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ABSTRACT This study investigates the quantitative impact of external wake effects and inter-farm spacing within large offshore
wind cluster zones, with emphasis on the Shinan Cluster, Korea. As Korea pursues government-led planned site development under
the upcoming Offshore Wind Special Act, the spatial clustering of multiple wind farms poses concerns regarding external
wake-induced energy and revenue losses. By simulating an energy yield assessment, a hypothetical 390 MW offshore wind farm was
modelled adjacent to the Shinan offshore wind cluster zone. Sensitivity analysis was performed for 12 scenarios with, varying cluster
completion levels (30%, 60%, and 100%) and inter-farm spacing (0, 1, 3, and 5 km). The results show that increasing the inter-farm
spacing from 0 km to 3 and 5 km reduced the external wake loss rates to 5.2% and 4.3% from 8.0%, respectively. For project
developers, this translates to annual power sales loss reductions of 20.3 billion KRW (3 km) and 16.7 billion KRW (5 km) based on a
3.5 REC scenario. These findings provide empirical evidence for establishing minimum inter-farm spacing guidelines to prevent
revenue losses and stakeholder disputes in planned aggregation zones. This study offers actionable insights for policymakers and
developers, thus supporting sustainable offshore wind cluster designs within Korea’s emerging regulatory framework.
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Fig. 1. The spatial distribution of offshore wind projects in
South Korea which have secured energy business
licenses, visualized using QGIS
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Table 1. Status of offshore wind projects with energy business
licenses by region in South Korea as of Sep. 2025

Beafen No_. of Total Capacity Rate
Projects IMW] [%]
Gyeonggi 1 200 0.6
Gyeongnam 4 926 2.7
Gyeongbuk 1 96 0.3
Busan 2 136 0.4
Ulsan (2™) 13 5,961 17.1
Incheon (3") 8 3,415 9.8
Jeonnam (1%) 68 21,339 61.3
Jeonbuk 3 529 1.5
Jeju 4 307 0.9
Chungnam 5 1,929 5.5

Total 109 34,838 100.0
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Fig. 2. Assumed Shinan offshore wind cluster (red zones
1—10) and arbitrarily located offshore wind project
site (green) for external wake simulation in this study
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Table 2, Basic assumptions and wind farm layout design for each subarea (No.1—10) and a hypothetical site of the Shinan

offshore wind farm cluster

) ) Long—term average ) WTG spacing
. Site area Wind fgrm No. of Wind fgrm wind speed at hub Rotor dlameter /
Site No. (k] capacity WTGs densny2 height Hub height Prevailing | Cross wind
IMW] [MW/km?] [m] [RDs] [RDs]
[m/s]
Project Site 43.1 390 26 9.1 7.33 240 / 150 7.0 5.0
1 67.9 345 23 5.1 7.51 240 / 150 10.0 55
2 69.4 360 24 5.2 7.53 240 / 150 9.0 55
3 66.0 345 23 5.2 7.55 240 / 150 9.5 5.5
4 65.4 345 23 5.3 7.58 240 / 150 9.5 5.5
5 67.9 345 23 5.1 7.58 240 / 150 9.5 5.5
6 42.1 225 15 5.3 7.61 240 / 150 9.5 5.0
7 76.0 390 26 5.1 7.19 240 / 150 9.0 5.5
8 33.8 165 1 4.9 7.41 240 / 150 10.0 6.0
9 67.3 315 21 5.3 7.49 240 / 150 9.5 5.5
10 65.0 345 23 5.1 7.48 240 / 150 9.5 5.0
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Table 3. Sensitivity analysis scenarios based on cluster
completion level and wind farm spacing
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Scenario : ) ) )
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(j) Case 10 (30%, 5 km)

(k) Case 11 (60%, 5 km)

(1) Case 12 (100%, 5 km)

Fig. 3. Configuration of external wake scenarios considering completion of wind farm cluster and wind farm spacing: (a) Case
1, (b) Case 2, (c) Case 3, (d) Case 4, (e) Case 5, (f) Case 6, (g) Case 7, (h) Case 8, (i) Case 9, (j) Case 10, (k) Case 11

and (I) Case 12
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Table 4. The summary result of preliminary EYA simulation
for internal wake losses including blockage effect

