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PB-MO=Performance evaluation based multi-objective optimization.
PB-SO=Performance evaluation based single-objective optimization.
PA=Parametric Analysis

HSA=Harmony search algorithm.

FIS=Fuzzy Inference System.

NSGA=Non-dominated Sorting Genetic Algorithm

EUI=Energy Use Intensity

MPE=Multi-objective Performance Evaluation
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Tab. 4 Proposed models for energy research by LEED Standard

A s S orils
Joe o i g . N e ylges Skl i Siladils A Sledie ik Sladi B
il a5k
EUI
Ref-50%. R- Ref70%. R- Ref55%, R-
value=1.43 value=3 value=2 ission=T0®
A-55 5 5 3 N 50 _ _ _ Transmission=70%, 43
Thickness=25¢ Thickness=35¢ Thickness=35¢ airgap=0.01, layer=3
m, layers=4 m, layers=4 m, layers=3
Ref-60%. R- Ref65%. R- Ref:70%, R-
value=2 value=2.1 value=2.5 1on=T70%
B-105 10 5 35 RS 60 ) ) . T_ransmlssmn 70%, 4%
Thickness=20c Thickness=30c Thickness=45¢ airgap=0.01, layer=3
m, layers=6 m, layers=5 m, layers=2
ref:60%, R- Ref:60%. R- Ref:70%, R-
value=0.85 value=1.43 value=2.1 1on=T70%
B-75 7 5 3 gl 35 ) ) . T_ransmlssmn T0%, e
Thickness=15¢c Thickness=30c Thickness=40c airgap=0.01, layer=3
m, layers=3 m, layers=6 m, layers=3
ref:50%, R- Ref:65%. R- Ref:60 %, R-
value=1.22 value=3 value=2 1on=80°%
G-1010 10 10 3 N 100 _ _ _ Transmission=80%, 0
Thickness=20c Thickness=35¢c Thickness=40c airgap=0.01, layer=3
m, layers=5 m, layers=5 m, layers=3
ref:50%, R- Ref:70%. R- Ref:60%. R-
value=1.52 value=3.1 value=2.3 1on=T70%
H-65 6 5 3 gl 55 ) ) . T_ransmlssmn 70%, .
Thickness=20c Thickness=35¢ Thickness=40c airgap=0.01, layer=3
m, layers=4 m, layers=6 m, layers=2
Ref70%, R- Ref:65%. R- Ref:60%. R-
value=1.1 value=2.7 value=2 < on=000
H-85 8 5 35 gl 50 ) ) . T_ransmlssmn—QO Y, .
Thickness=20c Thickness=35¢ Thickness=50c airgap=0.01, layer=3
m, layers=5 m, layers=3 m, layers=3
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Fig. 7-Five types of facade shading and different states of them according to the variable distance and rotation
angle of the louvres

A: semi-open B: open C: semi-closed D: semi-closed E: closed

distance: 10 distance: 5 distance: 15 distance:15 distance: 20

3

.

Y
D)
—~>
N
"«
~
RN
2
=
=
e)
~
3
X
LN

.

-

1402

[EY
o




»

L”J/L«/J;lutj/ ‘;/'LJL«

3

1402 o0

&

A diwd S o gl bw oo y931-8 i
Fig. 8-Category A movable shading algorithm
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Fig. 9-Energy-Plus Algorithm in Grasshopper
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Fig. 10 Daylight analysis algorithm
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Fig. 12-Analysis of the amount of incoming light, June Fig. 11 Analysis of the amount of
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Fig. 15 Algorithm for simulating glare
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Fig. 17-Glare in the indoor environment, vertical Fig. 16-Glare in the indoor environment,

vertical vie of the window, March 21 - 12 o’clock view of the window, June 21 - 12 o'clock
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Fig. 19-Glare in the indoor environment, vertical
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Fig. 18-Glare in the indoor environment, vertical
view of the window, September 21 -
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Fig. 20 -Optimization algorithm in Grasshopper environment with Galapagos plugin
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Fig. 21-Definition of hUDI indicator in Grasshopper
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Fig. 23-Data recording
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Fig. 22 Subtraction of fitness variables to find the minimum value of energy consumption and the maximum

