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Abstract The installation of rooftop solar photovoltaic is expected to relieve the energy crisis and urban thermal damage caused
by urbanization to some extent. The non-hydrostatic version of the Weather Research and Forecasting (WRF) model coupled
with the single layer urban canopy model (UCM) is utilized to simulate the mitigating effect of rooftop solar photovoltaic with
various power efficiencies under sunny and breezy weather condition from 27 July to 5 August 2010. The results indicate that:
(1) the installation of rooftop solar photovoltaic can reduce the amount of energy needed to import into the city since it can gen-
erate energy for local use. This leads to cooling in the urban area since the energy generated by the solar panels can be used lo-
cally, which would otherwise heat the urban surface and radiate energy into the atmosphere. The cooling effect becomes more
significant with increasing solar panel efficiency, and the daytime cooling effect is stronger than that in the nighttime. The max-
imum 2 m air temperature can be decreased by 0.4—1.3 and 0.2 - 0.5C in the daytime and nighttime, respectively; (2) the
installation of rooftop solar photovoltaic can reduce the planetary boundary layer (PBL) temperature, and the cooling effect is
significant below 400 and 200 m in the daytime and nighttime, respectively. The maximum decrease in the PBL temperature
during the daytime occurs around noon, and the decreases can be up to 0.1 — 0.8 and 0. 1 = 0. 5C in the daytime and nighttime,
respectively; (3) the power generation capacity is 18.1X 10° kW « h within 9 d with the power generation efficiency of 40%.
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Fig.1 WREF simulation area and land use in the innermost domain

(black spots in (b) are the locations of automatic weather stations)
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Table 1 Numerical cases and urban parameters
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(a, c and e are urban stations, b, d and f are rural stations)

# 2 TR AR S RO E AL B AY LR

Table 2 Comparisons of simulated and observed near-surface meteorological fields

B R e
P MBE(C) R RMSE(C)  MBE R RMSE  MBE(m/s) R RMSE(m/s)
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Fig.3 Simulations of the cooling effect of solar panel roof during 07:00—-19:00 BT (a, c, e, g)
and 20:00 - 06:00 BT (b, d. f, h)
(a, b. PV20—-CTRL; ¢, d. PV30—-CTRL; e, f. PV40—-CTRL; g, h. PV60— CTRL)
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Table 3 Changes in meteorological elements in the urban area at the noon time (14:00 BT) and 24 h averages

SH LH RN G Tsk
i Ty, (C)H
L : (W/m?) (W/m?) (W/m?) (W/m?) <

PV20 - CTRL ~0.4 ~13.30 ~1.63 ~14.37 ~0.15 -0.6

PV30 - CTRL -0.5 ~17.49 -2.12 -18.94 -0.11 -1.3
24 h P H

PV40 - CTRL -0.5 ~21.33 -2.61 - 923,02 ~0.24 -1.8

PV60 - CTRL -0.8 -29.01 -3.68 ~31.67 ~0.03 -2.6

PV20 - CTRL -0.6 ~30.48 -3.88 ~37.36 3. 80 -1.3

PV30 - CTRL -0.8 - 40. 30 -5.08 -47.72 3.42 -2.0
Hi2F (14 B .

PV40 - CTRL -1.0 ~ 49, 84 - 6. 40 - 60. 96 6.03 -2.8

PV60 - CTRL 1.3 - 68.38 ~9.04 ~82.43 6. 96 -3.7
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