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Abstract
Global warming rises the environment heat gain to a building, and makes the 

building cooling energy demand become greater. In order to face this upcoming risk, 

finding a way to evaluate the change of cooling demand is important. Therefore, this 

study establish a set of future weather years for building performance simulation tools 

based on the methods of constructing Typical Meteorological Year (TMY) and the 

morphing process which introduced by Belcher, Hacker et al. (2005). Using from 

historical observed data which is recorded by Taiwan Central Weather Bureau and the 

newest General circulation model (GCM) outputs which is provided from Coupled 

Model Intercomparison Project Phase 5 (CMIP5), contemporary weather years 

(2000~2014)  and three timesclice of future weather years (2011~2040, 2041~2070

and 2071~2100) is well developed. 

By inputting these weather years into EnergyPlus building performance simulation 

tool, the future change of cooling energy demand is confirmed. Office buildings with 

30% of Window-to-Wall Ratio (WWR) will rise 1.86 to 9.53 kWh/m2 of cooling energy 

intensity, office buildings with 60% of WWR will rise 1.81 to 9.06 kWh/m2, and office 

buildings with 90% of WWR will rise 1.8 to 8.83 kWh/m2 . Depends on these results, 

the strategies of conserving energy can be formulated. This study formulates the 

strategies by adapting the building evelope design, and presents these as figures in order 

to help decision-makers easier to make decisions.

Keywords: Typical Meteorological Year, IPCC AR5, CMIP5, future wether year, 

climate change, building performance simulation, building energy conservation.
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3.2.2

NREL 15

2000 2014 15

3-2

13

3-2

WMO

466920 121.507 25.040 5.0

467570 121.006 24.830 26.9

591580 120.676 24.148 84.0

467480 121.147 23.498 26.9

593580 120.205 22.993 40.8

467440 120.308 22.568 2.0

595620 121.147 22.754 9.0

466990 121.605 23.977 16.0

3-3
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Masaki, et al (2010)

3-3



17

3.2.3

3-3 2000 2014

5% Sandia 

Method

3-3

2000 458 5.2% 94 1.1%

2001 383 4.4% 128 1.5%

2002 295 3.4% 149 1.7%

2003 224 2.6% 39 0.4%

2004 302 3.4% 66 0.8%

2005 340 3.9% 105 1.2%

2006 257 2.9% 76 0.9%

2007 354 4.0% 75 0.9%

2008 314 3.6% 73 0.8%

2009 283 3.2% 50 0.6%

2010 350 4.0% 79 0.9%

2011 404 4.6% 44 0.5%

2012 398 4.5% 58 0.7%

2013 282 3.2% 43 0.5%

2014 253 2.9% 49 0.6%

3-4
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3-4

WMO
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3.3

Intergovernmental Panel on Climate Change IPCC

General Circulation Model GCM
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SRES Special Report on Emissions Scenarios RCP Representative 
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3.3.2 GCM

3.3.1 GCM
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3-7 GCM

BCC-CSM1.1 128 64 2.813 2.813

CanESM2 128 64 2.813 2.813

GISS-E2-H 144 90 2.500 2.000

IPSL-CM5A-LR 96 96 3.750 1.875

MRI-CGCM3 320 160 1.125 1.125

NorESM1-M 144 96 2.500 1.875

3-8 GCM
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3.4

EnergyPlus Department of Energy

Lawrence Berkeley National Laboratory University 

of Illinois U. S. Army Construction Engineering 

Research Laboratory Oklahoma State University
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3-9 2000 2014
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3-9

