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1:
(Building Envelope)

1.
(Overall Thermal Transfer Value, OTTV)

2.
(Roof Thermal Transfer Value, RTTV)

OTTV

RTTV

17

9

1.

OTTV
/ .

RTTV
/ .

, 50 15

/ 40 12

, 30 10

10

•

Hotel
OTTV 30 W/m2

Shopping center
OTTV 40 W/m2

MIX-USE BUILDING

RTTV 10 W/m2

RTTV 12 W/m2

18
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2.

( )

/ .

, 14

/ 18

, , 12

(Lighting Power Density, LPD)

12

3

•

–
–
–

19

13

•
(

) ( )

• Coefficient of Performance (COP) =   Output produced
Electricity used

• COP

14

•

( ) (
)

Energy Efficiency Ratio (EER) = Btu/hr of Cooling capacity
watts unit used

• EER

20
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•

• kW/Tr 

kW/Tr = 12 / EER 
kW/Tr = 12 / (COP x 3.412)

= 3.517/ COP

COP = EER / 3.412
COP = 12 / (kW/Tr x3.412 )

=  3.517/ (kW/Tr)

EER = 12 / kW/Tr
EER = COP x 3.412

If a chiller efficiency is rated at 1 kW/Tr 
COP = 3.517 (=12/3.412)
EER = 12

COP, EER, kW/Tr

kW   =    3.517    =    12
Tr       COP       EER

16

•

. . 2552 ( 14 2552)

1.
2.

1.
2.

3.

21

17

( )
(COP)

( )
(EER)

( )

12,000 3.22 11

1.

5
EER 11

1watt=3.412 btu/h
1 refrigeration ton=12000 btu/h

18

( )
(

)

300 1.33

300 1.31

1.24

150
150

0.89
0.78

500
500

0.76
0.62

2.

)

22
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)

0.5

Cooling Tower

AHU

Pump

Fan-coil unit

( )

20

1. 2.

3.
(Absorption Chiller)

23

21

( ) (
)

. 12.0 7.0 32.0 0.105 0.65

. 12.0 7.0 32.0 0.079 1.10

( )

. 12.0 7.0 32.0 37.5 0.65

. 12.0 7.0 32.0 37.5 1.10

3.

22

4.

1. 2.
24
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3.

24

4 -

80Gas Fired Hot Water Boiler
80Gas Fired Steam  Boiler
80Oil Fired Hot Water Boiler
85Oil Fired Steam Boiler

 (%)

80Gas Fired Hot Water Boiler
80Gas Fired Steam  Boiler
80Oil Fired Hot Water Boiler
85Oil Fired Steam Boiler

 (%)

(Boiler)

25

25

3.030.0 C60.0 C30.0 C 2
3.530.0 C50.0 C30.0 C 1

 (Minimum COP)

3.030.0 C60.0 C30.0 C 2
3.530.0 C50.0 C30.0 C 1

 (Minimum COP)

(Heat Pump Water Heater) 

26
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•

•

1

1.

2.
3.

4.

2

1

2

28

/

( )

= 250,000 kW-hr/Y = 300,000 kW-hr/Y

( )

OTTV = 55

RTTV = 17

OTTV = 50

RTTV = 15

Lighting = 7 Lighting = 14

<
27

29

6 -

30

1. -

530927

2.
1.5

28



31

3.
( Effective Shading Coefficient, SC eff) 0.3

SC  =  
(SC 1

SC=1
SC )

Tvis    =   
( Tvis 1

Tvis )

SC = 0.7

Tvis =  0.8

SHGC = 0.5

SCeff = (SC)(Tvis)
= 0.7 x 0.8  =  0.56  0.3   

SC=1

32

Tvis 0.3

SCeff = (SC)(Tvis) SC=1, Sceff = Tvis

29

33

4. (light to solar gain, LSG)
1

LSG    = Tvis /  SHGC

= 0.8 /0.5 = 1.6 >1.0      Tvis =  0.8

SHGC = 0.5

Tvis 
SHGC

LSG =
Tvis =
SHGC =

SHGC SC
SHGC

0.87 (SHGC = SC x 0.87)

34

LSG >1.0

30
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5.

W2 W1

W2W1 W1

36

6 -

http://www.flickr.com/photos/jiathwee/4155400786/

31

37

BEC

38

• . . 2552

• . . 2552

•

( 1) . . 2552

32
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. . 2552

(SHGC)
0.55 - 0.30

(LSG)*

1.20 – 1.60

* LSG

2552 1.0

“ ”

40

LSG 1.2-1.6 SHGC 0.55-0.3

33

41

( )
( )

8000 3.22 – 4.10
8000 12000 3.22 – 4.10

. . 2552

42

1.25  m2K/W

34
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…

• 8 1

17 1
10330

0-2225-2412, 0-2223-7474

• Fax: 0-2225-2412
• -

8:30 - 16:30 .
• http://www.2e-building.com
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1

2

2

1.
–
–
–

2.
–

(OTTV)
–

(RTTV)

3.

4. OTTV RTTV 38
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•
•

•
•

4

(Coefficient of heat transfer U)

– U 3-5 W.m-2.K-1

– U 1-4 W.m-2.K-1

• UU
• U

39

5

5

Q

=0.9)

•

•

•
0.3-0.9

Q

=0.5)

6

•
• U
• U = 0.3-1.0 W.m-2.K-1

•

•

*U = 
40



7

(Thermal mass)
•

•
•

•

*U = 

= (m) x (kg/m3)
x (kJ/kg.K)

8

( )
•
•

5

41

9

• ( 88)
•
•

• (Heat
absorbing glass)

•

10

(Low-e glass)
•
•
•
•

(Insulated glass)
• 2 (Doubled Glazing) 
•
•

42
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(U)
•
• U 5-6 WW.m-2.K-1

• U 2.5-3.5 W.m-2.K-1

(SHGC)
•
• Solar transmittance

12

(Thermal performance)

(Tv/SHGC)

Tv/SHGC >1

/ ( )

43

13

(Horizontal shading 
device)

(Vertical shading 
device)

( + )
•

•
(working plane)

14

(OTTV)
(

)

 = ( )(1- )( )

( )( )( )

( )( )( )( )

i w eq

f

OTTV U WWR TD

U WWR T

WWR SHGC SC ESR

1.2

1.0 0.6

3.0

1.6

0.8
. .

6
.

44
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OTTV

OTTVi (W/m2)

Uw (W/m2. C)

WWR

TDeq ( C)

Uf / (W/m2. C)

T ( C)

SHGC

SC

ESR

(W/m2)

OTTVi=(Uw)(1-WWR)(TDeq)+ (Uf)(WWR) T + (WWR)(SHGC)(SC)(ESR)

16

OTTV 
(OTTVi)

1 21 2

1 2

( )( ) ( )( ) ... ( )( )
...

w w w ii

w w wi

A OTTV A OTTV A OTTV
OTTV

A A A

OTTV1(W/m2)

A1(m
2)

OTTV2(W/m2)

A2(m
2)

OTTV3(W/m2)

A3(m
2)

OTTV4(W/m2)

A4(m
2)

Wall 1

Wall 3 Wall 4

Wall 2

(OTTV)

45

17

(RTTV)
(RTTV)

*** OTTV ***

 = ( )(1- )( ) ( )( )( ) ( )( )( )( )i w eq fRTTV U SRR TD U SRR T SRR SHGC SC ESR

1 1 2 2

1 2

( )( ) ( )( ) ... ( )( )
...

r r r i i

r r r i

A RTTV A RTTV A RTTVRTTV
A A A

18

/
OTTV

(W/m2

)

RTTV
(W/m2

)

O-OTTV 50 O-RTTV 15

S-OTTV 40 S-RTTV 12

H-OTTV 30 H-RTTV 10

46
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3.

3.1 (Uw ) (Uf)

3.2 (TDeq)

3.3
( T)

3.4 (SHGC)

3.5 (Shading coefficient; SC)

3.6 (Effective Solar Radiation; ESR)

20

(U)

47

21

(Uw)

(R)

x (m)

k (W/m. C)

R (m2. C/W)

(U)

k
xR

U = 1
RT

RT = Ro + R + Ri

Outside
Air film

Inside
Air film

Ro R Ri

22

1
(R) (

1,280 kg/m3) 10 cm

(k) = 0.476 W/m. C

( x) = 0.100 m

(R) = 0.100/0.476
= 0.210 C. m2/W

(Uw)

48
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1
(R)

k
(W/m. C)

R
( C. m2/W)

( 1,600 kg/m3) 5 cm 1.154 0.043

5 cm 0.033 1.515

12 mm 0.191 0.063

1 cm 0.326 0.031

(Uw)

24

1
(R)

k
(W/m. C)

R
( C. m2/W)

( 1,600 kg/m3) 5 cm 1.154 0.043

5 cm 0.033 1.515

12 mm 0.191 0.063

1 cm 0.326 0.031

(Uw)

49

25

Ro Ri

1 2

1 2

... n
T o i

n

xx xR R R
k k k

RT

Ro

Ri

n

kn

outside

D x
1

k
1

D x
2

k
2

D x
n

k
nR

o
R

i

inside

(Uw)

[ 5 - 5]

((m2. °C) / W)

(Ri) (Ro)

0.120 0.044
0.299 0.044

26

26

Ra1 2

1 2

... ... n
T o a i

n

xx xR R R R
k k k

(m2. C/W)

5 mm 20 mm 100 mm

0.11 0.148 0.160

0.25 0.578 0.606

outside
Dx1

k1

Dx2

k2

Dxn

knR o R i

inside

R a

aRR

R a

(Uw)

[ 5 - 5]

50
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2
(Uw)

( 1,280 kg/m3) 10 cm 1 cm 

(Uw)

x/k (R)

0.044

0.01/0.326 0.0306
0.10/0.476 0.210

1,280 kg/m3

0.01/0.326 0.0306
0.120

(RT) 0.435
(Uw=1/ RT) 2.297

28

28

2
2 ( 1,280 kg/m3) 10 cm 

1 cm ( 32
kg/m3) 5 cm 1.2 cm

x/k (R)
0.044

0.01/0.326 0.031 1 . .
0.10/0.476 0.210 10 . .
0.05/0.033 1.515 5 . .

0.012/0.191 0.063 1.2 . .
0.120

(RT) 1.983

(UW=1/ RT) 0.504

(Uw)

51

29

29

2
2 ( 1,280 kg/m3) 10 cm 

1 cm ( 32
kg/m3) 5 cm 1.2 cm

x/k (R)
0.044

0.01/0.326 0.031 1 . .
0.10/0.476 0.210 10 . .
0.05/0.033 1.515 5 . .

0.012/0.191 0.063 1.2 . .
0.120

(RT) 1.983

(UW=1/ RT) 0.504

(Uw)

30

(Uf)

Rf m2. C/ W

1
f

f

U
R

f i o
g

xR R R
k

Ri , Ro
m2. C/ W

x m
kg W/m. C

52
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(Uf)

(mm)

(m2. C/W)

13 0.119 0.345

10 0.110 0.278

7 0.097 0.208

6 0.091 0.196

5 0.084 0.167

[ 5 - 48]

32

(Uf)

(High emissivity coating) 

(Low emissivity 
coating)

5-13

13
13

53

33

low-e

Outside
35 C

Inside
25 C

Outside
0 C

Inside
25 C

34

(TDeq)

TDeq

( )
(DSH)

OTTVi=(Uw)(1-WWR)TDeq + (Uf)(WWR) T + (WWR)(SHGC)(SC)(ESR)

54
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(TDeq)

( )

0.3

0.5

0.7

0.9

[ 5 - 8 ]

36

- -
(Density-specific heat product, DSH)

(TDeq)

i i pi iDSH c x

1 2 ... nDSH DSH DSH DSH

n

DSHi -
-

I i
Cpi i
xi i

***

55

37

(TDeq)
(TDeq)

& ( )

0o = Fla t

45o

[ 5 - 10 ]

38

(TDeq)

3
DSH ( 2)

( 1,280 kg/m3) 10 cm 1 cm 

= 0.5

Density specific heat (DSH)
1200 x 0.84 x 0.01 10.08
1280 x 0.84 x 0.10 107.52
1200 x 0.84 x 0.01 10.08

127.68

56



39

39

(TDeq)

3
(TDeq)

TDeq

(TDeq)
10.80 12.97 13.65 12.91

DSH 0.3 0.5 0.7 0.9
90 15 8.3 10.6 12.9 15.2

30 8.4 10.7 13.1 15.4
50 8.4 10.8 13.2 15.5
100 8.4 10.9 13.3 15.7
200 8.1 10.5 12.9 15.2
300 7.5 9.8 12.1 14.4
400 7.0 9.2 11.4 13.6

1

2 3

4

5

6

7

[ 5 - 33]

40

3

DSH 2 ( 2)
( = 0.5)

(TDeq)

DSH
(TDeq)

129.60 10.78 12.87 13.58 12.82

Density specific heat (DSH)
1,200 x 0.84 x 0.01 10.08
1,280 x 0.84 x 0.1 107.52
32 x 0.96 x 0.05 1.54

800 x 1.09 x 0.012 10.46
129.60

(TDeq)

[ 5 - 33]]

[ 5 - 7]]

[ 29 ]

57

41

3

DSH 2 ( 2)
( = 0.5)

(TDeq)

DSH
(TDeq)

129.60 10.78 12.87 13.58 12.82

Density specific heat (DSH)
1,200 x 0.84 x 0.01 10.08
1,280 x 0.84 x 0.1 107.52

32 x 0.96 x 0.05 1.54
800 x 1.09 x 0.012 10.46

129.60

(TDeq)

[ 5 - 33]]

[ 5 - 7]]

[ 29 ]

42

( T)

/ / /

T ( C) 5 5 3

OTTVi=(Uw)(1-WWR)TDeq + (Uf)(WWR) T + (WWR)(SHGC)(SC)(ESR)

[ 5 - 48]

58
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( )

SHGC

(SHGC)

44

(SHGC)

0.330.59-6

0.430.67-6

0.390.41-6

0.410.68-6

0.410.47-6

0.600.78-6

  (Uncoated double glazing)

0.350.30
 30% 

(Titanium reflective coating 30% on clear glass)
6

0.270.20
 20% 

(Titanium reflective coating 20% on clear glass)
6

0.280.20
 20%

(Stainless steel reflective coating 20% on clear glass)
6

 (Reflective single glazing)

