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Particulate Matter Impacts on Solar Power Capacity Factor across
Administrative Regions in Korea

Sungmin O! and Javier Lopez Prol?

'Department of Electronic and Al System Engineering, Kangwon National University
ZYonsei University, Mirae Campus

The impact of particulate matter (PM10 and PM2.5) on solar power generation has attracted increasing
attention as air pollution and renewable energy expansion proceed simultaneously in South Korea. While
previous studies have examined the relationship between aerosols and photovoltaic (PV) performance
at the national scale or at specific locations, little is known about regional heterogeneity. In this study, we
quantify the effects of particulate matter on solar power capacity factor across administrative regions
(provinces and major cities) of South Korea using open-source observations. To do this, we employ
multiple regression and tree-based machine learning models, incorporating both meteorological factors
(solar radiation, temperature, humidity, wind) and air quality data. The models achieved high explanatory
power (R? exceeding 0.7), ensuring robust estimation of factor importance. Preliminary analysis revealed
that Seoul, with high particulate matter concentrations but limited PV installations, showed relatively small
sensitivity in capacity factor, whereas Jeollanam-do, characterized by abundant solar resources and
extensive PV deployment, exhibited stronger PM-related impacts. These results emphasize the importance
of accounting for local climatological and socio-energetic contexts, rather than relying on nationwide
averages, when assessing aerosol effects on renewable energy output. Our findings provide scientific basis
forimproving solar energy forecasting and developing region-specific energy management strategies under
varying air quality conditions.

Keywords: Particulate matter, Solar power, Capacity factor, Machine learning, Energy meteorology
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6—hour Photovoltaic Power Forecasting Using Al-based Cloud
Motion Vector and GK2A Imagery over South Korea

Yoon—Kyoung Lee!, JungHae Her?, Yong—Sang Choi'?, Hwayon Choi?, and Jaein Song®

!Center for Climate/Environmental Change Prediction Research, Ewha Womans University
2Department of Climate and Energy Systems Engineering, Ewha Womans University
*National Electric Power Control Center, Korea Power eXchange

In the face of increasing renewable energy demand, accurate forecasting of photovoltaic (PV) power is
crucial for grid stability. This study presents a hybrid Al model that improves 6-hour PV power forecasting
accuracy over South Korea. Our approach utilizes GK2A satellite imagery and employs a convolutional
neural network (CNN) for Al-based cloud motion tracking to forecast cloud motion vectors (CMV) up to six
hours ahead. The effective cloud fraction (ECF) is then derived from the Al-predicted cloud motion vectors
(CMV) to quantify the impact of clouds. This ECF, along with other meteorological data, is fed into a multiple
linear regression (MLR) model to predict the final PV power output. Validation results show a normalized
mean absolute error ("MAE) below 2% during daytime hours. Our framework, which effectively combines
high-resolution satellite imagery and Al-based cloud motion tracking, provides a robust and generalizable
solution applicable to various geographical and meteorological conditions. This research offers a practical
pathway to enhance grid management and accelerate renewable energy integration by leveraging the power
of satellite data for superior forecasting.

Keywords: GK2A, Effective Cloud Fraction, Photovoltaic Power Forecasting, Optical Flow, Solar Power
Generation
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