3.4 m
10

9000 m2

WWR 30% 60% 90%

U 3.5 W/m2-K
D * 1.5

0.1
U 1.0 W/m2-K

D * 5.0

0.1
U 6.5 W/m2-K
SHGC 0.8

0.6 m

COP 6.1

25 °C

15 W/m2

3-7

0.1 /m2

10 W/m2

3-8
* D = R m2-K/W × S W /m2-K

ck
w
ckS ��� 51.02 ��

ρ kg/m3 c KJ/kg-K
k W/m-K w 24

( 2014)
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3.4.2

L27 U D

U D U

SHGC 9 3 27

3-10 3-11 1 3.4.1

3-10

1 2 3

U 1 3.5 2.5 1.5 W/m2-K
D 2 1.5 2.5 3.5 --

3 0.1 0.5 0.9 --
U 4 1 0.7 0.4 W/m2-K
D 5 5 6 7 --

6 0.1 0.5 0.9 --
U 7 6.5 5 3.5 W/m2-K
SHGC 8 0.8 0.55 0.3 --

9 0.6 1.2 1.8 m
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3-11 L27

L27

1 2 3 4 5 6 7 8 9

U D U D U SHGC

1 1 1 1 1 1 1 1 1 1

2 1 1 1 1 2 2 2 2 2

3 1 1 1 1 3 3 3 3 3

4 1 2 2 2 1 1 1 2 2

5 1 2 2 2 2 2 2 3 3

6 1 2 2 2 3 3 3 1 1

7 1 3 3 3 1 1 1 3 3

8 1 3 3 3 2 2 2 1 1

9 1 3 3 3 3 3 3 2 2

10 2 1 2 3 1 2 3 1 2

11 2 1 2 3 2 3 1 2 3

12 2 1 2 3 3 1 2 3 1

13 2 2 3 1 1 2 3 2 3

14 2 2 3 1 2 3 1 3 1

15 2 2 3 1 3 1 2 1 2

16 2 3 1 2 1 2 3 3 1

17 2 3 1 2 2 3 1 1 2

18 2 3 1 2 3 1 2 2 3

19 3 1 3 2 1 3 2 1 3

20 3 1 3 2 2 1 3 2 1

21 3 1 3 2 3 2 1 3 2

22 3 2 1 3 1 3 2 2 1

23 3 2 1 3 2 1 3 3 2

24 3 2 1 3 3 2 1 1 3

25 3 3 2 1 1 3 2 3 2

26 3 3 2 1 2 1 3 1 3

27 3 3 2 1 3 2 1 2 1
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3-12 L27 ( )

L27

1 2 3 4 5 6 7 8 9

U D U D U SHGC

W/m2K -- -- W/m2K -- -- W/m2K -- m

1 3.5 1.5 0.1 1 5 0.1 6.5 0.8 0.6

2 3.5 1.5 0.1 1 6 0.5 5 0.55 1.2

3 3.5 1.5 0.1 1 7 0.9 3.5 0.3 1.8

4 3.5 2.5 0.5 0.7 5 0.1 6.5 0.55 1.2

5 3.5 2.5 0.5 0.7 6 0.5 5 0.3 1.8

6 3.5 2.5 0.5 0.7 7 0.9 3.5 0.8 0.6

7 3.5 3.5 0.9 0.4 5 0.1 6.5 0.3 1.8

8 3.5 3.5 0.9 0.4 6 0.5 5 0.8 0.6

9 3.5 3.5 0.9 0.4 7 0.9 3.5 0.55 1.2

10 2.5 1.5 0.5 0.4 5 0.5 3.5 0.8 1.2

11 2.5 1.5 0.5 0.4 6 0.9 6.5 0.55 1.8

12 2.5 1.5 0.5 0.4 7 0.1 5 0.3 0.6

13 2.5 2.5 0.9 1 5 0.5 3.5 0.55 1.8

14 2.5 2.5 0.9 1 6 0.9 6.5 0.3 0.6

15 2.5 2.5 0.9 1 7 0.1 5 0.8 1.2

16 2.5 3.5 0.1 0.7 5 0.5 3.5 0.3 0.6

17 2.5 3.5 0.1 0.7 6 0.9 6.5 0.8 1.2

18 2.5 3.5 0.1 0.7 7 0.1 5 0.55 1.8

19 1.5 1.5 0.9 0.7 5 0.9 5 0.8 1.8

20 1.5 1.5 0.9 0.7 6 0.1 3.5 0.55 0.6

21 1.5 1.5 0.9 0.7 7 0.5 6.5 0.3 1.2

22 1.5 2.5 0.1 0.4 5 0.9 5 0.55 0.6

23 1.5 2.5 0.1 0.4 6 0.1 3.5 0.3 1.2

24 1.5 2.5 0.1 0.4 7 0.5 6.5 0.8 1.8

25 1.5 3.5 0.5 1 5 0.9 5 0.3 1.2

26 1.5 3.5 0.5 1 6 0.1 3.5 0.8 1.8

27 1.5 3.5 0.5 1 7 0.5 6.5 0.55 0.6
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4

