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ABSTRACT

A cool roof has the advantage of reducing the urban heat island effect and building cooling
requirement by reflecting solar radiation on the roof surface. Therefore, it is being used as a
green remodeling technology for deteriorated buildings. However, to evaluate the performance
of the cool roof, it is necessary to evaluation of increases of heating demand due to the decrease
of solar heat gain in winter. The ratio of heat gain and loss on the roof surface was analyzed
according to the insulation level of old buildings. In particular, buildings with good insulation
can reduce heat loss in winter, but may increase cooling requirements in summer. Therefore,
reducing the heat gain through the cool roof in summer can be a good alternative. It was
confirmed that the heat gain in summer through the roof surface decreased rather than the heat
gain in winter, so, the heating and cooling demand was reduced by 27% on the flat roof and 30%
or more on the slope roof.
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Figure 1. Schematic heat flow on roof
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Table 1. Simulation conditions (U-Value of building elements; W/(m?-K))

Area 1987" 2001" 2011" 20227
External Wall 0.58 0.47 0.36 0.17
Central Roof 0.41 0.29 0.20 0.15
Regine 2 Floor 0.58 0.35 0.30 0.17
Window 3.37 3.84 2.10 1.00

1) Kimet al. (2013)
2) Energy Saving Design Standards of Buildings (MOLIT Notification No. 2017-881, Sep. 1, 2018)

Table 2. Simulation conditions (Monthly weather data from Energy#)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 1:\21/

Outdoorali -1.8 12 58 126 182 224 247 257 217 153 75 02 128
temperature (°C)

Sky temperature (°C) -19.7 -16.1 -104 -2.1 57 11.6 154 163 10.7 22 -79 -172 -1.0
Global radiation

(kWh/n?) 61 78 108 131 145 131 101 112 106 94 62 53 1181

Table 3. Simulation conditions (Roof materials)

Flat roof Slope roof material Cool roof
Surface No. Surf-01  Surf-02  Surf-03  Surf-04  Surf-05  Surf-06  Surf-07
Waterproof ~ Asphalt

Energy Energy Energy

R(:;)lgf;ﬁce palnt shingle Clz}l’ rz())of Zinc roof” Saver (R? Saver (R) Saver (R?
(Green)" roof” (Green)”  (Gray)”  (White)®
Solar reflectance 0.11 0.09 0.16 0.22 0.29 0.57 0.77
Infrared emittance ~ 0.82 0.97 0.92 0.91 0.89 0.88 0.88
1) Kim (2016)

2) Park et al. (2017b)
3) Energy Saver Catalog (NOROO Paint & Coatings co.,Ltd, https://www.noroopaint.com/)
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Table 4. Annual radiation heat gain and energy benefit on roof (kWh)

Surface Heating Net Cooling Net Annual Net

Heating Net Cooling Net Annual Net

No. Demand”  Demand”  Demand” Demand”  Demand”  Demand”
1987 year insulation standard 2001 year insulation standard
Surf-01 27.5 241.8 2144 19.4 171.1 -151.6
Flat  Surf-05 -74.7 131.8 -206.5 -52.8 93.3 -146.1
Roof  Surf-06 -184.9 -8.5 -176.4 -130.8 -6.0 -124.8
Surf-07 -266.6 -110.5 -156.0 -188.5 -78.2 -110.4
Surf-02 -33.6 214.0 -247.6 -23.7 1514 -175.1
Slope Surf-03 -41.7 190.8 -232.5 -29.5 134.9 -164.5
Roof Surf-04 -63.0 161.8 -224.8 -44.6 1144 -159.0
200 Surf-05 -84.2 130.3 -214.5 -59.6 922 -151.7
Surf-06 -199.7 -15.1 -184.6 -141.2 -10.7 -130.6
Surf-07 -285.2 -120.9 -164.3 -201.7 -85.5 -116.2
Surf-02 -40.0 212.6 -252.5 -28.3 150.3 -178.6
Slope Surf-03 -48.0 189.2 -237.2 -34.0 133.8 -167.8
Roof Surf-04 -69.8 159.7 -229.5 -49.4 113.0 -162.3
250 Surf-05 91.4 127.8 -219.2 -64.6 90.4 -155.0
Surf-06 -209.5 -20.1 -189.4 -148.2 -14.2 -134.0
Surf-07 -297.0 -127.7 -169.3 -210.1 -90.3 -119.8
Surf-02 -46.1 210.2 -256.4 -32.6 148.7 -181.3
Slope Surf-03 -54.2 186.7 -240.9 -383 132.1 -170.4
Roof Surf-04 -76.7 156.7 -233.4 -54.2 110.8 -165.1
30° Surf-05 -99.0 124.2 -223.2 -70.0 87.9 -157.9
Surf-06 -221.2 -26.8 -194.5 -156.5 -18.9 -137.5
Surf-07 -311.9 -136.7 -175.2 -220.6 -96.7 -123.9
2011 year insulation standard 2022 year insulation standard
Surf-01 13.4 118.0 -104.6 10.0 88.5 -78.4
Flat  Surf-05 -36.4 64.3 -100.7 -27.3 48.2 -75.6
Roof  Surf-06 -90.2 -4.1 -86.1 -67.6 -3.1 -64.6
Surf-07 -130.0 -53.9 -76.1 -97.5 -40.4 -57.1
Surf-02 -16.4 104.4 -120.8 -12.3 78.3 -90.6
Slope Surf-03 -20.4 93.1 -1134 -153 69.8 -85.1
Roof Surf-04 -30.7 78.9 -109.7 -23.1 59.2 -82.3
20° Surf-05 -41.1 63.6 -104.6 -30.8 47.7 -78.5
Surf-06 -97.4 -7.4 -90.0 -73.0 -5.5 -67.5
Surf-07 -139.1 -59.0 -80.2 -104.3 -44.2 -60.1
Surf-02 -19.5 103.7 -123.2 -14.6 77.8 -92.4
Slope Surf-03 -23.4 92.3 -115.7 -17.6 69.2 -86.8
Roof Surf-04 -34.0 77.9 -112.0 -25.5 58.4 -84.0
250 Surf-05 -44.6 62.3 -106.9 -33.4 46.7 -80.2
Surf-06 -102.2 -9.8 -92.4 -76.6 273 -69.3
Surf-07 -144.9 -62.3 -82.6 -108.7 -46.7 -61.9
Surf-02 -22.5 102.6 -125.1 -16.9 76.9 -93.8
Slope Surf-03 -26.4 91.1 -117.5 -19.8 63.3 -88.1
Roof Surf-04 -37.4 76.4 -113.9 -28.1 57.3 -85.4
300 Surf-05 -48.3 60.6 -108.9 -36.2 454 -81.6
Surf-06 -107.9 -13.1 -94.9 -80.9 -9.8 -71.1
Surf-07 -152.2 -66.7 -85.5 -114.1 -50.0 -64.1

