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ABSTRACT A study was conducted to analyze data from 1981 to 2020 for understanding the impact of climate on solar energy
generation. A significant increase of 104.6 kWhm™ was observed in the annual cumulative solar radiation over this period. Notably,
the distribution of solar radiation shifted, with the solar radiation in Busan rising from the seventh place in 1981 to the second place in
2020 in South Korea. This study also examined the correlation between long-term temperature trends and solar radiation. Areas with
the highest solar radiation in 2020, such as Busan, Gwangju, Daegu, and Jinju, exhibited strong positive correlations, suggesting that
increased solar radiation contributed to higher temperatures. Conversely, regions like Seosan and Mokpo showed lower temperature
increases due to factors such as reduced cloud cover. To evaluate the impact on solar energy production, simulations were conducted
using climate data from both years. The results revealed that relying solely on historical data for solar energy predictions could lead to
overestimations in some areas, including Seosan or Jinju, and underestimations in others such as Busan. Hence, considering long-term
climate variability is vital for accurate solar energy forecasting and ensuring the economic feasibility of solar projects.
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Nomenclature ASOS  :automated synpotic observing system

AEP : annual energy production CF + capacity factor

COMS : communication, ocean, meteorological satellite
AN :anomaly

CORDEX: coordinated regional climate downscaling

experiment

1) Principal Besewcher, Renewable Energy Big Data Laboratory, GMS-5  : geostationary meteorological satellite - 5
Korea Institute of Energy Research

2) Principal Researcher, Renewable Energy Institute, Korea Institute GOES-9 : geostationary operational environmental

of Energy Research satellite

3) Principal Engineer, Renewable Energy Big Data Laboratory, MA : moving average
Korea Institute of Energy Research ) ) )
*Corresponding author: ckkim@kier.rekr MTSAT?2 : multi-functional transport satellite-2

Tel: +82-42-860-3517 Fax: +82-42-860-3462 NREL  :national renewable energy laboratory
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OH : operation hour

QC : quality control

SAM : system advisor model
™Y : typical meteorological year

UASIBS - KIER : university of arizona solar irradiance
based on satellite - korea institute of

energy research
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Table 1. Summary of automated synoptic observing system
station and period for the investigation

ASOS Name ASOS ID | Data Availability | Excluded Year
Daegwallyeong 100 1981 ~ 2020 1989
Chuncheon 101 1981 ~ 2020
Gangneung 105 1981 ~ 2020
Seoul 108 1981 ~ 2020
Incheon 112 1981 ~ 2020 1996
Wonju 114 1981 ~ 2020
Suwon 119 1981 ~ 2020
Seosan 129 1981 ~ 2020 1988
Cheongju 131 1981 ~ 2020
Daejeon 133 1984 ~ 2020
Chupungnyeong 135 1982 ~ 2020
Andong 136 1983 ~ 2020
Pohang 138 1982 ~ 2020
Daegu 143 1981 ~ 2020
Jeonju 146 1982 ~ 2020 1996
Gwangju 156 1981 ~ 2020
Busan 159 1981 ~ 2020
Mokpo 165 1981 ~ 2020
Jeju 184 1982 ~ 2020
Jinju 192 1981 ~ 2020
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Fig. 1. Flowchart for deriving anomaly dataset from long—term climate dataset
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Table 2. Design of solar power plants for the energy pro—
duction simulation

Capacity Tilting Azimuth | Total Loss
(KWo) Angle (°) | Angle (°) (%) Albedo
500 20 180 14 02
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Table 3. Summary of annual solar irradiance (kWh m™2) and annual mean temperature (°C) for 1981 and 2020 climate dataset,
and correlation coefficients for anomaly values from annual solar irradiance and annual mean temperature with year

at individual ASOS stations

1981 climate dataset 2020 climate dataset Correlation Coefficient | Correlation Coefficient
ASOS Moving Average of Moving Average of
Name Annual Solar | Annual Mean | Annual Solar | Annual Mean Annual Solar Annual Mean
Irradiance Temperature Irradiance Temperature Radiation Temperature
Daegwallyeong 1264.4 6.67 1400.1 7.41 0.932 0.994
Chuncheon 1237.6 11,22 1348.8 11,61 0.988 0.823
Gangneung 1259.2 13,12 1377.2 13,57 0.943 0.902
Seoul 1151.8 12,58 1265.6 12,94 0.911 0.819
Incheon 1279.0 12,15 13141 12,67 0.627 0.946
Wonju 1276.7 11,19 13711 12,28 0.947 0.980
Suwon 1186.4 12,09 1334.2 12,66 0,979 0.926
Seosan 1340.6 12.11 1348.0 12,18 —-0.391 0.073
Cheongju 1259.7 12,46 1366.8 13.35 0.935 0.990
Daejeon 1328.8 12,94 14710 13.29 0.990 0.840
Chupungnyeong 1222.2 11,89 1385.6 11,87 0.960 —-0.429
Andong 13157 12,03 1372.7 12,37 0.875 0.964
Pohang 1304.2 14,28 1370.6 14,70 0.748 0.938
Daegu 1268.7 14,05 1432.1 14,58 0.968 0.937
Jeonju 1237.1 13.44 1389.1 13.83 0.937 0.942
Gwangju 12942 13.82 14429 14,31 0.956 0.972
Busan 1296.1 14,69 1450.7 15.03 0.949 0.952
Mokpo 1366.9 14.02 1398.9 13.98 —-0.120 —0.603
Jeju 12291 15,74 1356.1 16.29 0.986 0.967
Jinju 1395.7 13.29 1409.8 13.53 0.303 0.675
Average 1275.7 12,69 1380.3 13.12 0.771 0.730
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Fig. 2. Annual GHI (Global Horizontal Irradiance) as a function of time at 20 ASOS station. The number in each subplot indicates
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Busan ASOS observing station
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Table 4. Summary of AEP, CF and OH for 1981 and 2020
climate dataset at Busan, Jinju and Seosan ASOS
stations

1981 Climate Dataset 2020 Climate Dataset

ASOS | AEP | CF OH | AEP | CF OH
(MWh) | (%) (h) | (Mwh) | (%) (h)

Busan 610 13.9 1221 738 16.9 1477

dJinju 651 14.9 1302 730 16.7 1460

Seosan | 632 14,5 1266 650 14,8 1300
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