4.1

2000 2014

4-1 4-2 WS

0.05 0.09

9% RMSD

10Wh/m2 RMSD 20 Wh/m2

70 200 Wh/m2

RMSD

4-1

WS RMSD

1 2013 0.0440 6.9557

2 2011 0.0603 7.337

3 2009 0.0375 6.5582

4 2009 0.0706 14.546

5 2013 0.0581 13.9874

6 2006 0.0432 7.0062

7 2008 0.0622 9.844

8 2011 0.0553 11.0191

9 2011 0.0594 12.126

10 2007 0.0773 23.4794

11 2009 0.0396 7.1286

12 2009 0.0688 4.8773
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4-2

WS RMSD

1 2013 0.0552 7.5731

2 2004 0.0839 6.0305

3 2007 0.0681 8.2135

4 2009 0.0804 9.6679

5 2011 0.0755 16.0177

6 2008 0.0674 7.0855

7 2008 0.0703 12.1665

8 2009 0.0761 13.5887

9 2005 0.0745 8.1019

10 2009 0.0420 12.3115

11 2007 0.0805 4.7333

12 2012 0.0724 6.0658

4-3

4-3

C Wh/m2 C Wh/m2

16.7 73.4 19.6 128.1

16.9 89.7 19.8 147.1

18.6 101.2 23.5 159.3

21.3 120.9 24.8 179.8

26 138.8 27.1 191.2

28 148.7 28 192.3

29.6 183.7 28.7 201.2

29.6 176.1 29.2 184.9

27.6 154.7 28.8 171.8

24.8 103.7 26.8 155.3

21.5 84.9 23.4 124.3

17.2 71.8 21.1 113.5
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4.2

4.2.1 GCM

4-1

GCM 3-13 1968 2005

RMSD 4-4 CanESM2 8

5

GCM
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���
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���

�
�

�
�



�

�
���

�
�

�
	

�

�
���

�
�

�
�

W
WW

WT
TT

T

R
RR

RH
HH

HPC

tt

tt
t

minmaxminmax

minmaxminmax

6481.02663.0

1772.06912.01
4-1

PC1
H kg/kg
R W/m2
T °C
W m/s

t max min
¯

4-4 GCM RMSD

GCM

GCM
BCC-
CSM1.1

CanESM2 GISS-E2-
H

IPSL-
CM5A-LR

MRI-
CGCM3

NorESM1-
M

0.338 0.238* 0.365 0.409 0.379 0.466 CanESM2

0.500 0.558 0.487* 0.612 0.566 0.556 GISS-E2-H

0.410 0.197* 0.779 0.370 0.296 0.570 CanESM2

0.399 0.224* 0.773 0.337 0.447 0.540 CanESM2

0.176* 0.406 0.457 0.218 0.398 0.190 BCC-
CSM1.1

0.482 0.203* 0.912 0.415 0.323 0.409 CanESM2

0.221 0.397 0.266 0.207* 0.219 0.347 IPSL-
CM5A-LR

0.306 0.292* 0.677 0.328 0.364 0.414 CanESM2
* RMSD GCM
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4.2.2