1) Heating period heat gain on roof (Absoption — Emission) (kWh)
2) Cooling period heat gain on roof(Absoption — Emission) (kWh)
3) Annual heat gain benefit (Heating Net Demand — Cooling Net Demand) (kWh)
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Table 5. Saving rate of heating and cooling demand on roof by roof surface types (%)

Flat Roof Slope Roof 20°
Surface No Surf  Surf Surf Surf Surf Surf Surf Surf Surf Surf
) 01 -05 -06 -07 02 -03 -04 -05 -06 -07
Saving Rate - 37 177 272 - 6.1 92 134 255 336
Slope Roof 25° Slope Roof 30°
Surface No Surf Surf Surf Surf Surf Surf Surf Surf Surf Surf Surf Surf
) 02 -03 -04 -05 -06 -07 02 -03 -04 -05 -06 -07
Saving Rate - 6.1 9.1 132 25.0 33.0 - 6 9 129 24.1 317

Table 6. Saving rate of heating/cooling and annual demand by roof surface types and
construction year (%)

Flat Roof Slope Roof 20°

Surface No. Surf Surf Surf Surf Surf Surf Surf Surf Surf Surf
-01 -05 -06 -07 -02 03 -04 -05 -06 -07

H - 098 203 282 - 008 028 047 156 236

1987 C - =525 -11.85 -16.57 -1.13 -2.53 -4.05 -10.98 -15.93
A - 003 -0.07 -0.12 -0.10 -0.14 -0.19 -0.28 -0.32

H - 082 170 235 - 006 023 040 131 198

2001 C - -3.66 -829 -11.63 -0.78 -1.76 -2.81 -7.66 -11.16
A - -0.01 -0.15 -0.23 -0.09 -0.13 -0.18 -0.31 -0.39

H - 064 134 1.85 - 005 0.18 031 1.03 157

2011 C - 253 573 -8.06 -0.54 -121 -1.94 -528 -7.71
A - -0.02 -0.15 -0.23 -0.07 -0.11 -0.15 -0.28 -0.35

H - 059 123 171 - 005 0.17 029 095 144

2022 C - -1.80 -4.09 -575 -0.38 -0.86 -1.38 -3.76 -5.50
A - -0.04 -0.18 -0.27 -0.07 -0.10 -0.15 -0.28 -0.37

Slope Roof 25° Slope Roof 30°

Surface No. Surf Surf Surf Surf Surf Surf Surf Surf Surf Surf Surf Surf
-02 -03 -04 -05 -06 -07 -2 -03 -04 -05 -06 -07

H - 007 028 048 158 239 - 007 028 048 1.61 245

1987 C - -1.14 256 -4.10 -11.15 -16.19 -1.15 -2.60 -4.17 -11.37 -16.52
A - -0.10 -0.14 -0.19 -0.27 -0.30 -0.10 -0.13 -0.18 -0.25 -0.27

H - 006 023 040 132 201 - 006 024 041 135 2.06

2001 C - =079 -178 -285 -7.79 -11.34 -0.79 -1.81 -2.90 -7.94 -11.58
A - -0.09 -0.13 -0.18 -0.31 -0.38 -0.09 -0.13 -0.18 -0.29 -0.35

H - 005 018 032 105 1.59 - 005 0.19 032 1.07 1.63

2011 C - 054 -122 -196 -537 -7.84 -0.55 -1.24 -1.99 -548 -8.00
A - -0.07 -0.11 -0.15 -0.27 -0.35 -0.07 -0.10 -0.15 -0.26 -0.33

H - 005 017 029 097 147 - 005 0.17 030 0.99 1.51

2022 C - -039 -0.87 -140 -3.83 -559 -0.39 -0.88 -1.42 -390 -5.71
A - -0.07 -0.10 -0.15 -0.28 -0.37 -0.07 -0.10 -0.15 -0.27 -0.36
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