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Effects of Photovoltaic Panel Configuration on Slope Runoff and Sediment Yield
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Abstract: [ Objective ] To examine the impacts of photovoltaic (PV) panel coverage on slope runoff and sediment
yield, and to explore suitable panel arrangements and soil and water conservation measures for PV farms.
[Methods] Laboratory rainfall simulation experiments were conducted with a 3-factor design involving panel tilt
angle (30°, 35°, and 40°) , installation height (0.4, 0.6, and 0.8 m) , and arrangement modes (lateral
arrangement L: panel long side perpendicular to slope; and vertical arrangement V': panel long side parallel to
slope). For the lateral arrangement at 0.8 m installation height and 30° tilt angle, repeated rainfall experiments

were performed with additional protective measures (strip gravel and turf mats). [ Results] 1) PV panel coverage
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reduced slope runoff volume and cumulative sediment yield by up to 26.8% and 56.6% , respectively, compared to
bare slope (CK). Installation height exhibited an extremely significant positive correlation (p<<0.01) with slope
runoff rate, sediment yield rate, sediment concentration, runoff volume, and cumulative sediment yield.
2) Concentrated flow along the lower panel edge caused rill erosion beneath the panels parallel to the panel edge.
At a tilt angle of 35°, rill width was minimized (2.70 cm), with the lowest runoff volume and cumulative sediment
yield. 3) The arrangement modes influenced the morphology of erosion rills. Lateral arrangements (L) resulted in
numerous but small rills, whereas under vertical arrangements (V) , individual rills had greater erosion area and
volume. 4) Gravel or turf mats at the lower edge of PV panels effectively controlled erosion. Compared to PV -
covered slopes without protective measures, gravel reduced runoff volume and cumulative sediment by 2.3% and
31.5%, respectively, while turl mats decreased them by 14.4% and 74.4%. [ Conclusion] PV panel coverage
effectively reduces runoff and sediment yield, but may induce rill erosion beneath panels by concentrated flow.
Protective measures such as gravel or turf mats successfully prevent rill development. The optimal PV panel

configuration that minimizes sediment yield is the lateral arrangement with 0.4 m installation height and 35° tilt

angle. These findings offer valuable insights for soil and water conservation in PV farms.
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30 2.9340.37 4.5340.37 4.1540.37 1.8740.21 1.83%0.21 1.9140.21
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1 ) HE ) 35 82.364+1.83 85.964+4.04 88.924+1.45 106.48+6.27
40 81.77+£3.43 90.55+1.60 89.3245.04 102.64+2.20
30 82.954+7.81 94.8+1.03 94.62+2.71 113.36+1.03
15 1) HE 47 35 67.99+1.03 86.2546.49 86.6847.62 91.19£17.70
40 86.15+3.44 100.13+3.68 101.81+1.51 96.89+3.49
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