4.1 4.2.1

CanESM2 21 100

4-1 4-2 4-3 4-4

RCP RCP 2.6

RCP 8.5

4-1

4-2
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4-3

4-4

100

2011 2040 2041 2070

2071 2100

4-5 4-10

RCP
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4-5

RCP 2.6 RCP 4.5 RCP 8.5

2026 2067 2078 2017 2045 2071 2039 2068 2086

2027 2044 2098 2025 2048 2086 2021 2052 2100

2029 2043 2077 2029 2054 2100 2022 2045 2095

2037 2061 2079 2011 2067 2073 2011 2046 2098

2028 2062 2091 2022 2063 2087 2031 2058 2082

2038 2063 2097 2031 2061 2073 2022 2043 2072

2025 2070 2093 2029 2065 2087 2035 2045 2086

2016 2055 2099 2030 2058 2092 2016 2048 2090

2039 2061 2089 2022 2044 2088 2023 2044 2073

2021 2066 2072 2031 2044 2079 2025 2052 2074

2034 2044 2077 2026 2049 2089 2028 2062 2088

2025 2045 2079 2024 2061 2087 2020 2065 2083

4-6

RCP 2.6 RCP 4.5 RCP 8.5

17.5 17.2 17.1 16.4 17.7 17.5 16.9 17.8 18.4

16.4 16.9 17.5 16.8 17.6 17.5 16.9 17.5 18.8

18.9 18.7 19.1 18.9 19.4 19.5 19.9 20.3 20.5

21.8 21.9 20.8 21.6 22.6 21.7 22.0 21.9 22.9

25.9 26.2 26.3 26.5 27.0 27.2 26.2 27.4 28.4

28.5 28.7 28.5 28.9 29.4 29.0 28.5 28.8 30.9

29.7 30.5 29.7 30.5 30.6 30.5 30.3 30.6 32.2

30.0 30.4 30.4 30.2 30.3 30.6 30.1 30.7 32.4

28.4 28.2 28.3 28.3 28.4 28.7 28.4 29.3 29.8

25.2 25.7 25.2 25.6 25.9 26.3 25.8 26.4 27.1

22.1 22.0 21.5 22.0 22.6 22.6 22.5 22.4 23.3

17.5 17.5 17.6 17.5 18.0 18.6 17.0 18.7 19.0
°
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4-7

RCP 2.6 RCP 4.5 RCP 8.5

72.0 69.5 72.0 75.4 75.9 76.2 72.8 70.3 70.3

91.9 92.4 92.5 88.7 91.7 89.1 90.4 94.3 91.9

102.8 105.9 102.7 101.9 100.8 98.8 100.0 99.7 98.8

120.1 123.5 118.8 127.1 128.8 131.9 121.1 122.8 122.9

143.6 140.8 140.9 136.5 139.1 138.6 136.0 138.8 139.0

154.3 159.2 154.8 160.5 157.9 159.3 156.9 154.2 160.8

189.4 185.8 185.3 177.9 178.4 176.8 177.5 181.3 175.9

186.9 183.6 188.8 181.5 179.8 175.7 184.3 180.8 181.1

158.1 155.7 152.9 154.9 152.2 150.4 150.6 151.1 151.3

103.8 103.6 103.6 106.5 100.5 103.4 104.2 106.5 102.8

83.6 84.0 83.3 85.9 84.0 86.8 84.8 86.9 86.5

74.2 74.6 75.5 77.7 75.9 75.3 75.8 77.5 72.1
/m2
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4-8

RCP 2.6 RCP 4.5 RCP 8.5

2026 2067 2086 2017 2045 2071 2024 2068 2086

2027 2044 2098 2025 2048 2086 2021 2052 2100

2029 2058 2077 2029 2054 2077 2022 2045 2074

2037 2061 2079 2011 2067 2073 2011 2046 2098

2028 2062 2091 2022 2063 2079 2031 2067 2082

2038 2052 2097 2031 2061 2073 2022 2043 2072

2025 2042 2093 2029 2065 2087 2035 2045 2086

2016 2055 2090 2030 2058 2092 2016 2048 2090

2039 2061 2098 2022 2044 2088 2023 2044 2073

2032 2066 2072 2021 2047 2079 2025 2059 2076

2034 2056 2077 2026 2049 2089 2037 2062 2088

2025 2045 2079 2024 2061 2087 2020 2065 2083

4-9

RCP 2.6 RCP 4.5 RCP 8.5

20.4 20.1 21.0 19.4 20.7 20.4 20.2 20.7 21.3

19.3 19.8 20.4 19.7 20.5 20.4 19.9 20.4 21.7

23.7 23.6 23.9 23.7 24.3 23.5 24.7 25.2 25.0

25.3 25.4 24.3 25.1 26.1 25.2 25.5 25.4 26.3

27.1 27.4 27.5 27.7 28.2 28.6 27.4 28.9 29.6

28.5 28.3 28.5 28.9 29.4 29.0 28.5 28.8 30.9

28.8 29.2 28.7 29.5 29.7 29.6 29.3 29.7 31.3

29.6 30.0 29.7 29.8 29.9 30.2 29.6 30.2 32.0

29.5 29.4 29.6 29.4 29.6 29.9 29.5 30.4 30.9

27.4 27.7 27.2 26.7 27.9 28.3 27.8 28.1 29.6

24.0 24.2 23.4 23.9 24.5 24.5 24.1 24.3 25.2

21.4 21.4 21.5 21.5 22.0 22.5 21.0 22.7 22.9
°
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4-10