SHGCVisible
transmittance( )

0.330.59-6

0.430.67-6

0.390.41-6

0.410.68-6

0.410.47-6

0.600.78-6

  (Uncoated double glazing)

0.350.30
 30% 

(Titanium reflective coating 30% on clear glass)
6

0.270.20
 20% 

(Titanium reflective coating 20% on clear glass)
6

0.280.20
 20%

(Stainless steel reflective coating 20% on clear glass)
6

 (Reflective single glazing)

SHGCVisible
transmittance( )

[ 5 - 49]

59

45

(SHGC)
4

(R) (U)
SHGC Tv/SHGC 10 mm

x/ k (R)
0.044

0.01/1.053 0.0095 10 mm
0.120

(RT) 0.173
(Uf=1/ RT) 5.764

(SHGC) 0.73

Tv/ SHGC = 0.88/0.73 = 1.20

: Tv = 0.88 SHGC  = 0.73

46

(SHGC)
4

(RT)
(U)

SHGC Tv/SHGC

6 mm

-
6 mm

6 mm
(RT) 0.170 0.266

(U) 5.893 3.754

(SHGC)
0.54 0.41

Tv/ SHGC 1.407 1.658

: / k = 1.053 W/ m 0 C

Tv SHGC [ 5-49]

mm
mm

mm

60



47

(SHGC)

6 mm

-
6 mm

6 mm
(RT) 0.170 0.266

(U) 5.893 3.754

(SHGC)
0.54 0.41

Tv/ SHGC 0.76/0.54 =1.407 0.68 /0.41 = 1.658

: / k = 1.053 W/ m 0 C

Tv SHGC [ 5-49]

4
(RT)

(U)
SHGC Tv/SHGC

mm
mm

mm

48

(SHGC)
4 (R) (U)

- 6 mmm
6 mm

x/ k (R)
0.0440

6 mm 0.006/1.053 0.0057
6 mm 0.0910

6 mm 0.006/1.053 0.0057
0.1200

(RT) 0.2664
(Uf=1/ RT) 3.7538

: / k = 1.053 W/ m 0 C

[ 31]

[ 25]

[ 25]

mm
mm

mm

61

49

(Shading coefficient; SC)
x1

P
Afu

S

Afs

h

Westx2

x3              
North

SC  = Eew/  Eet

Eew
/

W/m2
Eet

W/m2

50

(Effective Solar Radiation; ESR)

(EESR)

( )

( ) N NE E SE S SW W NW
0 437.38 437.38 437.38 437.38 437.38 437.38 437.38 437.38

15 405.00 421.74 433.61 440.00 441.62 438.90 431.51 419.53

30 358.99 390.20 412.96 425.48 428.59 422.98 408.39 385.65

45 306.68 348.31 379.58 397.17 401.47 393.20 372.57 341.61

60 255.37 301.60 337.61 358.44 363.45 353.18 328.62 293.33

75 212.39 255.60 291.21 312.65 317.70 306.52 281.11 246.70

90 185.06 215.84 244.53 263.14 267.41 256.82 234.58 207.62

[ 5 - 56]

62
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51

(Effective Solar Radiation; ESR)
5 (EESR)

(ESR)

(N) (E) (S) (W)

10 mm 185.06 244.53 267.41 234.58

( ) N NE E SE S SW W NW
0 437.38 437.38 437.38 437.38 437.38 437.38 437.38 437.38

15 405.00 421.74 433.61 440.00 441.62 438.90 431.51 419.53

30 358.99 390.20 412.96 425.48 428.59 422.98 408.39 385.65

45 306.68 348.31 379.58 397.17 401.47 393.20 372.57 341.61

60 255.37 301.60 337.61 358.44 363.45 353.18 328.62 293.33

75 212.39 255.60 291.21 312.65 317.70 306.52 281.11 246.70

90 185.06 215.84 244.53 263.14 267.41 256.82 234.58 207.62

[ 5 - 56]

52

(Effective Solar Radiation; ESR)

(EESR)
6 .

(ESR)

(N) (E) (S) (W)

6 . 133.52 162.04 189.27 173.98

5

ESR
[ 5 - 56]

63

53

(Effective Solar Radiation; ESR)

(EESR)
6 .

(ESR)

(N) (E) (S) (W)

6 . 133.52 162.04 189.27 173.98

5

ESR
[ 5 - 56]

54

54

4. OTTV RTTV
(OOTTV)

 = ( )(1- )( ) ( )( )( ) ( )( )( )( )i w eq fOTTV U WWR TD U WWR T WWR SHGC SC ESR

(RTTV)

RTTVi W/m2

Ur W/m2. C
SRR /

Ari m2

 = ( )(1- )( ) ( )( )( ) ( )( )( )( )i r eq fRTTV U SRR TD U SRR T SRR SHGC SC ESR

1 1 2 2

1 2

( )( ) ( )( ) ... ( )( )
...

r r r i i

r r r i

A RTTV A RTTV A RTTVRTTV
A A A

64



55

[[ 5 - 58]]

((m2.0C)/W)

(Ri)

(Ro)

0 22.5 45 60

0.162 0.148 0.133 0.126

0.055

0.801 0.595 0.391 0.249

56

(m2.°C/W)

5 mm 20 mm 100 mm

0 0.11 0.148 0.174
22.5 0.11 0.148 0.165
45 0.11 0.148 0.158

0 0.25 0.572 1.423
22.5 0.25 0.571 1.095
45 0.25 0.570 0.768

-

[ 5 - 59]]

65

57

(
)

5-20 mm 20-100 mm

100 mm
100 mm

(m2. C/ W)
0.458

1.356

200 mm 

[ 5 - 59 ]

58

6
OTTV 3

10 cm
1 cm

H = 3.5 m

W = 8.0 m

Uw =   2.297  W/(m2.°C)
WWR =   0/(8.0x3.5)   

=   0

N E S W

TDeq 10.80 12.97 13.65 12.91

OTTV (W/ m2) 24.80 29.79 31.35 29.65

OTTVi=(Uw)(1-WWR)TDeq + (Uf)(WWR) T + (WWR)(SHGC)(SC)(ESR)

[ 39 ]

= 2.297 x 10.80 
= 24.80

[ 27 ]

66



59

H = 3.5 m

W = 8.0 m

10 mm

10 cm
1 cm

2.5
m

N E S W
ESR 133.52 162.04 189.27 173.98
TDeq 10.80 12.97 13.65 12.91
OTTV (W/ m2) 97.29 113.59 128.23 119.78

Uw = ______ W/(m2.°C)
Uf = ______ W/(m2.°C)
WWR = _____/_____ 

= ______
T = ______ °C

SC = ______
SHGC = ______

6
OTTV 3

[ 27]
[ 45]

[ 42]

[ 45]

[ 53]]

[ 58]]

60

H = 3.5 m

W = 8.0 m

10 mm

10 cm
1 cm

2.5
m

N E S W
ESR 133.52 162.04 189.27 173.98
TDeq 10.80 12.97 13.65 12.91
OTTV (W/ m2) 97.29 113.59 128.23 119.78

Uw = ______ W/(m2.°C)
Uf = ______ W/(m2.°C)
WWR = _____/_____ 

= ______
T = ______ °C

SC = ______
SHGC = ______

2.297
5.764

8x2.5 8x3.5
0.714
5
1
0.73

6
OTTV 3

OTTVi= (Uw)(1-WWR)TDeq + (Uf)(WWR) T + (WWR)(SHGC)(SC)(ESR)

OTTVi= (2.297)(1-0.714)10.8 + (5.764)(0.714) 5 + (0.714)(0.73)(1)(133.52) = 97.29 67

61

( )

8.0

8.0

8.0

8.0

8.0( )

( )

( )

8.0

8.0 8.0 8.0 8.0 8.0 8.0 8.0

1A-01 1A-02 1A-03 1A-04 1A-05

1A-11 1A-10 1A-09 1A-08

1A-07

1A-12

1A-13

1A-06

N

S

EW
x=2-3

( )

( )

( )

8.0 8.0 8.0 8.0 8.0 8.0 8.0

xA-01 xA-02 xA-03 xA-04 xA-05

xA-11 xA-10 xA-09 xA-08 xA-07

xA-12

xA-13
xA-06

N

S

EW

1 2-3

S

6
OTTV 3

62

SOUTHWEST NORTHEAST

1Z-01

1Z-02

1Z-03

2Z-01

2Z-02

3Z-01

3Z-02

1 2 3 N

56

48

6
OTTV 3

68



63

( 1-3)

1 196.0 112.0 0.0 0.0

2 392.0 392.0 532.0 448.0

588.0 504.0 532.0 448.0

1
2

H = 3.5 m

W = 8.0 m

10 mm

10 cm
1 cm

2.5
m

10 cm
1 cm

H = 3.5 m

W = 8.0 m

6
OTTV 3

OTTV       = (OTTV1)(A1) + (OTTV2)(A2)   
( = (97.29) (196/588) + (24.80) (392/588)

= (97.29) (0.33) + (24.80)(0.67)    = 48.96 W/m2

(0.33)

(0.67)

[ 60 ] [ 58 ]

(1.00)

64

6
OTTV 3

1 21 2

1 2

( )( ) ( )( ) ... ( )( )
...

w w w ii

w w wi

A OTTV A OTTV A OTTV
OTTV

A A A

OTTV = _______ / . . (W/ m2)

_______ W/ m2 ______ W/ m2 _______
_______

OTTV (W/m2)

N E S W

48.96 48.40 31.35 29.65

40 40.13
69

65

6
OTTV 3

1 21 2

1 2

( )( ) ( )( ) ... ( )( )
...

w w w ii

w w wi

A OTTV A OTTV A OTTV
OTTV

A A A

OTTV =   40.13 / . . (W/ m2)

_______ W/ m2 ______ W/ m2 _______
_______

OTTV (W/m2)

N E S W

48.96 48.40 31.35 29.65

40 40.13

=     (48.96 x 588) + (48.4 x 504) + (31.35 x 532) + (29.65 x 448)
(588 + 504 + 532 + 448)

66

H = 3.5 m

W = 8.0 m

10 mm

10 cm
1 cm

2.5
m

7

2.0 m

0.5 m
0.5 m

( )

2.5
m

OTTV = ____ / . .

OTTV (W/m2)

N E S W

__34.69__ __35.59_ 31.35 29.65

SCN=0.385=>OTTV = 54.48
SCE=0.317=> OTTV = 55.88

SC=1, OTTV=97.29

70



67

H = 3.5 m

W = 8.0 m

10 mm

10 cm
1 cm

2.5
m

7

2.0 m

0.5 m
0.5 m

( )

2.5
m

OTTV = __32.96__ / . .

OTTV (W/m2)

N E S W

34.69 35.59 31.35 29.65

SCN=0.385=>OTTV = 54.48
SCE=0.317=> OTTV = 55.88

OTTVi= (Uw)(1-WWR)TDeq + (Uf)(WWR) T + (WWR)(SHGC)(SC)(ESR)

OTTVi= (2.297)(1-0.714)10.8 + (5.764)(0.714)5 + (0.714)(0.73)(0.385)(133.52) = 54.48

1

68

71

69

7
RTTV ( )

x/ k
(R)

0.055

0.10/1.442 0.070 10 . .

0.174 10 . .

0.05/0.033 1.515 5 . .

0.01/0.191 0.052 10 . .

0.162

(RT) 2.028

(Ur=1/ RT) 0.493

10 . .

10 . .

10 .

5 . .

( )

70

7
RTTV ( )

Density specific heat (DSH)

0.1 m 0.10 x 2400 x 0.92 220.80

*** ***

5 cm 0.05 x 32 x 0.96 1.54

1.0 cm 0.010 x 880 x 1.09 9.59

DSH 231.93

TDeq = 18.52 °C
RTTV = 0.493 x 18.52 = 9.13 W/m2

12 W/m2 9.13 W/m2

[ 5 - 23]

***
72



71

8
RTTV ( )

. .

. .

.

. .

Ur = ______ W/(m2.°C)
DSH = ______ kJ/(m2.°C)
TDeq = ______°C
RTTV = ______ W/m2

0.493

232.05
18.36
9.05

_______ W/m2 _______ W/m2 _________15 9.05

[ 5-10 ]

[ 69 ]
[ 70 ]

72

8
RTTV ( )

. .

. .

.

. .

Ur = ______ W/(m2.°C)
DSH = ______ kJ/(m2.°C)
TDeq = ______°C
RTTV = ______ W/m2

0.493

231.93
18.37
9.06

_______ W/m2 _______ W/m2 _________15 9.06

[ 5-10 ]

[ 69 ]
[ 70 ]

73

73

OTTV RTTV

74

•

OTTV (W/m2) **

45.9 29.3 22.8 7.8 5.9

42.8  X 26.9 22.5 7.2 5.4

24.8 15.5 13.9 4.2 3.1

2”
2”

** 

74



75

•

OTTV (W/m2) **

23.0 18.7 12.3 7.2 5.7

19.1 15.4 10.8 6.0 4.7

10.9 8.8 6.2 3.4 2.7

** 620 kg/m3

2” 2”

76

•

OTTV (W/m2) **

219.7 X 168.4 X 140.5 × 133.8 × 106.8 ×
163.8 X 127.5 X 107.8 × 99.7 × 79.5 ×
100.6 X 78.2  X 66.0  × 61.3 × 48.9 ×

6 . 6 . 6 6 .
6 .

6 .

LOW-E 6 .
6 .

6 .

** 

100%

75

77

•

RTTV (W/m2) **

64.8  × 23.6 × 5.9 4

65.6 × 24.0 × 6 4.1

39.3 × 14.5  × 3.6 2.5

1. . . . 2. . . . 3. . . .

2

4. . . .

4

**

78

• -

N

OTTV = 90.5 W/m2OTTV = 88.1 W/m2

:  
WWR = 30% 6 . : = 1:3

a

3a

a

3a

76



79

•

N

= 960 m2

OTTV = 90.9 W/m2

87,264 W

= 716 m2

OTTV = 89.3 W/m2

63,938 W

a

a

2,000

m2

2,000

m2

5b

b

:  2,000
WWR = 30% 6 . 1 4

80

•

OTTV (W/m2)
+

+
5.6 7.8 10.0 12.2

OTTV (W/m2)
33.0 45.9 58.7 71.6

= 0.3 = 0.5 = 0.7 = 0.9

77

81

•

OTTV (W/m2)

28.5 39.1 49.7 60.4 × 71.0 ×

21.8 29.7 37.5 45.4 × 53.3 ×

13.1 18.0 22.9 27.7 32.6 ×

10% 15% 20% 25% 30%

6 . .
5 12 . .

