWWF construction in Zhejiang Province is divided into ten areas A1 ∼ A10 (as shown in Table 3).
TABLE 3 | Characteristics of COWWF zoning in Zhejiang Province.
[image: Table 3]The relative weights of assessment indicators for ten areas A1∼A10 are shown in Figure 7. C1∼C4 represent the wave and wind energy resources, which are combined into one index. It can be seen that A2 and A5 are the most abundant in wave energy and wind energy resources, but the maximum wave height once in 50 years in these two regions exceeds 9 m (the highest value in the sea area of Zhejiang Province), which is a great test for the plant viability. Although A8∼A10 have the same resources as A1 (even A9 is better than A1), they are divided into class III areas because they are far from the coastline and port.
[image: Figure 7]FIGURE 7 | Relevant weight of each regional evaluation criteria.
CONCLUSION
In this study, we present a methodology for selecting the most suitable locations for COWWF considering technical, socio-economic, and environmental parameters. The suitability of the sites was evaluated based on nine essential criteria: the annual average wind speed, annual effective wind time, annual average wave energy current density, annual effective wave time, water depth, maximum wave height once in 50 years, maximum wind speed once in 50 years, port distance, and offshore distance.
The procedure was applied to the Zhejiang sea area and demonstrates how criteria ranked using weightings based on an expert judgment can be used to evaluate promising locations for COWWF that may assist in setting an ocean energy policy. The results clearly identified optimal locations, totaling an area of over 325 km2, for COWWF with high suitability scores corresponding to two locations previously earmarked in the north of Zhoushan (A1) and the south of Taizhou (A2).
Based on the literature survey, Delphi, and GIS, this study puts forward a site selection method for the COWWF construction in the suitable sea area of Zhejiang Province, so as to determine the most suitable sea area for the COWWF deployment in Zhejiang Province. The results show the potential of deploying COWWF in Zhejiang Province, which can provide the technical support for the micro-location of COWWF in Zhejiang Province.
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