RCP 2.6 RCP 4.5 RCP 8.5

121.3 124.8 131.8 132.6 133.0 125.2 122.7 122.7 121.3

151.5 151.7 145.4 150.3 146.0 148.2 154.5 150.7 151.5

159.4 161.6 160.4 158.6 157.7 157.4 156.9 157.3 159.4

183.6 176.7 188.9 191.4 196.1 180.1 182.5 182.7 183.6

194.0 194.1 188.0 191.5 188.5 187.3 191.0 191.5 194.0

203.1 200.2 207.5 204.2 206.0 202.9 199.3 208.0 203.1

204.7 202.9 194.8 195.3 193.7 194.3 198.5 192.7 204.7

192.8 195.3 190.5 188.7 184.4 193.5 189.8 190.0 192.8

173.0 176.5 172.0 169.0 167.1 167.3 167.9 168.0 173.0

155.0 155.1 154.3 153.1 154.8 156.0 150.3 154.5 155.0

122.1 121.9 125.7 123.0 127.0 125.4 127.3 126.8 122.1

118.0 119.3 122.8 119.9 119.0 119.8 122.5 113.9 118.0
/m2
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4.3

Energy use 

intensity kWh/m2

EUIAC 4-11

2000 2014

EUIAC EUIAC

4-11 WWR EUIAC

WWR=30% 70.06 72.92

WWR=60% 81.30 84.43

WWR=90% 92.76 96.38
kWh/m2

4-12 4-13 RCP

30% EUIAC 1.86 7.60kWh/m2 2.01

9.53kWh/m2 60% 1.81

7.14kWh/m2 1.96 9.06kWh/m2 90%

1.81 6.92kWh/m2 1.96 8.83kWh/m2
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4-12 WWR EUIAC

WWR30 RCP 2.6 71.06 71.93 71.45

RCP 4.5 72.02 72.73 72.74

RCP 8.5 71.89 73.53 77.66

WWR60 RCP 2.6 82.29 83.11 82.67

RCP 4.5 83.20 83.82 83.83

RCP 8.5 83.05 84.63 88.44

WWR90 RCP 2.6 93.78 94.56 94.14

RCP 4.5 94.66 95.22 95.23

RCP 8.5 94.49 96.04 99.68
kWh/m2

4-13 WWR EUIAC

WWR30 RCP 2.6 74.37 74.93 74.64

RCP 4.5 75.01 76.54 76.43

RCP 8.5 75.38 77.74 82.45

WWR60 RCP 2.6 85.89 86.39 86.16

RCP 4.5 86.50 87.96 87.86

RCP 8.5 86.84 89.10 93.49

WWR90 RCP 2.6 97.86 98.33 98.14

RCP 4.5 98.47 99.87 99.77

RCP 8.5 98.78 100.99 105.21
kWh/m2
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5