82

•

6 .

1.20 .

1.50 .

SC = 0.57

1.00 .

OTTV SC 

30

40

50

60

70

80

90

100

0 5 10 15 20 25 30

WWR

O
TT

V
 (W

/s
qm

)

no shade
shading SC = 0.8
shading SC = 0.6
shading SC = 0.4
shading SC = 0.2

OTTV <= 50

nonono ssshahahaadeedede
shading SC = 0.8
shhhhadinnnngggg SC === 0000.6
shshshadadadinininggg SCSCSC == 000.4
shadinggg SC = 0.2

.

No Shading

Shading SC = 0.8

Shading SC = 0.6

Shading SC = 0.4

Shading SC = 0.2

78



1

  2

1.
1.1   

1.2 

2.
2.1 
2.2 

79

  3

  4

4

Task Lighting 

Illuminance
 

   

Contrast

 

80



  5

 
Direct lighting 

Lighting zone

    

Colors

Lighting equipments

  6

 

 10  (klux)  7.00-17.00 .

 ( )  ( ) 

81

  7

 95%  90% 
 5   10   

 ( )   ( )

Probability distribution of global illuminance

0
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Year

Probability distribution of diffuse horizontal illuminance
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82



  9

(1) ,
/ . . (3)

  14

 (2)

  18

 12

(1)  

(2)  

(3)  

  10

SOUTHWEST NORTHEAST

 
 

1Z-01

 
 

1Z-02

 
 

1Z-03

 
 

2Z-01

 
 

2Z-02

 
 

3Z-01

 
 

3Z-02

 1  2  3

N

56

48

 1  

83

  11

 1  

1Z-01

1Z-02

 1

1Z-01

1Z-02

 1

 
( )

8.0

8.0

8.0

8.0

8.0( )

( ) 

8.0

8.0 8.0 8.0 8.0 8.0 8.0 8.0

1A-01 1A-02 1A-03 1A-04 1A-05

1A-10 1A-09 1A-08
1A-07

1A-12
1A-13

1A-06
N

S

EW  
(

8.0

8.0

8.0

8.0

8.0( )

( ) 

8.0

8.0 8.0 8.0 8.0 8.0 8.0 8.0

1A-01 1A-02 1A-03 1A-04 1A-05

1A-10 1A-09 1A-08
1A-07

1A-12
1A-13

1A-06
N

EW

N

EW

 1

1Z-01

1Z-02

 
4x18W 60cm
96 

310 
400 Lux

 
4x18W 60cm
96 

42 
150 Lux

1Z-031Z-03
( )

1A-11

( )

1A-11
1Z-03

 
2x36W 120cm

84 
38 

300 Lux

  12

 1  

1Z-01

1Z-02

 

1Z-01

xZ-02

 

 
( )

8.0

8.0

8.0

8.0

8.0( )

( ) 

8.0

8.0 8.0 8.0 8.0 8.0 8.0 8.0

xA-05

1A-13
xA-06

N

S

EW  
(

8.0

8.0

8.0

8.0

8.0( )

( ) 

8.0

8.0 8.0 8.0 8.0 8.0 8.0 8.0

xA-04

xA-12
1A-13N

S

EW

N

S

EW

 2-3

 
4x18W 60cm
96 

354 
400 Lux

 
4x18W 60cm
96 

42 
150 Lux

xZ-01

xA-11 xA-10 xA-9 xA-8 xA-7

xA-03xA-02xA-01

84



  13

(xZ-01) (xZ-02) (xZ-03)

 
4x18W 60cm

 
4x18W 60cm

 
2x36W 120cm

-
 18 W

-
  18 W

-
  36 W

4 4 2

 
( / ) 4x1100 4x1100 2x2680

Low loss Low loss Low loss

( / ) 96 96 84

Uniform 400 Lux Uniform 150 Lux Uniform 300 Lux

 1  

  14

 
( . .) ( ) ( / ) ( ) ( / . .)

1

1Z-01 1,792 310 96 29,760 16.61

1Z-02 640 42 96 4,032 6.30

1Z-03 256 38 84 3,192 12.47

2-3
xZ-01 2,048 354 96 33,984 16.59

xZ-02 640 42 96 4,032 6.30

 1 = 1,792+640+256 = 2,688 . .
 2-3 = 2 x (2,048+640) = 5,376 . .

  1 = 29,760 + 4,032 + 3,192
= 36,984 

 1  ( )

85

  15

 2-3 
= 2 x (33,984+4,032) 
= 76,032 

= (36,984+76,032) / (2,688+5,376)
= 113,016 / 8,064
= 14.01 / . .

18 Wm-2 14.01 Wm-2

 1  ( )

  16

8.0 8.0 8.0 8.0 8.0 8.0 8.0

1.2
8.0

8.0

8.0
x= 1-9

12.0

1.2

( )

xZ-01 8.0

( )xZ-02

 1  
       9 

86



  17

8.0 8.0 8.0 8.0 8.0 8.0 8.0

1.2
8.0

8.0

8.0
x= 1-9

12.0

1.2

( )

xZ-01 8.0

( )xZ-02

 1  
       9 

 
2x36W 120cm

84 
225 

500 Lux

 
4x18W 60cm
96 

13 
150 Lux

  18

18

 
(1-9)Z-01

 
(1-9)Z-02

 2x36W 120cm  4x18W 60cm

 36 W  18 W

2 4

 
( / )

2x2680 4x1100

Low loss Low loss

( / ) 84 96

Uniform 500 Lux Uniform 150 Lux

 1  
       9 

87

  19

(9 ) _________
 (9 ) _________ . .

_________ / . .
_________ / . .

______  
______

 1  
       9 

 
( . ./ ) ( ) ( / ) ( ) ( / . ./ )

(1-9)Z-01 1,152 225

(1-9)Z-02 192 13

  20

(9 ) _181,332_
 (9 ) _12,096__ . .

_14.99 __ / . .
_14.00 __ / . .

______  

__ __

 1  
       9 

 
( . ./ ) ( ) ( / ) ( ) ( / . ./ )

(1-9)Z-01 1,152 225 84 18,900 16.41

(1-9)Z-02 192 13 96 1,248 6.50

88
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–  4x18W  96 

  76 /  (  21) 

–  2x36W  84   74 

/  

(9 )_________      (9 )_______ . .

________ / . .

______    ______

 
( . ./ ) ( ) ( / ) ( ) ( / . ./ )

(1-9)Z-01 1,152 225

(1-9)Z-02 192 13

 2
 2 

           

  22

–  4x18W  96 

  76 /  (  21) 

–  2x36W  84   74 

/  

(9 )  158,742                   (9 ) 12,096  . .

13.12 / . .

      ______

 
( . ./ ) ( ) ( / ) ( ) ( / . ./ )

(1-9)Z-01 1,152 225 74 16,650 14.45

(1-9)Z-02 192 13 76 988 5.15

 2
 2 

           

89

  23

1)   -

2) 
 1.5  

 

  24

 
(  Solar Heat gain Coefficient, SHGC )

  
 (  Visible Transmittance, Tvis  )

3.  
(light to solar gain, LSG)

  1

90



  25

 
(  SHGC )

  
 (  Visible Transmittance, Tvis  )

4.   
 

( Effective Shading Coefficient, SCeff) 
 0.3

SC

SC = 

  26

26

eff visSC SC

effSC

SC

vis

 

 

 (Visible 
transmittance)

0

100

200

300

400

500

600

700

800

900

0 0.5 1 1.5 2 2.5 3 3.5

D/H

Lu
x

SCeff=0.2,H=1.0m
SCeff=0.2,H=1.2m
SCeff=0.2,H=1.4m
SCeff=0.2,H=1.6m
SCeff=0.2,H=1.7m
SCeff=0.3,H=1.0m
SCeff=0.3,H=1.2m
SCeff=0.3,H=1.4m
SCeff=0.3,H=1.6m
SCeff=0.3,H=1.7m
SCeff=0.4,H=1.0m
SCeff=0.4,H=1.2m
SCeff=0.4,H=1.4m
SCeff=0.4,H=1.6m
SCeff=0.4,H=1.7m
SCeff=0.5,H=1.0m
SCeff=0.5,H=1.2m
SCeff=0.5,H=1.4m
SCeff=0.5,H=1.6m
SCeff=0.5,H=1.7m

Effective daylight zone

SCeff = 0.2

SCeff = 0.3

SCeff = 0.4

SCeff = 0.5

Range of required illumination

4)  (Effective 
shading coefficient, SCeff)  0.3

91

  27

SHGC = 0.5

VT = 0.8

              0.56

SC = 0.7 

  28

5)  
  

W2  W1

92



  29

 

 

1.5 H

LSG      > 1.0

SC eff   0.3

1.               =   15    

2.    =    5   

3.   =   10  

4.               =  10 x 84  W

5.                                       =   80  sq.m.

6.             =  840 / 80

( ) =  10.5  W/m2

10

8

84 W

  30

vis

SHGC

1.2

1.0 0.6

3.0
1.6

0.8
 

10 . .

6 .

 2  

 
 (SC=0.365)

-

 
 15.2 /

= 0.76

= 0.54

vis

SHGC

93

  31

 2  

 SCeff  0.3 

 (Light to solar gain, LSG)

 (Effective shading coefficient, SCeff)

eff visSC SC

visLSG
SHGC

SCeff = (0.365)(0.76)
= 0.277                 0.3

LSG = (0.76)/(0.54)
= 1.407                 >  1.0

  32

 2  

3.5 .

2.5 .
 10 .

10 . .
 

 1 
 

-

-
 

57 

= 0.88
= 0.73

vis
SHGC

 
 

1Z-01

 
 

1Z-02

 
 

1Z-03

94



  33

 2  

 SCeff  0.3  LSG  1  

 (LSG)

 (SCeff)

eff visSC SC

visLSG
SHGC

SCeff = (1)(0.88)
= 0.88             0.3

LSG = (0.88)/(0.73)
= 1.205            1

  34

 
( . .) ( ) ( / ) ( ) ( ) ( / . .)

1Z-01 1,792 310

1Z-02 640 42

1Z-03 256 38

_______( / . .)
_____
_____

 2  

95

  35

 
( . .) ( ) ( / ) ( ) ( ) ( / . .)

1Z-01 1,792 310 96 57 24,288 13.55

1Z-02 640 42 96 - 4,032 6.30

1Z-03 256 38 84 - 3,192 12.47

    13.336 ( / . .)
_____
_____

 2  

 ( )    = 113,016 W

      =  57 x 96 = 5,472  W

    = 113,016 – 5,472 = 107,544  W

     =  107,544 / 8,064  W/m2

=  13.336   W/m2 15

96



1

  2

1. 
1.1  (Thermal comfort)
1.2 
1.3 
1.4 

2. 
2.1  (Unitary air-conditioners) 
2.2  (Large air-conditioning system)
2.3 

3. 
3.1 
3.2

97

  3

(Thermal comfort)
•  40-60 

•

•   

•  24-27 C 
•  30-70%
•
•  0.15 /
•  ( ) 

  4

(Thermal comfort)

ASHRAE Thermal Comfort Zone
98



  5

 (Unitary System)
 (Split-type)

 (Window-type)
 (Packaged Unit)

  6

 (Central System)
 (Air-cooled System)

 (Water-cooled System)

99

  7

 (COP)

 (Energy Efficiency 
Ratio, EER) 

EER  [BTU.h-1W-1] =  3.412 COP [Wth/Wel]

 (kW/ton) 
 

QL =  
   , kW

E = , kW E
QCOP L

1  = 12,000  (BTU.h-1) 
= 3.517  (kWth)

  8

kW/Tr  = 12 / EER 
kW/Tr = 12 / (COP x 3.412)

= 3.517/ COP

COP       = EER / 3.412 
COP       = 12 / (kW/Tr x3.412 ) 

=  3.517/ (kW/Tr)

EER = 12 / kW/Tr
EER = COP x 3.412 

If a chiller efficiency is rated at 1 kW/Tr 
COP = 3.517  (=12/3.412)
EER = 12 

kW   =    3.517    =    12
Tr         COP         EER

100



  9

( ) ( ) ( )

 12,000 3.22 11

 
( )

(3.4
40,948 Btu/h)

  10

 
( )

(
) COP

 300 1.33 2.64

 300 1.31 2.68

1.24 2.84

  
 

 150
 150

0.89
0.78

3.95
4.51

 500
 500

0.76
0.62

4.63
5.67

  ( )

101

  11

 
(Large air-conditioning system)

•   
  

•  
•  
•

Cooling coil
Filter

Return air duct

Air-handling unit

Outside air

Evaporator

Condenser
Cooling tower

Water chiller

Supply air duct
There are many of these 
units in a building

Cooling coil
Filter

Return air duct

Air-handling unit

Outside air

Evaporator

Condenser
Cooling tower

Water chiller

Supply air duct
There are many of these 
units in a building

0.50 
kW/TR

0.50 
kW/TR

Cooling coil
Filter

Return air duct

Air-handling unit

Outside air

Evaporator

Condenser
Cooling tower

Water chiller

Supply air duct
There are many of these 
units in a building

Cooling coil
Filter

Return air duct

Air-handling unit

Outside air

Evaporator

Condenser
Cooling tower

Water chiller

Supply air duct
There are many of these 
units in a building

0.50 
kW/TR

0.50 
kW/TR

Cooling coil
Filter

Return air duct

Air-handling unit

Outside air

Evaporator

Condenser
Cooling tower

Water chiller

Supply air duct
There are many of these 
units in a building

Cooling coil
Filter

Return air duct

Air-handling unit

Outside air

Evaporator

Condenser
Cooling tower

Water chiller

Supply air duct
There are many of these 
units in a building

0.50 
kW/TR

0.50 
kW/TR

0.50 
kW/TR

0.50 
kW/TR

(COP) 7.03  0.5 /

  12

 
    

 0.5 

Cooling Tower

AHU

Pump

Fan-coil unit

  ( )
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 1  
 

1Z-01

1Z-02

 1

1Z-01

1Z-02

 
( )

