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Abstract The installation of solar roofs is expected to alleviate to a certain extent the energy crisis caused by urbanization and the
destruction of urban thermal environment. The heat transfer model of solar panels is introduced into the WRF multi-layer urban
canopy scheme, and the effects of solar roofs in two installation forms (attached roof and scaffolding roof) on urban thermal
environment and energy consumption balance are simulated online. A typical heat wave weather is selected for the present study. The
results show that: (1) Installation of the attached solar roof can reduce 2 m temperature by 0.29°C during the daytime, and the cooling
effect is better than that of the scaffolding roof, but the decrease of temperature at the nighttime is small. The scaffolding roof cools
down to 0.23°C during the daytime, and the effect of cooling at the nighttime is significant. Compared with the ordinary roof, the
temperature is lowered by 0.60°C. (2) The solar roof can really cool down the urban area during the daytime, but it will also weaken
the turbulence, inhibit the development of the daytime boundary layer and reduce the height of the boundary layer. In the case of
strong turbulence development, the weakening effect of solar roofs is more obvious. (3) In addition to impacts on urban meteorology,
solar roofs can make important contributions to energy supply. From the results, the power generated by solar panels can afford
54.5% of the energy consumption by air conditioners in commercial areas during the study period.

Key words Solar roof, Urban canopy scheme, Urban thermal environment, Energy
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Table 1 Proportions of number of stations with temperature above 30°C and 35°C in
Jiangsu Province during 21—27 July
21H 22H 23H 24H 25H 26H 27H
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Fig. 1

(a) Nested simulation areas (black rectangles indicate D01, D02, D03) and terrain height (shaded, unit: m);
(b) land-use types (number) for the inner-most domain D03
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Table 2 Proportions of urban building height
R A IX i BT IX Al X
FRE(m) (%) mEm) HH(%) EEm) 5 H(%)
6 63 6 28 6 13
9 17 9 15 9 10
12 1 12 5 12 6
15 6 15 25 15 24
18 12 18 20 18 24
21 1 21 3 21 8
24 3 24 4
27 1 27 4
30 3
33 2
36 1
39 1
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Table 3 Thermodynamic parameters of each layer of
photovoltaic panels
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Table 4 Description of the parameters used in the algorithms
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Fig.3 Comparisons of simulated and observed 2 m air temperature (a-d), 2 m relative humidity (e-h), 10 m wind speed (i-1)

(a, e, i. low-density residential areas; b, f, j. high-density residential areas; ¢, g, k. business district; d, h, 1. suburban areas)
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Table 5 Deviation indexes of air temperature, relative humidity and wind speed between urban and suburban areas

1A RMSE SD O SD P
Tom(°C) 0.97 1.09 3.03 3.52

IR TR RH; (%) 0.88 10.24 14.55 13.67
Wigm(m/s) 0.71 0.95 0.70 0.80

Tom(°C) 0.97 1.02 3.12 3.44

R T RH; (%) 0.86 11.03 14.16 12.90
Wigm(m/s) 0.69 0.97 0.67 0.80

Tom(°C) 0.98 0.83 3.26 343

FilkIX. RH; (%) 0.87 10.56 15.38 12.75
Wigm(m/s) 0.90 0.49 0.72 0.90

Tom(°C) 0.96 1.36 3.03 3.90

ZBIX RH; (%) 0.92 7.63 13.61 13.21

Wiom(m/s) 0.64 1.12 0.68 0.77
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Fig. 6 Diurnal variation characteristics of average sensible heat flux for the two types of photovoltaic roof
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Fig. 7 Diurnal variation characteristics of average latent heat flux for the two types of photovoltaic roof

(illustration same as Fig. 6)
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Fig. 14 Hourly change of photovoltaic roof power

generation in Jiangsu
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