5.1

L27

27 3 RCP 3

5-1 F 5-1

5-6

5-1 5-6

5% 30% U

SHGC 45% 30% 10% 60%

SHGC U 65%

15% 7% 60% SHGC

80% 10% 85%

%100����
SST

SSEfSS� 5-1

ρ
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5-1 30%

WWR30%

RCP 2.6 RCP 4.5 RCP 8.5

U
46.7% 48.4% 49.1% 49.3% 48.4% 49.1% 49.3% 48.1% 49.8% 54.5%

D
3.5% 3.0% 2.8% 2.8% 3.0% 2.8% 2.8% 3.0% 2.6% 1.8%

U

D

U
3.5% 3.7% 3.7% 3.8% 3.7% 3.7% 3.8% 3.7% 3.9% 4.4%

SHGC
30.6% 30.2% 29.9% 29.7% 30.2% 29.9% 29.7% 30.3% 29.7% 27.3%

11.7% 10.9% 10.7% 10.7% 10.9% 10.7% 10.7% 11.1% 10.4% 8.8%

96.0% 96.2% 96.2% 96.3% 96.2% 96.2% 96.3% 96.2% 96.4% 96.8%

F ( 0.05)
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5-2 30%

WWR30%

RCP 2.6 RCP 4.5 RCP 8.5

U
43.4% 44.3% 45.3% 44.5% 45.1% 46.5% 46.9% 45.4% 47.7% 53.1%

D
2.6% 2.2% 2.1% 2.2% 2.2% 1.8% 1.8% 2.1% 1.6% 0.8%

U

D

U
3.0% 3.1% 3.2% 3.1% 3.2% 3.3% 3.4% 3.2% 3.5% 4.2%

SHGC
36.0% 36.0% 35.5% 35.9% 35.6% 35.1% 34.7% 35.5% 34.6% 31.6%

11.4% 11.0% 10.6% 10.8% 10.6% 10.2% 10.1% 10.5% 9.6% 7.7%

96.4% 96.6% 96.7% 96.5% 96.7% 96.9% 96.9% 96.7% 97.0% 97.4%

F ( 0.05)
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5-3 60%

WWR60%

RCP 2.6 RCP 4.5 RCP 8.5

U
7.5% 7.6% 7.8% 7.7% 7.8% 8.0% 8.0% 7.8% 8.1% 9.2%

D

U

D

U
4.7% 4.7% 4.9% 4.8% 4.9% 5.0% 5.1% 4.9% 5.2% 6.3%

SHGC
65.6% 65.8% 65.7% 65.8% 65.7% 65.6% 65.5% 65.6% 65.5% 64.9%

17.6% 17.3% 17.1% 17.2% 17.0% 16.9% 16.9% 17.2% 16.7% 15.4%

95.4% 95.4% 95.5% 95.5% 95.4% 95.5% 95.5% 95.5% 95.5% 95.8%

F ( 0.05)
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5-4 60%

WWR60%

RCP 2.6 RCP 4.5 RCP 8.5

U
6.7% 6.8% 7.0% 6.9% 7.0% 7.2% 7.3% 7.0% 7.4% 8.6%

D

U

D

U
3.8% 3.8% 4.0% 3.9% 4.0% 4.1% 4.3% 4.0% 4.4% 5.5%

SHGC
68.3% 68.6% 68.4% 68.5% 68.5% 68.5% 68.3% 68.5% 68.5% 67.8%

16.8% 16.5% 16.3% 16.4% 16.3% 16.0% 15.9% 16.2% 15.6% 14.2%

95.6% 95.7% 95.7% 95.7% 95.8% 95.8% 95.8% 95.7% 95.9% 96.1%

F ( 0.05)
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5-5 90%

WWR90%

RCP 2.6 RCP 4.5 RCP 8.5

U

D

U

D

U
4.0% 4.0% 4.2% 4.1% 4.2% 4.3% 4.3% 4.2% 4.4% 5.2%

SHGC
80.7% 80.8% 80.6% 80.7% 80.7% 80.5% 80.5% 80.6% 80.5% 79.9%

10.6% 10.5% 10.5% 10.5% 10.5% 10.4% 10.4% 10.5% 10.4% 10.0%

95.3% 95.3% 95.3% 95.3% 95.4% 95.2% 95.2% 95.3% 95.3% 95.1%

F ( 0.05)
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5-6 90%

WWR90%

RCP 2.6 RCP 4.5 RCP 8.5

U

D

U

D

U
3.3% 3.3% 3.4% 3.3% 3.4% 3.5% 3.6% 3.4% 3.7% 4.5%

SHGC
81.5% 81.5% 81.4% 81.5% 81.5% 81.4% 81.4% 81.4% 81.3% 80.8%

10.6% 10.5% 10.4% 10.5% 10.4% 10.3% 10.3% 10.4% 10.2% 9.9%

95.4% 95.3% 95.2% 95.3% 95.3% 95.2% 95.3% 95.2% 95.2% 95.2%

F ( 0.05)
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5.2

21

2071 2100 RCP 2.6

2040 2070 RCP 

2.6 RCP 4.5 RCP 8.5

5.1 U SHGC 3

3 3

5-2 5-7 5-8

5-9 5.2.1 5.2.2 5.2.3

U SHGC

gDfDeSdScUbUaEUIAC 	�	�	�	�	�	��
 222 5-2

ΔEUIAC EUIAC kWh/m2

U U W/m2-K 1.5 3.5
S SHGC 0.5 0.8
D m 0.6 1.2
a b c d e f g
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5-7 30 5-2