8.0

8.0

8.0

8.0

8.0( )

( ) 

8.0

8.0 8.0 8.0 8.0 8.0 8.0 8.0

1A-01 1A-02 1A-03 1A-04 1A-05

1A-10 1A-09 1A-08
1A-07

1A-12
1A-13

1A-06
N

S

EW  
(

8.0

8.0

8.0

8.0

8.0( )

( ) 

8.0

8.0 8.0 8.0 8.0 8.0 8.0 8.0

1A-01 1A-02 1A-03 1A-04 1A-05

1A-10 1A-09 1A-08
1A-07

1A-12
1A-13

1A-06
N

EW

N

EW

1Z-01

1Z-02

1Z-031Z-03
( )

1A-11

( )

1A-11
1Z-03PAU10.0                  C

 10 

:  15.5  kW

PAU8.5                    A

 8.5 

:  14  kW

PAU14                     B

 14 

:  18.9  kW

Central1   D

A , B C C C A , B

C C

A , B

C C C

D

  14

1Z-01

xZ-02

 

1Z-01

xZ-02

 

 
( )

8.0

8.0

8.0

8.0

8.0( )

( ) 

8.0

8.0 8.0 8.0 8.0 8.0 8.0 8.0

xA-05

1A-13
xA-06

N

S

EW  
(

8.0

8.0

8.0

8.0

8.0( )

( ) 

8.0

8.0 8.0 8.0 8.0 8.0 8.0 8.0

xA-04

xA-12
1A-13N

S

EW

N

S

EW

xZ-01

xA-11 xA-10 xA-9 xA-8 xA-7

xA-03xA-02xA-01

PAU10.0                   C

 10 

:  15.5  kW

PAU8.5                     A

 8.5 

:  14  kW

PAU14                      B

 14 

:  18.9  kW

Central1   D

A , B C C C A , B

C C

A , BC C C

D

A , B

 2-3

 1  
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 1 ( ) 
 2    

Package air cooled  (  8.5, 10.0  14.0 )

14
18.9
11

 ( )
 ( )

 ( )

xPAU-01b-04b
x=1-3

1A-01, 05, 07
2A-01, 05, 07, 11
3A-01, 05, 07, 11

8.5
14.0
11

 ( )
 ( )

 ( )

xPAU-01a-04a
x=1-3

xA-02-04, 
06,08-10, 12
x=1-3

10
15.5

8

 ( )
 ( )

 ( )

xPAU-01-08
x=1-3

14
18.9
11

 ( )
 ( )

 ( )

xPAU-01b-04b
x=1-3

1A-01, 05, 07
2A-01, 05, 07, 11
3A-01, 05, 07, 11

8.5
14.0
11

 ( )
 ( )

 ( )

xPAU-01a-04a
x=1-3

xA-02-04, 
06,08-10, 12
x=1-3

10
15.5

8

 ( )
 ( )

 ( )

xPAU-01-08
x=1-3

  16

 1 ( ) 

15
3.0
12

 ( )
 ( )

 ( )

xAHU-01-04
(x=1-3)

 
(Air Handling unit)

48
4.5
1

 ( )
 ( )

 ( )

CHP-03 
(Chilled water 
pump)

 1-3
Scroll
120
132
1

 ( )
 ( )

 ( )

CH-03 
(Chiller)

15
3.0
12

 ( )
 ( )

 ( )

xAHU-01-04
(x=1-3)

 
(Air Handling unit)

48
4.5
1

 ( )
 ( )

 ( )

CHP-03 
(Chilled water 
pump)

 1-3
Scroll
120
132
1

 ( )
 ( )

 ( )

CH-03 
(Chiller)
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 1 ( )

xPAU-01-08 (10 ) COP = (10x3.517)/15.5 = 2.27 (EER = 7.74)
xPAU-01a-04a (8.5 ) COP = (8.5x3.517)/14.0 = 2.14 (EER = 7.29) 
xPAU-01b-04b (14 ) COP = (14x3.517)/18.9 = 2.60 (EER = 8.89)

2.60 (8.89)2.56 (8.74)xPAU-01b-04b
2.14 (7.29)2.56 (8.74)xPAU-01a-04a
2.27 (7.74)2.56 (8.74)xPAU-01-08

, COP (EER)

2.60 (8.89)2.56 (8.74)xPAU-01b-04b
2.14 (7.29)2.56 (8.74)xPAU-01a-04a
2.27 (7.74)2.56 (8.74)xPAU-01-08

, COP (EER)

  18

TR  Chiller
TR  AHU

kW  AHU

kW  AHU
 TR 

 Chiller

 1 ( )
•

•  120  
•  132  
•  132/120 = 1.1  (COP = 3.197)

•
•   4.5 
•   [120/(12x15)] x (12x3.0) = 24 
•  = 4.5+24 = 28.5 
•  28.5/120 = 0.238  (COP = 14.808)

AHU (12 x 15 ) Tr  =  (12 x 3)  kW

(120)    Tr  =  (12 x 3 x  120 = 24  kW 

         (12 x 15)

105
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 1 ( ) 

14.78 (0.238)7.03 (0.5)
 

  

3.197 (1.10)2.64 (1.33) Air-cooled water 
chillers   

, COP (kW.RFT-1)

14.78 (0.238)7.03 (0.5)
 

  

 Air-cooled water 
chillers  120   

, COP (kW.RFT-1)

  20

 1
 

 

 
(Chiller)

CH-01
CH-02  ( )

 ( )
 ( )

300
190
2

 
(Chilled water pump)

CHP-01
CHP-02

 ( )
 ( )

 ( )

720
20
2

 
(Condenser water 
pump)

CDP-01
CDP-02

 ( )
 ( )

 ( )

900
33
2
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 1
 

 

 
(Cooling tower)

CT-01
CT-02

 ( )
 ( )

 ( )

375
7.5
2

 
(Air Handling unit)

xAHU-01-06
x=1-9

 ( )
 ( )

 ( )

13
1.9
54

– _________ 
– _________  
–  ______/______ = _________  

(COP = ________)

600
380

380 600 0.63
5.55

  22

 1 ( )

–   ________ 
–  ________ 
–  ________ 
–   ________ 
–   ________ 
–  ________  (COP = ________)

, COP (kW.RFT-1)

 Water-cooled 
water chillers  300 

 
 

 

40
66
15

87.69
208.69

0.35 10.11

4.51 (0.78) 5.55 (0.63)

7.03 (0.5) 10.11 (0.35)

= 208.69 / 600 = 0.35   kW/Tr COP = 3.517 / 0.35 = 10.11

AHU (54 x 13 ) Tr  =  (54 x 1.9)  kW

(600)    Tr   =  (54 x 1.9 x  600 = 87.69  kW 

         (54 x 13 )

107
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  24

•  (Energy source)
•
•
•

•  (Absorption cycle)
•  

(Single Effect Absorption Chiller)
•  

(Double Effect Absorption Chiller)

108



  25

 
•  
•

  26

  
1)  (COP)  

2)  

 1
 

  
 

 
 

 
 

 
  

 
 

 

 
 

 
(Minimum COP) 

53.6 F  44.6 F  89.6 F     5.85  GPM.Ton-1 .  
(Single Effect) 12.0 C  7.0 C  32.0 C  0.105  l.s-1.kW-1 

0.65 

53.6 F  44.6 F  89.6 F     4.4  GPM.Ton-1 .  
(Double Effect) 12.0 C  7.0 C  32.0 C  0.079  l.s-1.kW-1 

1.10 
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  27

  
1)  (COP)  

2)  

 2

 
  

 
 

 

 
 
 

 
 

 
 

 
 

 
 

 
(Minimum COP) 

53.6 F  44.6 F  89.6 F  99.5 F  .  
(Single Effect) 12.0 C  7.0 C  32.0 C  37.5 C  

0.65 

53.6 F  44.6 F  89.6 F  99.5 F  .   
(Double Effect) 12.0 C  7.0 C  32.0 C  37.5 C  

1.10 
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1

2

1.
1.1
1.2
1.3

2.
2.1
2.2

111

3

2

50-60

( )
70-90

100

4

Type of  Hot Water
Equipment

Central Unit Individual
Unit

Heat Pump

Electric Water
Heater

Steam Boiler

 Oil-Gas Fired Boiler Hot Water Boiler

Electric Steam
Boiler

Electric Storage
Water Heater /  Hot

Water Boiler

Instantaeous
Water Heater

Instantaeous
Gas Heater

Electric Water
Heater

Storage Water
Heater

Gas Water Heater

Heat Pump

Storage Gas
Heater

Storage Gas Heater

112



5

80.0179.9080.32NG, LPGGas Fired Hot Water Boiler4
79.8978.3081.17NG, LPGGas Fired Steam Boiler3
85.7982.7986.95Kerosene1
80.6779.6888.02Light Oil
79.8978.3081.17Heavy OilOil Fired Hot Water Boiler2
88.885.894.6Kerosene1
85.474.295.8Light Oil
89.883.996.2Heavy OilOil Fired Steam Boiler1

AverageMinimumMaximum

Boiler Efficiency (%)
Type of FuelType of BoilerItem

80.0179.9080.32NG, LPGGas Fired Hot Water Boiler4
79.8978.3081.17NG, LPGGas Fired Steam Boiler3
85.7982.7986.95Kerosene1
80.6779.6888.02Light Oil
79.8978.3081.17Heavy OilOil Fired Hot Water Boiler2
88.885.894.6Kerosene1
85.474.295.8Light Oil
89.883.996.2Heavy OilOil Fired Steam Boiler1

AverageMinimumMaximum

Boiler Efficiency (%)
Type of FuelType of BoilerItem

6

(Whole Building Performance)

113

7

(Instantaneous Water Heater)

( 100%)

(Boiler)

( )

( ) (Oil Fired Steam Boiler) 85

( ) (Oil Fired Hot Water Boiler) 80

( ) (Gas Fired Steam Boiler) 80

( ) (Gas Fired Hot Water Boiler) 80

8

(Heat Source)
(Heat Sink)

( )
(Mechanical Vapor Compression 

Refrigeration System)

114



9

Mechanical Vapor Compression 
Refrigeration System

http://www.heatpumpcentre.org

(Condenser)

(Evaporator)

(Compressor)

(Expansion
Valve)

10

Air Source-Heat Pump Water Heater

3.64Average
3.09Min
4.25Max

R22

3.82Average
3.00Min
4.94Max

R134A

3.72Average
3.00Min
4.94Max

 (COP)

3.64Average
3.09Min
4.25Max

R22

3.82Average
3.00Min
4.94Max

R134A

3.72Average
3.00Min
4.94Max

 (COP)

115

11

(air-source heat pump water heater)

3.030 C60 C30 C 2
3.530 C50 C30 C 1

 

(Minimum COP)

3.030 C60 C30 C 2
3.530 C50 C30 C 1

 

(Minimum COP)
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1

2

1.
2.

117

3

(photovoltaic
electrification system)

Solar cell

Solar cell module Balance of system, BOS

Photovoltaic 
Electrification System

Gallium arsenide (GaAs)

Dye sensitized, Polymer

Organic solar cell

Copper Indium Gallium Diselenide,Cu(In,Ga)Se
2

(CIGS)

Cadmium Telluride (CdTe)

Amorphous silicon (a-Si)

Thin film solar cell

Multicrystalline silicon (mc-Si)

Single crystalline silicon (sc-Si)

Crystalline solar cell

Battery, Charger, Inverter, Power Conditioner, Meter, 

etc.

Fed into the grid using an inverter, BiPV.

Pumping systems, Refrigeration systems, Lighting, 

Battery charging, Solar home systems.

Grid-connected Photovoltaic System

Stand-alone Photovoltaic System

Mounting array

Covering glass 

Encapsulation

Solar cell

Solar cell module Balance of system, BOS

Photovoltaic 
Electrification System

Gallium arsenide (GaAs)

Dye sensitized, Polymer

Organic solar cell

Copper Indium Gallium Diselenide,Cu(In,Ga)Se
2

(CIGS)

Cadmium Telluride (CdTe)

Amorphous silicon (a-Si)

Thin film solar cell

Multicrystalline silicon (mc-Si)

Single crystalline silicon (sc-Si)

Crystalline solar cell

Battery, Charger, Inverter, Power Conditioner, Meter, 

etc.

Fed into the grid using an inverter, BiPV.

Pumping systems, Refrigeration systems, Lighting, 

Battery charging, Solar home systems.

Grid-connected Photovoltaic System

Stand-alone Photovoltaic System

Mounting array

Covering glass 

Encapsulation

4

BOSulesys mod

sys

ulemod

BOS

(photovoltaic 
electrification system)

(solar cell module)

(Balance Of 
System; BOS)

118



5

6

thin-film10-19%Copper indium gallium diselenide

thin-film10-17%cadmium telluride

thin-film8-13%amorphous silicon

crystalline20-29%gallium-arsenide

thick and thin-film13-18%poly-crystalline silicon

crystalline20-24%mono-crystalline silicon

thin-film10-19%Copper indium gallium diselenide

thin-film10-17%cadmium telluride

thin-film8-13%amorphous silicon

crystalline20-29%gallium-arsenide

thick and thin-film13-18%poly-crystalline silicon

crystalline20-24%mono-crystalline silicon

119

7

(Yearly average electricity produced 
by photovoltaic electrification system, PVE)

1000
)365()9( mod PVsys ESRA

PVE

(9)(365)
1

(9) 1
(365) 1

PVE - (kWh)

/ . . (Wm-2)

modA

PVESR
sys

8

(ESRPV)
(ESRPV)

, W/m2

207.62234.58256.82267.41263.14244.53215.84185.0690
246.70281.11306.52317.70312.65291.21255.60212.3975
293.33328.62353.18363.45358.44337.61301.60255.3760
341.61372.57393.20401.47397.17379.58348.31306.6845
385.65408.39422.98428.59425.48412.96390.20358.9930
419.53431.51438.90441.62440.00433.61421.74405.0015
437.38437.38437.38437.38437.38437.38437.38437.380

 

( )

207.62234.58256.82267.41263.14244.53215.84185.0690
246.70281.11306.52317.70312.65291.21255.60212.3975
293.33328.62353.18363.45358.44337.61301.60255.3760
341.61372.57393.20401.47397.17379.58348.31306.6845
385.65408.39422.98428.59425.48412.96390.20358.9930
419.53431.51438.90441.62440.00433.61421.74405.0015
437.38437.38437.38437.38437.38437.38437.38437.380

 

( )
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9

(photovoltaic electrification system)

whole building compliance

10

1 PVE 1

30 . .
1. 20 . .
2. 10 . .