Internal Adjusted
s . Wake wake Weighting wake
cenario
model losses value losses
[%] [%]
Base case Jensen 11,91 0.5 19 43
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only internal Eddy
wake) Viscosity 9.51 - B
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Table 5. The breakdown of general loss assumptions excluding
turbine interactions (wake losses)

e o e Assumed value
Losses [%] Efficiencies

Non—availability 5.4 0.946
Electrical efficiency 3.5 0.965
WTG performance 1.7 0.983
Environmental 0.6 0.994
Curtailment 0.0 1.000
Total 10.8 0.892
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Table 6. The summary of EYA result for each external wake case. P90 AEPs for each case were roughly estimated from P50
AEPs applying P90/P50 ratio of 0.90 without detailed uncertainty assessment due to absence of onsite measurement

data

P50 P90

Gase | Bter | Compoten | G55 | s e | ks | losses |y | CoEEOMY | e | Copcty
; [GWh/y] (%] (%] (%] %] | [Gwh/y] (%] [GWh/y] [%]

Base - - 1392.5 12.4 - 12.4 21.9 1,087.2 31.8 978.5 28.6
1 0 30 1392.5 12.4 3.7 15.6 24.8 1,047.5 30.7 942.7 217.6
2 0 60 1392.5 12.4 5.0 16.8 25.9 1,032.4 30.2 929.2 21.2
3 0 100 1392.5 12.4 8.0 19.4 28.1 1,000.5 29.3 900.5 26.4
4 1 30 1392.5 12.4 3.1 15.1 24.3 1,054.1 30.9 948.7 27.8
5 1 60 1392.5 12.4 4.4 16.3 25.3 1,039.6 30.4 935.6 27.4
6 1 100 1392.5 12.4 6.6 18.2 271 1,015.6 29.7 914.0 26.8
7 3 30 1392.5 12.4 2.2 14.3 23.6 1,063.8 311 957.4 28.0
8 3 60 1392.5 12.4 3.4 15.4 24.6 1,050.1 30.7 945.1 2.7
9 3 100 1392.5 12.4 5.2 17.0 26.0 1,031.0 30.2 927.9 27.2
10 5 30 1392.5 12.4 1.6 13.9 23.2 1,069.4 313 962.5 28.2
1 5 60 1392.5 12.4 2.8 14.9 24.1 1,056.6 30.9 950.9 27.8
12 5 100 1392.5 12.4 4.3 16.2 25.2 1,041.0 30.5 936.9 27.4

* P90 AEP and P90 CF were assumed from general assumption of P90/P50 ratio of 0.9
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Table 7. Summary of sensitivity analysis on economic losses based on P90 AEP due to external wake losses, comparing four
SMP and REC scenarios (2.0, 2.5, 3.5, 4.5 RECs). All economic losses are presented as the difference from the Base

case without external wake effects

i ' S . 553 e Economic IOfgcis bfiTI)iro (;a}gg v?xzarF]{EC scenario
Case [ﬁfr;e]r CorrE%etmn wake loss yield CF change VP £ SI\I/IP " VP - v
(%] [GWh/y] (%] (%]
2.0 REC 2.5 REC 3.5 REC 45 REC
Base - - - 978.5 28.6 Base Base Base Base Base
1 0 30 3.7 942.7 27.6 - 3.7 -95.4 —111.6 - 143.9 - 176.1
2 0 60 5.0 929.2 27.2 -5.0 - 131.6 —153.9 —198.4 —242.9
3 0 100 8.0 900.5 26.4 - 8.0 - 208.3 — 2435 - 313.9 —384.3
4 1 30 3.1 948.7 27.8 -3.1 = 79.7 -93.1 —-120.1 —147.0
b) 1 60 4.4 935.6 27.4 -4.4 - 114.5 —133.9 - 172.6 —211.3
6 1 100 6.6 914.0 26.8 - 6.6 - 172.1 - 201.2 - 259.4 - 317.6
7 3 30 2.2 957.4 28.0 - 2.2 —96.3 —65.8 —84.8 -103.9
8 3 60 3.4 945.1 277 -3.4 - 89.2 —104.3 —134.4 —164.6
9 3 100 5.2 927.9 27.2 —-9.2 - 135.0 - 157.8 —203.4 —249.1
10 B) 30 1.6 962.5 28.2 -16 —42.8 - 50,1 - 64,6 - 79.1
11 B) 60 2.8 950.9 27.8 -2.8 - 73.6 - 86.0 - 110.9 - 135.8
12 B) 100 4.3 936.9 27.4 -4.3 - 111.0 -129.8 - 167.3 —204.8
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