KSMER Journal of The Korean Society of Mineral and Energy Resources Engineers

Vol. 60, No. 4 (2023) pp. 231-241, https://doi.org/10.32390/ksmer.2023.60.4.231 ISSN 2288-0291(print)
ISSN 2288-2790(online)

UBAHUS SHS FALT HYRY 017

AMEIAF W71 L, 2zAddietn HaelvAlgah, At oy eEatat

Study on a Development Model of Wind Power Generation Integrating an
Artificial Neural Network

Kyoung-Soo Kim' and lisik Jang®**

'CGO, Seoul, Korea
’Department of Advanced Energy Engineering, Chosun University, Gwangju, Korea
*Department of Energy Resources Engineering, Chosun University, Gwangju, Korea

*Corresponding Author. llsik Jang, isjang77@chosun.ac kr, Department of Advanced Energy Engineering and Department of Energy
Resources Engineering, Chosun University, Gwangju, Korea

Received Abstract
17 July 2023 Despite the K t’s keen interest in wind tion, wind f: tructi
pite the Korean government’s keen interest in wind power generation, wind farm construction
Final version Received continues to be ad hoc in terms of both selection of location and utilization wind resources in the
14 August 2023 country. In this study, an artificial neural network (ANN) model was developed to predict the
economics of wind power generation using wind vector characteristics, grid linkage, and geographical
Accepted characteristics. A regional wind power resource distribution map was constructed considering
28 August 2023 economic feasibility. An optimization method was established to optimize the size of the wind power

complex, grid connection, and type of wind turbine to secure maximum economic benefits for
promising wind power locations. The optimization method used could quantify various key factors
and support economic analysis through a sensitivity analysis between the various impact factors of
wind power projects. The optimization method led to identitying locations for onshore and offshore
wind farms with high economic potential in the Southwest Sea and near Jeju Island.
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Fig. 1. Illustration of the observed wind climate: (a) wind rose

diagram and (b) wind speed distribution.
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Fig. 5. Flowchart of the optimization method for wind power
development.
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Fig. 6. (a) GIS data integration with gridding in (a) Jeonnam
region and (b) Jeju region.
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Table 1. Example of a power transmission line and substation
data

Position  Substation  Voltage (kV) Capacity (MVA)
511 Naju 154 240
522 Gwangyang 345 1620.3
523 Koheung 154 180
524 Gurye 154 120
525 Bakwoon 154 120
526 Bulkyo 154 120
527 Suncheon 154 180

Table 2. Basic cost values for wind farm installation

Parameters Values
Jacket price 1,705 (3 MW)
(M¥) 2,212 (5 MW)
Contingency cost 17.1 (onshore)
(M¥/MW) 42.8 (offshore)
Initial business cost 23.9 (onshore)
(M¥/MW) 39.9 (offshore)

5,900 (GE)
6,600 (Hyosung)
8,300 (Hyundai)

5,200 (Vestas V112)
5,900 (Siemens SWT)
5,500 (Doosan DS)

Turbine cost
(M¥)

Onshore construction cost

M¥) 425

843 (5~20m)
1,370 (20~40m)
2,906 (40~60m)

Offshore construction cost
(M)

Table 3. Basic cost values for power transmission system
installation

Parameters Values
22.9 kV line 658 (onshore)
(M¥/km) 2,592 (offshore)
154 kV line 1,085 (onshore)
(M#/km) 2,775 (offshore)
Onshore 154 kV substation
(M¥#¥/bank) 1,204
Offshore 154 kV substation 1.899
(M¥#¥/bank) ’

Table 4. Basic cost values for wind farm operation

Parameters Values
O&M cost (MM¥/MW) 30.1
LTSA cost (MM¥/MW) 33.8
Labor and miscellaneous 10.5

(MM¥/MW)
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Table 5. Input parameters for the ANN model

Onshore Offshore

Average wind speed Average wind speed

Altitude Water depth
Distance from adjacent Distance from adjacent
substation substation
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Fig. 10. Economic feasibility map for wind power in (a) Jeonnam
region and (b) Jeju region.
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Fig. 11. Target area analyzed in Hangyeong-myeon.

Table 6. Input parameters used in the Hangyeong-myeon
analysis

Parameters Values
Average wind speed (m/s) 7.73
Water depth (m) 17
Distance from adjacent substation (km) 9.5
Project life (yrs) 30
Inflation (%) 2.5
Discount rate for NPV (%) 9
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Fig. 12. Proxy model result in the Hangyeong-myeon analysis.

Table 7. Results of the business analysis in Hangyeong-myeon

. . Proposed
Parameters Previous analysis .
business model
Capacity (MW) 100 MW 100 MW

Wind turbines Vestas V112 Siemens SWT

Wind turbine
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Fig. 13. Proxy model result of the promising area in Jeju.

Table 8. Proposed business model of the promising area in

33 31 Jeju
numbers
Construct 154 kV Construct 154 kV Parameters Proposed business model
Substation .
4bank 4bank Capacity 100 MW
NPV (M¥) 11,490 21,902 Wind turbines Vestas V112
IRR (%) 9.49 9.66 Wind turbine numbers 33
CAPEX (M#¥) 402,200 422,091 Substation Construct 154 kV 4bank
OPEX (M¥¥) 352,916 320,037 NPV (M) 150,241
Revenue (M¥¥) 940,083 908,273 IRR (%) 16.05
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Fig. 14. Proxy model of a 400 MW wind farm.

Table 9. Proposed business model of a 400 MW wind farm

Parameters Proposed business model

Capacity (MW) 400
Wind turbines Siemens SWT
Wind turbine numbers 125
Substation Construct 154 kV 4bank
NPV (M) 341,636
IRR (%) 12.24
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