• 15
• 11

121

11

1 PVE 1

1

ESRPV 1 441.62 . .
20 . .

11%

1000
)365()9( mod PVsys ESRA

PVE

1
(9) (365) (20) (0.11) (441.62)

1000
3,191.59 /

PVE

kWh Y

12

1
1

2
2

2

ESRPV 2 _______ . .
_______ . .
_______ %

2 _______
_______

438.90
10
11

1,585.97
4,777.56
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1

  2

1. 
1.1 
1.2 
1.3   

2. 
2.1 
2.2 

123

  3

•
  

•   
 

 (Cooling Coil Load, CCL)
•  (external factor) 

 

•  (internal factor) 
 

 

  4

•

OTTV  ( / . .)
RTTV  ( / . .)

 ( )

 ( )

= w r

f f

A AOTTV RTTV
A A

w

f

A
A

r

f

A
A

124



  5

•  (LPD), 
 (EQD),  (OCCU)  (VENT) 

Cl, Ce, Co,  Cv  
LPD  ( / . .)
EQD  ( / . .)
OCCU  ( / . .)
VENT  ( /  / . .)

(Cl)(LPD) + (Ce)(EQD) + 130(Co)(OCCU) + 24(Cv) (VENT)

  6

CCL=   : 

+ Cl (LPD) : 

+ Ce (EQD) : 

+ 130 Co (OCCU) : 

+ 24 Cv (VENT) : 

w r

f f

A AOTTV RTTV
A A

125

  7

•
 

•  (COP) 
   

Pac  ( / . .)
CCL  ( / . .) 
COP  ( )

, Pac

= ( , ER) x ( , 
CCL)

Pac=  CCL/COP

  8

 (En) 
•

En   ( - / . . )
CCL/COP  Pac   ( / . .)
LPD   ( / . .)
EQD   ( / . .)
nh   1  ( )

En = [(CCL/COP) + LPD + EQD] nh

1000

126



  9

     

  10

OTTV  (W m-2)
Aw/Af  ( ) 
COP  ( ) 
LPD  (W m-2)
EQD  (W m-2)  
OCCU  (per m-2) 
VENT  (l s-1 m-2)
CCL  (Wth)
Ext (%)
Int (%)
ACE  (kWh m-2 Y-1)
LE  (kWh m-2 Y-1)
En  (kWh m-2 Y-1)
ACE/En  ( ) 
LE/En  ( ) 

127

  11

•
 

  
1   1   

 
 

1

1

( ) ( )

( ) ( ) 130 ( ) 24 ( )

( )

n
wi i ri i

pa
i i i

l i e i o i v i
fi h

i

n

fi i i h
i

A OTTV A RTTVE
COP COP

C LPD C EQD C OCCU C VENTA n
COP

A LPD EQD n

  12

•
 

  
1   1  

 
 

 

1

1

( ) ( )

( ) ( ) 130 ( ) 24 ( )

( )

n
wi i ri i

pa
i i i

l i e i o i v i
fi h

i

n

fi i i h
i

A OTTV A RTTVE
COP COP

C LPD C EQD C OCCU C VENTA n
COP

A LPD EQD n
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  13

•
 

• Cl, Ce, Co,  Cv   
   

 
•  nh  
•   

 

Cl Ce Co Cv nh

 
0.84 0.85 0.90 0.90

2340

  4380

 / 1.0 1.0 1.0 1.0 8760

  14

 
•  
•  (EQD),  (OCCU) 

 (VENT) 
•

 
•   LPDc 

 
•  COP 

 COPci   

129

  15

 1

•  3   

 
( )

8.0

8.0

8.0

8.0

8.0( )
( )

( ) 

8.0

8.0 8.0 8.0 8.0 8.0 8.0 8.0

1A-01 1A-02 1A-03 1A-04 1A-05

1A-11 1A-10 1A-09 1A-08
1A-07

1A-12
1A-13

1A-06
N

S

EW
x=2-3 

( )

( )

( ) 

8.0 8.0 8.0 8.0 8.0 8.0 8.0

xA-01 xA-02 xA-03 xA-04 xA-05

xA-11 xA-10 xA-09 xA-08 xA-07

xA-12
xA-13

xA-06
N

S

EW

 1  2-3

1Z-01

1Z-03

1Z-02

xZ-01

xZ-02
 

( )

8.0

8.0

8.0

8.0

8.0( )
( )

( ) 

8.0

8.0 8.0 8.0 8.0 8.0 8.0 8.0

1A-01 1A-02 1A-03 1A-04 1A-05

1A-11 1A-10 1A-09 1A-08
1A-07

1A-12
1A-13

1A-06
N

S

EW
x=2-3 

( )

( )

( ) 

8.0 8.0 8.0 8.0 8.0 8.0 8.0

xA-01 xA-02 xA-03 xA-04 xA-05

xA-11 xA-10 xA-09 xA-08 xA-07

xA-12
xA-13

xA-06
N

S

EW

 1  2-3

1Z-01

1Z-03

1Z-02

 
( )

8.0

8.0

8.0

8.0

8.0( )
( )

( ) 

8.0

8.0 8.0 8.0 8.0 8.0 8.0 8.0

1A-01 1A-02 1A-03 1A-04 1A-05

1A-11 1A-10 1A-09 1A-08
1A-07

1A-12
1A-13

1A-06
N

S

EW
x=2-3 

( )

( )

( ) 

8.0 8.0 8.0 8.0 8.0 8.0 8.0

xA-01 xA-02 xA-03 xA-04 xA-05

xA-11 xA-10 xA-09 xA-08 xA-07

xA-12
xA-13

xA-06
N

S

EW

 1  2-3

 
( )

8.0

8.0

8.0

8.0

8.0( )
( )

( ) 

8.0

8.0 8.0 8.0 8.0 8.0 8.0 8.0

1A-01 1A-02 1A-03 1A-04 1A-05

1A-11 1A-10 1A-09 1A-08
1A-07

1A-12
1A-13

1A-06
N

S

EW  
( )

8.0

8.0

8.0

8.0

8.0( )
( )

( ) 

8.0

8.0 8.0 8.0 8.0 8.0 8.0 8.0

1A-01 1A-02 1A-03 1A-04 1A-05

1A-11 1A-10 1A-09 1A-08
1A-07

1A-12
1A-13

1A-06
N

S

EW

N

S

EW
x=2-3 

( )

( )

( ) 

8.0 8.0 8.0 8.0 8.0 8.0 8.0

xA-01 xA-02 xA-03 xA-04 xA-05

xA-11 xA-10 xA-09 xA-08 xA-07

xA-12
xA-13

xA-06
N

S

EW
x=2-3 

( )

( )

( ) 

8.0 8.0 8.0 8.0 8.0 8.0 8.0

xA-01 xA-02 xA-03 xA-04 xA-05

xA-11 xA-10 xA-09 xA-08 xA-07

xA-12
xA-13

xA-06
N

S

EW

N

S

EW

 1  2-3

1Z-01

1Z-03

1Z-02

xZ-01

xZ-02
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 1 

 1  2H = 3.5 m.

W = 8.0 m.

 10 . .

 10 . . 
 1 . . 

2.5 m.

H = 3.5 m.

W = 8.0 m.

 10 . .

 10 . . 
 1 . . 

2.5 m.  10 
. .  1 . . H = 3.5 m.

W = 8.0 m.

 10 
. .  1 . . H = 3.5 m.

W = 8.0 m.
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1 21 2

1 2

( )( ) ( )( ) ... ( )( )
...

w w w ii

w w wi

A OTTV A OTTV A OTTV
OTTV

A A A 1 ( ) 

 ( . .)
( . .) ( . .)

OTTV
( / . .)

RTTV
( / . .)

1Z-01
 1 196.0 112.0 0.0 0.0

0.0 1,792.0 67.84 0.00
 2 0.0 56.0 140.0 112.0

1Z-02
 1 0.0 0.0 0.0 0.0

0.0 640.0 0.00 0.00
 2 0.0 0.0 0.0 0.0

1Z-03
 1 0.0 0.0 0.0 0.0

0.0 256.0 0.00 0.00
 2 0.0 0.0 0.0 0.0

2Z-01
 1 0.0 0.0 0.0 0.0

0.0 2,048.0 30.42 0.00
 2 196.0 168.0 196.0 168.0

2Z-02
 1 0.0 0.0 0.0 0.0

0.0 640.0 0.00 0.00
 2 0.0 0.0 0.0 0.0

3Z-01
 1 0.0 0.0 0.0 0.0

2,048.0 2,048.0 30.42 9.13
 2 196.0 168.0 196.0 168.0

3Z-02
 1 0.0 0.0 0.0 0.0

640.0 640.0 0.00 9.13
 2 0.0 0.0 0.0 0.0

OTTV  1Z-01  = (196  x 97.65) + (112  x 113.98) + (56  x 31.39) + (140 x 33.07)  + (112 x 31.22)
(196 + 112 + 56 + 140 + 112)

  18

 1 ( ) 

(xZ-01) (xZ-02) (xZ-03)
 

4x18W 60cm
 

4x18W 60cm
 

2x36W 120cm
-

 18 W
-

  18 W
-

  36 W
4 4 2
Low loss Low loss Low loss

  
( . .) ( ) ( / ) ( ) ( / . .)

1 1Z-01 1,792 310 96 29,760 16.61
1Z-02 640 42 96 4,032 6.30

1Z-03 256 38 84 3,192 12.47

2-3 xZ-01 2,048 354 96 33,984 16.59
xZ-02 640 42 96 4,032 6.30

131

  19

 1 ( ) 

•
  Package air-cooled  

 
( )

 
(COP) (COP)

1Z-01 1PAU-01-08
1PAU-01a-03a
1PAU-01b-03b

10.0
8.5
14.0

8
3
3

2.27
2.14
2.60

2.33

1Z-02 1AHU-01-04 15.0 4 2.63 2.63
1Z-03 - - - - - -
2Z-01 2PAU-01-08

2PAU-01a-04a
2PAU-01b-04b

10.0
8.5
14.0

8
4
4

2.27
2.14
2.60

2.34

2Z-02 2AHU-01-04 15.0 4 2.63 2.63
3Z-01 3PAU-01-08

3PAU-01a-04a
3PAU-01b-04b

10.0
8.5
14.0

8
4
4

2.27
2.14
2.60

2.34

3Z-02 3AHU-01-04 15.0 4 2.63 2.63

  20

 1 ( ) 

•  COP  

 
( )

 
(COP) (COP)

1Z-01 1PAU-01-08
1PAU-01a-03a
1PAU-01b-03b

10.0
8.5
14.0

8
3
3

2.27
2.14
2.60

2.33

1Z-02 1AHU-01-04 15.0 4 2.63 2.63

COP (1Z-01)   =    (10 x 8 x 2.27) + (8.5 x 3 x 2.14) + (14 x 3 x 2.6)    =   2.33

                         (10 x 8 ) + (8.5 x 3 ) + (14 x 3 ) 

COP (1Z-02)   =     (Tr) x 3.517

 (kW) +   (kW)

=    120 x 3.517      =  2.63 

132 + 28.5 

  “ ”  1
132
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 1 ( )

•

( )

/

(m2)
 

(m2)
 

(m2)

OTTVi
(Wm-2)

RTTVi
(Wm-2)

LPD
(Wm-2) COP EQD

(Wm-2)
OCCU

(Head m-2)
VENT

(l.s-1.m-2)
Energy 

(kWhY-1)

1Z-01 1 1 AC 1,792.0 616.0 0.0 67.84 0.00 16.61 2.33 20 0.1 0.25 527,779.23

1Z-02 1 1 AC 640.0 0.0 0.0 0.00 0.00 6.30 2.63 20 0.1 0.25 115,710.34

1Z-03 1 1 N-AC 256.0 0.0 0.0 0.00 0.00 12.47 0 20 0.1 0.25 36,407.96

2Z-01 2 1 AC 2,048.0 728.0 0.0 30.42 0.00 16.59 2.34 20 0.1 0.25 553,814.79

2Z-02 2 1 AC 640.0 0.0 0.0 0.00 0.00 6.30 2.63 20 0.1 0.25 115,710.34

3Z-01 3 1 AC 2,048.0 728.0 2,048.0 30.42 9.13 16.59 2.34 20 0.1 0.25 588,814.06

3Z-02 3 1 AC 640.0 0.0 640.0 0.00 9.13 6.30 2.63 20 0.1 0.25 125,441.60

2,063,678.33

  22

 1 ( )

•

( )

/

(m2)
 

(m2)
 

(m2)

OTTVi
(Wm-2)

RTTVi
(Wm-2)

LPD
(Wm-2) COP EQD

(Wm-2)
OCCU

(Head m-2)
VENT

(l.s-1.m-2)
Energy 

(kWhY-1)

1Z-01 1 1 AC 1,792.0 616.0 0.0 40.00 0.00 18.00 2.56 20 0.1 0.25 491,326.50

1Z-02 1 1 AC 640.0 0.0 0.0 0.00 0.00 18.00 2.07 20 0.1 0.25 173,175.47

1Z-03 1 1 N-AC 256.0 0.0 0.0 0.00 0.00 18.00 0 20 0.1 0.25 42,608.64

2Z-01 2 1 AC 2,048.0 728.0 0.0 40.00 0.00 18.00 2.56 20 0.1 0.25 563,158.50

2Z-02 2 1 AC 640.0 0.0 0.0 0.00 0.00 18.00 2.07 20 0.1 0.25 173,175.47

3Z-01 3 1 AC 2,048.0 728.0 2,048.0 40.00 12.00 18.00 2.56 20 0.1 0.25 605,206.50

3Z-02 3 1 AC 640.0 0.0 640.0 0.00 12.00 18.00 2.07 20 0.1 0.25 189,425.90

2,238,076.97
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 1

•  1 
 1Z-01

–

–

–

–

1

1

( ) ( )

( ) ( ) 130 ( ) 24 ( )

( )

n
wi i ri i

pa
i i i

l i e i o i v i
fi h

i

n

fi i i h
i

A OTTV A RTTVE
COP COP

C LPD C EQD C OCCU C VENTA n
COP

A LPD EQD n

  24

 1 ( )

•  OTTV = ______ W/m2  RTTV = ______ W/m2

•  COP = ______  LPD = ______ W/m2

•  EQD = ______ W/m2  OCCU = ______ per/m2

•  VENT = ______ l/s/m2  nh = ______ hr/Y
•  Aw = ______ m2

•  Ar = ______ m2

•  Af = ______ m2

• = ___________ kWh/Y
•  = ___________ kWh/Y
•  = ___________ kWh/Y
•  = ___________ kWh/Y

67.84 0
2.33 16.61
20 0.1

0.25 4,380

616
0

1,792

240,428.80
130,371.23

156,979.20
527,779.23

134



  25

•

•  

•  

( )

1792 16.61 4380

( )

1792 20 4380

fi i h

fi i h

A LPD n

A EQD n

616(67.84) 0.84(16.61) 0.85(20) 130 0.9(0.1) 24 0.9(0.25)1792 4380
2.33 2.33

135

BEC

: OTTV / RTTV

1

2

1. -
1.1 (Material)
1.2 / (Component of Section)
1.3 / (Section of Wall)
1.4 (Wall)

2.
2.1 (Zone)

3.
3.1 OTTV / RTTV 
3.2

136
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•
– ( )
–
–

( , ,...) 