Tab. 5 Thermal and daylight analysis results, March 21- office hours
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2 03E 34w owE orE AT L e g 44

1048 4% 12 18 J& & 1>

8:00 1382.1148 22 52 0.268655 20.814236 3435251311
9:00 2946.5627 23 77 0.283776 19.133867 3425241111
10:00 4778.7197 23 79 0.293776 21133867 3425241111
11:00 4780.7787 24 78 0.283776 19.133867 3425241111
12:00 4326.0509 24 78 0.313676 19.133867 2431341533
13:00 5035.3292 25 76 0.293548 19.133867 1543263626
14:00 4619.2821 25 75 0.290378 19.133867 1543263616
15:00 4749.2821 25 78 0.283546 19.133867 1126212214
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Tab. 6-Thermal and daylight analysis results, June 21- office hours

) I -~ O U = B e ‘,Q £ 3 Y
2 0% E 3y fwmE LE X E S a 3 3
3125 4133 3£ nvsE B R 3 13
Io4E AT 0E 18 GE
8:00 485.5084 2 28.34 28.34 59 0.278655 2292251 3435251311
9:00 624.9964 23 3372 3372 70 0.292991 2201623 3425241111
10:00 721.3976 23 42.03 42.03 74 0301456 22.55457 3425241111
11:00 730.6852 24 4203482 42.03482 72 0301513 22.56554 3425241111
12:00 1306.737 24 55.24045 | 55.24045 84 0.318888 23.52204 2431341533
13:00 832.1598 25 59.60181 59.60181 76 0.312241 22.7694 1543263626
14:00 707.5912 25 6523873 | 65.23873 74 0.299175 22.84566 1543263626
15:00 620.9976 25 68.45412 | 6845412 66 0.284273 23.3876 1126212214
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Tab. 7-Thermal and daylight analysis results, September 21- office hours
Il
'Tg—) j o P a = - f J& - = \q
) 3
3 0% E 3 ¥wwE LE XE D o g 53
j = ‘l J 4 3 £ i - 13 £ g A a “‘; _1)
30338 24773 1% 4F 2 =
8:00 485.5084 22 28.34 28.34 59 0.278655 22.92251 3435251311
9:00 624.9964 23 3372 3372 70 0.292991 2201623 3425241111
10:00 721.3976 23 42.03 42.03 74 0.301456 22.55457 3425241111
11:00 730.6852 24 4203482 | 42.03482 72 0.301513 22.56554 3425241111
12:00 1306.737 24 55.24045 55.24045 84 0.318888 23.52204 2431341533
13:00 832.1598 25 59.60181 59.60181 76 0.312241 22.7694 1543263626
14:00 | 7075912 25 65.23873 | 65.23873 74 0299175 | 22.84566 | 1543263626
15:00 620.9976 25 68.45412 68.45412 66 0.284273 23.3876 1126212214
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Tab. 8-Thermal and daylight analysis results, December 21- office hours
3; 3~ PR o - o J,: o a Y
: 3 ; N &
-~ “i) g ) 9 BN £ }\ g N g — @ G ES jl
1 3§ s14%2¢ 35 28 5§ A A
I3 2 qg b2 a2 =
8:00 1382.1148 22 - 52 0.268655 | 20.814236 | 3435251311
9:00 2946.5627 23 . 77 0283776 | 19.133867 | 3425241111
10:00 4778.7197 23 - 79 0293776 | 21133867 | 3425241111
11:00 4780.7787 24 . 78 0283776 | 19.133867 | 3425241111
12:00 4326.0509 24 . 78 0313676 | 19.133867 | 2431341533
13:00 5035.3202 25 - 76 0293548 | 19.133867 | 1543263626
14:00 4619.2821 25 . 75 0290378 | 19.133867 | 1543263626
15:00 47492821 25 - 78 0283546 | 19.133867 | 1126212214
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Fig. 25-The change of the heat load value compared to the hUDI value and the objective function in different
analyses, June 21, 12 o'clock
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