WWR30 a b c d e f g

RCP 2.6 0.3269 0.9086 -1.3037 9.5131 1.2423 -4.9856 -5.7825

RCP 4.5 0.3139 0.9935 -1.1778 9.2814 1.2204 -4.8953 -3.3370

RCP 8.5 0.2390 1.5975 -1.0049 9.0456 1.1501 -4.6103 10.1878

RCP 2.6 0.3619 0.6731 -0.8469 9.7606 1.3640 -5.2485 -5.3864

RCP 4.5 0.3418 0.8370 -0.7012 9.5578 1.3533 -5.1824 -1.1084

RCP 8.5 0.2491 1.5657 -0.3630 9.0949 1.2564 -4.7729 15.6354

5-8 60 5-2

WWR60 a b c d e f g

RCP 2.6 0.8619 -2.4537 -3.3580 25.5540 1.6392 -8.5833 -10.3247

RCP 4.5 0.8512 -2.3901 -3.2025 25.1700 1.6277 -8.4864 -7.9633

RCP 8.5 0.7940 -1.9923 -2.7333 24.2650 1.6397 -8.2472 5.5562

RCP 2.6 0.9093 -2.7204 -3.2000 26.8000 1.9084 -9.3112 -10.3413

RCP 4.5 0.8971 -2.6250 -2.9580 26.4460 1.9041 -9.2248 -6.0270

RCP 8.5 0.8370 -2.1846 -2.4296 25.3940 1.9367 -8.9666 10.5793

5-9 90 5-2

WWR90 a* b* c d e f g

RCP 2.6 -- -- -6.4000 45.2800 1.1137 -8.4928 -23.9669

RCP 4.5 -- -- -6.0864 44.6590 1.1154 -8.4424 -22.3238

RCP 8.5 -- -- -5.0348 42.9500 1.1823 -8.4336 -12.9810

RCP 2.6 -- -- -5.6815 46.6420 1.3426 -9.3251 -24.8373

RCP 4.5 -- -- -5.2543 46.0920 1.3525 -9.2950 -21.8652

RCP 8.5 -- -- -4.1062 44.2640 1.4335 -9.3004 -10.5280
*
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5.2.1 30% EUIAC

5-1 30% RCP 2.6



57

5-2 30% RCP 4.5
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5-3 30% RCP 8.5
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5-4 30% RCP 2.6
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5-5 30% RCP 4.5
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5-6 30% RCP 8.5
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5.2.2 60% EUIAC

5-7 60% RCP 2.6
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5-8 60% RCP 4.5
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5-9 60% RCP 8.5



65

5-10 60% RCP 2.6



66

5-11 60% RCP 4.5
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5-12 60% RCP 8.5
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5.2.3 90% EUIAC

5-13 90% RCP 2.6
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5-14 90% RCP 4.5
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5-15 90% RCP 8.5
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5-16 90% RCP 2.6
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5-17 90% RCP 4.5
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5-18 90% RCP 8.5
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5.3

5-2

5.3.1 30%

U 3.5 3.0 2.5 2.0 1.5W/m2-K

RCP 2.6 RCP 4.5 5-19 5-22

RCP 8.5 1.5 3.5W/m2-K

SHGC 0.3 0.8 0.6 1.8m

U 1.5W/m2-K SHGC

0.3 1.8m

RCP 8.5

30% 11.17kWh/m2 30%

16.72 kWh/m2
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5-19 30% RCP 2.6

5-20 30% RCP 4.5
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5-21 30% RCP 2.6

5-22 30% RCP 4.5
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5.3.2 60%

U 3.5 3.0 2.5 2.0 1.5W/m2-K

5-23 5-26 RCP 8.5

U 1.5W/m2-K SHGC 0.3 1.8m

RCP 8.5

30% 1.86kWh/m2

30% 6.72 kWh/m2
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5-23 60% RCP 2.6

5-24 60% RCP 4.5
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5-25 60% RCP 2.6

5-26 60% RCP 4.5
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5.3.3 90%

90% U F

RCP 5-27 5-28

5-27 90%

5-28 90%
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6

1. 2000 2014

2. de Miguel, Bilbao et al. (2001)

3. IPCC AR5 CMIP5

CanESM2

4. IPCC AR5 21

RCP

5. 30% 1.86 7.60kWh/m2

2.01 9.53kWh/m2 60% 1.81

7.14kWh/m2 1.96 9.06kWh/m2 90%

1.81 6.92kWh/m2 1.96 8.83kWh/m2

6. F

U SHGC

7.
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