•
– ( )
–

•
–
–
–

Database

Building Model

Report

4

• Envelope
– Material
– Component of Section
– Section of Wall
– Wall

• Building Model
– Building Zone

• Report
– Envelope System

137

5

1

N

( 1-3)

( 4-12)

1 ( 4-12)

6

SOUTHWEST NORTHEAST

1
• 3

1Z-01

1Z-02

1Z-03

2Z-01

2Z-02

3Z-01

3Z-02

1 2 3 N

56

48

138



7

/

10 . .

10 .

1 .

1 .
10

10 . .

NORTHEAST

. . 10 .

10 .

5 .
1 .

8

N-SOW-2

BUILDING 

ZONE
North Wall

East Wall

South Wall

West Wall

WALL

SOW-1

N

S

1Z-01

W E

SOW-2

SECTION OF WALL

COMPONENT OF SECTION

10 .

1 .

1 .

E-SOW-2

T1 O1

10

MATERIAL
1 . 10 .

10

O1
T1

O1

E-SOW-1

S-SOW-2

W-SOW-2

N-SOW-1

139

9

1

Section of Wall

1

WALL

10 .

1 .

1 .

(O1)

Component of Section

10

10 . (T1)

Component of Section

1 .
10

Opaque Material

10

Transparent Material 

O1

T1

1

WALL

10

1

Section of Wall

1

WALL

10 .

1 .

1 .

(O1)

Component of Section

10

10 . (T1)

Component of Section

1 .
10

Opaque Material

10

Transparent Material 

O1

T1

1

WALL

140



11

-

•
– (Opaque materials)
– (Transparent materials)
– (Custom materials)

12

:

1. 

2. 

3. 

4. 

1

4

6

7

1. (Material)
2. Custom Material
3. Opaque Material
4. New Data
5.
6.
7. Save 

( Delete )

5

2

3

141

13

:

1. 

2. 

3. 

4. 

1

4

6

7

5

2

3

2

Material Name: 2 

Thermal Conductivity:   0.138

Density:   702

Specific Heat:   1.30

14

:
1. 

2. (Thickness)

3. Visible Transmittance

4. SHGC

5. Thermal Conductivity

1

23

5

4

1. (Material)
2. Custom Material
3. Transparent Material
4. New Data 
5.
6.
7. Save 

7

6

142
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:

1

23

5

4 7

6

10 .

Material Name:  10 .

Thickness: 10 .

Visible Transmittance:   0.76

SHGC:   0.54

Thermal Conductivity:   1.053

16

:

1

2

3

5 9

6

7

1. (Material)
2. Custom Material
3. Air Gap
4. Wall
5. New Data 
6.
7. ( / )
8.
9. Save ( R)

8

4

10 .

143

17

:

1

2

3

5 9

6

7 8

4

2

Air Gap Type: 

Thickness:        10 .

10 .

18

:

1

2

3

5 10

7

1. (Material)
2. Custom Material
3. Air Gap
4. Roof
5. New Data 
6.
7. ( / )
8.
9.
10. Save ( R )

8

4

9

6

10 . .

10 . .

10 .

5 . .

144
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:

1

2

3

5 10

7 8

4

9

2

Air Gap Type: 

Thickness:        10 .

Degree:            0

10 . .

10 . .

10 .

5 . .

6

20

1

Section of Wall

1

WALL

10 .

1 .

1 .

(O1)

Component of Section

10

10 . (T1)

Component of Section

1 .
10

Opaque Material

10

Transparent Material 

O1

T1

1

WALL

145

21

- ( )

22

:

NORTHEAST

10 .

1 .

1 .

Component of Section

146
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:

1

3

7

6

8

9

10

1. Component of Section
2. Opaque Component
3. New Data
4. Component of Section 
5.

6. Save Data 

7. Edit
8. New Data ( Component Details)
9.   (Material Name) 

10. Save Data 
( Component Details)

2 5

4

10 .

1 .

1 .

/

24

:

1

3

5

7

6

8

9

10

2

: 

:

: 

( )   1 .

10 .

( )   1 .

10 .
1 .

1 .

4

147

25

:

SHGC 

Transmittance
1

3

1. Component of Section
2. Transparent Component
3. New Data
4. Component Name 
5. Wall / Roof 
6. Save 

SHGC  Transmittance

2

6

4

10 .

5

26

:

SHGC 

Transmittance

1

3

2

6

4

: 10 .

10 .

5

148



27

:

10 . .

10 . .

10 .

5 . .
1. 

2. 

3. 

4. 

28

:

10 . .

10 . .

10 .

5 . .

: 

:

: 

10 .

2 10 .

5 .

1 .

149

29

1

Section of Wall

1

WALL

10 .

1 .

1 .

(O1)

Component of Section

10

10 . (T1)

Component of Section

1 .
10

Opaque Material

10

Transparent Material 

O1

T1

1

WALL

30

(Section of Wall)

H = 3.5 
10 .

2.5 

H = 3.5 

8.0 8.0 

1 2

8.0 

8.0 

1

150



31

-

32

:

NORTHEAST

1

Section of Wall

3.50 2.50

8.00

10 .Area = 20 sq.m.  (2.5 x 8)

Area = 8 sq.m. (1 x 8)
1.0

2.5

151

33

: /

1

2

6

97

8

5

4

1. Section of Wall
2. New Data
3. Section Name 
4.
5. Save Data 

6. Edit
7. New Data
8. Component Name 

9. Save Data

H = 3.5 

8.0 

10 .

2.5 

3

34

: /

1

2

6

97

8

5

4

3

Section of Wall

: 3

:  

8 . .

10 .       20 . .

H = 3.5 

8.0 

10 .

2.5 

152



35

1

Section of Wall

1

WALL

10 .

1 .

1 .

(O1)

Component of Section

10

10 . (T1)

Component of Section

1 .
10

Opaque Material

10

Transparent Material 

O1

T1

1

WALL

36

-

153

37

(Azimuth = 0)
(Azimuth = 180)(Azimuth = 270)

Wall Name: 

Section Name:  2

Wall Name: 

Section Name:  1

2

Wall Name: 

Section Name:  2

Wall Name: 

Section Name:  1

2

(Azimuth = 90)

1

2
2

2
1

2

38

(Plane Azimuth)

S
0

N
180

E
270

W
90

NW
135

SE
315

NE
225

SW
45

154



39

= 0

= 90

40

Shading Coefficient (SC)

SC = 1

SC = 1.0

SC < 1.0

155

41

NORTH  
(Azimuth = 180)

Wall Name: 

Section Name:  2

1

2

Wall Name: 

Section Name:  1

:

42

:

1

2

4
6

5

7

8

9

1. Wall
2. New Data
3. Wall Name 
4.

Plane Azimuth
Inclination

5. Save Data
6.  Edit
7. New Data
8. Section Name SC

Section 
9.  Save Data

3

1

2

156



43

:

1

2

5

4
6

8

7
9

1

2

(WALL) 

: -1 

:  

1             SC = 1

2             SC = 1

3

44

N-SOW-2

BUILDING 

ZONE
North Wall

East Wall

South Wall

West Wall

WALL

SOW-1

N

S

1Z-01

W E

SOW-2

SECTION OF WALL

COMPONENT OF SECTION

10 .

1 .

1 .

E-SOW-2

T1 O1

10

MATERIAL
1 . 10 .

10

O1
T1

O1

E-SOW-1

S-SOW-2

W-SOW-2

N-SOW-1

157

45

•

•

•
•
•

46

ZONE  1Z-01
1         2        3 4

1
AREA:      = 7 x 28 =   196 sq.m.

1                  2 3 4

1                  2 3 4                 5  

1                 2

1                2 3 4                  5 6 7

2
AREA:      4 x 28 = 112 sq.m.

2
AREA:      5 x 28 = 140 sq.m.

2
AREA:      2 x 28 = 56 sq.m.

1
AREA:      = 4 x 28 =   112 sq.m.

:   

158



47

:

2

7

10

9
1

8

5

1. Building Zone
2. New Data
3. Zone Name 
4.

5. Save Data
6. Edit
7. Exterior Wall
8. New Data

9. Wall Name
Section Name

10. Save Data 

46

3

1Z-01

48

3Z-01

3Z-01

3Z-02

3

N

SOUTH

196 m2

WEST

168 m2

EAST

168 m2

NORTH

196 m2

Roof

1344 m2

159

49

: /

2

7

10

9 1

8

5

4
6

3Z-01

3Z-01 

3

S
W

E
N

50

– (1)

• OTTV RTTV

• /

OTTV / RTTV
•

•

160



51

- (2)

Total Wall OTTV/RTTV Report

OTTV = 48.96 W/m2

WWR = 0.24

52

- (3)

OTTV/RTTV by Section

1 OTTV = 97.34 W/m2

2 OTTV = 24.77 W/m2

161

53

- (4)

Opaque Components in Wall

Q = 693.64  W

Q = 198.18  W

Q = Area x Uw x TDeq

= 8 x 2.294 x 10.799

= 198.183  W

54

- (5)

Transparent Components in Wall

10 .  Q = 2,527.45  W

Q = (Area x Ut x Dt)  + (Area x SHGC x SC x ESR)

= (20 x 5.78 x 5) + (20 X 0.73 x 1 x 133.524)

= 578 + 1949.45

= 2,527.45

162



55

- (6)

Component Area per Wall

10 .  23.80 %

76.20 %

56

- (7)

OTTV / RTTV

Floor 3    OTTV = 28.81

RTTV = 9.16

Floor 2    OTTV = 28.81

Floor 1    OTTV = 66.85

163

57

- (8)

OTTV / RTTV

1Z-01

OTTV  = 66.85

1Z-03

OTTV = 0

2Z-01

OTTV = 28.81

48

1Z-02

OTTV = 0
2Z-02

OTTV = 0

3Z-02

OTTV = 0

3Z-01

OTTV = 28.81

RTTV = 9.16

58

1
• BEC_Store_2
• Save as   “BEC_Store_Color”
•

– (Pale Color) 
– (Dark Color)

• OTTV

OTTV (W/m2) 40.12

(kWh/Year) 2,027,808.93

164



59

2
• “BEC_Store_Glass”
•

– 10 .
– 10 .

• OTTV

OTTV (W/m2) 40.12

(kWh/Year) 2,027,808.93

60

3
• “BEC_Store_Wall”
•

–
–

• OTTV

OTTV (W/m2) 40.12

(kWh/Year) 2,027,808.93

165

61

4
• “BEC_Store_WWR”
•

– 2.5 (WWR = 71 %)
– 2.0 (WWR = 57 %)

• OTTV

OTTV (W/m2) 40.12

(kWh/Year) 2,027,808.93

H = 3.5 

8.0 

10 .

2.5

H = 3.5 

8.0 

10 .

2.0

62

5
• “BEC_Store_Roof”
•

– 5 .
– 5 .

• RTTV

RTTV (W/m2) 9.16

(kWh/Year) 2,027,808.93

166



63

6
• “BEC_Store_Shading”
•

–
– 1.0

• OTTV

OTTV (W/m2) 40.12

(kWh/Year) 2,027,808.93

64

Shading

Shading

1 2 3 4 5 6
OTTV

(W/m2) 40.12 53.10 37.21 49.51 37.84 40.12 35.93

RTTV
(W/m2) 9.16 9.16 9.16 9.16 9.16 5.67 9.16

(Wh/Year)
2,027,809 2,077,932 2,016,560 2,064,074 2,018,975 2,019,073 2,011,591

71%

57%
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 BEC

1

  2

-
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  3

 1  

1Z-01

1Z-02

 1

1Z-01

1Z-02

 1

 
( )

8.0

8.0

8.0

8.0

8.0( )

( ) 

8.0

8.0 8.0 8.0 8.0 8.0 8.0 8.0

1A-01 1A-02 1A-03 1A-04 1A-05

1A-10 1A-09 1A-08
1A-07

1A-12
1A-13

1A-06
N

S

EW  
(

8.0

8.0

8.0

8.0

8.0( )

( ) 

8.0

8.0 8.0 8.0 8.0 8.0 8.0 8.0

1A-01 1A-02 1A-03 1A-04 1A-05

1A-10 1A-09 1A-08
1A-07

1A-12
1A-13

1A-06
N

EW

N

EW

 1

1Z-01

1Z-02

 
4x18W 60cm
96 

310 
400 Lux

 
4x18W 60cm
96 

42 
150 Lux

1Z-031Z-03
( )

1A-11

( )

1A-11
1Z-03

 
2x36W 120cm

84 
38 

300 Lux

  4

 1  

1Z-01

1Z-02

 

1Z-01

xZ-02

 

 
( )

8.0

8.0

8.0

8.0

8.0( )

( ) 

8.0

8.0 8.0 8.0 8.0 8.0 8.0 8.0

xA-05

1A-13
xA-06

N

S

EW  
(

8.0

8.0

8.0

8.0

8.0( )

( ) 

8.0

8.0 8.0 8.0 8.0 8.0 8.0 8.0

xA-04

xA-12
1A-13N

S

EW

N

S

EW

 2-3

 
4x18W 60cm
96 

354 
400 Lux

 
4x18W 60cm
96 

42 
150 Lux

xZ-01

xA-11 xA-10 xA-9 xA-8 xA-7

xA-03xA-02xA-01
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  5

(xZ-01) (xZ-02) (xZ-03)

 
4x18W 60cm

 
4x18W 60cm

 
2x36W 120cm

-
 18 W

-
  18 W

-
  36 W

4 4 2

 
( / ) 4x1100 4x1100 2x2680

Low loss Low loss Low loss

( / ) 96 96 84

Uniform 400 Lux Uniform 150 Lux Uniform 300 Lux

 1  

  6

:  

1. 
2.  New Data 
3.  (Luminaire Code)
4.  (Watt) 
5.  Save Data 

1

2

3

4

5
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  7

:  

1

2

3

4

5

:   3x36w
: 126 w 

  8

-
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  9

:  -

1.  Building Zone
2.  Edit 
3.  Lighting Equipment
4.  New Data 

5.  (Luminaire Code)
6. 
7.   Daylighted Zone
8.  Save Data 

1

2

3
4

5 6 7

8

  10

:  -

1

2

3
4

5 6 7

8

   1Z-01-A  (  1   1,792 .)
:   3x36w

:  290
 Daylighted Zone:  40 

 1Z-01-A  
 Delete  
 Report 
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  11

-  (1)

•   
•   
•   

   98 Slide   13

  12

-  (2)

Luminaire Report by Floor

Floor 3    LPD = 14.14  W/m2

Floor 2    LPD = 14.14  W/m2

Floor 1    LPD = 13.76  W/m2

LPD : Lighting Power Density

173

  13

-  (3)

Luminaire Report by Zone

1Z-01

LPD  = 16.61 W/m2

1Z-03

LPD = 
12.47

2Z-01

LPD = 16.59

1Z-02

LPD = 6.3 W/m2

2Z-02

LPD = 6.3

3Z-02

LPD = 6.3

3Z-01

LPD = 16.59
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 BEC
 PV 

 

1

  2

• Split Type & Window Type
• Packaged Air-Cooled Unit
• Packaged Water-Cooled Unit
• Central Air-Conditioning System

Split Type
Packaged 

Air-cooled Unit Central Air-Conditioning System

175

  3

- 

•
•

  4

-

•
•
( )
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  5

- 

•
•

 
•
•

  6

-

•
• AHU, FCU, 

( )
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  7

Chilled Water 
Pump

Cooling Tower
AHU

Condenser
Water Pump

Fan-coil unit

  8

 1  

1Z-01

1Z-02

 

1Z-01

1Z-02

 

 
( )

8.0

8.0

8.0

8.0

8.0( )

( ) 

8.0

8.0 8.0 8.0 8.0 8.0 8.0 8.0

1A-01 1A-02 1A-03 1A-04 1A-05

1A-10 1A-09 1A-08
1A-07

1A-12
1A-13

1A-06
N

S

EW  
(

8.0

8.0

8.0

8.0

8.0( )

( ) 

8.0

8.0 8.0 8.0 8.0 8.0 8.0 8.0

1A-01 1A-02 1A-03 1A-04 1A-05

1A-10 1A-09 1A-08
1A-07

1A-12
1A-13

1A-06
N

EW

N

EW

 

1Z-01

1Z-02

1Z-031Z-03
( )

1A-11

( )

1A-11
1Z-03PAU10.0                  C

 10 

:  15.5  kW

PAU8.5                    A

 8.5 

:  14  kW

PAU14                     B

 14 

:  18.9  kW

Central1   D

A , B C C C A , B

C C

A , B

C C C

D

 1
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  9

 1  

1Z-01

xZ-02

1Z-01

xZ-02

 
( )

8.0

8.0

8.0

8.0

8.0( )

( ) 

8.0

8.0 8.0 8.0 8.0 8.0 8.0 8.0

xA-05

1A-13
xA-06

N

S

EW  
(

8.0

8.0

8.0

8.0

8.0( )

( ) 

8.0

8.0 8.0 8.0 8.0 8.0 8.0 8.0

xA-04

xA-12
1A-13N

S

EW

N

S

EW

xZ-01

xA-11 xA-10 xA-9 xA-8 xA-7

xA-03xA-02xA-01

PAU10.0                   C

 10 

:  15.5  kW

PAU8.5                     A

 8.5 

:  14  kW

PAU14                      B

 14 

:  18.9  kW

Central1   D

A , B C C C A , B

C C

A , BC C C

D

A , B

 2-3

  10

:   
Split-type/Air-Cooled Package

1

2

3 4

1.  Packaged Air-Cooled Unit
2.  New Data 
3. 
4.   
5.  (kW)
6.  Save Data

1

2

3

4 5

6
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  11

:   
Split-type/Air-Cooled Package

4

1

2

3

5

6

:       Packaged Air-Cooled Unit
:   PAU20.0

: 20 
: 30 

  12

Air Cooled Water Chiller

(Chiller)
CH120.0

 ( )
 ( )

Scroll
120
132
1

(Chilled water 
pump)

CHP48.0  ( )
 ( )

48
4.5
1

(Air Handling 
unit)

AHU  ( )
 ( )

 ( )  [  4 ]

15
3.0
12

Central1120 Tr
132 kW

15 Tr
3 kW

4.5 kW
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  13

:   (1)

1.  Central Air Condition.
2.  New Data 
3. 
4.  Edit

1

2

3

4

1

2 5

3

1.  Air Cooled Water Chiller
2.  New Data 
3.   Equipment Name  
4.      

 ( )
5.   Save Data

4

  14

:   (2)

1

2 5

1
2

3

1.  Chilled Water Pump
2.  New Data 
3.  Equipment Name  
4.    ( )
5.  Save Data

1.  Air Handling Unit
2.  New Data 
3.  Equipment Name  
4.    ( )
5.  Save Data

4

4

5

3
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:  

Air Cooled Water Chiller

(Chiller)
CH150.0

 ( )
 ( )

Scroll
150
165
1

(Chilled water 
pump)

CHP48.0  ( )
 ( )

48
4.5
1

(Air Handling 
unit)

AHU20.0  ( )
 ( )

 ( )  [  3 ]

20
5.0
9

Central2150 Tr
165 kW

20 Tr
5 kW

4.5 kW

   Central2

  16

4.5

:  

2

3 4

1

1

2

3

4

1

2

3
4

1

2

3
4 182



  17

: -  (  DX A/C Unit)

1.  Building Zone
2.  Edit 
3.  DX A/C Unit

1

2

3

4.  New Data
5. 
6. 
7.  Save Data

6

4
7

5

  18

: -  (  Central A/C)

1.  Building Zone
2.  Edit 
3.  Central A/C Equipment
4.  New Data

1

2

3

5.  ChW A/C System Name
6.  ChW A/C Equipment Name
7. 
8.  Save Data

6

4

5 7

8
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: -  (  DX A/C Unit)

1

2

3

6

4
7

5

  1Z_01

:  1Z_01
 PAU10.0  8  

PAU14.0  3  
                       PAU8.5    3                     

  20

: -  (  Central A/C)

1

2

3

6

4

5 7

8

   1Z_02

 
 :  1Z_02
  Central1

AHU15.0  4  
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  21

-  (1)

  22

-  (2)

Water Chiller Report

Other Equipment Report

Equipment List

185

  23

-  PV

•    
•    
•    

  24

: -  PV

1.     PC Equipment
2.     New Data
3.     PV
4.                  

    PV
5.     Save Data

1

2

4

5

3
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  25

: -  PV

1

2

4

5

3

  

  : PV2
   10 . . 
  
   15 
   11 

  26

-  PV

PV1

 ESR  5.12  
  5-56
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  27

-

•
•

  28

:  -

1.  Hot Water Equipment
2.  New Data
3.  Hot Water Equipment
4.   
5.  Save Data

1

2

4

5

3
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  29

:  -

1

2

4

5

  

  : Hotwater2
   Heat Pump 
      30    
     50    
    3.3 

3

  30

-

 
  4-5  4-6
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  31

-

 
•    
•    

  32

: -

1.  Other Equipment
2.  New Data
3.  Equipment
4.  (Watt)
5.  Save Data

1

2

4

5

3

190



  33

: -

1

2

4

5

3

  
  
                   Equip_1Z-01-A

     7,000  Watt

  34

: -

1.  Building Zone
2.  Edit 
3.  Other Equipment

1

2

3

4.  New Data
5. 
6. 
7.  Save Data

6

4 7

5
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: -

1

2

34 7

5

  
     1Z-01
     Equip_1Z-01-A

     2  

6

  Equip_1Z-01-A    1Z-01  

  36

1

1

( ) ( )

( ) ( ) 130 ( ) 24 ( )

( )

n
wi i ri i

pa
i i i

l i e i o i v i
fi h

i

n

fi i i h
i

A OTTV A RTTVE
COP COP

C LPD C EQD C OCCU C VENTA n
COP

A LPD EQD n
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  38

Energy by Floor

Floor 3    = 689,019.99     kWhr/year

Floor 2    = 666,111.09     kWhr/year

Floor 1    = 761,025.46     kWhr/year

193

  39

Energy by Building Zone

1Z-01

608,940 kWhr/Yr

1Z-03

36,407

2Z-01

550,433 kWhr/Yr

1Z-02

155,678 kWhr/Yr
2Z-02

115,678 kWhr/Yr

3Z-02

115,678  kWhr/Yr

3Z-01

573,342 kWhr/Yr
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(Shading Coefficient)

  2

•

•  

•

•

–

–

–

 (SC)

195

  3

 

Zenith 
angle 

s 

W

Altitude angle 
s 

Azimuth angle 
(positive due west) 

S

N 

E

s

Latitude
Longitude

•  (Altitude) 
 

•

(  
)

s

s

 (SC)

  4

x2, East 

Vs

P

Xs 

x1, Zenith 

Vn 

x3, North

s

p

s

 S

Xp 

 (  X, Y, Z)
 ( )

x1 

P 
Afu 

S 

Afs 

h 

Westx2 

x3               
        

North

 (SC)
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  5

•  BEC 
–  
–

•  (SCs)  
 

• (SCd)  
 

• (SC)  SC = SCs  + SCd

 (SC)

OTTVi=(Uw)(1-WWR)(TDeq)+ (Uf)(WWR)

  6

 BEC

  
  

 

 (SC)

S (0)

W (90)

N (180)

E (270)
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  7

•  ORIGIN  ( )
•  Y-Z
• Y 
•  X  (Main Coordinate 

Azimuth)

 Main Coordinate

Window

Z

X

Y

  8

•  Z  
 Azimuth 

• X  
  

X-Y

•  Azimuth 
  X  

 ORIGIN  

 Local Coordinate

Window

Z

X

Y

x

y

z

x

z
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  9

•  Z 
• X  

  
X-Y

•  X  
Z  Azimuth  

 Azimuth  
 X  

 ORIGIN  

 Local Coordinate

Window

Z

X Y

x1

y1

z1

x1

y1
z1

x

z

x
z

  10

  (W) 
 (Origin)
 (Az) = 90  (Inc) = 90

 X  Main coordinate 

 (Local coordinate)  
 

 (SC)

S (0)

W (90)

N (180)

E (270)
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  11

 Y
 Z

  
 (0, 0, 0)

  
 (2,0) Y
 Z

 (2, 1.2)  (0, 1.2) 

Z

X

Y(2, 0)

(2, 1.2)(0, 1.2)

(0, 0)

 (SC)

W (90)

X

Y

  12

, 
 (0.0, 0.0, 3.5) 

 
 x  z  

 180
 1  (0.0, 

0.0)
  (1, 0) ; (1, 2) ; (0, 2) 

SCs = 0.395 SCd = 0.576
SC = 0.971 

x

y

z

(0,0,3.5)

(1, 0)

(0, 0)

(0, 2)

(1, 2)

Z

X

Y

 (SC)

x

y

z

W (90)
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  13

, 
 (1.0, 0.0, 3.5) 

 
 x  z  

 90
 1  (0.0, 

0.0)
  (2, 0) ; (2, 1) ; (0, 1) 

SCs = 0.395 SCd = 0.576
SC = 0.971 

x

y z

(1,0,3.5)
(0, 0)

(0, 1) (2, 1)

(2, 0)

Z

X

Y

 (SC)

x

y

z

W (90)

  14

1.0 m

hW
1.7 m

0.7 m
0.3 m
0.8 m

 .1  .2
 1 . 

 hW

.1

.2

 (SC)

201

  15

 1
2.0 m

1.2 m
 

(NE)  
(SW)

 (SC)

  16

 2
3.0 m

1.2 m

 (NW)

 (SC)
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 3
5.5 m

1.2 m
 

(SE)

 4
5.5 m

2.1 m
 

(SE)

 (SC)

  18

WW (m)
hW (m)

G1 2.0 1.2 NE,SW

G2 3.0 1.2 NW
G3 5.5 1.2 SE
G4 5.5 2.1 SE

3.50-hw

hw

0.8
0.3
0.7

1.7

ww

Window

2

3

4

5

1.0

2

5

1

 (SC)

203

  19

 BEC

    (Main coordinate) 
 

 G1 
 NE 

 (Origin)
 (Az) = 225  (Inc) = 90

 X  Main coordinate 

 (Local coordinate)  
 

  BEC 

 (SC)

  20

•  X 
• Y  

 Y-Z

Window

1

2

3

4

5
2 5

Z

X

Y

Main Coordinate
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•  Z 
• X   

 X-Y

Window 3

4

5
2 5

Z

X

Y

x2

y2

z2

x1

y1

z1

1

x1

y1
z1

x3

y3

z3 x3

y3

z3

Local Coordinate

x4

y4

z4

  22

Azimuth  NE = 180+45 = 225

 NE
  

 
X 225

90
   

  
 z 

(3.50-hw)

hw

0.8
0.3
0.7
1.7

ww

Window

1

2

3

4

5

1.0

2 5

Z

X

Y

x2

y2

z2

x1

y1

z1

Azimuth  Z1 = 225+90 = 315

Azimuth  Z2 = 225+90 = 315

 (SC)
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 Y
 Z

  
 (0, 0, 0)

  
 (2,0) Y
 Z

 (2, 1.2)  (0, 1.2) 

Z

X

Y(2.0, 0.0)

(2.0, 1.2)(0.0, 1.2)

(0, 0, 0)

 (SC)

NE (225)

X

Y

  24

Shading Calculation  BEC 
 (X1, Y1) = (0.0, 0.0) 

(X2, Y2) = (2.0, 0.0)
(X3,Y3) = (2.0, 1.2)
(X4, Y4) = (0.0, 1.2)

 (SC)

206
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#1, 
 (1.0, 0.0, 3.5) 

 #1 
 x  z  

 225
 1  (0.0, 

0.0)
  (2, 0) ; (2, 1) ; (0, 1) 

#1 

x

y z

(1,0,3.5) (0, 0)

(0, 1) (2, 1)

(2, 0)

Z

X

Y

 #1

 (SC)

x

y

z

NE (225)
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#1, 
 (0.0, 0.0, 3.5) 

 #1 
 x  z  

 315
 1  (0.0, 

0.0)
  (1, 0) ; (1, 2) ; (0, 2) 

#1 

x

y

z

(0,0,3.5)

(1, 0)
(0, 0)

(0, 2)

(1, 2)

Z

X

Y

 #1

 (SC)

x

y

z

NE (225)
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 Update  Calculate Shading Coefficient  Result

 (SC)

  28

 #2 
 (0, 0, 0) 

2 
 z  315 
 1   (0, 0)

   (1.0, 0.0) ; (1.0, 3.5); 
(0.0, 3.5) 

 #1  #2 

Z

X

Y

(1, 0)
(0, 0)

(0,0,0)

(0, 3.5)

(1, 3.5)

 #2

x

y

z

 (SC)

NE (225)
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 #1 

 2  
 7.9%

 #1 #1 
#2

SCs 0.203 0.079

SCd 0.794 0.617

SC = 
SCs+SCd 0.967 0.696

 (SC)

  30

 #3 
 (0, 2, 0) 

3 
 z  315 
 1   (0, 0)

   (1.0, 0.0) ; (1.0, 3.5); 
(0.0, 3.5) 

 #1 #2 #3 

SCs = 0.078 SCd = 0.471
SC = 0.549

Z

X

Y

(1, 0)

(0, 0)

(0,2,0)

(0, 3.5)

(1, 3.5)

 #3

x

y

z

 (SC)

NE (225)
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 #4 
 (1, 0, 2.7) 

4 
 z  225 
 1   (0, 0)

   (2, 0) ; (2, 0.8); (0, 
0.8) 

 #1 #2 #3 #4 

SCs = 0.067 SCd = 0.455
SC = 0.522

Z

X

Y

(2, 0)(0, 0)
(1,0,2.7)

(0, 0.8) (2, 0.8)

 #4

 (SC)

NE (225)

x
y

z
3.5

0.8

  32

 #5 
 (1, 0, 1.7) 

5 
 z  225 
 1   (0, 0)

   (2, 0) ; (2, 0.7); (0, 
0.7) 

 #1 #2 #3 #4 

SCs = 0.042 SCd = 0.387
SC = 0.429

Z

X

Y

(2, 0)(0, 0)
(1,0,1.7)

(0, 0.7) (2, 0.7)

 #5

 (SC)

NE (225)

x
y

z
3.5

0.8+
0.3+
0.7=
1.8
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 5  
 4.1 39

 (SC)

  34

1.2 

2.4 

1.5 

N

Z

X

Y

x1

y1

z1

1.0 

Device NamX0 Y0 Z0 Azimuth Incline X1 Y1 X2 Y2 X3 Y3 X4 Y4
Window 0 0 0 180 90 0 0 2.4 0 2.4 1.2 0 1.2
Device 1 0 0 1.5 270 0 0 0 1 0 1 2.4 0 2.4

x1

y1
z1

Device NamX0 Y0 Z0 Azimuth Incline X1 Y1 X2 Y2 X3 Y3 X4 Y4
Window 0 0 0 180 90 0 0 2.4 0 2.4 1.2 0 1.2
Device 1 1 0 1.5 180 0 0 0 2.4 0 2.4 1 0 1

Direct 0.027677
Diffuse 0.654084
SC 0.681761
Direct 0.027677
Diffuse 0.654084
SC 0.681761

Device NamX0 Y0 Z0 Azimuth Incline X1 Y1 X2 Y2 X3 Y3 X4 Y4
Window 0 0 0 180 90 0 0 2.4 0 2.4 1.2 0 1.2
Device 1 1 -2.4 1.5 180 0 0 0 7.2 0 7.2 1 0 1

Direct 0.001562
Diffuse 0.578051
SC 0.579613

x1

y1
z1

211

  35

Z

X

 (180)

Y Z

Y

Z

X

X

Y
8 

2.5 

1 

  36
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  38

H = 3.5 m

W = 8.0 m

 10 mm

 10 cm 
 1 cm 

2.5 m

 7

2.0 m

0.5 m
0.5 m

 ( )

2.5 m

OTTV = __32.96__ / . .

OTTV (W/m2)

N E S W

__34.69__ __35.59_ 31.35 29.65

SCN=0.385=>OTTV = 54.48
SCE=0.317=> OTTV = 55.88

OTTVi=(Uw)(1-WWR)TDeq + (Uf)(WWR)

OTTVi=(2.297)(1-0.714)10.8 + (5.764)(0.714)5
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  40

.

Z

X

2.5 

2 

1 

1 

Z

X

 (180)

Y

8 

2.5 

2 

1  SC = 0.72

2  SC = 0.61

3  SC = 0.54
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215

  43

216



  2

:

:

3,241
: 3,006

: 2,121
: 885

235

 1   
 2  1

 3-4  2
 5-8  3

 

217

  3

 1

1Z-A1
1Z-A11Z-B 1Z-B

  4

 2

2Z-A2

2Z-B

2Z-A1
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  5

 3-4

3Z-A2

3Z-B

3Z-A1

  6

 5-8

5Z-A2

5Z-B

5Z-A1

219

  7

  8

Zone Name Zone Floor Zone Area (m^2)
1Z-A1 1 80
2Z-A1 2 151.73
2Z-A2 2 143.91
3Z-A1 3 146.88
3Z-A2 3 144.05
4Z-A1 4 146.88
4Z-A2 4 144.05
5Z-A1 5 146.88
5Z-A2 5 144.05
6Z-A1 6 146.88
6Z-A2 6 144.05
7Z-A1 7 146.88
7Z-A2 7 144.05
8Z-A1 8 146.88
8Z-A2 8 144.05

Zone Name Zone Floor Zone Area (m^2)
1Z-B 1 45
2Z-B 2 120
3Z-B 3 120
4Z-B 4 120
5Z-B 5 120
6Z-B 6 120
7Z-B 7 120
8Z-B 8 120
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 – Component of Section

Component
Name Description Surface Color Material Name Thickness 

(m)

O1-1  0.8 pale color 0.8

O1-2  0.6 pale color 0.6

O1-3  0.3 pale color 0.3

O2-1  0.4 pale color 0.4

O2-2  0.25 pale color 0.25

O2-3  0.2 pale color 0.2

O2-4  0.30 pale color 0.3

  10

 – Component of Section
Component

Name Description Surface Color Material Name Thickness 
(m)

0.0125

  620 ./ . . 0.075

0.0125

0.0125

  620 ./ . . 0.075

airgap wall 12.5cm 0.125

  620 ./ . . 0.075

0.0125

0.0125

  620 ./ . . 0.15

0.0125

O3-4 pale color 0.25

pale color

pale colorO3-2

pale color

O3-1 1

2
 

2
 O3-3
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 – Component of Section

Component
Name Description Surface Color Material Name Thickness 

(m)

0.0125

  620 ./ . . 0.075

0.0125

O4 Reflective - white  0.001

O5 slightly dark 0.1

Clear Float 
Glass 5 mm Clear Float Glass 5 mm 0.005

Clear Float 
Glass 6 mm Clear Float Glass 6 mm 0.006

O3-5 pale color
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W2

W3

222
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W2

  14

 

W12

223

  15

 – Section of Wall

Section 

Name

Component 

Name

Area 

(sq.m.)

W2 O3-1
Clear Float 
Glass 5mm

2.415
3.885
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 – Section of Wall

Section 

Name

Component 

Name

Area 

(sq.m.)

W3 O3-1
O2-3
Clear Float 
Glass 5mm

3.89
1.325
2.205
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 – Section of Wall

Section 

Name

Component 

Name

Area 

(sq.m.)

W12 O1-3 
O2-2 
O3-1

Clear Float 
Glass 5mm

1.38
3.05

10.9825
1.6675
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 – Section of Wall
Section 

Name Component Name Area 
(sq.m.)

O3-1 3.795
O2-3 1.4
Clear Float Glass 5 mm 2.645
O3-1 2.42
Clear Float Glass 5 mm 3.88
O3-1 3.105
Clear Float Glass 5 mm 3.895
O3-1 3.625
O2-3 1.325
Clear Float Glass 5 mm 2.205
O3-1 3.625
O2-3 1.325
Clear Float Glass 5 mm 2.205

W2-2

W1

W2

W3

W4

Section 
Name Component Name Area 

(sq.m.)
O3-1 2.3
O2-4 0.5
O3-1 5.06
O1-3 1.84
O2-2 1.5
O3-2 6.095
O1-3 1.84
O2-2 1.725
O3-1 3.16
Clear Float Glass 5 mm 2.1275
O2-2 1.15
O3-1 1.185
Clear Float Glass 5 mm 1.265
O2-2 0.55

W9

W5

W6

W7

W8
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 – Section of Wall
Section 

Name Component Name Area 
(sq.m.)

O3-1 4.8875
Clear Float Glass 5 mm 3.3925
O2-3 1.8
O3-1 7.6075
Clear Float Glass 5 mm 3.6225
O1-3 2.76
O2-2 3.05
O3-1 10.9825
Clear Float Glass 5 mm 1.6675
O2-2 3.05
O1-3 1.38
O3-1 3.6025
O2-2 2.075
Clear Float Glass 6 mm 6.15

W13

W10

W11

W12

Section 
Name Component Name Area 

(sq.m.)
O3-1 3.06
O2-1 3.8
Clear Float Glass 6 mm 14.8
O1-1 1.71
O2-1 2.175
Clear Float Glass 5 mm 7.48
O3-1 2.7375
O3-1 8.225
O2-1 2.35
O1-3 2.82
O2-1 1.575
O1-1 1.41
O3-1 5.9925
O3-1 3.0075
O4 3.69

W16

W17

W14

W14.1

W15
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 – Section of Wall
Section 

Name Component Name Area 
(sq.m.)

O3-1 10.235
Clear Float Glass 5 mm 1.45
O3-4 6.4125
O3-1 11.6625
O2-3 2.625
O2-2 0.9
O1-3 1.71
O3-1 4.23

W21 O3-4 5.04
O2-2 0.675
O3-1 0.905
Clear Float Glass 5 mm 2.2
O2-3 1.1
Clear Float Glass 5 mm 2.24
O3-1 3.92

W20

W22

W23

W18

W19

Section 
Name Component Name Area 

(sq.m.)
O2-3 0.375
O3-1 1.125
Clear Float Glass 5 mm 0.6
O2-3 0.9
Clear Float Glass 5 mm 0.28
O3-5 3.86
O2-3 0.8
O3-5 3.68
O2-3 1.3
O3-5 5.98

R1 O5 411

W24

W25

W26

W27

226



  21

 – Wall

Wall Name Section Name Shaing Co-efficient
 E W11 0.738087
 E W12 0.912848
 E W15 1
 E W5 1
 E W23 1
 E W25 1
 E W9 1
 E W20 1

 SC
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 – Building Zone
W 10 W 2 W 2 W 2 W 2 W 2 W 2 W 8W 5 W 9

N

W 11 W 7

2Z-A2

227

  23

 – Building Zone

N

W 11 W 7

2Z-A2 2Z-A2
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 – Building Zone

Zone Name Wall Name Section Name Area (m^2)

2Z-A1  S W1 7.84

2Z-A1  S W2 6.3

2Z-A1  S W3 14.8

2Z-A1  S W4 7.4

2Z-A1  W W6 8.4

2Z-A1  E W12 17

2Z-A1  E W5 8.4

2Z-A1  S W2-2 21

2Z-A2  N W2 37.8

2Z-A2  N W8 6.44

2Z-A2  N W10 10

2Z-A2  W W7 9.66

2Z-A2  W W5 2.8

2Z-A2  E W11 17

2Z-A2  E W9 3

Zone Name Wall Name Section Name Area (m^2)

2Z-B  S W22 3.78

2Z-B  S W24 2.1

2Z-B  S W26 4.48

2Z-B  S W27 21.84

2Z-B  W W19 21.3

2Z-B  W W25 35

2Z-B  N W21 5.1

2Z-B  N W24 2.1

2Z-B  N W27 21.8

2Z-B  E W23 6.16

2Z-B  E W25 20

228



  25

Lighting

Luminaire Code Electric Power 
Required (watt)

FL 32w  32 W 1   11W 43
FL15 w  15 W 1   11W 26

  26

Lighting – Building Zone

Luminaire Code Electric Power 
Required (watt)

FL 32w  32 W 1   11W 43
FL15 w  15 W 1   11W 26

Zone 
Name Luminaire Code Quantity Quantity in Daylighted Zone

2Z-A1 FL32w 11 0

2Z-A2 FL32w 9 0

2Z-B FL32w 3 0

2Z-B FL15w 26 0
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 (Split Type)

A/C System

Code Cooling Capacity Unit Rated
Power Unit

AC1 24 kBtu/h 2.18 kW
AC2 28 kBtu/h 2.54 kW
AC3 36 kBtu/h 3.27 kW
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 (Split Type)

A/C System – Building Zone

Code Cooling Capacity Unit Rated
Power Unit

AC1 24 kBtu/h 2.18 kW
AC2 28 kBtu/h 2.54 kW
AC3 36 kBtu/h 3.27 kW

Zone Name DX A/C Name Quantity
1Z-01 AC1 2
1Z-01 AC2 2
2Z-A1 AC1 3
2Z-A1 AC2 3
2Z-A1 AC3 1
2Z-A2 AC1 5
2Z-A2 AC2 1
2Z-A2 AC3 1

230


